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M r. W. E. L a k e , J .P . 
President, 1939-40.



Mr. W . B. Lake, who is Chairman and Govern
ing Director of Lake & Elliot, Ltd., of Braintree, 
Essex, was educated at Witham and Greifswald, 
Germany.

He served his apprenticeship as a pattern maker 
at Barnard & Lake’s foundry at Rayne.

In 1896 he started the business which later be
came Lake & Elliot, Ltd. This company made 
the first mild steel castings by the crucible 
process in Great Britain, and in 1910 installed 
the first electric furnace for their production.

In 1914 Mr. Lake established the National Steel 
Foundry (1914) Ltd., of Leven, Fife, and was 
Managing Director of this company and Lake & 
Elliot, Ltd., for the duration of the last war.

He joined the Institute in 1922 and was Presi
dent of the London Branch in the years 1927 to 
1929, and Treasurer of the Institute from 1930 
to 1937.





P ro ceed in g s
OF THE

Institute of 
B ritish Fo u n d rym en

Containing the Report of the International Foundry 
Congress and Thirty-Sixth Annual Conference of the 
Institute, held in London, June 12th to June 17th, 
1939; also Papers and Discussions presented at 
Branch Meetings held during the Session 1938-1939.

Edited by T. MAKEMSON, Secretary

Published by the

Institute of British Foundrymen

V o lu m e  X X X II.  1938-1939

General Office :
Saint John Street Chambers, Deansgate, Manchester, 3

(Registered Office : 49, W ellington Street, Strand, London, W .C .2)
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The Institute of British Foundrymen
Founded 1904. Incorporated by Royal Charter, 1921.

Officers, 1939-40
PRESIDENT.

W. B. Lake, J .P ., Albion Works, Braintree, Essex.

VICE-PRESIDENTS :
Major R. Miles, M.Eng., Teesdale Ironworks, Thornaby-on-Tees.

D. H. Wood, 65, Middleton Hall Road, King’s Norton, Birmingham.

PAST PRESIDENTS :
(Surviving Past-Presidents are ex-officio members of the Council.)

R . Buchanan. (Deceased, 1924.) 1904-1905.
H. Pilkington. (Deceased.) 1906-1907.
F. J .  Cook, M.I.Mech.E., 31, Poplar Avenue, Edgbaston, Birmingham, 17. 1908-1909.
P. Longmuir, M.B.E., D.Met., 2, Queen’s Road, Sheffield. 1910-1911.
C. Jones. (Deceased, 1923.) 1912.
S. A. Gimson, J .P . (Deceased, 1938.) 1913-1914.
W. Mayer. (Deceased, 1923.) 1915.
J .  Ellis. (Deceased, 1930.) 1916-1917.
T. H. F irth . (Deceased, 1925.) 1918.
John  L ittle, M.I.Mech.E. (Deceased, 1932.) 1919.
Matthew Riddell. 1920.
Oliver Stubbs. (Deceased, 1932.) 1921.
H . L. Reason. 1922.
Oliver Stubbs. 1923.
R. O. Patterson, Pioneer Works, Blaydon-on-Tyne. 1924.
J .  Cameron, J.P ., Cameron & Roberton, Ltd., Kirkintilloch, Scotland. 1925.
V. C. Faulkner, F.R.S.A., 3, Amersham Road, High Wycombe, Bucks. 1926.
J . T. Goodwin, M.B.E., M.I.Mech.E., Sheepbridge Coal & Iron Co., L td., 

Chesterfield. 1927.
S. H. Russell, B ath Lane, Leicester. 1928.
Wesley Lam bert, C.B.E., “ Greyfriars,” Sea Drive, Westgate-on-Sea. 1929.
F. P. Wilson, J .P ., “ Parkhurst,” Middlesbrough. 1930.
A. Harley, The Daimler Co., L td., Coventry. 1931.
Victor Stobie, M .I.E.E., The Stobie Steel Co., L td., Dunston House, Harrogate.

1932.
C. E. Williams, J.P ., “ Coniston,” Cefn-Coed Road, Roath Park, Cardiff. 1933.
Roy Stubbs, 36, Broadway, Cheadle, Cheshire. 1934.
J .  E . Hurst, D.Met., “ Ashleigh,” T rent Valley Road, Lichfield, Staffs. 1935.
H. W interton, Moorlands, Milngavie, Dumbartonshire. 1936.
C. W. Bigg, “ Selworthy,” Burley Lane, Quarndon, Near Derby. 1937.
J .  Hepworth, J.P ., M.P., Ingle Nook, Bolton Road, Bradford, Yorks. 1938.

HON. T R E A SU R E R :
S. H. Russell, B ath Lane, Leicester.

SECRETARY AND EDITOR AND GENERAL OFFICE :
T. Makemson, Assoc.M.C.T., St. John Street Chambers, Deansgate, Manchester, 3. 

Registered Office : 49, Wellington Street, Strand, London, W.C.2.

ASSISTANT SECRETARY :
J .  Bolton.

A U D ITO R S:
Messrs. J .  & A. W. Sully & Co., 19/21, Queen Victoria Street, London, E.C.4.



C O U N C IL
D E LE G A TE S E LE C TE D  A T  A N N U A L  G E N E R A L M E E T IN G  :

H. Bunting, 11, N orth Avenue, Darley Abbey, near Derby.
V. Delport, 7, Kenton Gardens, Kenton, Harrow, Middlesex.
A. B. Everest, Ph.D., B.Sc., The Mond Nickel Co., L td., Thames House, Millbank, London, S .W .l. 
J .  W. Gardom, 39, Bennetts Hill, Birmingham, 2.
B. Hird, “ Barricane,” K ettering Road North, Northam pton.
E. Longden, 11, W elton Avenue, Didsbury Park, Manchester.
F. K. Neath, B.Sc., Hollywell House, Armley, Leeds, 12.
H. J . Roe, 29, Park  Road, Moseley, Birmingham, 13.
P. A. Russell, B.Sc., B ath  Lane, Leicester.
A. W. Walker, “ Ailsa Craig,” 113, Dalton Green Lane, Huddersfield.

B R A N C H  D E LE G A TE S :

(Branch represented shown in  brackets.)

N. C. Blythe, 24, Bagnell Road, King’s Heath, Birmingham, 14. (Birmingham.)
L. W. Bolton, 21, St. Paul’s Square, Birmingham, 3. (Birmingham.)
C. C. Booth, J .P ., Mildmay Iron Works, Bumham-on-Crouch, Essex. (London.)
J . E. Cooke, 7, W arren Drive, Swinton, Manchester. (Lancashire.)
S. E. Dawson, F.I.C ., 21, Middleton Crescent, Beeston, Notts. (East Midlands.)
J . W. Donaldson, D.Sc., Scott’s Shipbuilding & Engineering Co., L td., Greenock, Scotland. (Scottish.)
G. Elston, R. & W. Hawthorn, Leslie & Co., L td., St. Peter’s Works, Newcastle-upon-Tyne. (New

castle.)
H. V. Grundy, 359, W ashway Road, Sale, Cheshire. (Lancashire.)
A. Hares, 648, Stapleton Road, Bristol, 5. (Wales and Monmouthshire.)
C. H. Kain, Lake & Elliot, L td., Albion Works, Braintree, Essex. (London.)
B. B. Kent, Ceme Easter, W esterham, Kent. (London.)
H. W. Lockwood, Stewarts & Lloyds, L td., W inchester House, Old Broad Street, London, E .C .2. 

(London.)
G. T. Lunt, “ San Simeon,” Newbridge Crescent, W olverhampton. (Birmingham.)
R . A. Miles, 16, Deansgate, Manchester, 3. (Lancashire.)
N. McManus, M.B.E., The Argus Foundry, Thornliebank, near Glasgow. (Scottish.)
A. E . Peace, Caerhayes, Evans Avenue, Allestree, near Derby. (East Midlands.)
A. Phillips, 1, Melfort Avenue, off Edge Lane, Stretford, Manchester. (Lancashire.)
N. D. Ridsdale, F.C.S., 3, Wilson Street, Middlesbrough. (Middlesbrough.)
J . Roxburgh, 583, Manchester Road, Sheffield, 10. (Sheffield.)
T. Shanks, Leslie Park, Denny, Stirlingshire. (Scottish.)
J. N. Simm, 61, Marine Drive, Monkseaton, Northum berland. (Newcastle.)
W. G. Thornton, “ Riverslea,” Cottingley Bridge, Bingley, Yorks. (W. R iding of Yorkshire.)
A. S. Worcester, Toria House, 162, Victoria Road, Lockwood, Huddersfield. (W. Riding of Yorkshire.)

J . G. Pearce, M.Sc., M .I.E .E., M.I.Mech.E., F .Inst.P ., 21, St. Paul’s Square, Birmingham, 3.



Branch Presidents and Honorary Branch 
Secretaries

(Ex-officio members of the Council.)

BIRMINGHAM.
A. Tipper, M.Sc. (Eng.), The Fordath Engineering Co., L td., Ham blet Works, West Bromwich, Staffs.
A. A. Timmins, A.I.C., 21, St. Paul’s Square, Birmingham, 3.

EAST MIDLANDS.
R. H. Buckland, “ Forem ark,” 28, Grange Avenue, Normanton, Derby.
B. Gale, “ Parkdale,” Boulton Lane, Alvaston, Derby.

LANCASHIRE.
A. L. Key, 8 , Rivington Road, Pendleton, Salford, 6 .
A. Boyes, “ Roseville,” 7, K irkstall Road, Davyhulme, M anchester.

LONDON.
Barrington Hooper, C.B.E., 3, Amersham Road, High Wycombe, Bucks.
H. W. Lockwood, Stewarts & Lloyds, L td., Winchester House, Old Broad Street, London, E.C.2. 

( Vice-President and Acting Secretary.)

MIDDLESBROUGH AND DISTRICT.

D. K. Barclay, 8 , Aske Road, Redcar, Yorks.
J .  K. Smithson, The N orth Eastern Iron Refining Co., L td., Stillington, Stockton-on-Tees. (Acting 

Secretary.)

NEWCASTLE-UPON-TYNE AND DISTRICT.

E. B. Ellis, 36, King’s Road, Monkseaton, Northumberland.
C. Lashly, M.C., Sir W. G. Armstrong W hitworth & Co. (Ironfounders), L td ., Close Works, Gateshead-

on-Tyne.
SCOTTISH.

N. A. Erskine, Gartcows Drive, Falkirk, Scotland.
J .  Bell, 60, St. Enoch Square, Glasgow, C .l.

SH EFFIELD .

M. Brown, 14, Oakholme Road, Sheffield, 10.
T. R . Walker, M.A., 11, Broomgrove Crescent, Sheffield, 10.

SOUTH AFRICAN.
Dr. H . J . van Eck, The Dunswart Iron & Steel Works, L td., 8 th  Floor, Anglovaal House, 71, Fox 

Street, Johannesburg, South Africa.
F. C. Williams, Mutual Buildings (Third Floor), Corner Harrison and Commissioner Streets, 

Johannesburg, South Africa.

WALES AND MONMOUTH.

S. Protheroe, 65, Bangor Street, Cardiff.
J . J . McClelland, 12, Clifton Place, Newport, Mon.

W EST RID IN G  OF YORKSHIRE.
S. Carter, “ Essendyne,” 63, Bank End Lane, Almondbury, Huddersfield.
S. W. Wise, 110, Pullan Avenue, Eccleshill, Bradford, Yorks.



Presidents and Honorary Secretaries of 
Sections

These Sections are part of the Branches w ith which they are associated. The Presidents and 
Secretaries of Sections receive invitations to  attend  meetings of the Council.

EAST MIDLANDS—LINCOLN SECTION.

E. C. Carrott, Chestnut House, 48, W estern Avenue, Lincoln.
E. R. W alter, M.Sc., The Technical College, Lincoln.

LANCASHIRE—BURNLEY SECTION.

H. Buckley, “ Ellesmere,” Norfolk Avenue, Burnley, Lancs.
(President and Acting Secretary.)

LONDON—EAST ANGLIAN SECTION.

H. H. Shepherd, Crane, L td., Nacton Works, Ipswich, Suffolk.
J .  L. Francis, Ranelagh Works, Ipswich, Suffolk.

SCOTTISH—FA LK IR K  SECTION.

J . A. Donaldson, 5, Dawson Terrace, Carron, Falkirk, Scotland.
T. R . Goodwin, “ Viewfield,” Bonnybridge, Stirlingshire.

WALES AND MONMOUTH—BRISTOL SECTION.

M. W ayman, J .  Jefferies & Sons, L td., Hotwells Foundry, Bristol.
A. Hares, 648, Stapleton Road, Bristol 5.

Honorary Corresponding Members of Council

AUSTRALIA.

W. T. Main, T. Main & Sons (Proprietary), L td., 29, George Street, E as t Melbourne, Victoria, Australia.

ITALY.

D ott. Ing. Guido Vanzetti, 73, Corso Venezia, Milan, Italy .

SOUTH AFRICA.

A. H . Moore, Standard Brass Foundry, Benoni, Transvaal.



A W A R D S  1938-39

THE “ OLIVER STUBBS” GOLD MEDAL
1939 Award to Mr. J . G. PEARCE, M.Sc., M .I.E.E., M.I.Mech.E., F .Inst.P .,

“ in recognition of the m any Papers which he has presented to the Institu te, and for the work he lias 
done in promoting the aims and objects thereof.”

The Oliver Stubbs Medal has been awarded as follows :—

1922.—F. J . Cook, M.I.Mech.E.
1923.—W. H. Sherbum.
1924.—John Shaw.
1925.—A. Campion, P.I.C.
1926.—A. R. B artlett.
1927.—-Professor Emeritus Thomas Turner, M.Sc.
1928.—J. W. Donaldson, D.Sc.
1929.—Wesley Lambert, C.B.E.
1930.—Jam es Ellis.
1931.—John Cameron, J.P .
1932.—J. E. Hurst, D.Met.
1933.—J. W. Gardom.
1934.—V. C. Faulkner.
1935.—No Award.
1936.—F. Hudson

E. Longden
1937.—P. A. Russell, B.Sc.
1938.—S. E. Dawson, F.I.C.
1939.—J. G. Pearce, M.Sc., M .I.E.E., M.I.Mech.E., F .Inst.P .

THE MERITORIOUS SERVICES MEDAL
The 1939 Award was made to  Mr. -J. E. COOKE in recognition of his valuable services to  the 

Institu te , and particu larly  to the Lancashire Branch, of which he had until lately  been 
Hon. Secretary.

The Meritorious Services Medal has been awarded as follows :—
1933.—F. W. Finch.
1934.—J. J . McClelland.
1935.—H. Bunting.
1936.—J. Smith.
1937.—No Award.
1938.—No Award.
1939.—J. E . Cooke.

THE “ E. J. F O X ” GOLD MEDAL
1939 Award was made to Dr. HARRY A. SCHWARTZ of Cleveland, Ohio, U.S.A., in recognition 

of the outstanding services which he has rendered to the development of malleable iron castings.

The E. J .  Fox Gold Medal has been awarded as follows :—
1937.—Professor Emeritus Thomas Turn M.Sc.
1938.—J . E. Hurst, D.Met.
1939.—Dr. H arry A. Schwartz.

J-Two Awards.



DIPLOMAS OF THE IN STITUTE
were awarded to  :—

Mr. W. W. BRAIDWOOD, for his Paper on “ Melting Practice in  a large Engineering Iron  Foundry,” 
presented to  the  Scottish Branch.

Mr. S. CARTER and Mr. A. W. W ALKER, for their jo in t Paper on “ Moulding Sands w ith Special 
Reference to  Blind Scabs,” presented to  the W est R iding of Yorkshire Branch.

Mr. R . D. LAW RIE, for his Paper on “ Exam ples of Loam Moulding,” presented to  the Lancashire 
Branch.

Mr. W. W EST and Mr. C. C. HODGSON, for their jo in t Paper on “ Porosity and Sinking in  Cast 
Iron,” presented to  the Lancashire Branch.

Mr. J . DEARDEN, for his Paper on “ The Effect of Moisture on the Principal Properties of Moulding 
Sands,” presented to  the Scottish Branch.

Diplomas for Papers presented to the International Foundry Congress
were Awarded to :—

Mr. J .  J .  SH EEH A N , for his P aper on “ Core Shop C ontrol.”

Mr. A. J .  M U RPHY , for his P aper presented jo in tly  w ith Messrs. S. A. E. W ells and R . J .  M. Payne, 
on “ The Effect of Melting Conditions on L ight Alloys.”

Mr. G. L. BAILEY, for his Paper on “ The Effect of M elting Conditions on Gas U nsoundness in 
M etals.”

Mr. G. R . SHOTTON, for his Paper on “ Some N otes on th e  Design and O peration of th e  Open 
H earth  Furnace for Melting Malleable Cast Iro n .”

Mr. F . A. MELMOTH, for his Paper on “  The Renaissance of the  Steel Casting and the  Role of the  
M etallurgist.”

Mr. A. H . GUY, for his P aper on “ In d u stria l Legislation in South Africa.”

The “  Edward Williams ”  Lecture

The following Lectures have now been delivered :—

1 9 3 5 .— “ Man and M e ta l” (delivered a t Sheffield).—Sir W ILLIAM J . LARKE, K .B .E.

1936 .__“ Cast Iron and the Engineer ” (delivered a t Glasgow).—Prof. A. L. MELLANBY, LL.D., D.Sc.

1 9 3 7 .— Factors in  the Casting of Metals ” (delivered a t Derby).—C. H. DESCH, D.Sc., Ph.D ., F.R.S.

1938.—Not delivered.

1 9 3 9 .— “ The Atomic P a tte rn  of Metals ” (delivered in London).—Prof. W. L. BRAGG, O.B.E., M.C.,
D.Sc., M.A., F.R.S.
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The Institute of British Foundrymen

A N N U A L  G EN ER A L  M EETING
The th ir ty - s ix th  A n n u a l G en era l M e e tin g  of 

th e  I n s t i tu te  w as h e ld  a t  th e  D o rch es te r  H o te l, 
P a rk  L an e , L o ndon , on  M o nday , J u n e  12. M r. 
J .  H e p w o rth , J . P . ,  M .P . ( r e t i r in g  P re s id e n t)  
p resided .

The m in u te s  of th e  p reced in g  A n n u a l G en era l 
M ee tin g , h e ld  in  J u n e ,  '1938, a t  B ra d fo rd , w ere 
ta k e n  as re a d , an d  th e  m in u te s  of th e  a d jo u rn e d  
A n n u a l G en era l M ee tin g , h e ld  in  M a n c h este r  on 
O ctober 15, 1938, to  confirm  th e  a lte ra t io n s  to  
th e  B ve-law s t h a t  w ere a p p ro v ed  in  J u n e ,  w ere 
read . T hey  w ere  confirm ed  a n d  signed .

A ris in g  o u t of th e  m in u te s  of th e  O ctober 
m ee tin g , th e  S e c r e t a r y  (M r. T . M akem son) 
sa id  t h a t  a c tiv e  s tep s w ere b e in g  ta k e n  to  secure 
a  su p p le m e n ta ry  C h a r te r ; i t  w as hoped  to  o b ta in  
i t  sh o rtly , a n d  t h a t  th e  new  B ye-law s w ould come 
in to  fo rce  on  J a n u a r y  1, 1940.

C o u n c il’s R e p o rt and A cco un ts
On th e  m o tio n  of th e  P r e s i d e n t ,  seconded by 

M r .  C. W .  B i g g  (P a s t-P re s id e n t) ,  th e  A n n u a l 
R e p o r t of th e  C ouncil fo r th e  y ea r 1938-39 w as 
u n a n im o u sly  ad o p te d , w ith o u t discussion.

T he R e p o r t  is p r in te d  on pages 2 to  9.
M e .  S. H . R u s s e l l  (P a s t-P re s id e n t  an d  

H o n o ra ry  T re a su re r ) ,  p ro p o sin g  th e  ad o p tio n  of 
th e  b a lan ce  sh ee t a n d  acco u n ts  fo r  th e  y ea r 
ended  D ecem ber 31, 1938, com m ented  t h a t  th e  
incom e h a d  exceeded  e x p e n d itu re  by th e  com 
p a ra tiv e ly  sm all a m o u n t of £ 1 2 2 ; if  th e  S ou th  
A frican  B ra n c h  h a d  n o t been in  ex is ten ce , t h a t  
su rp lu s w ould have  d isa p p ea red  e n tire ly .

The m o tio n  fo r  th e  a d o p tio n  of th e  ba lan ce  
sheet a n d  acco u n ts  w as seconded  by  M r .  V . C. 
F a u l k n e r  (P a s t-P re s id e n t)  a n d  c a rr ie d .

R e p o r t o f T e c h n ic a l C o m m itte e
M r .  J .  W .  G a r d o m  (C onvener of th e  I n s t i tu t e ’s 

T echn ica l C o m m ittee , p roposed th e  ad o p tio n  of 
th e  C o m m ittee ’s R e p o r t  fo r th e  p a s t session, and  
sa id  t h a t  th e  w ork  of th e  C om m ittee  since its  
in ce p tio n  in  1931 would be rev iew ed  in  a P a p e r  
b e fo re  th e  C ongress. H e  took  th e  o p p o r tu n ity  
to  th a n k  th e  m em bers of th e  T echnical C om m ittee  
fo r  th e i r  help .

T he m otion  w as seconded by M r .  C. H . K a i n ,  
a n d  th e  R e p o rt (see page 9) was adop ted .

A w a rd s
I t  w as re p o rte d  t h a t  m edals an d  d ip lom as h ad  

been aw ard ed  as follows : —
O liver S tu b b s  Gold M eda l, 1939, to  M r. J .  G. 

P e a rc e  (D irec to r an d  S e c re ta ry , B r i tish  C ast 
I ro n  R esearch  A ssocia tion).

M erito r io u s  Serv ices M eda l (w hich h a d  n o t 
been aw ard ed  fo r  som e y ears) w as aw ard ed  fo r 
1939 to  M r. J .  E . Cooke, who u n t i l  re ce n tly  
was S e c re ta ry  of th e  L an c ash ire  B ra n ch , a n d  was 
s ti ll  c a r ry in g  on a g re a t  deal o f w ork  on beh alf 
of t h a t  B ran ch .

The E . J .  F o x  Gold M ed a l.— T he Council have  
accep ted  th e  reco m m en d a tio n  of th e  tw o assessors 
(S ir  W illiam  L a rk e  a n d  S ir  H a ro ld  C. 
C a rp e n te r)  an d  h ad  aw ard ed  th e  M ed a l to  D r. 
H a r r y  A. S chw artz , of C leveland, Ohio, U .S .A .

D ip lom as w ere aw ard ed  to  th e  follow ing : — 
M r. W . W . B raidw ood , fo r a  P a p e r  on “  M eltin g  
P ra c tic e  in  a  L arg e  E n g in e e r in g  I ro n  F o u n 
d ry ,”  p re sen ted  to  th e  S co ttish  B ra n c h ; M r. S. 
C a r te r  an d  M r. A. W . W alk er, fo r th e i r  P a p e r  
on  “  M ould ing  S and , w ith  special re fe ren ce  to  
B lin d  S cabs,”  re ad  before  th e  W est R id in g  of 
Y o rk sh ire  B ra n c h ;  M r. R . D . L aw rie , fo r a 
P a p e r  on “ Som e E x am p les of L oam  M o u ld in g ”  ; 
M r. J .  D eard en , fo r a P a p e r  on “ M o istu re  in  
M ou ld in g  S a n d ,”  a n d  M r. W a lte r  W est an d  
M r. C. C. H odgson , fo r  a P a p e r  on  “ P o ro s ity  
a n d  S in k in g  in  C a s t I r o n .”

E le c tio n  o f  O fficers
T he fo llow ing officers w ere e lected  fo r  

1939-40: —
P re s id e n t— M r. W . B. L ake , J .P .  (d irec to r, 

L ak e  & E ll io tt ,  L im ite d , B ra in tre e ) .
S e n io r  V ice -P resid en t— M a jo r  R . M iles, 

M .E n g . (D irec to r, H e ad , W i'ig h tso n  & C om pany , 
L im ite d , T hornaby-on-T ees).

J u n io r  V ice -P resid en t— M r. D . H . W ood (Con
s tru c tio n a l  E n g in e e r in g  C om pany, L im ite d , 
B irm in g h a m ).

T he e lection  of M r. L ak e  w as p roposed  by th e  
r e t i r in g  P r e s i d e n t ,  who ex p ressed  th e  confidence 
w hich M r. L ak e  en joyed  am ong th e  whole m em 
b ersh ip . M r .  C. C. B o o t h ,  J . P .  (P re s id e n t  of 
th e  L ondon  B ra n ch ), who seconded, spoke from
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p ra c tic a l ex p erien ce  of M r. L a k e ’s v a lu ab le  w ork 
fo r th e  I n s t i tu te  fo r  m an y  y e ars , a n d  th e  en 
c o u rag e m e n t lie h a d  g iv en  to  m em bers of h is 
staff to  a ss is t th e  o rg a n is a tio n . T he m em bers 
of h is fam ily  also h a d  g iv en  h im  g re a t  su p p o rt.

In  h is response, M e .  L a k e  confessed  t h a t  he 
h a d  been a l i t t le  n e rv o u s a b o u t acc ep tin g  th e  
office; h is h e a lth  h a d  n o t been  too  good recen tly . 
Y e t he h a d  so m an y  fr ie n d s  in  th e  I n s t i tu te  an d  
b a d  received  so m an y  offers of help  t h a t  he  w as 
able to  accep t th e  office w ith  a good h e a r t .  H e  
th a n k e d  th e  m em bers very  sincere ly  fo r  th e  
ho n o u r.

T he e lection  of M a jo r  M iles w as p roposed  by 
M e .  L a k e ,  who com m ended h is a d m irab le  w ork 
as J u n io r  V ic e -P re s id e n t d u r in g  th e  p a s t  y ea r, 
a n d  sa id  t h a t  th e  m ore th e  m em bers saw  of h im , 
th e  m ore  th ey  lik ed  h im . T he re so lu tio n  was 
seconded by M e .  F . J .  C o o k  (P a s t-P re s id e n t) .  
M a j o e  M i l e s  b riefly  responded .

P ro p o s in g  th e  e lection  of M r. W ood to  th e  
J u n io r  V ice-P resid en cy , M e .  F . J .  C o o k  sa id  i t  
w as u n n ecessa ry , in  a  com pany  of fo u n d ry m en , to  
ex to l h is v ir tu e s . H e  w as well know n as a h a rd  
w o rk er fo r th e  I n s t i tu te  fo r v e ry  m an y  years , 
a n d  w ould have  th e  su p p o r t  of th e  whole of th e  
B irm in g h a m  B ra n ch  p a r tic u la r ly  w hen, in  due 
course, he filled th e  P re s id e n tia l  C h a ir. M e .  J .  
C a m e r o n  (a P a s t-P re s id e n t) ,  as a n  old personal 
fr ie n d  of M r. W ood, c la im ed  th e  p leasu re  of 
seconding . H e  re fe r re d  to  M r. W ood as one of 
his m ost v a lu ed  fr ien d s , a n d  com m ended h is g re a t  
w ork  as P re s id e n t  of th e  B irm in g h a m  B ran ch . 
M e .  W o o d  expressed  h is a p p re c ia tio n  of h is elec
tio n , f irs t as a n  h o n o u r to  th e  B irm in g h am  
B ra n ch , a n d  secondly, as a n  h o n o u r to  h im self.

V o te s  o f T h a n k s
M r . W . B. L a k e ,  p ro p o sin g  a h e a r ty  vo te  of 

th a n k s  to  M r. H e p w o rth  fo r  h is serv ices as 
P re s id e n t  d u r in g  th e  p a s t y e a r , reca lled  th e  
w o n d erfu l success of th e  B ra d fo rd  C onference 
la s t  y ea r, a n d  th e  g re a t  w ork M r. H ep w o rth  
h a d  done to  en su re  i ts  success. T h ro u g h o u t th e  
y e a r he h a d  re n d e re d  g r e a t  serv ice , in  sp ite  of 
th e  calls w hich  h is P a r l ia m e n ta ry  a n d  o th e r  
d u tie s  m ade u pon  h is tim e , an d  th e  m em bers 
w ere deep ly  in d eb te d  to  h im .

No seconder w as needed  fo r so p o p u la r a p ro 
posal, a n d  th e  vo te  of th a n k s  w as accorded  w ith  
en th u s ia sm .

M r . H e p w o r t h ,  in  h is response, a ssu red  th e  
m em bers t h a t  he  w as h o n o u red  to  h av e  served  as 
P r e s id e n t;  a n d  he  p a id  t r ib u te  to  th e  officers 
an d  m em bers of th e  W est R id in g  B ra n ch  fo r 
th e i r  su p p o rt, a n d  p a r tic u la r ly  fo r  th e  noble 
m a n n e r  in  w hich  th e y  h a d  w orked  to  en su re  th e  
success of th e  B ra d fo rd  conference. H e  was 
a ll th e  b e t te r  fo r h a v in g  m ade  th e  a c q u a in ta n c e  
of so m an y  m em bers, an d  hoped th a t  th e  a cq u a in 

ta n c e  w ould r ip e n  in to  fr ie n d sh ip  as th e  y ears  
passed .

P r o f e s s o r  T. T u r n e r ,  pro p o sin g  a h e a r ty  vote 
of th a n k s  to  th e  officers a n d  C ouncil fo r th e i r  
serv ices d u r in g  th e  p a s t  y e a r , sa id  t h a t  th e  
A n n u a l R e p o r t  in d ic a te d  th e  w ork  t h a t  h a d  been 
done a n d  th e  p ro g ress w hich  th e  I n s t i tu t e  had  
m ade  d u r in g  th e  p a s t  successful y ea r. A n in s t i 
tu te ,  he  sa id , d id  n o t m ak e  p ro g ress if  le f t  to  
i ts e l f ;  if  i t  w ere allow ed to  d r i f t ,  i t  w ould d r i f t  
dow nw ards. T he I n s t i tu t e ’s r is in g  im p o rta n ce  
an d  in c re as in g  w ork  was a  g re a t  te s tim o n y  to  
th e  w ork  of its  officers.

The re so lu tio n  was seconded b y  M r .  E .  B r o w n ,  
and  c a r r ie d  w ith  acc lam atio n .

A u d ito rs
On th e  m o tio n  of M r .  V . S t o b i e  (P a s t-P re s i

d e n t) ,  seconded b y  M r .  J .  W . G a r d o h ,  M essrs. 
J .  & A. W . S u lly  & C om pany  (c h a rte re d  
acc o u n ta n ts )  w ere re -a p p o in te d  a u d ito rs  fo r th e  
e n su in g  y ear.

E le c tio n  o f M e m b e rs  o f C o u n c il
The follow ing five nom inees fo r e lec tio n  to  th e  

five vacan cies on  th e  C ouncil w ere d ec lared  
elected  fo r tw o y e a r s :— M r. V . D e lp o r t;  M r. E . 
L o n g d en ; M r. H . J .  R oe, M r. P . A. R ussell, 
a n d  M r. A. W . W alker.

T he A n n u a l G en era l M e e tin g  closed.

A N N U A L  REPORT
T his R e p o r t  covers th e  p e rio d  M ay 1, 1938, to  

A p ril 30, 1939, a n d  th e  acco u n ts  a re  fo r  th e  y ea r 
en d ed  D ecem ber 31, 1938.

A n o th e r in crease  in  th e  m em b ersh ip  of th e  
I n s t i tu te  is show n in  T ab les I  a n d  I I ,  w h ils t 
th e  b a lan ce  sh ee t a n d  s ta te m e n t  of acco u n ts  
show t h a t  th e  finances of th e  I n s t i tu t e  have  
been m a in ta in e d  in  a sound co n d itio n , a lth o u g h  
d u r in g  th e  p a s t  y e a r  co n sid erab ly  in c reased  e x 
p e n d itu re  h a s been  bo rn e . T he C ouncil is also 
p leased  to  a ssu re  m em bers t h a t  a ll phases of 
th e  I n s t i tu t e ’s w ork  h av e  m ad e  p ro g ress, an d  
t h a t  th e  in d u s try  co n tin u e s  to  reco g n ise  th e  
value of th is  w ork.

D eath s

T he C ouncil re g re ts  to  r e p o r t  th e  d e a th s  of 
sev en teen  m em bers. P a r t ic u la r  m en tio n  is m ade 
of th e  fo llow ing who w ere  w idely  know n th ro u g h 
o u t th e  in d u s try ,  a n d  whose w ork  on b eh a lf  of 
th e  I n s t i tu te  h as u n d o u b ted ly  a ssis ted  in  th e  
p a s t to  b r in g  a b o u t th e  h a p p y  p o s itio n  in  w hich 
th e  I n s t i tu te  now  finds itse lf .

M r. S . A . G im son, J .P . ,  E a s t  M id lan d s
B ra n ch , w as one of th e  o ld es t m em bers o f th e
I n s t i tu te ,  w hich  h e  jo in e d  in  1906, a n d  of
w hich  he was P re s id e n t  fro m  1913 to  1915.



M r. W . J .  M o lin e u x  c o n tr ib u te d  sev era l v a lu 
able P a p e rs , fo r  one of w hich he was aw ard ed  
a  d ip lom a. A t th e  tim e  of h is d e a th  he h ad  
been  n o m in a ted  as P re s id e n t  of th e  B irm in g 
ham  B ran ch , an d  had  prev iously  been a V ice- 
P re s id e n t  of th e  N ew castle  B ran ch .

M r. E . V . R o n cera y  jo in ed  th e  I n s t i tu te  in  
1909, a n d  was e lected  an  H o n o ra ry  M em ber 
in  1922. H e  was a P a s t-P re s id e n t  of th e  Asso
c ia tio n  T echn ique  de F o n d e rie . H e  h a d  been 
d eco ra ted  by th e  F re n c h  a n d  by fo re ig n  
G overnm ents, an d  h a d  received  h o n ours from  
nu m ero u s tech n ica l in s titu tio n s .

M r. I). M . S . P a rk er ,  d u r in g  h is sh o rt  m em 
b ersh ip  of th e  L ondon  B ra n ch  of th e  I n s t i 
tu te ,  becam e w idely  know n, p a r tic u la r ly  to  
m em bers of t h a t  B ran ch .

M r. K e n n e th  H ill  was also a co m p ara tiv e ly  
new  m em ber of th e  L ondon  B ran ch , an d  was 
w idely know n, p a r tic u la r ly  to  those m em bers 
assoc ia ted  w ith  th e  v itreo u s  en am ellin g  in 
d u s try .

M r. J .  B . Corrie  was a  m em ber of th e  
L ondon  B ran ch  who was well know n th ro u g h 
o u t th is  c o u n try  an d  on th e  C o n tin e n t.

T a b l e  I . — Changes of Membership, 1938-39.

Sub
scribing
firms.

Members. Associate
Members. Associates. Associate

students. Total.

A t April 30, 1938 ........................................ 73 926 1,053 137 31 2 , 2 2 0
Additions and transfers from other grades 2 85 116 17 4 224

75 1 , 0 1 1 1,169 154 35 2,444
Losses and transfers to other grades 1 37 75 2 1 3 137

At April 30, 1939 ......................................... 74 974 1,094 133 32 2,307

T a b l e  I I . — Analysis of Membership, April 30, 1939.

Branch. Subscribing
firms. Members. Associate

members. Associates. Associates
(students). Total.

Birmingham 8 (8 ) 157 (151) 157 (156) 15 (17) 7 (7) 344 (339)
E ast Midlands 4 (4) 67 (64) 1 0 2 (87) 5 (4) 2 (1 ) 180 (160)
Lancashire 14 (14) 127 (115) 198 (2 1 0 ) 25 (32) — 364 (371)
London 1 0 (9) 203 (187) 125 (117) 5 (6 ) — — 343 (319)
Middlesbrough 1 (1 ) 27 (23) 44 (34) 8 (9) 7 (7) 87 (74)
Newcastle 7 (7) 34 (34) 30 (29) 56 (49) 1 1 (1 0 ) 138 (129)
Scottish 7 (6 ) 99 (104) 185 (191) 6 (7) 2 (2 ) 299 (310)
Sheffield 6 (V 97 (96) 69 (67) 2 (2 ) 1 (1 ) 175 (173)
South African 1 0 (1 0 ) 41 (36) 27 (17) 7 (7) — 85 (70)
Wales & Mon. 2 (2 ) 44 (44) 51 (50) — — 2 (3) 99 (99)
W .R. of Yorks. .. 5 (5) 55 (51) 89 (79) 3 (4) — — 152 (139)
U nattached — 23 (2 1 ) 17 (16) 1 — — 41 (37)

74 (73) 974 (926) 1,094 (1,053) 133 (137) 32 (31) 2,307 (2 ,2 2 0 )

M r. D . E .  W ilk in so n ,  a P a s t-P re s id e n t  and  
fo rm er se c re ta ry  of th e  B irm in g h am  B ran ch , 
w as also a  d ip lom a ho lder.

M r. F . C. E dw a rd s,  a p ro m in e n t m em ber of 
th e  B irm in g h am  B ra n ch , w ill long be rem em 
bered  fo r th e  v a lu ab le  P a p e rs  on p a tte rn m a k -  
ing  w hich he p re sen te d  to  m any  B ran ch es of 
th e  I n s t i tu te .

M r. J .  R . H y d e ,  a  P a s t-P re s id e n t  of th e  
Sheffield B ra n ch , d ied  in  J u n e , 1938, a f te r  
tw en ty -seven  y ears  of m em bersh ip  of th e  I n 
s t i tu te .  F o r  m an y  y ears  he w as a  m em ber of 
th e  C ouncil and  w as th e  f irs t C onvener of th e  
S teel C astin g s Sub-C om m ittee . H e  was th e  
a u th o r  of several P a p e rs , fo r one of w hich he 
was aw ard ed  a diplom a.

M r. C. H . S m ith ,  who w as k illed  in  a  s tre e t  
a cc id en t la s t  N ovem ber, was a well-know n 
m em ber of th e  E a s t  M id lan d s B ran ch .

M r. R . P o tte r  was e lected  to  m em bersh ip  in  
1932, a n d  was a  v a lued  m em ber of th e  Sco t
tis h  B ran ch .

H o n o u rs  C o n fe rre d  upon M em b ers
A m ongst those m em bers who received  honours 

d u r in g  th e  tw elve m on ths covered by th is  re p o rt 
a re  th e  follow ing : —

The R t .  H on . L o rd  W e ir  o f E astw ood , P .O .,
G .C .B ., w as c re a te d  a  V isco u n t a t  th e  tim e  of 
H is  M a je s ty ’s b ir th d a y  la s t  Ju n e .

S ir  R o b er t A . E a d fie ld , B a r t .,  F .R .S . ,  was 
hon o u red  by th e  A m erican  I n s t i tu te  of M in in g
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a n d  M e ta llu rg ic a l E n g in e e rs  in  re co g n itio n  of 
h is fifty  y e a rs ’ m em b ersh ip . T he h o n o u r 
c a r r ie d  w ith  i t  a  d ip lo m a  a n d  a  gold  p in , in 
s ig n ia  of th e  L eg io n  of H o n o u r  of th e  I n 
s t i tu te .

P ro fesso r S ir  H a ro ld  C a rp en ter , M .A .,  
P h .D ., P .P .S . ,  rece ived  th e  p la t i 
n u m  m edal of th e  I n s t i tu te  of M eta ls  fo r  th e

D r. T . S w in d en  w as aw ard ed  th e  M.C. 
Ja m es  Gold M edal by  th e  C ouncil of th e  
N o r th -E a s t  C oast I n s t i tu t io n  of E n g in e e rs  an d  
S h ip b u ild e rs .

M r. J .  E . H u r s t ,  P a s t -P re s id e n t,  was 
e lected  to  th e  P re s id e n cy  of th e  I n te rn a tio n a l  
C o m m ittee  on T es tin g  C a st I ro n , a n d  in  J u ly  
n e x t  w ill rece iv e  th e  h o n o ra ry  d eg ree  of

BALANCE SHEET, 31st Decem ber, 1938

L IA B IL IT IE S .

Subscriptions paid  in  advance .
S undry  C reditors ...........................
S ecretary ’s Policy F u n d  .............
The Oliver S tubbs Medal F und

Balance from  la s t Account 
In te re s t to  da te  .............

Less : Cost of Medal

T he B uchanan Medal F und  : 
Balance from  la s t Acc 
In te re s t to  date

> : Cost of M edals and  Prizes

The E . J . F ox  Medal F und
Balance from  la s t A ccount 
In te re s t to  d a te  ................

Less : Cost o f M edal . . . .

Technical D evelopm ent F und  :— 
Balance from  la s t A ccount 
In te re s t to  d a te  ................

£ s. d.

210 13 1
12 1 2

222 14 3
9 15 0

122 14 10
4 12 7

127 7 5
5 11 7

497 5 1
13 17 7

511 2 8
15 0 0

500 0 0
5 9 5

£ s. d.
164 1 0
450 4 5

18 8 8

212 19 3

121 15 10

496 2 8

In te rna tiona l Conference F u n d  :—
Surplus (included in  General Investm ents) 

A ccum ulated F u n d :—
Balance 31st December, 1937   2,405 0

A d d  : Excess o f Incom e over E xpend i
tu re  for th e  year ended 31st December,
1938 .....................................................................  122 11 10

505

40

9 5 

18 11

-2,527 11 11

S. H. RU SSELL, Eon. Treasurer. 
TOM M AKEM SON, Secretary.

£4,537 12 1

A S S E T S .

Cash in  hands o f Secretaries :—
L ancashire B ranch ...........................
B irm ingham  B ran c h ...........................
Scottish  B ran c h ....................................
Sheffield B ranch ................................
London B ranch ................................
E a st M idland B ranch ......................
W est R iding o f Y orkshire B ranch . 
W ales and  M onm outh B ranch . .  . 
N ew castle B ranch ...........................

s. d.

Cash in  H and  :—
Secretary’s Policy F u n d  .............................
H ead Office P e t ty  Cash .............................

Sundry  D e b to rs :—
Subscriptions due and  subsequently  

received ....................................................
L loyds B ank L td ...........................................................
The Oliver S tubbs M edal F u n d  :—

£342 5s. 7d. Local Loans £3 per cent.
Stock a t  Cost ......................................

Balance a t  Lloyds B ank  L td .......................

The B uchanan Medal F u n d  :—
£125, £3 10s. Od. per cent. Conversion

Stock a t  78£ ...........................................
Balance a t  M idland B ank  .........................

The E . J . Fox M edal F u n d  :—
£462 19s. 3d., £3 10s. Od. per cent. Con

version Loan a t  Cost .........................
Less : O verdraft a t  Lloyds B ank  L td . . .

Technical D evelopm ent F und  :—
Balance a t  M anchester and  Salford 

Savings B a n k ...........................................
In v e s tm e n ts :—

£650, 3£ per cent. W ar Loan a t  C o s t . . .  . 
£653 19s. Od. Local Loans 3 per cent.

Stock a t Cost ......................................
£964 5s. Id . 3 per cent. F und ing  Loan a t

Cost ........................................................
£400 Leeds C orporation M o r tg a g e ...........

F u rn itu re , F ittin g s , and  F ix tu re s  :—
as per la s t A ccount ......................................
Less : D epreciation 10 per cen t.................

S uperannuation  Insurance  :—
U nexpired prem ium  ..................................

s. d.

4 9 6
34 7 7
36 17 5
21 1 6 

9 12 8
18 19 0 
18 1 9
13 7 11

8 14 0

200 0 0 
12 19 3

98 6 9 
23 9 1

500 0 0 
3 17 4

165 11 4

18 8 8 
2 11 7

74 3 6
486 9 7

212 19 3

121 15 10

496 2 8

505 9 5

630 8 4 

451 13 8

897 14 11 
400 0 0

61 18 7 
6 3 10

-2 ,379 16 11

55 14 9 

18 8 7 

£4,537 12 1

19/21 Queen V ictoria Street,
L o n d o n , E . C . 4 .

23rd  M arch, 1939.

o u ts ta n d in g  services w hich  he has re n d e re d  to  
th e  d ev elopm en t of n o n -fe rro u s  m eta llu rg y . 
S ir  H a ro ld  has also been  e lected  a n  H o n o ra ry  
M em ber of th e  A m erican  I n s t i tu te  of M in in g  
a n d  M e ta llu rg ic a l E n g in e ers .

P ro fe sso r-E m e ritu s  T . T u r n e r , M .S c .,
F .I .C .,  F .G .S . , A .B .S .M .,  was e lected  a  Fellow  
of th e  Im p e r ia l  College of Science an d  Tech- 
nology.

We have prepared and audited the above Balance Sheet with the Books 
and Vouchers o f the Institu te  and certify same to be in  accordance therewith. 

J . & A . W . SULLY  & Co., Chartered A ccoun tan ts , Auditors.

D o cto r of M e ta llu rg y  fro m  th e  U n iv e rs ity  of 
Sheffield.

M r. V . D e lp o rt  w as aw ard ed  th e  Gold M edal 
of th e  A ssocia tion  T echn ique  de  F o n d e r ie  de 
F ra n c e .

M r. IT'. T. G riffiths, M .S c .,  w as a w ard e d  
th e  deg ree  of D o cto r of Sc ience  by  th e  U n iv e r
s ity  of W ales.

M r. G. E . F rance  was e lec ted  P re s id e n t  of



th e  F o u n d ry  T ra d e s ’ E q u ip m e n t an d  Supp lies 
A ssociation .

M r. F ra n k  S . R u sse ll  w as e lected  P re s id e n t  
of th e  R e fra c to r ie s  A ssociation  of G re a t 
B r i ta in  in  M ay, 1938.

M r. W . T . L a v e r to n  was e lected  P re s id e n t  
of th e  S to k e -o n -T ren t A ssocia tion  of E n g i
neers.

in d u s try .”  T he p re se n ta tio n  of th e  m edal was 
m ade a t  th e  A n n u a l C onference  in  B ra d fo rd  in  
J u n e , 1938.

T he C ouncil h a t  accep ted  th e  recom m endation  
of th e  assessors to  m ake  th e  1939 aw ard  to  D r. 
H a r ry  A. S ch w artz , of C leveland , Ohio. I t  is 
ex p ec ted  t h a t  D r. S ch w artz  w ill a t te n d  th e  I n 
te rn a tio n a l  F o u n d ry  C ongress, to  be held  in

Income and E xpend itu re  Account fo r  the year ended 31st December, 1938

E X P E N D IT U R E .

Prin ting  an d  S tationery  including p rin ting  of
“ Proceedings ”  ..................................

Council, Finance and  A nnual M eetings Expenses
Medal for P as t P resident ......................................
B ranch Expenses :—

L a n c a sh ire ........................................................
B irm ingham  ........................................ ...........
S cottish ............................................................
S h effie ld ............................................................
London ............................................................
E ast M idlands ...............................................
Newcastle ........................................................
W est R iding o f Y orkshire ........................
W ales and  M o n m o u th ..................................
M iddlesbrough ...............................................
South A frica ...................................................

A udit Fee and  A ccountancy C harges....................
Inciden tal Expenses ...............................................
Subscription, Jo in t Com m ittee on M aterials and

th e ir  T e s t in g ..........................................
Subscription, B ritish  F oundry  School ................
Subscription, In te rn a tio n a l Com m ittee on C.I.

Testing ...................................................

Salaries— Secretary and  Clerks .............................
S uperannuation Insurance (S e c re ta ry ) ................
R ent, R ates, &c., o f Office less Received . . . .
Subscription In te rna tiona l C o m m itte e ................
D epreciation o f F u rn itu re  ......................................
John  Surtees Memorial Exam ination . G rants to  

B ranches...................................................

Excess of Incom e over Expend itu re carried to  
Balance Sheet ......................................

125 10 
86 5
76 15 
49 18 
89 7 
54 1 
35 6 
35 18 
34 16 
24 13 
76 13

£ s. d. 
158 18 10

834 2 9
153 2 8 

3 0 0

146 10 5

5 5 0 
5 0 0

689 5 
12 12

3 0 0
-  159 15 5

886 17 9
55 5 10 

113 12 0
5 0 0
6 3 10

10 4 0

3,088 0 4

122 11 10 

£3,210 12 2

IN C O M E .

Subscriptions received :—
Lancashire B ranch ...........................
B irm ingham  B ran c h ...........................
Scottish B ran c h ...................................
Sheffield B ranch ...............................
London Branch ...............................
E a st M idlands B r a n c h ......................
Newcastle B ranch ...........................
We3t R iding o f Y orkshire B ranch 
W ales and  M onm outh B ranch . . .
M iddlesbrough B ranch ..................
U nattached  M embers ......................
South A frican B r a n c h ......................

£ s. d. s . d.

Add : Subscriptions in  advance, 1937 
Subscriptions due 1938 ................

Less : Subscriptions in  advance, 1938 
Subscriptions due 1937 ................

Conference R egistration  F e e s ...............................
Polish Conference Surplus ....................................
Sale o f “  Proceedings,” e tc .....................................
In te rest on Investm en ts and  Cash on deposits 
Jo h n  Surtees M emorial E xam ination  Surplus . 
Profit on sale o f Badges ........................................

443 2
457 16 
401 12 
261 19 
490 17 
243 12 
129 0 
168 10 
136 15 

87 12 
43 9 

154 7

223 19 0 
74 3

164 1 0
82 2 0

3,018 14 1

298 2 6  

3,316 16 7

246 3 0

3,070 13 7
29 12 6
0 10 10 

16 4 0
85 6 1

6 0 8 
2 4 6

£3,210 12 2

M r. R . C. T u cker , M .A .,  w as e lected  P re s i
d e n t of th e  Sheffield M e ta llu rg ic a l A ssociation.

Finances
The increase  in  m em bersh ip , an d  th e  in c reas

ing ly  ac tiv e  p a r t  w hich th e  I n s t i tu te  is ta k in g  in 
a ffa irs co n n ec ted  w ith  th e  in d u s try , have  b o th  
co n tr ib u te d  d irec tly  an d  in d ire c tly  to  th e  a d d i
tio n a l e x p e n d itu re  w hich has been in cu rre d  
d u r in g  th e  p a s t  y ea r. N ev erth e less , th e  excess 
of incom e over e x p e n d itu re  a t  D ecem ber 31, 
1938, am o u n ted  to  th e  sum  of £122 11s. lOd.

A w a rd s
E . J .  F o x  Gold M ed a l.— On th e  recom m enda

tio n  of th e  assessors, S ir  W illiam  J .  L a rk e  an d  
P ro fe sso r S ir  H a ro ld  C a rp e n te r , th e  C ouncil de
cided  to  aw ard  th e  E . J .  F o x  Gold M edal fo r 
1938 to  M r. J .  E . H u rs t ,  “  in  re co g n itio n  of h is 
w ork  on th e  m e ta llu rg y  of c a s t iro n  a n d  th e  
a p p lic a tio n  of th e  re su lts  of h is re sea rch  to  th e

Ju n e , w hen th e  p re se n ta tio n  w ill be m ade  to  
him .

O liver S tu b b s  Gold M ed a l.— A t th e ir  m ee tin g  
held  in  B ra d fo rd , on J u n e  14, 1938, th e  C ouncil 
decided  to  accep t th e  reco m m en d a tio n  of th e  
L ite ra ry  an d  A w ards C om m ittee  to  aw ard  th e  
O liver S tu b b s Gold M edal fo r 1938 to  M r. S. E . 
Daw son, F .I .C . ,  “  in  re co g n itio n  of th e  m an y  
va luab le  P a p e rs  w hich he  has p re sen te d  to  
a lm ost all th e  B ran ch es of th e  I n s t i tu t e .”  The 
p re se n ta tio n  of th e  m edal was m ade  a t  th e  
A n n u a l C onference on th e  follow ing day.

D ip lom as.— A t th e  B ra d fo rd  C onference la s t 
J u n e  i t  w as an n o u n ced  t h a t  d ip lom as fo r 1938 
had  been aw ard ed  to  th e  follow ing g en tlem en . 
T he B ran ch es to  w hich th ey  p re sen te d  th e  P a p e r  
fo r w hich th ey  w ere aw ard ed  a d ip lom a a re  also 
shown : —

A. T ip p e r ... ... L an cash ire  B ran ch
A. P h illip s  ... L an c ash ire  B ra n ch
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P . F a s s o tte  ... L ondon  B ra n ch
B. M acD o u g all ... S co ttish  B ra n ch
J .  C am eron , ju n .  ... S c o ttish  B ra n ch

B u ch a n a n  M eda ls a n d  P r ize s .— T he nam es of 
th e  re c ip ie n ts  of th e  m edals a n d  p rizes  a re  g iven  
u n d e r  th e  h e ad in g  “ E d u c a tio n a l W o rk  ”  w hich 
a p p e a rs  la te r  in  th e  R e p o r t.  T he B u ch an an  
M edals a n d  P riz e s  a re  aw arded  as th e  re s u l t  of 
e x am in a tio n s  o rg a n ised  by th e  C ity  a n d  G uilds 
of L ondon  I n s t i tu te  on F o u n d ry  P ra c tic e  an d  
P a tte rn m a k in g .

B ranch  A c tiv it ie s

T he system  o f p re se n tin g  a  P a p e r  to  m ore th a n  
one B ra n c h  h as been co n tin u e d  d u r in g  th e  p a s t 
y e a r  in  re sp ec t of sev era l im p o r ta n t  P a p e rs . 
S ev e ra l P a p e rs  by new  a u th o rs  w ere also p re 
se n te d  to  th e  B ran ch es, an d  th e  q u a lity  of such 
P a p e rs  w as fo u n d  to  be o f a  v ery  h ig h  o rd er. 
A n o th e r p leasin g  f e a tu re  of th e  p ro g ram m es was 
th e  la rg e  n u m b er of B ran ch es w hich  inc lu d ed  th e  
C a st I ro n  S u b -C o m m ittee ’s r e p o r t  in  th e ir  p ro 
g ram m es. I n  a ll, n in e  B ran ch es or S ec tio n s d is
cussed  th is  re p o rt ,  a n d  in  th is  w ay ex pressed  
th e ir  a p p re c ia tio n  of th e  w ork w hich  th e  T ech
n ica l C o m m ittee  an d  its  S ub-C om m ittees a re  
u n d e r ta k in g .

T he system  of jo in t  m ee tin g s betw een  B ran ch es 
has been e x te n d ed  th is  y e a r. T he B ran ch es a t  
N ew castle  a n d  M idd lesb rough  en joyed  jo in t  
w orks v isits , w hile  th e  Sheffield an d  L ondon  
B ran ch es h e ld  a  tw o -d ay s’ jo in t  m ee tin g  in  
L ondon, w hen P a p e rs  w ere d iscussed  a n d  w orks 
v isited . A m ong o th e r  new  fe a tu re s  in c lu d ed  in 
th e  B ra n ch  P ro g ram m es w ere th e  A p p re n tic e  
P a t te rn m a k e r s ’ C o m p etitio n , o rg an ised  by th e  
Sheffield B ra n ch , an d  th e  “  M ock T ria l  ”  of 
“  C astin g s  versus  W elded  S t r u c tu re s ,”  a r ra n g e d  
by th e  L ondon  B ra n ch .

T he S o u th  A frica n  B ra n c h  c o n tin u es  to  m ake 
s te ad y  p rogress, an d  th e  C ouncil h ad  a n  o p p o r
tu n i ty  of w elcom ing to  i ts  J a n u a ry  M ee tin g  M r. 
T. N im m o D ew ar, th e  f irs t  P re s id e n t  of th e  
B ran ch .

K in d re d  In s titu tio n s

The h a p p y  re la tio n s  w hich hav e  a lw ays ex is ted  
betw een  th e  I n s t i tu te  an d  o th e r  s im ila r  bodies 
h av e  been c o n tin u e d  d u r in g  th e  y e a r  u n d e r  
review . S ev era l jo in t  m ee tin g s  have  been held  
be tw een  local B ran ch es of th is  I n s t i tu te  a n d  of 
th e  I n s t i tu te  of M eta ls  a n d  T he I n s t i tu te  of 
V itreo u s  E n am elle rs .

The C ouncil ta k e s  th is  o p p o r tu n ity  of e x te n d 
in g  to  th e  new ly-form ed  I n s t i tu t e  of A u s tra lia n  
F o u n d ry m e n  i ts  b e st w ishes fo r  th e  success of th is  
new  v e n tu re , w hich w ill be officially re p re se n ted  
a t  th e  fo rth co m in g  In te r n a tio n a l  F o u n d ry  C on
gress.

I n  o rd e r t h a t  th e r e  shou ld  be a  closer w o rk in g  
betw een  th e  I n s t i tu te  a n d  th e  B r i tish  C a s t I ro n  
R esearch  A ssocia tion , a L ia iso n  C o m m ittee  was 
fo rm ed  in  1937. S ev era l m ee tin g s  have  been  held  
d u r in g  th e  la s t  y e a r  a n d  a  u se fu l m easu re  of co
o p e ra tio n  h as been fo u n d  possible.

T he C ouncil te n d e rs  i ts  th a n k s  to  th e  I ro n  and  
S teel I n s t i tu te  fo r  th e  o p p o r tu n ity  w hich m em 
bers h a d  of p a r t ic ip a t in g  in  th e  d iscussion  of th e  
T h ird  R e p o r t  o f th e  S te e l C a stin g s  R esearch  
C o m m ittee , w hen i t  w as p re sen te d  to  a  J o in t  
M ee tin g  of th e  tw o  I n s t i tu te s  in  th e  A u tu m n  of 
la s t  y ea r.

T h e  m em bers of th e  I n s t i tu t e  w ere  also in v ite d  
to  a t te n d  a  m ee tin g  of th e  I n s t i tu t io n  of 
M ech an ica l E n g in e e rs  in  D ecem ber la s t, w hen th e  
F i r s t  R e p o r t of th e  I n s t i tu t i o n ’s R esea rch  Com 
m itte e  on H ig h -D u ty  C a st I ro n s  fo r  G en era l 
E n g in e e r in g  P u rp o ses  w as p re sen te d  by M r. 
J .  G. P e a rce . M an y  m em bers of th e  I n s t i tu te  
a v a iled  th em selves of th is  o p p o r tu n ity ,  a n d  on 
th e ir  b eh a lf th e  C ouncil th a n k s  th e  I n s t i tu t io n  
a n d  expresses th e  hope t h a t  such  m ee tin g s  m ay 
be co n tin u e d  in  th e  f u tu re .

In te r n a t io n a l R e la tio n s

T h ro u g h  th e  I n te rn a t io n a l  C o m m ittee  of F o u n 
d ry  T echn ica l A ssocia tions, th e  I n s t i tu t e  has 
been ab le  to  m a in ta in  i ts  h a p p y  re la tio n s  w ith  
fo u n d ry  tec h n ica l in s t i tu t io n s  overseas. A m ee t
in g  of th e  C o m m ittee  w as h e ld  a t  th e  I n t e r 
n a tio n a l F o u n d ry  C ongress in  W arsaw  la s t  S ep
tem b e r. T h e  I n s t i tu te  w as re p re se n te d  by M r. J .  
C am eron , S e n r .,  a n d  th e  S e c re ta ry  w as also p re 
se n t as S e c re ta ry  of th e  C o m m ittee . O ver a 
dozen m em bers of th e  I n s t i tu t e  a n d  th e i r  lad ies  
w ere  ab le  to  a t te n d  th e  C ongress. T he th a n k s  
of th e  I n s t i tu te  a re  ex te n d ed  to  th e  S to w arzy 
szen ie  T echniczne O dlew ników  P o lsk ich , who 
o rg an ised  th e  C ongress, a n d  to  M r. K . G ierdzie- 
jew sk i, P re s id e n t  of th e  C ongress, fo r th e ir  
h o sp ita li ty .

I n  p re p a ra tio n  fo r  th e  n e x t  In te r n a tio n a l  
F o u n d ry  C ongress, to  h e  h e ld  in  L o n d o n  n e x t 
J u n e ,  c o n ta c t h as been m ad e  w ith  t h i r ty  fo u n d ry  
a n d  e n g in e e r in g  tec h n ica l asso c ia tio n s in  tw e n ty  
co u n trie s . I t  is h o ped  t h a t  th is  C ongress will 
a ffo rd  a  fa v o u ra b le  o p p o r tu n ity  fo r  f u r th e r  
s tre n g th e n in g  th e  re la tio n s  of th e  I n s t i tu t e  w ith  
overseas fo u n d ry  g ro u p s.

A t a  m ee tin g  of th e  In te r n a t io n a l  C o m m ittee  
fo r  T es tin g  C a s t I ro n  he ld  in  W arsaw  la s t  Sep
tem b e r, M r. J .  E . H u r s t ,  w as e lec ted  A ctive  
P re s id e n t  of th e  C o m m ittee . T he I n s t i tu t e  con
g ra tu la te s  M r. H u r s t ,  a n d  co n fid en tly  hopes 
t h a t  u n d e r  h is  P re s id e n cy  th e  C o m m ittee  will 
c o n tin u e  i ts  u se fu l ro le, a n d  t h a t  th ro u g h  h im , 
th e  I n s t i tu t e ’s p a r tic ip a tio n  in  th e  C o m m itte e ’s 
w ork  w ill be e x ten d ed .



M r. H u r s t  w ill a t te n d  th e  43rd  A n n u a l Con
v e n tio n  o f th e  A m erican  F o u n d ry m e n ’s Asso
c ia tio n  a t  C in c in n a ti an d  w ill e x te n d  to  th e  
A m erican  F o u n d rv m e n  th e  good w ishes of th e  
I n s t i tu te .  H e  w ill also p re se n t th e  I n s t i tu t e ’s 
official E x ch a n g e  P a p e r  w hich h a s  been p re p a re d  
by M r. F .  W h iteh o u se.

T he a u th o rs  of o th e r  P a p e rs  p re sen ted  on 
behalf of th e  I n s t i tu t e  to  overseas conferences 
w ere as fo llow s: —

A m erican  F o u n d ry m e n ’s A sso c ia tio n ’s Con
v e n tio n , 1938, C leveland , M r. W . J .  Rees, 
M .Sc.

In te rn a t io n a l  F o u n d ry  C ongress, 1938, W ar
saw , M r. B . B. K e n t.

A ssociation  T echn ique  de  F o n d e rie , 1938, 
L yons, M r. T. R . W alk er, M .A .

P a p e rs  w ere p re sen te d  a t  th e  B ra d fo rd  C on
ference  on beh alf of th e  A m erican , F re n c h  and  
G erm an  fo u n d ry  assoc iations. Official E x ch an g e  
P a p e rs  fi'om  th e  fo llow ing assoc iations a re  e x 
pected  to  be p re sen te d  a t  th e  fo rth co m in g  I n t e r 
n a tio n a l  F o u n d ry  C ongress.

N ed erlan d sch e  Y ereen ig in g  v an  G ie te rij-  
T echnici.

C eskoslovensky O dborny  Spolek  S levarensky .
S tow arzyszen ie  T echniczne Odlewników 

Polsk ich .
T echnischer H a u p tau ssch u ss  f iir  G iesserei- 

wesen.
M a g y a r O u todei S zakem berek  E g y esu le te .
A ssocia tion  T echnique  de F o n d e rie  de B elgique.
A ssociation  T echn ique  de F o n d e rie  de  F ra n c e .
A m erican  F o u n d ry m e n ’s A ssocia tion .
F ed e raz io n e  X azio n a le  F a sc is ta  deg li In d u s- 

t r ia l i  M eccan ic i d ’I ta l ia .
F ed e raz io n e  N azio n a li F a sc is ta  d eg li In d u s- 

t r ia l i  M e ta llu rg ic i d ’I ta l ia .

B ye-Law s
C e rta in  a lte ra tio n s  to  th e  B ye-Law s necessary  

to  g ive effect to  th e  re -o rg a n isa tio n  of th e  q u a li
fica tions fo r  m em b ersh ip  w ere su b m itte d  to  th e  
A nnual G enera l M ee tin g  a t  B ra d fo rd , on J u n e  
14, an d  passed a t  an  a d jo u rn e d  G en era l M eet
in g  he ld  in  M a n c h este r  on O ctober 15.

The C ouncil is of th e  op in io n  th a t  th e  a l te ra 
tio n s  an d  a d d itio n s  w hich  w ere m ad e  to  th e  
B ve-Laws will en ab le  th e  I n s t i tu te  g re a t ly  to  
im prove  i ts  s ta tu s ,  a n d  w ill benefit, b o th  d irec tly  
a n d  in d ire c tly , th e  in d iv id u a l m em ber, who in  
r e tu rn  is called  u p o n  to  p ay  an  in c reased  a n n u a l 
su b scrip tio n . The new  B ye-Law s w ill re q u ire  
in te n d in g  m em bers to  show t h a t  th e y  a re  fu lly  
qualified  fo r  th e  g ra d e  of m em bersh ip  to  which 
th e v  seek e lection , w hereas a t  p re se n t such elec
tio n  d ep en d s solely upon  th e  p o sitio n  w hich  th e  
in te n d in g  m em ber ho lds in  in d u s try . M em ber
sh ip  w ill th u s  c o n s t itu te  a q u a lifica tio n . A ddi

tio n a l a d v an tag e s  w hich  th e  new  B ye-Law s will 
f a c i li ta te  w ere e n u m e ra te d  in  a  c irc u la r  which 
was se n t to  all m em bers p r io r  to  th e  a d jo u rn e d  
A n n u a l G en era l M ee tin g .

S te p s  a re  be ing  ta k e n  to  en su re  t h a t  th e  
necessary  su p p le m e n ta ry  C h a r te r  is o b ta in ed  
w ith  th e  le a s t  possible d e lay , a n d  i t  is ex p ec ted  
t h a t  th e  new  B ye-Law s will come in to  effect on 
J a n u a ry  1, 1940.

P u b lica tio n s
T he B o a rd  of D evelopm en t, on th e  C ouncil’s 

in s tru c tio n s , h a s rev iew ed  th e  whole su b je c t of 
th e  I n s t i t u t e ’s p u b lica tio n s, an d  m ethods of 
p u b lica tio n , an d  has recom m ended  to  th e  Council 
th a t  c e r ta in  a lte ra t io n s  be m ade in  th e  p u b lica 
t io n  of th e  “  P ro c e ed in g s ,”  in  o rd e r to  g ive 
b e tte r  service  to  m em bers. T he C ouncil has 
accep ted  these  p roposals w hich  will be p u t  in to  
effect a t  a n  ea rly  d a te .

E d u catio n a l W o r k
T he I n s t i tu te  has co n tin u e d  to  co llab o ra te  w ith  

th e  C ity  an d  G uilds of L ondon  I n s t i tu te  in 
o rg a n is in g  ex am in a tio n s  in  fo u n d ry  p ra c tic e  and  
science an d  in  p a tte rn m a k in g . T he follow ing 
a re  th e  re su lts  of th e  e x am in a tio n s  w hich w ere 
held  in  A p ril an d  M ay, 1938.

Patternmaking— Intermediate Grade.

Number
of

candidates.

Pass
1 st

class.

Pass
2 nd

class.

Percentage
of

passes.

32 1 1 1 0 65.6

Final Grade

2 0 7 7 70.0

Foundry Practice and Science.

80 28 29 71.25

P riz e s  w ere aw ard ed  to  : —
P a t t e r n m a k i n g — In te rm e d ia te  Grade.

W illia m  Charles M arsha ll, D erby  T echnical 
C ollege. B ronze  M edal of th e  C ity  and  
G uilds of L ondon  In s t i tu te .

P a t t e r n m a k i n g — F in a l Grade.
S tep h e n  M onrhouse, H uddersfie ld  T echnical 

College. C ity  a n d  G uilds of L ondon  I n 
s t i tu te ’s S ilver M edal, an d  B u ch an an  
Book P riz e s  of th e  I n s t i tu te  of B ritish  
F o u n d rv m en .

E d w a rd  K e n n e th  G reenw ell, C o n sta n tin o  
T echn ica l College, M id d lesb rough , B u c h a 
n a n  S ilv er M edal of th e  I n s t i tu te  of 
B r i tish  F o u n d rv m en .

B



Tom D ra p er , K e ig h ley  T ech n ica l College, 
B u c h a n a n  Book P riz e s  of th e  I n s t i tu t e  of 
B r i tish  F o u n d ry m e n .

F o u n d r y  P r a c t i c e  a n d  S c i e n c e .

Jesse B eg in a ld  S im p so n , S o u th -E a s t L on
don T echn ica l I n s t i tu te .  C ity  a n d  G uilds 
of L ondon  I n s t i tu t e ’s B ronze  M edal an d  
B u c h an a n  B ook P r iz e  of th e  I n s t i tu te  of 
B r i tish  F o u n d ry m e n .

A lfr e d  B o n a ld  O ldershaw , N o ttin g h a m  
U n iv e rs ity  College. B u c h a n a n  S ilv er 
M edal of th e  I n s t i tu te  of B r i t ish  
F o u n d ry m e n .

W illia m  A la n  B a ckh o u se , C e n tra l  T echn ica l 
C ollege, B irm in g h a m . B u c h a n a n  Book 
P r iz e  of th e  I n s t i tu te  of B r i tis h  F o u n d ry 
m en.

N a tio n a l C e rtif ica te s  in  M ech an ica l E n g in e e r
in g  issued by th e  B o a rd  of E d u c a tio n  a n d  th e  
I n s t i tu t io n  of M echan ica l E n g in e e rs , a re  en 
dorsed  by th e  P re s id e n t  of th e  I n s t i tu te  in  re 
sp e c t of those can d id a te s  who hav e  been  success
fu l in  specia l fo u n d ry  su b jec ts . T w enty-one 
N a tio n a l C e rtif ica te s  h a v e  been  so endorsed  
d u r in g  th e  la s t  y e a r, m ak in g  a to ta l  of 176 since 
th e  schem e w as com m enced.

T he degree  course  in  fo u n d ry  m e ta llu rg y  a t  
th e  U n iv e rs ity  of Sheffield h as now  been in  
o p e ra tio n  fo r n e a r ly  fo u r  years , an d  th e  f irs t 
s tu d e n ts  who have  com ple ted  th e  course  have  
now  e n te red  in d u s try . T he e s tab lish m en t of 
th e  course  has been fu lly  ju s tif ied .

T he B r i tish  F o u n d ry  School h as also n ea rly  
com ple ted  i ts  fo u r th  y ea r. T he ca ree rs , subse
q u e n t  to  leav in g , of th ose  s tu d e n ts  who have  
ta k e n  th e  course show t h a t  i t  has ach ieved  th e  
ob jec t fo r  w hich i t  was in te n d e d .

T he W o rsh ip fu l C om pany  of F o u n d e rs  has 
d u r in g  th e  p a s t y e a r e s tab lish ed  tw o scholarsh ips 
w hereby  selected  g ra d u a te s  of U n iv e rs itie s  m ay 
receive  fa c ilitie s  fo r ad v an ced  e d u ca tio n  e ith e r  
in  re sea rch , o r a  p e rio d  in  w orks, o r fo re ig n  ex 
perien ce . T he C ouncil has accep ted  a n  in v ita 
tio n  from  th e  M a s te r , W ard e n s  a n d  C o u rt of 
A ss is tan ts  of th e  W o rsh ip fu l C om pany  to  co
o p e ra te  w ith  th em  in  th e  schem e.

A n n u a l C o n fe re n c e , B ra d fo rd
A v e ry  successfu l A n n u a l C onference was held 

in  B ra d fo rd  from  J u n e  14 to  17. On J u n e  14 
th e  A n n u a l G enera l M ee tin g  was h e ld , a n d  was 
follow ed by a civic re ce p tio n  a t  th e  M u n ic ip a l 
A r t  G allery . T he W ed n esd ay  a n d  T h u rsd ay  
w ere devo ted  to  tec h n ica l sessions a n d  w orks 
v isits , w h ils t on F r id a y , J u n e  17, a n  ex cursion  
th ro u g h  th e  Y o rk sh ire  D ales was en joyed . 
T h ere  w as a la rg e  a tte n d a n c e  a t  th e  C ongress, 
a n d  sev era l m em bers a n d  v is ito rs  from  overseas 
w ere p r e s e n t

M r. W . B . L ake , J . P . ,  an d  M a jo r  R . M iles, 
M .E n g ., w ere e lected  S en io r a n d  J u n io r  V ice- 
P re s id e n ts  re sp ec tiv e ly .

T he th a n k s  of th e  I n s t i tu te  a re  e x te n d e d  to  
th e  R t .  H o n . th e  L o rd  M ay o r of B ra d fo rd  
(A ld e rm an  H e n ry  H u d so n , J . P . ) ,  th e  L ad y  
M ayoress, a n d  to  th e  C o rp o ra tio n  of th e  C ity  
of B ra d fo rd  fo r  th e  v a lu ab le  a ss is tan ce  w hich 
th ey  so w illing ly  gave  b o th  to  th e  o rg a n ise rs  of 
th e  C o n fe ren ce  a n d  to  th e  d e leg a te s , a n d  also 
fo r  th e  c iv ic  re ce p tio n  w hich  w ill long  be re 
m em bered  by a ll th ose  who w ere  ab le  to  p a r t i 
c ip a te . T he C ouncil e x te n d s  i ts  th a n k s  to  th e  
firm s w hose w orks w ere v i s i te d ; to  th e  a u th o rs  
of P a p e r s ;  to  th e  su b scrib e rs  to  th e  C onference  
F u n d ; an d  to  a ll th o se  who a ss is ted  in  m ak in g  
th e  B ra d fo rd  C o n fe ren ce  so successfu l. P a r t i 
c u la r  m en tio n  shou ld  be m ad e  of th e  w ork  done 
by th e  W est R id in g  of Y o rk sh ire  B ra n c h  offi
c ia ls, n o tab ly  M r. A. S. W o rces te r, B ran ch - 
P r e s id e n t;  M r. H . F o r re s t ,  C h a irm a n  of th e  
C onference  C o m m itte e ; M r. W . G. T h o rn to n , 
H o n o ra ry  C o nference  T r e a s u re r ;  a n d  M r. S. W . 
W ise, H o n o ra ry  B ra n c h  S e c re ta ry .

B rit is h  C as t Iro n  R esearch A s s o c ia tio n

T he y e a r  1938-39 h as been  one of s tead y  
a c t iv ity  a n d  p rogress. R e se a rc h  R e p o r ts  issued 
to  m em ber firm s a re  be in g  c irc u la te d  a t  a r a te  
of over one r e p o r t  e ach  m o n th  a n d  th e  B u lle tin  
is now  issued six  tim es  a  y e a r . I n  J u n e ,  1939, 
th e  c u r re n t  five-year p e rio d  fo r  g r a n t  fro m  th e  
D e p a r tm e n t of S c ien tific  a n d  I n d u s t r i a l  R e 
sea rch  te rm in a te s  a n d  th e  D e p a r tm e n t h as 
a g reed  to  c o n tin u e  th e  sam e g r a n t  fo r  th e  n e x t 
five-year p e rio d , su b je c t to  th e  in d u s tr ia l  sub 
sc rip tio n s  be in g  in c re ased  by £1,000. T he su p 
p o r t of a ll e lig ib le  fo u n d rie s  is th e re fo re  
e a rn e s tly  d esired  by  th e  C ouncil.

I n  th e  e v e n t of a  n a tio n a l  em ergency  a r is in g , 
a r ra n g e m e n ts  h av e  been  m ad e  by th e  D e p a r t 
m en t of S c ien tific  a n d  In d u s t r ia l  R e se a rc h  fo r 
th e  A ssoc ia tion  to  c o n tin u e  w ork  fo r  th e  b enefit 
of th e  in d u s try , a n d  m em bers m ay  th e re fo re  
re ly  on th e  c o n tin u a tio n  of th e  serv ices to  which 
th e y  hav e  becom e accustom ed . C o -o p eratio n  
is b e in g  ex erc ised  w ith  a  n u m b e r of G overn
m e n t d e p a r tm e n ts  on defence  m a tte rs .

N a tio n a l S e rv ic e

T he I n s t i tu te  h a s accep ted  th e  in v ita tio n  of 
th e  M in is try  of L ab o u r  to  co -o p era te  in  th e  com 
p ila tio n  of th e  N a tio n a l  R e g is te r  of p e rso n s w ith  
sc ien tific , te c h n ica l, p ro fessio n al a n d  h ig h e r  a d 
m in is tra tiv e  q u a lifica tio n s. T h e  S e c re ta ry  of 
th e  I n s t i tu te  h a s accep ted  th e  in v ita t io n  of th e  
M in is try  of L ab o u r  to  serve on  th e  M ech an ica l 
E n g in e e r in g  S u b -C o m m ittee  of th e  C e n tra l  
R e g is te r  A dvisory  C o m m ittee .



C o u n c il
D u rin g  th e  y e a r, fo u r  m ee tin g s of th e  Council 

an d  m ore th a n  tw e n ty  m ee tin g s of specia l and  
s ta n d in g  C om m ittees have  been held  in  ad d itio n  
to  those of th e  T echn ica l C om m ittee  a n d  i ts  Sub- 
C om m itees. T hese m ee tin g s have  been he ld  in  
Sheffield, B ra d fo rd , L ondon, M an ch este r, B ir
m ingham  an d  Glasgow.

Ten m em bers of th e  C ouncil a re  e lected  by 
b a llo t fo r a pe rio d  of tw o  y ears , five r e ti r in g  
each y ear. T he five who so r e t i r e  a t  th e  A n n u a l 
G enera l M ee tin g  to  be he ld  on J u n e  12 a r e :  — 
P ro f . J .  H . A ndrew , M r. V . D e lp o rt, M r. E. 
L ongden , M r. P . A. R ussell, a n d  M r. D . H . 
W ood. A ll th e se  g en tlem en  a re  e lig ib le  fo r re- 
e lection  fo r a f u r th e r  pe rio d  of tw o  years , and  
w ith  th e  ex cep tio n  of P ro f . A ndrew , offer th em 
selves fo r re -e lec tion .

The th a n k s  of th e  C ouncil a re  ten d e red  to  
th e  C onvener of th e  T echn ica l C o m m ittee , M r.
J .  W. G ardom , fo r h is dev o ted  w ork  in  th e  
lead ersh ip  of th e  v a rio u s  a c tiv itie s  of th is  
C om m ittee .

The C ouncil also ta k e s  th is  o p p o r tu n ity  to  
express its  th a n k s  to  th e  In te rn a tio n a l  F o u n d ry  
C ongress (1939) C o m m ittee  w hich d u r in g  th e  
p a s t y ea r has w orked so en erg e tica lly  in  a r ra n g 
ing  th e  I n te rn a tio n a l  F o u n d ry  C ongress.

In te rn a t io n a l F o u n d ry  Congress
H is M a je s ty ’s G o v ern m en t h a s g raciously  

g ra n te d  reco g n itio n  to  th e  In te rn a tio n a l  F o u n 
d ry  C ongress, to  be held  in  L ondon from  J u n e  
LI to  17, an d  has in v ited  d e legates to  a tte n d  a 
R ecep tion  on T uesday , J u n e  13. The Congress 
will be opened by th e  R t .  H o n . th e  L ord  M ayor 
of L ondon, S ir  F ra n k  B o w ater, on T uesday, 
J u n e  13, w hen M r. W . B. L ak e , J .P . ,  w ill be 
in sta lled  as P re s id e n t.

P ro fesso r W . L . B rag g , O .B .E ., M .C ., D .Sc., 
M .A ., F .R .S .,  w ill p re se n t th e  F o u r th  E d w ard  
W illiam s L ec tu re  e n ti t le d  “ T he A tom ic P a t te r n  
of M e ta ls .”  A m ple tim e  has been allow ed for 
works v is its  an d  tech n ica l sessions, and  th e re  
will also be a jo in t  m ee tin g  w ith  th e  I ro n  and 
S teel In s t i tu te .  T he A n n u a l B a n q u e t w ill be 
held on J u n e  14 ; a  R ecep tio n  will be g iven  by 
M r. an d  M rs. W . B. L ak e  on J u n e  15, and 
M r. and  M rs. B a r r in g to n  H o o p er w ill e n te r ta in  
de legates to  a  g a rd en  p a r ty  a t  th e ir  hom e on 
S u n d ay , J u n e  11.

A to u r  of th e  p r in c ip a l fo u n d ry  cen tres  of 
G re a t B r i ta in  has been  a rra n g e d  from  J u n e  18 
to  30, d u r in g  w hich tim e  tw en ty -s ix  fo u n d ries  
have consen ted  to  receive d e legates. H o sp ita 
lity  will be ex te n d ed  to  a considerab le  e x te n t  by 
various B ranches of th e  I n s t i tu te .

J .  H e p w o r t h ,
P resid en t.

T. M a k e m s o n ,
S ecre ta ry .
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SEVENTH A N N U A L  REPORT OF THE  
TECHNICAL COMMITTEE

D u rin g  th e  p a s t y ea r th e  T echnical C om m ittee  
has actively  p u rsu ed  i ts  policy of s tu d y in g  v a rio u s 
developm en ts w hich h av e  been m ade  in  th e  
fo u n d ry  in d u s try  an d  in  co llab o ra tin g  w ith  o th e r  
scientific  bodies engaged  in  s im ila r  in v es tig a 
tio n a l w ork.

A g en era l re p o rt of th e  w ork w hich i t  has 
done since its  in ce p tio n  in  1931 will be p re 
sen ted  to  th e  In te rn a t io n a l  F o u n d ry  C ongress in 
Ju n e , an d  from  th is  P a p e r  i t  w ill be seen th a t  
th e  C o m m ittee ’s a c tiv itie s  a re  m ain ly  connected  
w ith  s ta n d a rd isa tio n . I t  is because of th e  
increas in g  a m o u n t of w ork  w hich  th e  C om m ittee  
is u n d e r ta k in g  in  th is  sp here  t h a t  i t  was decided 
to  recom m end to  th e  C ouncil t h a t  th e  I n s t i tu te  
should become a m em ber of th e  B r itish  S ta n d a rd s  
In s t i tu t io n , w here, th ro u g h  m em bers of th e  
Technical C om m ittee , th e  I n s t i tu te  is a lread y  
well rep re se n ted . The C ouncil accep ted  th is  (re
com m endation , an d  i t  is expected  th a t  th is  new 
developm ent will enab le  th e  In s t i tu te ,  and  p a r 
tic u la r ly  th e  C om m ittee , to  ex ten d  its  usefu l 
work.

R e la tio n sh ip s  w ith  overseas fo u n d ry  associa
tio n s  have been  m a in ta in e d  m ain ly  th ro u g h  th e  
In te rn a tio n a l  C om m ittee  on T estin g  C ast Iro n , 
of w hich M r. J .  E . H u rs t  was elected  P re s id e n t 
la s t  S ep tem ber. I t  is hoped t h a t  th e  T echn ica l 
C om m ittee  w ill be able to  p a r tic ip a te  m ore fu lly  
in  th e  p ro g ram m e of w ork a rra n g e d  by th e  
In te rn a t io n a l  C om m ittee .

I n  th e  re p o rt  of th e  Sub-C om m ittee  on C ast 
I ro n , p a r tic u la r  m en tio n  is m ade of th e  Special 
R e p o r t No. 1 ( “  P ro p e r tie s  of G rey O ast Iro n  ” ), 
which has been published  d u rin g  th e  p a s t year. 
T his m ethod  of p u b lica tio n  m ark s a new step  
in  th e  serv ice  w hich th e  I n s t i tu te  re n d ers  to  
its  m em bers, and  i t  is hoped th a t  d u r in g  th e  
com ing y e a r  and  in  th e  fu tu re  m ore of these  
special re p o rts  will be published .

An im p o r ta n t  developm ent in  th e  co-opera tion  
betw een scientific  in s t i tu t io n s  was th e  e stab lish 
m en t of th e  J o in t  C om m ittee  on  F o u n d ry  Sands. 
The I n s t i tu te  is re p re se n ted  on  th is  new  Com
m itte e  by m em bers of th e  S an d s Sub-C om m ittee .

D u rin g  th e  p a s t y e a r th e  C osting  Sub- 
C om m ittee  com pleted  th e  w ork w hich re su lted  
from  th e  d iscussion of its  r e p o rt  ( “  R ecom 
m en d a tio n s C oncern ing  th e  E stab lish m en t of 
C osting  in  th e  G rey I ro n  F o u n d ry  ” ,). T he Sub- 
C om m ittee  has, th e re fo re , te rm in a te d  its  a c tiv i
tie s  fo r th e  tim e  being.

The In q u iry  B u re a u  a rra n g e d  by th e  I n s t i tu te  
u n d e r th e  ausp ices of th e  T echnical C om m ittee  
has co n tin u ed  to  p ro v ide  m em bers of th e  I n s t i 
tu te  w ith  a u sefu l service, which has been g re a tly  
ap p rec ia ted .



T he T ech n ica l C o m m ittee  expresses th e  th a n k s  
of th e  I n s t i tu te  to  those  m em bers who have  
given, th e i r  t im e  to  th e  fu r th e ra n c e  o f th e  work 
w hich th e  C o m m ittee  an d  its  Sub-C om m ittees 
have  ex ecu ted . T h an k s a re  also e x ten d ed  to  
those firm s w hich  have  so k in d ly  p ro v id ed  fa c ili
t ie s  fo r m em bers of th e ir  staffs to  a tte n d  m ee t
ings ; to  those  firm s who hav e  c a r r ie d  o u t re 
sea rch  w ork  a n d  te s ts  on  beh alf of th e  I n s t i tu te ,  
a n d  to  those  firm s who have  co -opera ted  w ith  th e  
C o m m ittee  in  co n n ec tio n  w ith  th e  q u e s tio n n a ire s  
w hich have  been c irc u la te d  to  in d u s try  d u r in g  
th e  p a s t y ea r.

J .  W . G a r d o m ,

C onvener, Technical C o m m ittee .

S u b -C o m m itte e  on C as t Iro n
D u rin g  th e  p a s t y e a r  th e  C a st I ro n  Sub-C om 

m itte e  has c o n tin u e d  to  co -o p era te  w ith  th e  
B r i tish  S ta n d a rd s  I n s t i tu t io n  in  h a n d lin g  spec i
fications d ire c tly  or in d ire c tly  re la te d  to  c a s t 
iro n . I n  th is  co n n ection  assis tan ce  has been 
g iv en  in  th e  p re p a ra tio n  of a se ries of specifica
tio n s  d ea lin g  w ith  p recision  tools fo r en g in eers , 
in  w hich recom m ended  com positions a re  
included .

D u r in g  th e  y e a r th e  spec ifica tion  fo r c a s t iron  
g e a rs  h a s been  issued ; th is  includes g rad es  of 
alloy iro n  w ith  a n d  w ith o u t h e a t- tre a tm e n t.  The 
S u b-C om m ittee  ac tiv e ly  p a r tic ip a te d  in  th e  p re 
p a ra t io n  of th is  specification .

T he p rin c ip a l w ork  of th e  C o m m ittee  d u r in g  
th e  y e a r has been th e  p re p a ra tio n  a n d  p u b li
c a tio n  of th e  P a p e r  on  th e  p hysical p ro p e rtie s  of 
c a s t iro n , issued  as S pec ia l R e p o r t  N o. 1. This 
P a p e r  discusses a ll th e  w ork  c a r r ie d  o u t  by th e  
C o m m ittee  in  co n n ection  w ith  th e  p re p a ra tio n  of 
th e  H ig h -D u ty  C a st I ro n  Spec ifica tion  No. 786— 
1938, a n d  in  a d d itio n  g ives as f a r  as possible 
in fo rm a tio n  on  th e  g en era l physical c h a ra c 
te r is t ic s  of c a s t iro n . I t  w as p re sen te d  before 
n in e  B ran ch es of th e  I n s t i tu te  by m em bers of th e  
S u b -C om m ittee , a n d  w as in  each case g iv en  a 
fu ll d iscussion . The d iscussions by th e  d iffe re n t 
B ran ch es have  been collected  an d  classified and  
will be p u b lished  to g e th e r  w ith  th e  considered  
rep ly  by th e  S ub-C om m ittee .

F u r th e r  c o n sid e ra tio n  w as g iven  d u r in g  th e  
y e a r  to  th e  p o ss ib ility  of issu in g  recom m ended 
m ethods of ru n n in g  and  r ise r in g  g rey  iro n  c a s t
ings. As a re su lt  of a  q u e s tio n n a ire  to  a n u m b er 
of fo u n d ries , how ever, i t  was fo u n d  t h a t  i t  
would be im possible to  issue recom m ended 
m ethods in  view  o f th e  v ery  w ide d ifference  in  
p ra c tic e  as ap p lied  to  th e  successfu l p ro d u c tio n  
of one an d  th e  sam e c a s tin g  in  d iffe re n t w orks. 
S im ila rly , i t  was ag reed  t h a t  th e  S ub-C om m ittee  
was n o t in  a p o sitio n  to  m ak e  reco m m en d a tio n s 
covering  m eth o d s of p re p a r in g  h ig h -d u ty  cas t 
irons.

An in v e s tig a tio n  is now in  h a n d  to  d e te rm in e  
th e  re la tio n sh ip  b e tw een  th e  physical p ro p e rtie s  
of c a s t iro n s as d e te rm in e d  by n o rm al m ethods 
a n d  by te s ts  co n d u cted  on  sm all r in g s  as 
developed  in  co n n ec tio n  w ith  p is to n  r in g s . In  
o rd e r to  c o rre la te  th e  re su lts  of te s ts  c a r r ie d  o u t 
by th ese  tw o m ethods i t  h a s been a r ra n g e d  to  
p re p a re  s ta n d a rd  te sD b a rs  a n d  r in g  po ts s im u l
tan eo u sly  from  d iffe re n t g ra d es  of c a s t  iro n , and  
to  c a r ry  o u t th e  necessa ry  te s ts  as a basis for 
co m parison . T he u l tim a te  o b jec t of th is  w ork 
is to  en d eav o u r to  find a  su ita b le  m eth o d  of te s t 
ing  fo r  th e  to u g h n ess  of c a s t  iro n , a n d  th is  w ill 
be s tu d ie d  from  th e  p o in t of view  of such p ro p e r
tie s  rev ea led  by th e  te s ts  as e la s tic ity , en erg y  
re q u ire d  to b re a k  th e  te s t-p ieces , im p a c t re s is t
ance, etc .

P .  A . R t j s s e l l ,  B . S c . ,

C onvener.

S u b -C o m m itte e  on M a lle a b le  C a s t Iro n
D u rin g  th e  p a s t  y e a r  th e  M alleab le  C a s t I ro n  

S u b -C o m m ittee  h a s been a lm ost ex c lusively  en 
gaged  on w ork  in  co n n ec tio n  w ith  th e  rev is ion  
of th e  B r i tish  S ta n d a rd  S p ec ifica tio n s fo r  B lack- 
h e a r t  a n d  W h ite h e a r t  M alleab le  C a s t I ro n . A 
q u e s tio n n a ire  u p o n  th is  su b je c t w as c irc u la ted  
to  th e  in d u s try  a n d  th is  re su lte d  in  a  60 p er 
cen t, r e tu r n .  A f te r  ta b u la tio n  of th e  d a ta ,  th e  
S u b-C om m ittee  was p leased  to  find t h a t  i t s  own 
view s w ere g e n era lly  su p p o rte d  by  th e  in d u s
t ry .  A f te r  c o n sid e ra tio n  of th e  rep lies , th e  Sub- 
C om m ittee  fo rm u la te d  t e n ta t iv e  ieco m m en d a tio n s  
w hich  i t  w as su b seq u en tly  fo u n d  w ere  n o t in  
com plete  a g re e m e n t w ith  those  of th e  C o m m ittee  
of th e  B r i t ish  C a st I ro n  R e se a rc h  A ssocia tion  
also en g ag ed  on th is  w ork. A f te r  p re lim in a ry  
co rrespondence  h a d  ta k e n  p lace a jo in t  m ee tin g  
betw een  th e  tw o  co m m ittees  w as a r ra n g e d . T his 
p roved  v ery  successfu l an d  en ab led  reco m m en d a
tio n s  to  be tab le d  which received  th e  su p p o r t  of 
b o th  C om m ittees. T h ere  a re  now only  tw o  item s 
upon  w hich  f u r th e r  d a ta  a re  re q u ire d  b e fo re  th e  
B r itish  S ta n d a rd s  I n s t i tu t io n  is re q u este d  to  con
vene a m ee tin g  of th e  I S / 3 5 / 3  C o m m ittee . These 
in v es tig a tio n s  concern  th e  d e s ira b ility  of u s in g  a 
ro u n d  b a r  o r a  f la t  b a r  w ith  h a lf - ro u n d  edges 
fo r  th e  b end  te s t ,  an d  th e  choice of g au g e  len g th  
fo r th e  0.357 in . d ia . b a r  fo r  w h ite h e a r t  m al
leable. T he w ork  will be u n d e r ta k e n  jo in t ly  by 
th e  tw o C o m m ittees.

A. E . P e a c e ,  

C onvener.

S u b -C o m m itte e  on M e lt in g  Fu rn aces
All sec tions of th e  r e p o r t  w hich  th e  Sub-C om 

m itte e  has been  p re p a r in g  on M e ltin g  F u rn a c e s  
for G rey C a st I ro n  a re  now  co m ple te , a n d  th e  
final d r a f t  h as been ap p ro v ed . P u b lic a t io n  will
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be effected  as soon as possible, an d  th e  re p o rt  
w ill be m ad e  av a ilab le  to  all m em bers of th e  
I n s t i tu te  as Special R e p o r t  No. 2.

L . W . B o l t o n ,  A .M .I.M ec h .E ., 
C onvener.

S u b -C o m m itte e  on N o n -F e rro u s  Castings
F u r th e r  p ro g ress has been m ad e  d u r in g  th e  

y e a r  w ith  th e  S u b -C o m m ittee ’s w ork  on th e  s ta n 
d a rd is a tio n  of n o n -fe rro u s  ca s tin g  alloys. As 
re p o rte d  la s t  y ea r, a  m em o ran d u m  w as su b m itte d  
to  th e  B r itish  S ta n d a rd s  I n s t i tu t io n  covering  th e  
S ub -C o m m ittee ’s reco m m en d a tio n  fo r  s ta n d a rd  
specifications fo r tw o lead ed  g u n m eta ls . This 
m em orandum  has received  th e  c o n sid e ra tio n  of 
th e  re le v a n t co m m ittee  of th e  B ritish  S ta n d a rd s  
In s t i tu t io n ,  a n d  a  f u r th e r  m ee tin g  w ill shortly  
be held  a f te r  w hich  i t  m ay be exp ec ted  t h a t  a 
d r a f t  specification  w ill be p re p a re d  a n d  issued 
fo r  com m ent.

The S ub-C om m ittee  w as asked  fo r c e r ta in  re 
c o m m endations on th e  rev is ion  of B r i tish  S ta n 
d a rd  Specifica tion  383 fo r 88-10-2 g u n m eta l 
c as tin g s  an d  has su b m itte d  i ts  view s to  th e  
B r itish  S ta n d a rd s  I n s t i tu t io n .

W o rk  on th e  th re e  leaded  bronze  b e a rin g  alloys 
h as now been com pleted  a n d  a re p o rt  e n tit le d  
“  R eco m m en d a tio n s fo r T h ree  L ead ed  B ronze 
B e a rin g  Alloys ”  h as been  p re p a re d  a n d  is be ing  
p re sen ted  a t  th e  In te rn a tio n a l  F o u n d ry  C ongress 
in  L ondon . I t  is  in te n d e d , a f te r  a llow ing for 
fu ll d iscussion of th is  re p o r t  by m em bers of th e  
I n s t i tu te ,  to  su b m it a s im ila r  m em o ran d u m  to 
th e  B ritish  S ta n d a rd s  In s t i tu t io n  w ith  a req u est 
fo r new spec ifica tions a long  th e  lines recom 
m ended .

I t  has been decided to  proceed w ith  th e  p re 
p a ra t io n  of a  re p o r t  on  th e  d eo x id a tio n  and  
d eg asifica tion  of n o n -fe rro u s  alloys.

L . B. H u n t ,  P h .D .,  
C onvener.

S u b -C o m m itte e  on R e fra c to rie s
P ra c tic a l  te s ts  on cupola  g a n is te rs  have  been 

m ade d u r in g  th e  p a s t y ea r. I t  is hoped th a t  
these  w ill p rov ide  th e  S ub-C om m ittee  w ith  d a ta  
on w hich i t  w ill be  ab le  to  d raw  up  a d r a f t  
specification . The Sub-C om m ittee  is no t y e t in 
a position  to  m ake d e fin ite  recom m endations b u t 
hopes to  com plete th is  w ork in  th e  n e a r  fu tu re .

W . J .  R e e s ,  M .Se.,
C onvener.

S u b -C o m m itte e  on Sands
I n  M ay, 1938, th e  J o in t  C om m ittee  on  S an d s 

was fo rm ed, an d  w ith  th e  co -opera tion  of Sub- 
C om m ittee  m em bers considerab le  p rogress has 
been m ade, an d  a g ree m e n t reach ed  on recom 
m ended  m ethods of san d  te s tin g . T he Sub- 
C o m m ittee ’s w ork  on th e  su b je c t of d ry - 
sand  and  o il-sand te s tin g  is s till  p roceed ing , 
and  a n u m b er of v a lu ab le  re p o rts  on 
v a rio u s ty p es  of lab o ra to ry  d ry in g  ovens 
fo r d ry  s tre n g th  te s ts  have  been m ade to  
th e  Sub-C om m ittee . O th e r m a tte r s  w hich have 
been considered  d u r in g  th e  p a s t y e a r  a re  :— (1 ) 
T he accu racy  of te s t  s ieves; (2) Selection  of a 
su itab le  s ta n d a rd  silica  san d  fo r te s tin g  p u r
poses ; an d  (3) T he com parison  of v a rio u s typ es 
of com pression  s tre n g th  te s tin g  m achines.

F u tu r e  w ork  of th e  Sub-C om m ittee  w ill in 
clude th e  in v es tig a tio n  of d e fo rm a tio n  of sand 
u n d e r  com pression. The collection of d a ta  on 
c a s tin g  d efec ts re la te d  to  san d  co n d itio n  is slowly 
p rogressing , b u t  f u r th e r  ty p ic a l exam ples a re  
s till re q u ire d  before  a tte m p tin g  an y  p u b lica tio n .

J .  J .  S h e e h a n ,  B .S c .,
C onvener.

S u b -C o m m itte e  on S tee l Castings
T he h e a t- tr e a tm e n t  of carb o n  steel cas tin g s 

h as fo rm ed  th e  m ain  su b je c t of th e  Sub-C om 
m itte e ’s d e lib e ra tio n s  d u r in g  th e  p a s t y ea r. 
D u rin g  th e  y e a r  u n d e r  rev iew  considerab le  p ro 
g ress h as been m ade in  th e  an aly sis of th e  d a ta  
o b ta in ed  from  rep lies to  a  q u e stio n n a ire  c irc u 
la ted  to  in d u s try , an d  in  th e  d ra f t in g  of a  re p o rt  
on th is  w ork.

As a re su lt  of in v es tig a tio n s  c a rr ie d  o u t by 
th e  S ub-C om m ittee  a considerab le  am o u n t of 
d a ta  on Izod  im p a c t te s tin g  has been o b ta in ed , 
a n d  th is  is now be ing  an alysed . I t  is hoped to  
issue a r e p o r t  on  va lve  c a s tin g s  on which th e  
Sub-C om m ittee  has com pleted  some in te re s t in g  
tes ts . T he co n flic tin g  n a tu re  of th e  re su lts  in  
connec tion  w ith  th ese  l a t t e r  in v es tig a tio n s  m akes 
th e  co m p ila tio n  of com prehensive  re p o rts  difficult.

U seful d iscussions on th e  R uff f lu id ity  te s t  
a n d  its  v a lu e  as a m easu re  of co n tro l in  th e  
s tee lfo u n d ry  have  ta k e n  p lace. A considerab le  
p o rtio n  of th e  d a ta  collected  has been published 
in  S ec tion  I I ,  p a r t  B of th e  I ro n  an d  S teel I n s t i 
t u t e ’s T h ird  R e p o r t  on S teel C astin g s  w hich w as 
discussed a t  a jo in t  m ee tin g  of th e  tw o In s t i-  
tu te s - C. H . K a i n ,

C onvener
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T he I n te rn a t io n a l  F o u n d ry  C ongress was 
o pened  on  T u esd ay  m o rn in g , J u n e  13, a t  th e  
D o rch es te r H o te l, L ondon , by  th e  R t .  H o n . th e  
L ord  M ayor of L ondon  (S ir  F r a n k  B o w a te r, K t . ) .  
T he L ord  M ay o r was received  by th e  r e t i r in g  
P re s id e n t  (M r. J .  H ep w o rth , J .P . ,  M .P .) ,  who 
p re s id ed , a n d  w as accom pan ied  on th e  p la tfo rm  
by M r. W . B. L ak e , J .P .  (P re s id e n t-E le c t) ,  
M a jo r  I t .  M iles a n d  M r. D. H . W ood (V ice- 
P re s id e n ts ) , D r . G uido V a n z e tti ,  of I ta ly  (P re s i
d e n t, In te r n a tio n a l  C o m m ittee  of F o u n d ry  
T echn ica l A ssocia tions), M r. C. W . B igg  (P a s t-  
P re s id e n t) ,  an d  M r. S. H . R ussell (P a s t-P re s i-  
d e n t  an d  H o n . T re a su re r) .

C iv ic  W e lc o m e
T h e  L o r d  M a v o r ,  o p en in g  th e  C ongress, sa id  

i t  was d ev o ted  to  th e  p ro m o tio n  of scientific  
d ev e lo p m en t an d  th e  im p ro v em en t of th e  
tech n iq u e  of th e  fo u n d ry  in d u s try . I t  was 
s u rp r is in g  to  h im  to  le a rn , how ever, t h a t  in  
a d d itio n  to  some 400 fo u n d ry m en  re s id e n t in  th is  
c o u n try , th e  C ongress w ould be a tte n d e d  by 
p ro b ab ly  2 0 0  overseas d e leg a tes  from  several 
E u ro p e a n  co u n trie s , from  th e  B r i tish  D om inions 
a n d  fro m  th e  U n ite d  S ta te s . H e  c o n g ra tu la te d  
a ll concerned  w ith  th e  o rg a n isa tio n  of so v a s t a 
g a th e r in g .

I n  h is business life , long since closed, he  h ad  
rea lised  all t h a t  he an d  h is fam ily  h ad  owed to  
th e  w ork  of th e  fo u n d ers , m ore especially  th e  
ty p e  fo u n d ers , fo r th e ir  success an d  p ro sp e rity . 
T h ere fo re , he  w as p a r tic u la r ly  h a p p y  to  be 
assoc ia ted  w ith  th e  g a th e r in g , a n d  h a d  g re a t  
¡pleasure in  d ec la rin g  i t  open.

R ep ly  on B eh a lf o f O verseas D e leg ates
D r . G u i d o  V a n z e t t i ,  of I ta ly  (P re s id e n t, 

I n te r n a tio n a l  C o m m ittee  of F o u n d ry  T echnical 
A ssocia tions), expressed  th a n k s  on beh alf of th e  
overseas d e leg a tes  fo r th e  w arm  h o sp ita li ty  an d  
welcom e e x te n d ed  to  them .

P eo p le  in  th e  m ost p rogressive  c o u n tr ie s  had  
rea lised  t h a t  th e re  could  n o t be a  la rg e  in d u s try  
c ap ab le  of re a c h in g  su re  a n d  p ra c tic a l re su lts  
a n d  a d eq u a te  to  th e  needs of o u r tim es , if  i t  
w ere n o t based  on sc ien tific  know ledge a n d  ex
p erien ce  ; in d u s try  a n d  science h a d  becom e so 
e n tw in ed  t h a t  th e re  w as no in d u s tr ia l  w orks

w hich  h ad  n o t, as a n  in d isp en sab le  b ran ch , a 
re sea rch  a n d  ro u tin e  lab o ra to ry .

B u t ju s t  because  to -d a y  in d u s try  a n d  science 
w ere a sso c ia ted  in  a  com m on w ork, b o th  science 
a n d  in d u s try  needed  a  c o n s ta n t  ex ch an g e  of ideas 
a n d  in fo rm a tio n  on th e i r  e ffo rts a n d  on th e ir  
re su lts . By m eans of p e rio d ica l m ee tin g s  i t  was 
e x ac tly  th e  in te n tio n  to  av o id  th e  o v e rla p p in g  
a n d  w aste  d u e  to  in d iv id u a lism , w hich  w as a 
re a l c a lam ity  fo r  science a n d  in d u s try .

P re s e n ta tio n  o f M edals
On beh alf of th e  I n s t i tu t e  of B r i t ish  F o u n d ry 

m en, th e  L o rd  M ayor p re sen te d  m edals as 
fo llo w s:

The O liver S tu b b s  Gold M ed a l w as p re sen te d  
to  M r. J .  G. P e a rc e  (D ire c to r  of th e  B r itish  
C a st I ro n  R e se arc h  A ssoc ia tion ).

M r .  P e a r c e ,  in  h is re sponse , sa id  he  received  
th e  m edal w ith  p r id e  a n d  p lea su re  fo r  m an y  
reasons, b u t  fo r th re e  in  p a r t ic u la r .  F i r s t ,  i t  
w as assoc iated  w ith  th e  n am e  o f O liver S tu b b s, 
whom  he a lw ays reca lled  w ith  a ffe c tio n a te  
re g a rd  an d  who w as a  g re a t  f r ie n d  to  th e  
I n s t i tu te  a n d  to  th e  B r i tish  C a st I ro n  R esearch  
A ssocia tion . Secondly , th e  a w ard  he accep ted  as 
a  t r ib u te  to  th e  w ork  of th e  A ssocia tion  d u r in g  
th e  p ast. 15 y e a rs , a n d  n o t so m uch  to  h im self 
p e rso n ally  as to  th e  s ta ff, fro m  whom  he h a d  had  
th e  m ost loyal help . T h ird ly , i t  w as a  to k en  
a n d  a n  e a rn e s t  of th e  co -o p era tio n  w hich  should  
e x is t b e tw een  th e  tw o bodies a n d  w hich  i t  w ould 
a lw ays be h is e a rn e s t  d esire  to  fo rw a rd  as fa r  as 
lay  w ith in  h is pow er.

The M erito r io u s  S erv ices M ed a l  w as p re sen te d  
to  M r. J .  E . Cooke, who w as H o n . S e c re ta ry  
of th e  L an c ash ire  B ra n c h  fo r seven y ears .

M r .  C o o k e ,  ex p ress in g  th a n k s  fo r th e  e s ti
m ate  w hich  w as p laced  on th e  v a lu e  of h is  w ork , 
sa id  t h a t  a n y  w ork  w hich h a d  fa lle n  to  h is  lo t 
h a d  been  re n d e re d  p a r tic u la r ly  easy  by  th e  fa c t  
t h a t  b eh in d  h im  in  th e  L a n c a sh ire  B ra n c h  he 
h ad  a lw ays h a d  a n  e x tre m e ly  loyal g ro u p  of 
fellow w orkers.

The E . J .  F o x  Gold M ed a l  w as p re sen te d  to  
D r. H . A. S ch w artz , of C leveland , Ohio, U .S .A .

D r .  S c h w a r t z ,  ex p ress in g  h is  g r e a t  a p p re c ia 
t io n , sa id  t h a t  th e  I n s t i tu t e  h a d  estab lish ed  th e



ca lib re  of th e  E . J .  F o x  M edal w hen i t  h ad  m ade 
th e  f irs t  aw ard  to  P ro f  T . T u rn e r ;  an d  he 
reca lled  t h a t  th e  f irs t  E u ro p e a n  nam e w hich 
a p p ea red  am ong th e  A m erican  F o u n d ry m e n ’s 
A ssocia tion  m ed a llis ts  was also t h a t  of P ro f. 
T u rn e r . D r. S ch w artz  p a id  t r ib u te  to  a ll con
cerned  w ith  th e  w ork  w ith  w hich h is n am e  was 
assoc iated—th e  C o rp o ra tio n  w hich h ad  fo r 37 
years  financed  th e  re sea rch  w ork  a t  considerab le  
e x p en se ; h is  associates in  th e  R esearch  D e p a r t
m en t and  those  in  th e  p la n ts  of th e  com pany 
who h a d  a tte m p te d  to  u t il is e  those  th in g s  w hich 
th e  re sea rch  w orkers t r ie d  to  m ak e  availab le  to  
th e m ; an d  las tly , a considerab le  body of u n d e r
g ra d u a te  an d  g ra d u a te  s tu d e n ts  who h ad  done a 
co n siderab le  am o u n t of th e o re tic a l sc ien tific  
e x p lo ra tio n .

V o te  o f T h an ks  to  th e  L o rd  M a yo r
The P r e s i d e n t ,  p roposing  a  vote of th a n k s  to  

th e  L ord  M ayor fo r  h a v in g  a tte n d e d  to  open th e  
C ongress, sa id  t h a t  h is office as f irs t c itizen  of 
th e  la rg e s t c ity  in  th e  w orld  signified  m any  
th in g s , th e  f irs t an d  fo rem o st b e in g  service— 
service  to  th e  C ity  a n d  to  th e  S ta te .

M r .  W .  B. L a k e ,  J .P .  (P re s id e n t-E le c t) , 
seconding, reca lled  t h a t  ten  y ears  ago th e  Con
gress h ad  received  very  g re a t  help  from  th e  C ity  
of L ondon , a n d  i t  w as a g a in  g re a tly  in d eb te d  to  
th e  L ord  M ayor fo r h is k in d n ess in  o p en in g  th e  
1939 C ongress.

The vote of th a n k s  was c a r r ie d  w ith  e n th u 
siasm .

The L o r d  M a y o r ,  in  h is response, sa id  he 
tru s te d  t h a t  th e  C ongress would be very  h ap p y  
and  successful

In d u c tio n  o f N e w  P re s id e n t
M r .  L a k e  w as in d u c te d  in to  th e  c h a ir  an d  was 

inv ested  w ith  th e  P re s id e n tia l  c h a in  by M r. 
H ep w o rth , who com m ented  u p o n  th e  d is tin c tio n  
of b e in g  e lected  P re s id e n t  a t  th e  t im e  of th e  
I n te rn a tio n a l  C ongress, a n d  M r. L a k e ’s w o rth i
ness to  uphold  th e  t ra d i t io n s  of th e  I n s t i tu te .  
H e  w ished b o th  M r. an d  M rs. L ak e  hap p in ess , 
h e a lth  an d  p ro sp e rity  d u r in g  th e  com ing  y ear 
an d  fo r m an y  y ears  to  come. M r. L ak e  expressed  
his g ra ti tu d e .

P re s e n ta tio n  o f Badges
A P a s t-P re s id e n t’s b adge  was fo rm ally  p re 

sen ted  to  M r. H e p w o rth  as a to k en  of h is P re s i
dency an d  th e  serv ices he  h ad  re n d e re d  d u r in g  
th e  p a s t y ea r. M r. L ak e  expressed  th e  hope 
t h a t  M r. H e p w o rth  w ould a lw ays r e ta in  h ap p y  
m em ories of h is y e a r  of office.

The c o lla re tte  an d  badge  w orn  by th e  P re s i
d e n t’s w ife w as p re sen te d  by M rs. H ep w o rth  to  
M rs. L ake , th e  fo rm er confessing , am id  la u g h te r , 
t h a t  she w as so rry  to  p a r t  w ith  i t .  She w ished 
M rs. L ak e  h e a lth  a n d  h ap p in ess . M rs. L ake 
resp o n d ed .

V ic e -P re s id e n ts’ badges w ere  p re sen ted  to  
M a jo r R . M iles (M idd lesb rough  B ran ch ) an d  to  
M r. D . IT. W ood (B irm in g h am  B ran ch ), b o th  of 
whom voiced th e i r  sense of p riv ileg e  in  be ing  able 
to  re n d e r  service  to  th e  I n s t i tu te .

A  Loyal Message to  T h e ir  M ajesties
On th e  m otion  of th e  P r e s i d e n t ,  seconded by 

M r . H e p w o r t h ,  th e  m ee tin g  h e a r t ily  ag reed  th a t  
a  m essage of g re e tin g  an d  loy alty  be s e n t to  
T h e ir  M a jes tie s  th e  K in g  an d  Q ueen.

W e lc o m e  to  O verseas D elegates
T he P r e s i d e n t ,  e x te n d in g  a h e a r ty  welcome to  

f r ien d s  from  overseas who w ere a tte n d in g  th e  
C ongress, sa id  he th a n k e d  th em  fo r com ing ; 
th e ir  B r i tish  colleagues w ere d e lig h ted  to  see 
th em , an d  w ould do e v ery th in g  possib le to  m ake 
th e ir  v is it  h ap p y  and  p ro fitab le . H e  added  th e  
w ish, w hich  would be echoed by all B r itish  
fou n d ry m en , t h a t  all th e  n a tio n s  of th e  w orld 
m ig h t come to g e th e r  w ith  th e  sam e c o rd ia lity  
an d  frien d lin ess  as d id  th e  fo u n d ry m en  of th e  
v a rio u s n a tio n s .

PRESIDENTIAL ADDRESS
T he P r e s i d e n t  th e n  de livered  h is P re s id e n tia l  

A ddress.

Mit. H e p w o r t h ,  L a d i e s  a n d  G e n t l e m e n ,

I  am  deeply  a p p rec ia tiv e  of th e  h o n o u r which 
you have  accorded me in  e lec tin g  me your 
P re s id e n t  a t  such a n  im p o r ta n t  ju n c tu re  in  th e  
h is to ry  of th e  I n s t i tu te .  I  also re g a rd  m y elec
tio n  as a  reco g n itio n  of th e  n o t u n im p o r ta n t  
p a r t  p layed  by E a s t  A ng lia  in  fo u n d ry  develop
m en ts. I  hope t h a t  th is  In te rn a tio n a l  C ongress 
will m ake a  serious and  la s tin g  c o n tr ib u tio n  to  
th e  cause of peace w hich fou n d ry m en  th ro u g h o u t 
th e  e n tire  w orld  so a rd e n tly  desire.

A sincere  welcom e is b e in g  accorded to  th e  
v is ito rs  by d is tin g u ish e d  re p re se n ta tiv e s  of th e  
G o v ern m en t an d  by th e  oivid a u th o r i t ie s  of th is  
g re a t  c ity , a n d  i t  is m y first d u ty  as P re s id e n t 
to  add  m y own welcome an d  t h a t  of m y col
leagues in  th e  I n s t i tu te  of B r itish  F o u n d ry m en . 
M y second d u ty  is to  ad d ress m em bers upon  a  
su b je c t of m y own choosing. M y choice has been 
to  com pile a- few  n o tes on th e  su b je c t of th e  
h is to ry  of s tee l c as tin g s, because  steel c as tin g s 
h av e  been one of th e  m a jo r  in te re s ts  of my 
ca ree r, an d  also because th e  su b je c t shows how 
quick ly  th e  iro n fo u n d ry  c ra ftsm en  developed th e  
new s tee lm ak in g  processes.

T h e  H is to ry  o f S tee l C astings
A lth o u g h  steel h ad  been m ade  in  th is  co u n try  

since  1609 m ain ly  by th e  cem en ta tio n  process, i t  
was n o t u n t i l  a b o u t 1740 t h a t  th e  m a n u fa c tu re  
of steel c as tin g s becam e possible. B en jam in



H u n tsm a n , a  w a tch m ak e r of D o n c as te r , d e s ir in g  
to  im p ro v e  th e  q u a li ty  of h is w a tch  sp rin g s , in 
v en ted  th e  c rucib le  fu rn a c e . H u n tsm a n  w as of 
G e rm an  p a re n ta g e  b u t  a  n a tiv e  of L in co ln sh ire . 
P r io r  to  h is  tim e  i t  w as cu sto m ary  to  use sh ea r 
steel o r cem en ted  b a r . As a t  no tim e  d u r in g  its  
m a n u fa c tu re  h ad  i t  ev er been  liq u id , i t  c o n ta in ed  
s lag , a n d  th is  obviously c re a te d  d ifficulties in  
th e  m a n u fa c tu re  of such  th in -sec tio n e d  a r tic le s  
as w a tch  an d  clock sp rin g s . B y m e ltin g  
cem en ted  b a r  in  th e  c ru cib le  th e  slag  was 
rem oved  by th e  sim ple  process of d é c a n ta tio n .

T h ere  c an  be no  d o u b t t h a t  from  th e  v e ry  early  
days of c rucib le  steel m ak in g  a tte m p ts  w ere 
m ade  to  m ak e  cas tin g s , b u t  p ro g ress in  those  
d ay s w as slow ow ing to  th e  poorness of com m uni
ca tio n . F o r  in s tan c e , th e re  w as a  lapse  of a b o u t 
70 y ears  be fo re  th e  process crossed th e  A tla n tic . 
T he f irs t successfu l m a n u fa c tu re rs  of c rucib le  
s tee l in  th e  U n ite d  S ta te s  w ere th e  b ro th e rs  
G a r ra rd ,  who estab lish ed  them selves in  business 
a t  O in c in a tti  in  1831, th e  fam ily  o r ig in a tin g  
from  L axfield , Suffolk.

T he e a r lie s t  reco rd  of th e  p ro d u c tio n  of steel 
c a s tin g s  in  G erm an y  is th e  m a n u fa c tu re  of steel 
rolls u s in g  cas t- iro n  m oulds by  F r ie d r ic h  K ru p p  
of E ssen , as ea rly  as 1832. H ow ever, th e  f irs t 
in d iv id u a l to  m ake  s tee l c a s tin g s  in  non-m eta llic  
m oulds by  a  process in v o lv in g  th e  use  of wooden 
p a tte rn s  w as Ja k o b  M ay e r of B ochum . I n  h is 
e a r lie r  days, h is e n te rp r is e  was confined to  th e  
m a n u fa c tu re  of steel in g o ts  fo r  fo rg in g , a n d  by 
1850 in g o ts  w e ig h in g  u p  to  3 to n s  w ere  b e in g  
m ade . B u t  from  th e  v e ry  b e g in n in g  Ja k o b  
M ay er was in te re s te d  in  p ro d u c in g  fin ished steel 
a r tic le s  by  c a s tin g  m e ta l d irec tly  in to  san d  or 
loam  m oulds. Success w as ach ieved  in  1851, an d  
in  th e  follow ing y e a r he  ex h ib ited  some cas t-s tee l 
bells in  D üsse ldo rf. S ev e ra l peals of bells w ere 
d e liv e red  to  a n u m b er of ch u rch es in  1853.

T he f ir s t  s tee l c a s tin g s  in  th e  U .S .A . w ere 
m ade  by th e  W illiam  B u tc h e r  S tee l W orks, now 
th e  w ell-know n M id v a le  C om pany , in  th e  la te  
60’s.

D u r in g  th e  n e x t  fifty  y ears  th e re  w as an  ever- 
in c re as in g  p ro d u c tio n  of c ru c ib le-steel c a s tin g s  
d e sp ite  th e  in v en tio n s  of B essem er a n d  S iem ens, 
b u t  th e  g e n e ra l ru n  of m a te r ia l  m ad e  fo r th e  
B r itish  m a rk e t  w as m ed ium  carb o n  steel.

I n  1904 th e  la te  M r. F . H . C r i t ta ll ,  of B ra in 
tre e , fo u n d e r of th e  m eta l w indow  in d u s try , re 
ceived  in fo rm a tio n  t h a t  steel cas tin g s could  be 
p ro d u ced  m ore cheap ly  th a n  m alleab le  iro n  c a s t
ings fo r m e ta l w in d ow -fittings. H e  th e re fo re  
su g g ested  t h a t  I  should  accom pany  his son, M r. 
(now S ir) V a le n tin e  C r i tta ll ,  to  th e  C o n tin e n t 
to  in v e s tig a te  th e  m a t te r .  T o g e th e r we v is ited  
a  n u m b er of fo u n d rie s  in  H o llan d  a n d  G erm any , 
a n d  d iscovered  t h a t  th is  p a r t ic u la r  c ru c ib le  p ro 
cess h a d  its  o rig in  in  a w orks a t  B onn , o p e ra ted

by M onkem oeller & C om pany. An in sp ec tio n  
show ed i t  to  be w o rk in g  v e ry  successfu lly , and  
la rg e  q u a n ti t ie s  of sound cas tin g s possessing  very  
good p hysical p ro p e rtie s  w ere b e in g  p ro d u ced . 
U n fo r tu n a te ly ,  th e y  w ere q u ite  u n su ita b le  fo r 
M r. C r i t t a l l ’s p u rp o se , as th e  cost was too  h igh  
a n d  th e  fin ish  too  ro u g h .

B ecause th is  process y ie ld ed  m ild  s teel c a s t
in gs, w hich  in  1900 w ere s till  n o t p ro d u ced  in  
e ith e r  Sheffield o r S co tlan d , m y com pany  e n te red  
in to  an  a g re e m e n t w ith  th e  M onkem oeller con
cern  by  w hich  th e y  u n d e rto o k  to  su p p ly  th e  
necessary  fu rn a c e s  a n d  w o rk in g  d e ta ils . A new 
fo u n d ry  was b u i l t  a n d  p ro d u c tio n  w as s ta r te d  
in  S e p tem b er, 1906. T he process consisted  of 
m e ltin g  Sw edish w ro u g h t-iro n  sc rap  in  p lum 
bago  c ru cib les, a n d  th e  g r e a t  se c re t w as th e  
a d d itio n  of a sm all q u a n ti ty  of a lu m in iu m  to  
th e  m olten  m eta l. The p ro d u c t  was m ark e te d  
as “  M illen n iu m  w ro u g h t iro n  c a s tin g s .”  These 
cas tin g s  w ere well rece iv ed  by th e  e n g in e e r in g  
in d u s try , an d  a c o n s ta n tly  in c re a s in g  dem and  
w as ex p erien ced , so m uch  so t h a t ,  a f te r  ab o u t 
fo u r  y ears , a  search  w as m ad e  fo r a  ch eap er 
m eth o d  of p ro d u c tio n  w h ils t r e ta in in g  th e  sam e 
h ig h  q u a lity , a m a t te r  to  w hich  I  w ill re fe r  
la te r .

T h e  B essem er Process
The B essem er process becam e a  p ra c tic a l p ro 

p o sitio n  in  1858, w hen  R o b e r t  M u sh e t p ro v id ed  
th e  m eans of k ill in g  th e  steel by  sp iegeleisen  or 
fe rro -m an g an ese  ad d itio n s . I t  should  be rea lised  
t h a t  th is  process ta k e s  fo r  g ra n te d  th e  p ro d u c 
tio n  of liq u id  c a s t  iro n , a n d  th is  affo rds m e an  
o p p o r tu n ity  to  in te r je c t  an  in te re s t in g  A m eri
c an  s id e lig h t. I t  w as in  th e  y e a r  1643 t h a t  th e  
f irs t iro n  fo u n d ry  w as estab lish ed  in  th e  U n ite d  
S ta te s . I t  w as s i tu a te d  a t  th e  v illag e  of H a m 
m ersm ith , now called  L y n n , ab o u t 10 m iles from  
B oston . T he second fo u n d ry  w as estab lish ed  
th re e  y ears  la te r  in  th e  sam e a re a  a t  B ra in tre e ,  
w h ils t th e  th i r d  was a t  R ay n h am .

I t  is in te re s t in g  to  observe t h a t  A m erica  h ad  
an  iro n -fo u n d ry  in d u s try  a lm o st one h u n d re d  
y ears  b e fo re  H u n tsm a n  in v e n te d  th e  crucib le  
process, a n d , ju d g in g  by  th e  nam es of th e  v il
lages, m en  from  E a s t  A n g lia  w ere la rg e ly  re sp o n 
sible fo r i ts  in i t ia t io n .

W h ils t th e re  is  s till  some d o u b t as to  w h e th e r 
th e  th e o re tic a l co n cep t of th e  p n e u m a tic  process 
of s te e lm ak in g  w as d u e  to  S ir  H e n ry  B essem er 
o r M r. W illiam  K elly , i t  is g e n era lly  ag reed  
t h a t  i ts  success w as du e  to  B essem er’s m ech an i
cal g en iu s a n d  M u sh e t’s a p p lic a tio n  of m e ta l
lu rg y . U n q u e stio n ab ly , th e  o r ig in a l B essem er 
process w as u sed  fo r th e  p ro d u c tio n  of steel 
c as tin g s . F o r  in s ta n c e , th e  P i t ts b u r g h  S teel 
C a stin g s  C om pany , a  c ru c ib le -stee l co ncern , in 



sta lled  in  1881 a  5 -ton  B essem er c o n v e rte r  fo r 
th e  express pu rp o se  of m ak in g  steel c as tin g s. 
T his d a te  is p r io r  to  th e  a p p ea ran c e  of th e  
v a rio u s m odified tu y e re  system s in tro d u c ed  be
tw een  1880 a n d  1900. M oreover, i t  is in te re s t 
in g  to  n o te  t h a t  v a ry in g  ang les of b las t w ere 
env isaged  by S ir  H e n ry  B essem er in  1862. H e  
a r ra n g e d  fo r h o rizo n ta l blow ing to  ta k e  place 
in  a c o n v e rte r  m o u n ted  on axes w hich a d m itte d  
th e  p lac in g  of th e  tu y e re s  a t  any  d e p th  below 
th e  su rface  of th e  m e ta l o r  above i t  if  desired .

In  1884 th e  R o b e rt ty p e  of c o n v e rte r  was 
p u t in to  p ra c tic a l o p e ra tio n  fo r th e  pu rpose  of 
m ak in g  steel c a s tin g s  a t  th e  S te n ay  W orks, 
M euse, in  F ra n c e . R o b e r t’s ea rly  ex p erim en ts  
a t  S te n ay  on th e  F ran c o -B e lg ia n  f ro n t ie r  w ere 
so successful t h a t  in  1887 M . C am b ie r-D u p re t 
in s ta lled  tw o co n v erte rs  of th is  ty p e  in  h is w orks 
a t  M arcenelle . M. C am bier h as se n t m e, 
th ro u g h  M. P a u l  F a sso tte , h is im press ion  of 
those ea rly  days. C o n d itio n s w ere in v ariab ly  
b o rd e rin g  on th e  h ectic , an d  n o th in g  was know n 
as to  th e  q u a lity  of th e  iro n  necessary  to  p ro 
duce steel su itab le  fo r  cas tin g s. E x p erien ce  
showed, how ever, t h a t  h e m a tite  im p o rted  from  
M iddlesbrough  gave  th e  m ost re liab le  resu lts . 
I t  is d ifficult to  im ag in e  th e  tro u b le s  t h a t  those  
ea rly  s tee lm ak ers  m u s t have e n co u n te red  w ith 
o u t a lab o ra to ry , o r a know ledge of e ith e r  blow
in g  tim es o r p ressu res. W h a t w ould be d e 
scribed  to -d ay  as a reaso n ab ly  good h e a t of steel 
was th e n  a n  ex cep tio n , an d  credence can  be 
g iven  to  th e  sto ry — fo r i t  was confirm ed in 
E n g lish  p ra c tic e  too— th a t  a  ca s tin g  free  from  
blowholes w as looked u p o n  w ith  suspicion . The 
m a rk e t a t  t h a t  tim e  w as th e  colliery  in d u s try  
s itu a te d  a ro u n d  C h a rle ro i, w here  th e  new steel 
cas tin g s a t  le a s t gave re su lts  su p e rio r  to  those 
y ielded  by g rey  iro n  cas tin g s  fo r  ro llin g  stock. 
As th e  q u a lity  im proved , so new  m a rk e ts  w ere 
fo u n d  a n d  steel cas tin g s  ach ieved  a recognised 
position  as a m a te ria l  of co n stru c tio n . The 
ea rly  specifications w ere q u ite  m odest, a n d  26 to  
28 to n s  p e r  sq. in . ten s ile , a ssoc iated  w ith  1 2  to  
13 p e r cen t, e lo n g a tio n , w as considered  ad eq u a te . 
T he m ak in g  of s teel was su rro u n d e d  by a g re a t  
deal of m y ste ry  an d  th e  blow ers considered  th e m 
selves as b e in g  endow ed by P ro v id en ce  w ith  
m agic  know ledge. I t  w as g en era lly  accep ted  
t h a t  th e  blow ers could d e te c t by smell w h e th er 
a h e a t  of steel would be sa tis fac to ry  or 
o therw ise  !

A t t h a t  tim e  i t  w as considered  e ssen tia l fo r 
th e  p ig -iro n  to  c a rry  a m in im u m  of 2  p e r cen t, 
silicon fo r  th e  p ro d u c tio n  of good steel, w h ils t 
a  b rick  lin in g  la s tin g  m ore th a n  te n  h e a ts  w as 
deem ed to  be of o u ts ta n d in g  m e rit . C a rb u risa - 
t io n  was c a r r ie d  o u t w ith  coke an d  a h igh  
carbon  c o n te n t w as n o rm al, so t h a t  an  a n n ea lin g  
process la s tin g  fro m  e ig h t to  te n  days w as con

s id e red  necessary  to  e n su re  a d eq u a te  
m alleab ility .

S h o rtly  a f te r  th e  in s ta lla tio n  of th e  R o b e rt 
c o n v erte r, a M. L éo n a rd  becam e a su b -co n trac to r 
in  th e  S te n a y  works. H e  b o u g h t th e  liqu id  
s teel, p ro v id ed  h is own lab o u r, a n d  sold th e  
c as tin g s. T his p o rtio n  of th e  w orks, which 
m ad e  q u a n ti t ie s  of steel ax le  boxes fo r th e  
C om pagnie  du  N o rd  was, a n d  s ti ll  is to -day , 
know n as th e  “ Congo ” •—th e  im p lica tio n  
w a rra n te d  in  th e  ea rly  days be in g  t h a t  th e  m en 
w orked  an d  looked like  n iggers .

A bou t th e  y e a r 1889, a F re n c h  en g in eer, M. 
A lex an d re  T ro p en as, w h ilst he w as m an ag in g  
th e  w orks of Société In d u s tr ie lle  de F o n d e rie  de 
B ronze, ind u ced  h is d ire c to ra te  to  c rea te  a steel 
fo u n d ry  based  on th e  R o b e rt  steel-m ak ing  p ro 
cess, b u t  th e  te s ts , e x te n d in g  over six  or e ig h t 
m on ths , w ere n o t deem ed to  be too re liab le . 
H ow ever, he c a rr ie d  o u t a c e r ta in  a m o u n t of 
e x p e rim e n ta l w ork th a t  ap p ea red  to  be very  
prom ising  a n d  w hen, in  M ay, 1890, he  m et th e  
la te  M r. A lfred  E . W ells, d irec to r  in  ch arg e  of 
E d g a r  A llen ’s steel fo u n d ry , discussion revealed  
th a t  he was overcom ing th e  v ery  tro u b le  th a t  
was be ing  en co u n tered  in  Sheffield. As a re su lt, 
a n  a r ra n g e m e n t was e n te red  in to  fo r M r. T ro
penas to  c o n tin u e  h is ex p erim en ts  backed by th e  
tech n ica l an d  financia l resources of th e  E n g lish  
com pany. Success was finally  achieved, an d  th e  
system  w as e x ten d ed  to  a good m any  fou n d ries  
in  th e  U n ite d  K ingdom . Y e t th e  t r u e  su p e rio rity  
of th e  T ro p en as over th e  R o b e rt is s till a  m a t te r  
of sp ecu la tio n . A R o b e rt co n v erte r  was in 
s ta lled  in  th e  A tlas W orks of Jo h n  B row n & 
C om pany ab o u t 1890 an d  fu n c tio n ed  w ith  com
p le te  success. M oreover, ab o u t th is  tim e , th e re  
w ere fo u rtee n  R o b e rt co n v erte rs  in th e  U n ited  
S ta te s . M uch  of th e  la te r  developm ent of th e  
T ropenas c o n v e rte r  in  th e  U n ited  K ingdom  was 
d ue  to ’ th e  fa c t  t h a t  i t  was m a n u fa c tu re d  and  
sold by T h w a ites  B ro th e rs , of B ra d fo rd , w hereas 
th e  R o b e rt  p la n t  w as n o t b e in g  “  p u sh e d .”

I t  was n o t u n t i l  1897 th a t  th e  T ro p en as was 
in s ta lled  in  G erm any, th e  f irs t p la n t  be ing  
o rd ered  by th e  firm  of C. K rau th o i.'n , of Chem 
n itz . The w orks m an a g e r of th is  concern , H e r r  
A lex an d er Zenzes, a few y ears  a f te r  se t h im 
self up  in  business as a m a n u fa c tu re r  of sm all 
c o n v e rte r  p la n ts , h a v in g  m odified th e  design  
som ew hat to  su i t  G erm an co nd itions, an d  in  th e  
course of tim e  he in s ta lled  a  la rg e  n u m b er of 
these  p lan ts .

S to c k  C o n v e r te r
T here  w ere no f u r th e r  in v en tio n s  based on th e  

o r ig in a l B essem er system  u n t il  1906, w hen, a t  
D a rlin g to n  F o rg e , M r. W . S tock  s ta r te d  h is e x 
p e rim en ts  d irec te d  tow ard s th e  m eltin g  by  oil 
fu e l an d  blow ing in  one an d  th e  sam e vessel. By



1908 he p a te n te d  th e  p rocess in  a ll c o u n trie s . 
T he second in s ta l la t io n  w as m ad e  a t  T hom as 
Sum m erson  & Sons, of D a r lin g to n , a n d  by 1913 
th e  p rocess h a d  e s tab lish ed  itse lf  n o t only  in  
th e  U n ite d  K in g d o m , b u t  also in  F ra n c e ,  B el
g ium  a n d  th e  U n ite d  S ta te s .

T h e  S iem ens Process
I t  has been  a u th o r i ta t iv e ly  s ta te d  t h a t  th e  

S iem ens re g e n e ra tiv e  gas-fired  fu rn a c e  w as p e r
fec ted  p r io r  to  B essem er’s m a s te r  p a te n t  of F e b 
ru a ry ,  1856, h u t  th o u g h  large-scale  ex p e rim e n ts  
w ere c a r r ie d  o u t b o th  in  E n g la n d  a n d  in  F ra n c e , 
i t  w as n o t u n t i l  D r. C. W . S iem ens co llab o ra ted  
w ith  E m ile  an d  P ie r r e  M a r t in  in  1864 t h a t  re a l 
success w as ach ieved . T he M a r t in s  c o n tr ib u te d  
th e  s tee l-m ak in g  process to  th e  S iem ens gas-fired  
fu rn a c e , a n d  th e  process is know n in  E n g lish - 
sp e a k in g  c o u n tr ie s  as th e  S iem ens fu rn a c e  an d  
on th e  C o n tin e n t as th e  M a r t in  fu rn ac e . The 
process w as in tro d u c e d  in to  A m erica  in  1868, a t  
th e  w orks of th e  N ew  Je rse y  S tee l & I ro n  Com
p an y , of T re n to n , N ew  Je rse y , b u t  w h e th e r th e  
p la n t  was used  fo r in g o t-m a k in g  or steel c a s t
in g s  I  hav e  n o t been ab le  to  a sc e r ta in . In  
E n g la n d , how ever, d raw in g s w ere go t o u t in  
1862 by D r. C. W . S iem ens fo r  M r. C harles 
A tw ood, th e  p ro p r ie to r  of S ta n n e rs  Close I ro n 
w orks, W olsingham , Co. D u rh a m , fo r th e  m a n u 
fa c tu re  of steel c as tin g s . T his fu rn a c e  was 
o p e ra ted  by M r. W illiam  Shaw , fo u n d e r of W il
liam  Shaw  & C om pany , L im ite d , of M idd les
bro u g h , an d  i t  was h e re  t h a t  th e  d re d g e r  bu ck ets 
fo r th e  Suez C an al an d  some fo r  th e  P a n a m a  
C an a l w ere m ade.

T h ough  K ru p p s  s ta r te d  to  m a n u fa c tu re  c a s t
ings in  1863, th e y  used  no process o th e r  th a n  th e  
c ru cib le  u n t i l  1886, w hen  th e y  absorbed th e  A st- 
how er w orks a t  A n nen , th is  b e in g  th e  f irs t con
ce rn  to  u tilise  th e  S iem ens fu rn a c e  fo r  th e  m a n u 
fa c tu re  of steel c as tin g s in  G erm an y . K ru p p s  
c e r ta in ly  in s ta lle d  S iem ens fu rn ac e s  in  1871, an d  
B ochum  in  1873, a n d  g ra d u a lly  o th e r  s tee l fo u n 
d ries  used  .both th e  acid  and  basic o p en -h ea rth  
fu rn ac e s  fo r  m ak in g  steel cas tin g s. A m ongst th e  
w orks em plo j'ing  th e  acid  process w as th e  O eking 
w orks a t  D üsse ldo rf, th e  p ro d u c ts  of w hich 
becam e fam ous.

The S iem ens fu rn ac e  was in tro d u c ed  in to  th e  
w orks of th e  S tee l C om pany of S co tlan d  in  1873, 
b u t  i t  was n o t u n t i l  1880 th a t  th e  process was 
used  fo r  m ak in g  steel cas tin g s. T he p la n t  used 
in it ia l ly  w as an  8 -ton  c ap a c ity  fu rn a c e , fo r 
m ak in g  g en era l e n g in e e rin g  cas tin g s. T he c ap a 
c ity  w as in c reased  from  "tim e to  tim e  u n t i l  i t  
a t ta in e d  two. 40-ton fu rn aces.

E le c tr ic  Furnaces
I n  th e  d evelopm en t of th e  e lec tric  fu rn ac e , 

S iem ens c e r ta in ly  c a rried  o u t some ex p erim en ts

an d  o b ta in e d  p a te n ts .  The K je ll in  fu rn a c e  was 
t r ie d  o u t  in  Sheffield ab o u t 1908 b e fo re  th e  
a d v e n t of th e  e lectro d e  fu rn aces . T he H e ro u lt,  
a n d  th e  S to b ie  desig n  of E le c tro -M e ta ls  fu rn a c e , 
w ere in tro d u c e d  in to  Sheffield in  1911, b u t  these  
p la n ts  w ere  n o t in s ta lle d  fo r th e  p u rp o se  of 
m ak in g  steel c as tin g s , an d  h is to r ia n s  c re d i t  my 
com pany  in  1910 w ith  th e  d is tin c tio n  of be ing  
th e  first fo u n d ry  in  th e  U n ite d  K in g d o m  to  
in s ta ll  an  e lec tric  fu rn a c e  fo r th e  sole pu rp o se  
of m ak in g  s teel cas tin g s . T he c ru cib le  business 
h a v in g  m ade  good p ro g ress, th e re  "was a d is tin c t 
in cen tiv e  to  sea rch  fo r  a  process cap ab le  of 
g iv in g  rea lly  m ild  eas ily -m ach in ab le  c a s tin g s  a t  
a low er cost an d  p e rh ap s  in  la rg e r  q u a n ti ty  th a n  
th e  e x is tin g  p la n t . O ur f r ien d s , th e  M onke- 
m oeller C om pany, of B e rlin , w ere, in  1910, 
successfully  m ak in g  stee l c a s tin g s  in  th e  S ta s-  
sano fu rn a c e , a n d  th e y  recom m ended  m e to  
m ak e  a  s im ila r  in s ta l la t io n . A f te r  v is itin g  th e ir  
w orks, I  decided  to  s tu d y  th e  p o te n tia l i tie s  of 
th e  G irod a n d  H e ro u lt  fu rn ac e s  in s ta lle d  in  
p la n ts  lo ca ted  in  S o u th -E a s t F ra n c e . I  th e re 
fore  v is ited  th ese  g e n tlem en , an d  on m y r e tu r n  
to  E n g la n d  I  d ec id ed  to  in s ta ll  a sing le-p h ase  
H e ro u lt  fu rn a c e . I t  was b u ilt  by  C am pbell 
G ifford & C om pany  a n d  h ad  a c a p a c ity  of 2 to n s. 
C u r re n t  w as ap p lied  th ro u g h  tw o ro u n d  am o r
phous-carbon  e lectrodes, a n d  g e n e ra te d  by an  
a l te rn a to r  d r iv en  by a  W estin g h o u se  gas en g in e . 
I t  p ro d u ced  good steel, b u t  th e  re f ra c to ry  costs 
w ere very  h ig h  ow ing to  th e  e lec tro d es b e in g  too 
n e a r to  th e  back  w all, w hich invo lved  re b u ild in g  
each week. T he fu rn a c e  w orked  re g u la r ly  u n til  
1916, w hen i t  w as rep laced  by th re e  la rg e r  fu r 
naces of m ore  m o d ern  design .

U n q u estio n ab ly  th e  U n ite d  K in g d o m  lag g ed  
b eh in d  th e  C o n tin e n t  in  th e  e a rly  d ev e lo p m en t 
of th e  e lec tric  fu rn ac e . I n  1905 R ic h a rd  L in d en - 
berg , of R em scheid , in s ta lle d  th e  f irs t H e ro u lt  
fu rn ac e , b u t  th is  w as fo r th e  m a n u fa c tu re  of 
too l an d  specia l steels, th e  f irs t  in s ta l la t io n  fo r 
steel c as tin g s  b e in g  m ad e  in  1908. A b o u t th is  
tim e , A. S to tz , of S tu t tg a r t ,  in s ta lle d  a G irod 
fu rn ac e .

In  I ta ly ,  th e  p io n eer w ork  of th e  la te  Com- 
m en d a to re  V a n z e tti  in  b o th  th e  field of e lec tr ic  
fu rn aces  a n d  of steel c a s tin g s  is u n iv e rsa lly  
recognised . W h ils t th e  B r i t ish  e n te re d  th e  
field som ew hat la te , th ey  m ad e  a serio u s c o n tr i
b u tio n  to  design  an d  w ir in g  system s a n d  som e 
dozens of E n g lish -m ad e  fu rn a c e s  w ere  in s ta lled  
in  F ra n c e , I ta ly  a n d  S p a in  d u r in g  a n d  im 
m ed ia te ly  a f te r  th e  w a r.

A lth o u g h  th e  U .S .A . w ere  w ell to  th e  fo re  in  
th e  dev elo p m en t of th e  e le c tr ic  fu rn a c e , i t  w as 
n o t u n t i l  th e  sam e y e a r  t h a t  we s ta r te d  o u r 
e lec tr ic  fu rn a c e  in  B ra in tr e e  t h a t  e le c tr ic  steel 
c a s tin g s  w ere  m ad e  in  A m erica . O rig in a lly  all 
th e  e le c tr ic  stee l c a s tin g s  w ere  m ad e  on basic



h e a r th s , b u t  d u r in g  th e  w ar a ch ange-over was 
m ade  to  acid  h e a r th s , a n d  to -d ay  we find th a t ,  
w ith  th e  ex cep tio n  of m an g an ese  steel, 90 pe r 
cen t, of A m erica ’s e lec tric  steel c as tin g s a re  m ade 
on acid  h e a r th s .

The first e lec tric  fu rn a c e  in  S w itze rlan d  was 
of th e  H é ro u lt  ty p e . I t  w as p u t  in to  service 
in  O ctober, 1907, a t  th e  w orks of G eorge 
F isch e r of Schaffhausen— a firm  now fam ous 
th ro u g h o u t th e  w orld . The fo u n d e r, J o h a n n  
C onrad  F isc h e r, was a c o n s ta n t v is ito r  to  th is  
c o u n try  be tw een  th e  y e a rs  1790 an d  1840, m ee t
ing  m ost of th e  ce leb ritie s  of th e  en g in e erin g  
w orld, in c lu d in g  Ja m e s  W a tt .

T he firs t e lec tr ic  fu rn a c e  was in s ta lled  in 
S p a in  d u r in g  1917, a t  B ilbao, by my f r ie n d  M r.
V. C. F a u lk n e r , b u t  i t  was n o t re g u la r ly  used 
fo r steel c a s tin g s  m a n u fa c tu re .

H ig h -F re q u e n c y  Furnaces
A t th e  p re sen t t im e  th e  h ig h -freq u en cy  

fu rn ac e  is used  chiefly fo r th e  p ro d u c tio n  of 
special tool steels. B u t  in  some in s tan ces  i t  is 
used in  th e  p ro d u c tio n  of steel c as tin g s. In  
O ctober, 1928, my com pany  in s ta lled  th e  f irs t 
h ig h -freq u en cy  fu rn ac e  fo r th e  p ro d u c tio n  of 
steel cas tin g s . I t  w as em ployed in  m ak in g  
m ag n e tic  le tte rs , w hich a re  so sm all t h a t  in  
some cases as m an y  as a score a re  re q u ire d  to  
w eigh 1  oz.

P u lverised  F u e l-F ire d  R o ta ry  Furnaces
T his process as a d a p te d  fo r  steel m ak in g  has 

scarcely  em erged  from  th e  e x p e rim e n ta l stag e .
I n  1930 a 5 -ton  Sesci ty p e  of pu lv erised  fuel- 
fired ro ta ry  fu rn ac e  w as in s ta lled  a t  N eu fm an il 
in  th e  F re n c h  A rdennes. A n e x p e rim e n ta l cas t 
of steel w as m ade  an d  no in su rm o u n ta b le  
d ifficulties w ere e n co u n te red , a n d  even  th o u g h  
th e  p ro d u c t w as som ew hat w ild, some of i t  w as 
c as t in  m oulds p re p a re d  to  receive  m alleab le  
iro n . M . G eorges Fosseprez , m a n a g in g  d irec to r  
of th e  M ons F o u n d ry  C om pany , was p re se n t on 
th is  occasion, an d  th e re u p o n  decided to  in s ta ll 
tw o sm all fu rn ac e s  fo r m ak in g  steel cas tin g s. 
T rouble  was ex p erien ced  in it ia lly  in  th e  d irec 
t io n  of carb o n  co n tro l, b u t  i t  w as com pletely  
overcom e by in s ta ll in g  im proved  fu e l-g rin d in g  
m ach in ery . A b o u t th e  sam e tim e  as th e  M ons 
p la n t  w as s ta r te d  up , M r. W . S co tt, of S ir  
W . G. A rm stro n g  W h itw o rth  & C om pany, also 
s ta r te d  m ak in g  steel c as tin g s  in  a Sesci fu rn ac e , 
b u t th e  p la n t  was n o t used  exclusively  fo r th is  
purpose. T he f irs t p la n t  in s ta lled  in  G re a t 
B r i ta in  fo r th e  sole pu rp o se  of m ak in g  steel 
c as tin g s was in  th e  Crewe w orks of th e  L ondon 
M id lan d  & S co ttish  R a ilw ay  C om pany, an d  i t  
w as officially p u t  in to  com m ission in  S ep tem b er
1935.
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The firs t steel cas tin g s w ere m ade  in  th e  
B rack e lsb erg  fu rn a c e  in  S ep tem b er, 1932, a t  
B ofors, b u t  sy s tem atic  p ro d u c tio n  can  only be 
cou n ted  upon  from  J u n e ,  1933.

N o add ress  u p o n  a n y  phase  of th e  h is to ry  of 
steel c as tin g s can  be com plete  w ith o u t p ay in g  
t r ib u te  to  S ir  R o b e r t  H a d fie ld ’s in v en tio n  of 
m an g an ese  steel in  1888. F o r  a long  tim e  th is  
c o n s titu te d  th e  sole specia l steel m ade  in  th e  
fo u n d ry , an d  gave to  i t  an  a d v e rtisem e n t such 
as h as nev er been equalled  in  an y  o th e r  b ran ch  
of th e  in d u s try .

T he th re e  m a jo r  in v en tio n s  from  w hich th e  
s teel fo u n d ry  has benefited  w ere m ade by B ritish  
su b jec ts  of fo re ig n  o rig in . H u n tsm a n ’s p a ren ts  
w ere G erm an , B essem er’s w ere F re n c h  re fugees, 
a n d  th e  Siem ens b ro th e rs  w ere n a tu ra lis e d  
B r i tish  su b jec ts  of G erm an o rig in .

F in a lly , i t  is s ig n ifican t t h a t  only in  very  
re c e n t y ears  h as th e  steel fo u n d ry  com m anded 
th e  serious a t te n tio n  of resea rch . B u t a t  th e  
p re sen t tim e  th e re  a re  tw o resea rch  com m ittees 
eng ag ed  on th is  im p o r ta n t  w ork, nam ely , th e  
S teel C astin g s R esearch  C om m ittee  of th e  I ro n  
a n d  S teel I n s t i tu te  an d  th e  S tee l C astings Sec
tio n  of th e  T echnical C om m ittee  of th e  I n s t i tu te  
of B r i tish  F o u n d ry m en .

A c k n o w le d g m e n ts
I  w ish to  acknow ledge w ith  g ra ti tu d e  th e  help 

g iven  me by th e  follow ing gen tlem en  in  th e  p re 
p a ra t io n  of th is  a d d re s s :— M r. J .  H . Cooper, 
M . P a u l  F a sso tte , M r. V. C. F a u lk n e r , D r. 
Th. G eilenk irchen , M r. F . N o lan  (B ofors), M r. 
Thos. N a irn , M r. H .  A. Shaw , M r. Chas. W . 
Tow nsend, M r. N . F . H in d le , an d  th e  m an ag e 
m en t of th e  George F isch e r C om pany.

Follow ing  th e  A ddress, M r .  H e p w o r t h  voiced 
th e  th a n k s  of th e  m ee tin g  t o . M r. L ake , and  
endorsed  h is re fe ren ce  to  th e  desire  fo r peace.

T h e  E d w a rd  W ill ia m s  L e c tu re
P r o f .  W . L. B r a g g ,  O .B .E ., D .S c ., M .A .,

F .R .S ..  Nobel L a u re a te  (D irec to r. C avendish
L ab o ra to ry , U n iv e rs ity  of C am bridge), th e n  
de livered  th e  fo u r th  E d w ard  W illiam s L ec tu re  
e n ti t le d  “  The A tom ic P a t te r n s  of M eta ls  ”  (see 
page 25).

M r . C. W . B i g g  (P a s t-P re s id e n t) ,  p roposing  a  
vote  of th a n k s  to  P ro fesso r B rag g , assu red  h im  
t h a t  th e re  was no o rg a n isa tio n  in  th e  co u n try  
o r in  th e  w orld t h a t  was m ore an x io u s to  
s tre n g th e n  th e  lin k  betw een  science an d  in d u s try  
th a n  w as th e  I n s t i tu te  of B r itish  F o u n d ry m en . 
The m em bers w ere g re a tly  a p p rec ia tiv e  of th e  
h o n o u r P ro fesso r B ra g g  h a d  done th em  in  de
liv e rin g  th e  lec tu re , w hich alone was sufficient 
to  m a rk  th e  1939 C ongress as an  ev en t of very  
g re a t  im p o rtan ce  in  i ts  c o n tr ib u tio n  to  th e  m ost 
ad v an ced  m e ta llu rg ic a l know ledge.



M r. V. S t o b i e  (P a s t-P re s id e n t) ,  seconding , 
ex pressed  g r a t i tu d e  fo r  th e  t r u ly  deep  in fo rm a 
tio n  w hich  P ro fe sso r B ra g g  h a d  g iv en  in  h is 
le c tu re  a n d  fo r h a v in g  h o n o u red  th e  I n s t i tu te  
so e a rly  in  a  new  se ries of le c tu re .

T he vo te  of th a n k s  w as acco rded  e n th u s ia s t ic 
ally , a n d  th e  C ongress th e n  a d jo u rn e d  for 
luncheon .

A fte r  luncheon  a te c h n ica l session was h e ld  in  
th e  B allroom  of th e  D o rch es te r  H o te l, w hen th e  
fo llow ing  P a p e rs  w ere p r e s e n te d :— “ B o n d in g  
C lays a n d  th e  P ro p e r t ie s  of S y n th e tic  M ou ld in g  
S a n d s ,”  by G. H . P ip e r ,  B .S c ., P h .D . (p re 
se n ted  on  beh alf of th e  B r itish  C ast I ro n  R e 
sea rch  A sso c ia tio n ); “ C ore Shop C o n tro l,”  by 
■1. J .  S h eeh an , B .S c ., A .R .C .S c .I .  ; “ T he Selec
tio n  an d  T es tin g  of C upo la  R e f ra c to r ie s ,”  by 
W . J .  R ees, M .Sc. ; “ G a tin g  w ith  S p ec ia l R e 
fe ren ce  to  th e  O p tim u m  Flow  C o n d itio n s  in  th e  
M o lten  M e ta l ,”  by  D r. E . M . L ip s (p resen te d  
on beh alf of th e  N ed erlan d sch e  V e ree n ig in g  van  
G ie te rij-T ech n ic i) ; a n d  “ Som e I ro n  C astin g s 
fo r  S teelw orks P l a n t , ”  by  J .  R o x b u rg h .

L ad ies  w ere  ta k e n  on a co n d u cted  to u r  of th e  
H ouses of P a r l ia m e n t  a n d  w ere e n te r ta in e d  to  
te a  on th e  te r ra c e .

D u r in g  th e  a f te rn o o n  a m ee tin g  of th e  I n t e r 
n a tio n a l C o m m ittee  fo r T es tin g  C a st I ro n  was 
held  u n d e r  th e  p residency  of M r. J .  E . H u rs t .

G o v e rn m e n t R ece p tio n
I n  th e  ev en in g  th e  de leg ates an d  th e ir  lad ies 

w ere e n te r ta in e d  by H is  M a je s ty ’s G overnm en t 
to  a re ce p tio n  a t  L a n c a s te r  H ouse, S t.  J a m e s ’s 
P a rk ,  L ondon , W .l .  The guests w ere received  
by th e  L ord  P re s id e n t  of th e  Council ( th e  R ig h t  
H o n o u rab le  V isco u n t R .uncim an, P .C .)  an d  V is
co u n tess R u n c im a n , an d  w ere e n te r ta in e d  by 
lig h t m usic by  in s tru m e n ta l is ts  of H .M . Scots 
G uard s. R e fre sh m e n ts  w ere served  a n d  a n  in 
te re s t in g  ev en in g  w as sp e n t e x am in in g  some 
h is to r ic  re lics of L ondon.

W EDNESDAY, JUNE 14
Two tec h n ica l sessions w ere held  s im u lta n e 

ously a t  th e  D o rch es te r  H o te l d u r in g  th e  m o rn 
ing . The follow ing a re  th e  P a p e rs  w hich  w ere 
p re s e n te d :— Session A : “ D evelopm ents in th e
C e n tr ifu g a l C a stin g  P rocess in  G e rm an y ,”  by 
W . A. G eisler ; “  S pecia lly  H a r d  Alloy C a st I ro n s  
fo r R esis tan ce  to  W e a r ,”  by M. M . H a l le t t ,
B .S c ., a n d  D r. A. B. E v e re s t;  “  The T h erm al 
C o n d u c tiv itie s  of H ig h -D u ty  a n d  Alloy C ast 
I ro n s ,”  by  J .  W . D onaldson , D .Sc. ; a n d  “  D e
fec ts  in  E le c tr ica lly  M elted  C hilled  R o lls ,”  by  
D r .- In g . F ra n c o  B ondi (p resen te d  on beh alf of 
th e  F e d e raz io n e  N azio n a le  F a sc is ta  deg li In d u s-  
t r ia l i  M e ta llu rg ic i) . Session B : “  T he E ffec t of 
M e ltin g  C o n d itio n s on L ig h t A lloys,”  by  A. J .

M u rp h y , M .Sc., S. A. E . W ells a n d  R . J .  M. 
P a y n e , B .S c .;  “ T h e  E ffec t of M e ltin g  C o n d i
t io n s  on Gas U nsoundness in  M e ta ls ,”  by G. L. 
B ailey , M .S c . ; “ P re ssu re  D ie-C astin g s in  Z in c  
a n d  A lu m in iu m  B ase Alloys, th e  L im ita tio n s  an d  
P o ss ib ilitie s  of th e  P ro c e ss ,”  by A. G. S tre e t ,
B .S c ., P h . D . ; “  L ig h t  A lloy M e ltin g  P r a c t ic e ,” 
by W . C. D ev ereu x , F .R .A e .S . ; “  T he In fluence  
of R e p e a te d  R e m e ltin g  on th e  P ro p e r t ie s  of 
L ig h t  A lloys,”  by  D r. J .  K o r i t ta  a n d  In g . M. 
H a je k ,  an d  “ T he S o lu tio n  H e a t-T re a tm e n t of 
A lu m in iu m  C a s tin g  A lloys,”  by  D r. R . I rm a n n .

A p ro g ram m e  of a l te rn a t iv e  v is its  to  e ith e r  
M essrs. J .  L yons & C om pany , L im ite d , C adby 
H all, K e n s in g to n , o r th e  W allace  C ollection , or 
th e  N a tio n a l G alle ry , o r th e  T a te  G alle ry , h ad  
been p lan n ed  fo r th e  lad ie s , an d  good a t te n d 
ances w ere o b ta in e d  a t  a ll th e  v isits .

A buffe t luncheon  wens ta k e n  by th e  d e leg a tes  
an d  lad ies  a t  th e  D o rch es te r  H o te l, a n d  a f te r 
w ard s th e  lad ies  v is ited  M essrs. D e rry  & Toms, 
L im ite d , w h ils t th e  g en tlem en  in sp ec ted  th e  fo l
low ing w o rk s : M essrs. J .  & E . H a ll,  L im ite d , 
D a r t fo r d ;  E a lin g  P a r k  F o u n d ry , L im ite d , S ou th  
E a l in g ;  S te r lin g  M a n u fa c tu r in g  C om pany , 
L im ite d , C u b b itt  T o w n ; M essrs. R . & A. M a in , 
L im ite d , U p p e r  E d m o n to n ; M essrs. G ille tt  & 
Jo h n s to n , L im ite d , C ro y d o n ; a n d  G lacier M e ta l 
C om pany , L im ited , W em bley.

A N N U A L  B A N Q U E T
In  th e  even in g  of W ed n esd ay , J u n e  14, th e  

A n nual B a n q u e t was h e ld  in  th e  B allroom  of th e  
D o rch es te r H o te l, w h ere  o ver five h u n d re d  
de leg ates an d  lad ies  assem bled to  en jo y  a 
b r i l l ia n t  even ing .

P r io r  to  th e  B a n q u e t, th e  d e leg a te s  a n d  gu ests  
w ere received  by th e  P re s id e n t  an d  M rs. L ake , 
a n d  by D r. G uido V a n z e tti  (P re s id e n t  of th e  
I n te rn a tio n a l  C o m m ittee  of F o u n d ry  T echn ica l 
A ssociations) an d  S ig n o ra  V a n z e tti .

T he P re s id e n t  p re s id ed  over th e  B a n q u e t.
T he I n s t i tu t e ’s p r in c ip a l g u e s t w as th e  R t .  

H o n . O liver S ta n le y , M .C ., M .P . (P re s id e n t  of 
th e  B o a rd  of T rad e ) . A m ongst o th e r  p ro m in e n t 
g u ests  w ere  S ir  W illia m  L a rk e , M r. E . B ru ce  
B all, P re s id e n t  of th e  I n s t i tu t io n  of M echan ica l 
E n g in e e rs , a n d  M r. R . R . a -A b ab re lto n , M a s te r  
of th e  W o rsh ip fu l C om pany  of F o u n d e rs .

T h e  O b je c t o f th e  C ongress
T he loyal to a s t  h a v in g  been  h o n o u red ,
T he R t .  H o n .  O l i v e r  S t a n l e y ,  M .C ., M .P . 

(P re s id e n t  of th e  B o a rd  of T ra d e ) , p ro p o sin g  
“  T he F o u n d ry  In d u s try  a n d  th e  I n s t i tu t e  of 
B r i t ish  F o u n d ry m e n ,”  f irs t ex p ressed  h is 
p lea su re  to  be p re se n t an d  to  jo in  in  th e  w el
come to  such a  d is tin g u ish e d  in te rn a t io n a l  
g a th e r in g . In  th e  w orld  in  w hich  we lived , to 



day , he  sa id , th e re  w ere p e rh ap s  too few occa
sions of w elcom ing as m an y  g u ests  from  over
seas as w ere welcom ed on th a t  o ccasio n ; an d  i t  
was a  g re a t  sa tis fa c tio n  to  feel t h a t  so m any  
people h ad  come from  so m any  co u n trie s  to  
jo in  in  a f r ien d ly , if  to  th e  lay m an  wholly u n 
in te llig ib le , d iscussion  on m a tte r s  of common 
in te re s t.

The h is to ry  of th e  iro n  fo u n d in g  in d u s try  in  
th is  c o u n try — an d  no d o u b t i ts  h is to ry  has been 
very  m uch th e  sam e in  o th e r  c o u n trie s— m ade i t  
a m a t te r  of p ecu lia r  in te re s t  and  of a consider
able am o u n t of p rid e  to  th e  o u tsid e  in d u s tr ia l  
observer. I t  w as a  h is to ry  u n fo r tu n a te ly  only 
too  com m on w ith  th e  passin g  of y ea rs , a h is to ry  
w hich m u s t c o n ta in  w ith in  itse lf a g re a t  m any 
p erso n al trag e d ie s . I t  was a n  in d u s try  which 
fo r g e n e ra tio n s , a n d  indeed , fo r c en tu rie s  in  
th is  c o u n try  was p re -e m in e n t, u n til  in  th e  m iddle 
of th e  la s t  c e n tu ry  i t  h ad  h ad  an  im m ense 
v a r ie ty  of uses a n d  was, so fa r  as th is  co u n try  
w as concerned , p re -e m in e n t in  th e  m eta llu rg ica l 
w orld . B u t , ju s t  as th e  co tto n  in d u s try , for 
exam ple, w as challenged  by new te x tile s , and  
th e  ra ilw ay s an d  canals w ere challenged  by new 
m eans of t r a n s p o r t ,  so in  th e  m iddle  of th e  
19 th  c e n tu ry  th e  iro n  in d u s try  was challenged  
by th e  g ro w th  of th e  steel in d u s try , w ith  new 
an d  ch eap er m ethods. T h ere  would have  been a 
g re a t  d e a l of excuse fo r people in  those days, 
faced  w ith  a new  an d  a p p a re n tly  overw helm ing 
challenge, w ith  th e  decay of th e  h is to ric  in 
d u s try  to  w hich th e y  belonged, w ith  th e  decline 
of fam ily  businesses w hich fo r g e n e ra tio n s  had  
en joyed  p ro sp e rity , if  th e y  h ad  looked to  th e  
fu tu re  w ith  despondency an d  d esp a ir an d  w ith  
a s p ir i t  of su r re n d e r  to  th e  new  forces.

S p h ere  o f Research
I t  sa id  a g r e a t  deal fo r th e  in d u s try  a n d  fo r 

th e  I n s t i tu te  t h a t  th e  challenge  was n o t m et 
in t h a t  w ay, b u t  was m et w ith  courage , w ith  
en th u s ia sm  an d  a d e te rm in a tio n  to  m eet th e  new 
challenge w ith  new  m ethods. The success of 
th e  answ er to  t h a t  challenge  h ad  been due very  
la rge ly  to  th e  I n s t i tu te .  To h im  th e  m ost in 
te re s t in g  p a r t  of i ts  w ork h a d  been th e  em phasis 
i t  h ad  p laced  u p o n  and  th e  assistance  i t  had  
g iv en  to  th e  w ork of re search . I n  th e  first 
p lace, i t  h a d  done a g re a t  deal in  convincing  
in d iv id u a l u n its  w ith in  th e  in d u s try  t h a t  th e  
pooling of sc ien tific  in fo rm a tio n  w as n o t a loss 
to  th e  in d iv id u a ls  who gave  i t ,  b u t  t h a t  i t  was 
th e  g a in  of th e  in d u s try  as a  whole, an d  th a t  
th e  g a in  of th e  in d u s try  w as th e  g a in  of every 
in d iv id u a l com posing i t .  I n  th e  p a s t, and  in 
some in d u s tr ie s  even to d ay , one found  in d iv id u a l 
firms b e liev in g  t h a t  th ey  g a in ed  by keep in g  to  
them selves th e  scientific  in fo rm a tio n  w hich th ey  
m ig h t h av e  acq u ired  from  th e  re su lts  of th e ir

ow n resea rch . B u t  how o ften  h ad  one seen t h a t  
re sea rc h  reach ed  its  fu ll va lue  w hen i t  was 
pooled, th a t  th e  v a lu e  of th e  l i t t le  b i t  one 
lea rn ed  was doubled  when placed a longside th e  
lit t le  b i t  t h a t  som ebody else h ad  lea rn ed . In  
th a t  re sp ec t th e  I n s t i tu te  and  its  p ro p ag an d a  
h ad  been a re a l lesson to  th e  in d u s tr ie s  of th is  
co u n try .

T h a t  co -opera tion  w ith in  th e  in d u s try , how
ever, h a d  n o t been  confined to  th is  c o u n try . 
I t  h ad  en co u rag ed  a s im ila r co -opera tion  betw een 
th e  u n its  of th e  w orld, betw een fo re ig n  co u n tries  
a n d  ourselves. So we h a d  in  th e  in d u s try  people 
of all co u n trie s  p lac in g  a t  th e  serv ice  of o th ers  
th e  ex p erien ce  an d  know ledge th ey  h ad  g a ined . 
In  d o in g  so, th ey  w ere h e lp in g  th e  in d u s try  as 
a whole, th ey  w ere he lp in g  th e ir  own co u n trie s , 
an d  w ere h e lp in g  th e  w orld.

P e rh a p s  ju s t  as im p o r ta n t  as th e  exchange  
of scientific  know ledge w as th e  exchange  of know 
ledge of h u m an  b e in g s ; an d  n o t th e  le a s t im 
p o r ta n t  p a r t  of th e  C ongress w as t h a t  each g o t 
to  know , n o t only th e  problem s of an  in d u s try , 
b u t  th e  problem s of each  o th e r . W e all g o t to  
know  th e re b y  som eth ing  of th e  o th e r  p e rso n ’s 
d ifficulties, som eth ing  of h is p o in t of view , of 
h is fea rs , h is suspicions a n d  h is h o p e s ; an d  so 
th e  f irs t s tep  w as ta k e n  to w ard s u n d e rs ta n d in g  
each o th e r. W hen  we u n d ersto o d  each  o th e r 
we h ad  ta k e n  th e  f irs t a n d  p e rh ap s th e  longest 
s te p  to  peace.

A n  In d u s tr ia l M e tam o rp h o s is
The P r e s i d e n t ,  re sp o n d in g , th a n k e d  Mi-. 

S tan ley  m ost sincerely , on behalf of th e  I n s t i tu te  
a n d  th e  fo u n d ry  in d u s try , fo r th e  good w ishes 
expressed  an d  fo r th e  fe lic ito u s w ay in  w hich 
th e  to a s t  w as proposed. H e  was conscious, he 
sa id , t h a t  in  resp o n d in g  to  th e  to a s t  on behalf 
of th e  in d u s try , he h a d  u n d e r ta k e n  a responsi
b ili ty  of considerab le  m a g n itu d e . T he fo u n d ry  
in d u s try  w as p ro u d  th a t  i t  re p re se n ted  one of 
th e  o ldest c ra f ts  in  th e  w orld— th e  a r t  of cas tin g  
m eta ls . I t  w as p ro u d  of i ts  t r a d i t io n s ; b u t  
som etim es those  ve ry  tra d it io n s ,  by reason  of 
th e ir  age a n d  of th e  te n a c ity  w ith  w hich th ev  
w ere held , m ig h t p rove to  be a h a n d ic ap  to  
progress. T he in d u s try  was en d ea v o u rin g  to  free  
itse lf  from  an y  such  h a n d ic ap .

The e s tab lish m en t of th e  I n s t i tu te  of B ritish  
F o u n d ry m e n , 35 y ears ago, w as due to  a desire  
to  ap p ly  to  i ts  a n c ie n t c r a f t  th e  re su lts  of m odern  
sc ien tific  in v e s tig a tio n  an d  to  govern  i t  in  ac
cordance  w ith  m o d ern  co n d itio n s. T he ideals 
w hich w ere se t in  those  days h a d  been  stead ily  
p u rsu ed  ev er since, an d  to -d ay  th e  in d u s try  as 
a  whole w as u p -to -d a te  in  i ts  m ethods, in  th e  
a p p lic a tio n  of science to  i ts  processes an d  in  
its  e q u ip m en t. The p rogress m ad e  in  th e  in d u s



t r y  d u r in g  th e  la s t  q u a r te r  of a  c e n tu ry  w as 
re m a rk ab le , a n d  t h a t  p ro g ress w as c o n tin u in g  
a t  an  ev er-in c reas in g  pace . P ro g re ss  even  d u r 
in g  th e  la s t  five y ea rs  h a d  been so e x tr a o rd in a ry  
t h a t  i t  w as a lm ost im possib le to  keep  pace  w ith  
th e  m an y  new  d e p a r tu re s  w hich  h a d  come in to  
be in g . H e  need  only  p o in t to  th e  d ev elopm en ts 
in  h is own b ra n ch  of th e  in d u s try — steel fo u n d ry  
p ra c tic e — to  th e  ve ry  g re a t  d ev elo p m en ts  in  iron  
c a s tin g , a n d  to  th e  p h en om enal g ro w th  of c e r
ta in  b ran ch es of n o n -fe rro u s  fo u n d ry  p ra c tic e , 
p a r tic u la r ly  th e  fo u n d in g  of th e  l ig h t  alloys.

T he I n s t i tu t e  of B r i t ish  F o u n d ry m e n  stood  fo r 
tec h n ica l p ro g ress in  th e  in d u s try ,  a n d  i t  was 
th e  te c h n ica l o r p rofessional I n s t i tu te  of th e  
in d u s try . T h ere  w ere s im ila r  o rg a n isa tio n s  in  
m an y  o th e r  c o u n trie s , w hich w orked  to g e th e r  
ve ry  closely w ith  th e  I n s t i tu te .  T hey  a ll ex 
ch an g ed  in fo rm a tio n  a n n u a lly , th e y  h e ld  I n t e r 
n a tio n a l  F o u n d ry  C ongresses, a n d  th e y  w ere  th e  
m ean s of in c re as in g  th e  g e n e ra l level of all 
te c h n ica l d e v e lo p m e n t; a n d , w h a t w as p e rh ap s  
less easy  to  define , b u t  even m ore  im p o r ta n t, 
th ey  w ere  th e  m eans of fo rm in g  a n d  m a in ta in 
in g  close f r ie n d sh ip s  be tw een  fo u n d ry m en  of 
th e  d iffe re n t in d u s tr ia l  c o u n tr ie s  of th e  w orld .

T en  y ears  h a d  e lap sed  since  th e  I n te rn a tio n a l  
F o u n d ry  C ongress was he ld  in  G re a t B r i ta in ,  
a n d  a t  t h a t  tim e  th e  P re s id e n t  of th e  C ongress 
was M r. W esley L a m b e rt, whom  th e y  a ll wel
com ed on th e  p re se n t occasion (a p p lau se ). The 
C ongress w as g lad  to  be ab le  to  p ro v ide  a p la t 
fo rm  fo r th e  in te rc h a n g e  of ideas th ro u g h  th e  
m any  tec h n ica l P a p e rs  w hich  w ere  b e in g  p re 
s e n te d ;  B r i tish  fo u n d ry m en  w ere  g lad  to  be able 
to  show th e ir  overseas f r ie n d s  so m eth in g  of 
w h a t w as b e in g  done in  th e  in d u s try  in  th is  
c o u n try , a n d  th ey  w ere  d e lig h ted  also to  be 
ab le  to  re c ip ro ca te  th e  h o sp ita li ty  a n d  th e  
fr ien d ly  re sp ec ts  w hich  m an y  of th e m  h a d  e n 
joyed  d u r in g  th e ir  v is its  to  th e  fo u n d ry m en  of 
o th e r c o u n trie s .

F in a lly , th e  c h a irm a n  a g a in  th a n k e d  M r. 
S ta n le y  fo r th e  in te re s t  he  h a d  show n in  th e  
C ongress in  m an y  w ays, fo r  h is presence a t  th e  
B a n q u e t, a n d  fo r  h is v e ry  e n co u ra g in g  speech.

A  C o m p o s ite  T o a s t
M r . B a r r i n g t o n  H o o p e r ,  C .B .E . (P re s id e n t of 

th e  L ondon  B ra n ch  of th e  In s t i tu te )  proposed, 
in h is u su a l w it ty  m an n e r, th e  to a s t  of “ The 
L ad ies, G uests an d  O verseas V is i to rs .”

A d d ressing  h is re m a rk s  firs t to  th e  lad ies, he 
welcom ed th em  h e a r tily —-their ch arm , th e ir  
g race  an d  th e i r  b e a u tifu l  d resses. T he lad ies 
of to d ay , he  was to ld , like  th e  p ro p h e ts  of old, 
h ad  l i t t le  h o n o u r in  th e ir  own co u n try . A fte r  
e n te r ta in in g  th e  g a th e r in g  fo r a w hile w ith  a p t  
s to rie s , he assu red  th e  lad ies, in  th e  n am e  of 
th e  I n s t i tu te  of B r i tish  F o u n d ry m e n , an d  t h a t

w id er g a th e r in g , th e  I n te r n a tio n a l  C ongress, 
t h a t  th e  m en  w ere d e lig h ted  to  welcom e th em .

C om ing to  h is second c h a p te r , h e  sa id  
i t  w as a d e lig h t to  e x te n d  to  th e  m an y  
g u ests  o f th e  I n s t i tu t e  a  co rd ia l h o sp ita li ty . I n  
a  spec ia l welcom e to  th e  R t .  H o n . O liver 
S ta n le y , he  sa id  th e  C ongress w as h o n o u red  by 
th e  f a c t  t h a t  h e  h a d  fo u n d  tim e  to  a tte n d , in 
th e  m id s t of h is m u lt ifa r io u s  d u tie s . H e  w as a 
v e ry  fine E n g lish  g e n tle m a n , an d  th e  son of one 
of E n g la n d ’s m ost beloved c itizen s. (A pp lause). 
P ossib ly  no D e p a r tm e n t of th e  G o v e rn m en t was 
so v i ta l  to  th e  in d u s try  as w as th e  B o a rd  of 
T rad e . T he in d u s tr ia l is ts  p re se n t could  m an u 
fa c tu re  e v e ry th in g  th e  e n g in e e r re q u ire d  ; and  
th ro u g h  th e  B o ard  of T ra d e  th ey  received  
a ss is tan ce  in  m a rk e tin g  th o se  p ro d u c ts  in  ade
q u a te  q u a n ti t ie s .

E x te n d in g  a m ost co rd ia l welcom e to  th e  
w o n d e rfu l a r r a y  of re p re se n ta t iv e s  of m an y  
c o u n trie s , he  reca lled  th e  m an y  h a p p y  m em ories 
w hich  B r i t is h  fo u n d ry m en  r e ta in e d  of th e ir  
v is its  a b ro ad  to  th e  v a rio u s  C ongresses a n d  to  
th e  m arv e llo u s h o sp ita l i ty  e x te n d ed  to  th em  
th e re . T he w a rm th  of th e i r  g re e t in g  in  those  
o th e r  c o u n tr ie s  lived  in  th e i r  m em ories alw ays.

M r. B a r r in g to n  H o o p e r m ad e  sp ec ia l m en tio n  
of som e of th e  d is tin g u ish e d  v is ito rs  from  
a b ro ad , th o u g h  n o t a ll, because  th e  l is t  w ould 
have  been  v e ry  len g th y . As he  sa id , h is l is t  was 
n o t com prehensive , a n d  each  of th em  was 
g re e ted  w ith  loud  an d  p ro lo n g ed  a p p la u se . They 
w e r e :— M r. R . D ep rez  an d  M r. J .  L eo n a rd  
(B elg ium ) ; D r. M o n t. F r .  P ise k  a n d  In g é n ie u r  
A. B en d a  (C zecho-S lovakia) ; M r. J .  L o b ste in  
a n d  P ro fe sso r A. P o r te v in  (F ra n c e )  ; P ro f .  E . 
P iw o w arsk y  a n d  D r. H . J u n g b lu th  (G erm an y ) ; 
In g . F .  W . E . Sp ies a n d  D r. K . J .  v a n  N ieu - 
k e rk en  (H o llan d ) ; M r. R. E rd o s  (H u n g a ry )  ; 
D r. M . B arig o zz i a n d  D r. R . D u p u is  ( I ta ly )  ;
M r. L . B ra sse u r  a n d  M r. A. H e n k s  (L u x em 
bourg ) ; P ro f .  C. G ierdz ie jew sk i a n d  In g . J .  
L u toslow ski (P o la n d ) ; D r. H . A. S ch w artz  a n d  
M r. W . R . B ean  (U .S .A .) ;  a n d  B egs. Y . G ran -
s trd m  (Sw eden). F in a lly , he  p a id  t r ib u te  to
D r. V a n z e tti ,  of I ta ly .

R ep ly  to  th e  G uests
D r . G u i d o  V a n z e t t i  (P re s id e n t,  I n te rn a t io n a l  

C o m m ittee  of F o u n d ry  T ech n ica l A ssocia tions), 
re p ly in g  on b eh a lf  of th e  g u ests , sa id  t h a t  
a lth o u g h  th e  d e leg a te s  from  overseas w ere  g u ests , 
th e y  rea lly  fe lt  a t  hom e. Som e of th em  w ould 
re m a in  in  th is  c o u n try  fo r  m ore  th a n  th re e  
weeks, an d  th e y  a lw ays rece iv ed  h e re  a w arm  
an d  c h a rm in g  re ce p tio n . T he C ongress, w hen 
held  in  E n g la n d , a lw ays p roceeded  so sm oothly  
t h a t  one f e l t  t h a t  th e  o rg a n is a tio n  of a  w orld  
congress w as th e  ea s ie s t th in g  to  do, b u t 
h is d e a r  E n g lish  f r ie n d s— M r. L ak e , M r. H ep -



w o rth , M r. B a r r in g to n  H o o p er, M r. D e lp o rt, 
Tom (M r. M akem son) a n d  o th e rs— those  who 
h a d  ex p erien ce  of th e  w ork  knew  t h a t  i t  was a 
difficult ta sk . H e  p a id  a t r ib u te  to  th em , and  
ex p ressed  th a n k s  also on beh alf of th e  lad ies  fo r 
a ll t h a t  h ad  been  done to  m ake  th e ir  s ta y  in  
th is  c o u n try  d e lig h tfu l a n d  in te re s tin g .

L ooking  fo rw ard  to  th e  I n te rn a tio n a l  Con
gress to  be he ld  in  I ta ly  n e x t  y e a r, he expressed 
th e  hope th a t  as m an y  as possible would give 
his fellow co u n try m en  an d  him self th e  op p o r
tu n i ty  to  re c ip ro ca te  th e  h o sp ita lity  ex ten d ed  
to  th em  in  th is  c o u n try . I n  th e  nam e of th e  
re a l fr ien d sh ip  e x is tin g  be tw een  th em , he d ra n k  
to  th e  h e a lth  of a ll h is hosts, to  th e ir  p ros
p e r ity , to  th e ir  in d u s try , a n d  to  th e i r  c o u n try .

T h e  H e a lth  o f th e  P re s id e n t
M u. J .  H e p w o r t h ,  J .P . ,  M .P . (P a s t-P re s i-  

d e n t of th e  I n s t i tu te ) ,  proposed th e  h e a lth  of 
th e  P re s id e n t, M r. L ake , a t  th e  sam e tim e  con
g ra tu la t in g  th e  I n s t i tu te  a n d  those responsib le  
fo r h is a p p o in tm e n t, because th e  I n s t i tu te  could 
n o t have  h a d  a b e t te r  m an  to  g race  t h a t  office.

(The to a s t  was received  w ith  m usica l h o n o u rs ; 
and  in  th e  m id s t of th e  acc lam atio n , a n  overseas 
d e leg a te  p re sen te d  a  b o u q u e t to  M rs. L ak e .)

T he P r e s i d e n t ,  resp o n d in g , th a n k e d  a l l  who 
h ad  c o n tr ib u te d  to  th e  m ark ed  success of th e  
C ongress. I n  th e  f irs t p lace he  th a n k e d  th e  
ow ners of w orks who, a t  considerab le  incon
venience, h a d  th ro w n  open  th e i r  w orks to  th e  
d e leg ates, a n d  in  th e  m a jo r i ty  of cases h ad  
offered e n te r ta in m e n t.  H e  th a n k e d  also those 
who h ad  c o n tr ib u te d  to  th e  fu n d s  w hich had 
m ade th e  C ongress possible, an d  all th e  m em 
bers who h a d  w orked  to  t h a t  end . T hough  i t  
was im possible to  m en tio n  any  n u m b er of them  
by nam e, he fe lt  com pelled to  m ake one o r two 
excep tions. T hus, he  p a id  t r ib u te  to  M r. V. 
D e lp o rt (S e c re ta ry  of th e  L ondon  C o m m itte e ) ; 
to  M r. C. C. B ooth  (P re s id e n t of th e  L ondon  
B ran ch ) ; to  M r. B a rr in g to n  H o o p er, who had  
been responsib le  fo r  m ost of th e  a rra n g e m e n ts  
m ade  fo r th e  e n te r ta in m e n t  of th e  d e leg a tes , an d  
in deed , h a d  been  b o th  th e  a rc h ite c t  a n d  th e  
b u ild e r of th e  C o n g re ss ; a n d  to  th e  w o nderfu l 
o rg a n is in g  a b ili ty  of th e  G eneral S e c re ta ry , M r. 
Tom M akem son, a n d  th e  sp len d id  assis tan ce  of 
M r. J .  B o lton  (A ss is tan t S e c re ta ry ) a n d  th e ir  
lady  a s s is ta n ts . H e  th a n k e d  th em  all m ost 
h e a r t ily  fo r  th e ir  services to  th e  I n s t i tu te .

D u rin g  th e  even in g  th e  P re s id e n t  p re sen ted  
to  M rs. H ep w o rth , on b eh alf of th e  P a s t-P re s i-  
d e n ts  of th e  I n s t i tu te ,  a silver bowl as a m em ento  
of th e  p a s t y ear, d u r in g  w hich  h e r  h u sb an d  had  
served  th e  I n s t i tu te  as P re s id e n t.

T he re m a in d e r  of th e  even in g  w as devo ted  to  
d an cin g .

THURSDAY, JUNE 15
F o r th e  gen tlem en , th e  follow ing v is its  to  

w orks w ere a r ra n g e d  fo r T h u rsd ay , J u n e  15 : (1) 
W hole d ay  v is it to  th e  F o rd  M o to r C om pany, 
L im ited , D a g e n h a m ; (2) m o rn in g  v is it to  M essrs. 
B aw shaw e & C om pany, L im ite d , D u n s tab le , and  
a fte rn o o n  in  W h ip sn ad e  Z o o ; (3) m o rn in g  v is it 
to  M essrs. C ran e , L im ite d , Ipsw ich , an d  a f te r 
noon v is it to  M essrs. E . R . & F . T u rn e r  & Com
pan y , L im ited , Ipsw ich , an d  (4) m o rn in g  v is it 
to  M essrs. B elling  & C om pany, L im ited , Enfield , 
and  in  th e  a f te rn o o n  an  in spection  of th e  m eta l
lu rg ical section  of th e  N a tio n a l P h y sica l 
L ab o ra to ry . All of th e  v is its  w ere successful 
and  en joyab le  la rg e ly  ow ing to  th e  m ost 
generous h o sp ita lity  w hich w as ex ten d ed  in  a ll 
cases by th e  m an ag em en ts  of th e  works.

One p a r ty  of lad ies w en t by  coach to  L u to n  
in  th e  m o rn in g , an d  th e re  w ere show n th e  h a t  
fa c to ry  of M essrs. C u r ra n t  & C reak , L im ited , 
befo re  jo in in g  th e  g ro u p  of g en tlem en  who h ad  
v is ite d  M essrs. B agshaw e’s fo u n d ry . These 
lad ies an d  gen tlem en  w ere th e  gu ests  of M essrs. 
B agshaw e & C om pany, L im ited , fo r  luncheon, 
an d  sp e n t th e  a f te rn o o n  a t  W hip sn ad e  Zoo. No 
a rra n g e m e n ts  w ere m ade fo r th e  re m a in d e r  of 
th e  lad ies d u rin g  th e  m o rn in g , b u t  in  th e  a f te r 
noon a v is it  was m ade to  th e  H a ll of th e  
W o rsh ip fu l C om pany of B arb ers.

M r. and M rs . L a k e ’s R eception
Iu  th e  even ing  of T h u rsd ay  m ore th a n  five 

h u n d re d  de legates and  ladies w ere received  by 
th e  P re s id e n t  (M r. W . B. L ake, J .P . )  a n d  M rs. 
L ake  a t  th e ir  R ecep tio n  an d  D ance  a t  th e  
D o rchester H o te l. R e fresh m en ts  w ere served  
d u r in g  d an cin g , an d  a  m ost en joyab le  even in g  
was a p p rec ia ted  by all th o se  who w ere able to  
accep t M r. a n d  M rs. L a k e ’s in v ita tio n  to  be 
p re sen t.

FRIDAY, JUNE 16
T he C ongress resum ed  a t  9.30 a .m . a t  th e  

D o rch es te r H o te l, w here  d u p lic a te  tech n ica l 
sessions w ere held . I n  Session A th e  follow ing 
P a p e rs  w ere p re sen ted  and  discussed:-— “  C u ttin g  
Tools fo r C ast I r o n ,”  by H - B eeny, M .M e t . ; 
“ O p tim um  B las t V olum e fo r C upola  P ra c tic e ,”  
by D r.-In g . N . Czyzewski (p resen ted  on behalf of 
th e  S tow arzyszen ie  T echniczne O dlewnikow 
P o lsk ic h ) ; “ Som e N o tes on th e  D esig n  and  
O p e ra tio n  of th e  Open H e a r th  F u rn a c e  fo r  M e lt
in g  M alleab le  C ast I r o n ,”  by G. R . S h o t to n ; 
“  P i t t in g  C orrosion of S tee l an d  C ast I ro n  
P ip e s ,”  by  D r.-In g . L . O lsansky'; “  Som e A spects 
of M alleab le  C a st I ro n  P ip e  F i t t in g s  M a n u 
f a c tu r e ,”  by C. Z eh n d e r, an d  “ Law s G overn ing  
C upo la  O p e ra tio n ,”  by  D r .- In g . M assim o 
B arigozzi (p resen ted  on beh alf of th e  F e d e raz io n i



N a tio n a le  F a sc is ta  degli I n d u s tr ia l i  M eccanici). 
T he fo llow ing P a p e rs  w ere  p re sen ted  fo r  d is
cussion  in  Session B : — “ Process of C ry s ta llisa 
tio n  in  C om m ercia l A lloys,”  by D ip l.- In g . W . 
P a tte r s o n  (p resen ted  on b eh alf of th e  Teclinischeæ 
H  a u p ta u ssch u ss  fü r  Giesseu’eiw esen) ; “ T he 
P ro g re ss  of In v e rse  S e g re g a tio n  d u r in g  S o lid i
f ic a tio n ,”  by D r. J .  A. Y ero  (p resen te d  on beh alf 
of th e  M a g y a r O n todei S zak em b erek  E gye- 
su le te ) ; “ T he P re p a ra t io n  of A lloys,”  by P ro f . 
A. P o r te v in  (p resen te d  on  b eh alf of th e  A ssocia
t io n  T echn ique  de F o n d e r ie ) ;  “ C o n tro lled  
S o lid ificatio n  of C astin g s  -made Possib le  by 
C a lc u la tio n ,”  by In g . N . C hvorinov  (p resen te d  
on beh alf of th e  C eskoslovensky O dborny  Spolek 
S lev arensky) ; “ C opper a n d  C opper Alloys fo r 
E le c tr ic a l an d  T h erm al C o n d u c tiv ity  A p p lica 
t io n s ,”  by  H . J .  M ille r, M .S c .;  an d  “ The 
C om pound ing  of A lloys,”  by th e  T echn ica l Com
m itte e  of th e  A ssoc ia tion  T echn ique  de  F o n d e rie  
de B elg ique.

A t 11 a .m . a m ee tin g  of th e  In te rn a tio n a l  
C om m ittee  of F o u n d ry  T echn ica l A ssociations 
w as he ld  u n d e r  th e  ch a irm a n sh ip  of D r.-In g . 
G uido V a n z e tti ,  an d  a f te rw a rd s  th e  C om m ittee , 
on b eh alf of th e  fo u n d ry m en  of th e  w orld , la id  
a  w re a th  on  th e  Tomb of th e  U nknow n W a rrio r  
in  W e s tm in s te r  Abbey.

M an y  lad ies p a r tic ip a te d  in  a sig h tsee in g  
d riv e  th ro u g h  th e  W est E n d  an d  C ity  of L ondon  
d u r in g  th e  m o rn in g , an d , a f te r  luncheon , 
a n o th e r  p a r ty  le f t  th e  D o rch este r H o te l by coach 
fo r a  v is i t  to  H a m p to n  C o u rt P a lac e  an d  K ew  
G ardens.

U n d e r  th e  ch a irm a n sh ip  of M r. W . B. L ake , 
a jo in t  m ee tin g  w ith  th e  I ro n  an d  S teel I n s t i 
t u te  w as he ld  in  th e  B allroom  of th e  D o rch es te r 
H o te l d u r in g  th e  a f te rn o o n . F iv e  P a p e rs  on 
steel fo u n d ry  p ra c tic e  w ere p re sen te d  an d  d is
cussed. These w e r e :— “ D ev elopm en t a n d  
O rg a n isa tio n  of S tee l F o u n d ry  R e se a rc h ,”  by

W . J . D a w so n ; •' R a d io g ra p h y  in  I ro n  a n d  S tee l 
F o u n d in g ,” by  F . W . R ow e, B .S c . ; “ N o te s on 
D ry  S a n d  P ra c tic e  fo r S teel C a s tin g s ,”  by  C. J .  
D adsw ell, P h .D .,  B .S c ., I n g .E .S .F . ,  a n d  T. R . 
W a lk e r, M .A .; “ The R en a issan ce  of th e  S teel 
C a s tin g  a n d  th e  R ole  of th e  M e ta l lu rg is t ,”  by
F . A. M elm oth  (p re sen te d  on b eh a lf  of th e  
A m erican  F o u n d ry m e n ’s A sso c ia tio n ); a n d  “  T he 
R e la tio n sh ip  B etw een  th e  Q u a lity  of I ro n  and  
S tee l C a stin g s  a n d  th e  N a tu re  of M a te r ia ls  of 
th e  M e lt ,”  by  D r .- In g . P .  B a rd en h e u e r .

A t 5.30 p .m . M r. W . B. L ak e  in  a  sh o rt speech 
closed th e  C ongress.

SATURDAY, JUNE 17
Soon a f te r  n in e  o ’clock n e a r ly  tw o  h u n d re d  

d e leg a te s  a n d  lad ies h a d  assem bled a t  P a d d in g 
to n  S ta tio n  to  p a r t ic ip a te  in  th e  E x cu rs io n  which 
h a d  been a r ra n g e d  to  W in d so r C astle  an d  on 
th e  R iv er T ham es. The jo u rn e y  to  W in d so r was 
m ade  by ra il ,  a n d  a f te r  a n  in sp e c tio n  of th e  
C astle , lu n ch eo n  w as ta k e n  a t  th e  C astle  H o te l. 
I n  th e  a f te rn o o n  th e  p a r ty  b o a rd ed  th e  s te am er 
“  C liveden ”  fo r th e  jo u rn e y  up  th e  R iv e r  to  
B o u rn e  E n d , from  w here  a r e tu r n  t r a in  to  
L ondon  was ta k e n .

A D D IT IO N A L  C O N G R E S S  P A P E R S
A lth o u g h  n o t d iscussed  a t  an y  of th e  te c h 

n ica l sessions, th e  fo llow ing  P a p e rs  w ere  also 
p re sen te d  to  th e  C o n g re ss :— “ F o u n d ry  E d u c a 
t io n  in  G re a t B r i ta in ,”  by  J .  G. P e a rc e , M .S c ., 
M .I .E .E . ,  F . I n s t .P .  ; “  T he W o rk  of th e  T ech
n ica l C o m m itte e ,”  by  J .  W . G a rd o m ; “ R ecom 
m en d a tio n s  on T h ree  L ead ed  B ronze  B e a r in g  
A lloys,”  by th e  N o n -F e rro u s  S ub -C o m m ittee  of 
th e  T echn ica l C o m m itte e ; an d  “ In d u s t r ia l  
L eg is la tio n  in  S o u th  A fr ic a ,”  by  A. H . G uy (p re 
sen ted  on b eh alf of th e  S o u th  A fr ic a n  B ra n ch  
of th e  I n s t i tu te  of B r i t is h  F o u n d ry m e n ).

POST CO N GRESS T O U R
T he com prehensive to u r  of B r i tish  fo u n d ries  

w hich  h a d  been  a r ra n g e d  to  follow th e  I n t e r 
n a tio n a l F o u n d ry  C ongress, s ta r te d  on S u n d ay , 
J u n e  18, w hen a lm ost one h u n d re d  m em bers of 
th e  C ongress, re p re se n tin g  seven teen  n a tio n a li
tie s , le f t  P a d d in g to n  S ta tio n , L ondon , by t r a in  
fo r B a n b u ry . H e re  th e  p a r ty  d e tra in e d  and  
p roceeded  on a s ig h tsee in g  m o to r coach d riv e  via  
S u lg rav e  M an o r, L ea m in g to n , w here  luncheon  
w as ta k e n , K e n ilw o rth , W arw ick , and  S tra tfo rd -  
on-A von to  B irm in g h am , w hich was reached  
a b o u t 7 p .m .

B irm in g h a m
M r. A. T ip p e r, B ra n c h -P re s id e n t, welcom ed 

th e  p a r ty  on b eh alf of th e  B irm in g h a m  B ra n ch  
of th e  I n s t i tu te ,  re p re se n ta t iv e s  of w hich  sp e n t 
a  h a p p y  a n d  in fo rm a l ev en in g  w ith  th e i r  g u ests .

On M onday  m o rn in g , J u n e  19, th e  g en tlem en  
v isited  th e  w orks of th e  A u s tin  M o to r C om pany , 
L im ite d , w here  th ey  w ere k in d ly  e n te r ta in e d  to  
a lun ch eo n  p re s id ed  over by  th e  R t .  H o n . L o rd  
A u s tin  of L o n g b rid g e . M r. R . E rd o s  (H u n 
g a ry ) an d  M r. W . B. L ak e  p roposed  a vo te  of 
th a n k s  to  L o rd  A u s tin  a n d  th e  com pany . T he



a f te rn o o n  w as sp e n t in  th e  Soho F o u n d ry  of 
M essrs. W . & T. A very , L im ited , who w ere 
th a n k e d  by M r. W . H a n k s , of A u s tra lia .

The lad ies en jo y ed  a  p le a sa n t sig h tsee in g  drive  
in to  W o rceste rsh ire  d u r in g  th e  day , and  in  th e  
ev en in g  jo in e d  th e  d e leg a tes  as guests  a t  a 
d in n e r  g iven  by th e  B irm in g h am , C o v en try  an d  
W est M id lan d s B ra n ch . M r. A. T ip p e r, who p re 
sided  a t  th e  d in n e r , a n d  M rs. T ip p e r received  
th e  g u ests  an d  expressed  th e  p lea su re  of th e  
B ra n ch  a t  b e in g  ab le  to  e n te r ta in  so m an y  over
seas v is ito rs . R ep lies on beh alf of th e  guests 
w ere m ade  by M r. L u to s ław sk i (P o lan d ), M r. 
A m undsen  (N orw ay), an d  M r. R a u te rk u s  (G er
m an y ). D a n c in g  follow ed.

On th e  fo llow ing m o rn in g , T uesday , th e  w orks 
of th e  M id lan d  E le c tr ic  M a n u fa c tu r in g  Com
pan y , L im ite d , w ere v is ite d  befo re  th e  p a r ty  e n 
t r a in e d  fo r  D e rb y  a t  12.40 p .m .

D e rb y
M r. an d  M rs. C. W . B igg  an d  o th e r rep re sen 

ta t iv e s  of th e  E a s t  M id lan d s B ran ch  welcomed 
th e  v is ito rs  on a r r iv a l  a t  D erby . M o to r coaches 
w ere w a itin g  a n d  w hile th e  lad ies w ere ta k e n  on 
a  v is it to  th e  R o y a l C row n D erb y  p o rcela in  fac 
to ry  a n d  th ro u g h  th e  b e a u tifu l  p a rk s  in  th e  
loca lity , th e  g en tlem en  w ere g iv en  th e  o ppor
tu n ity  of in sp e c tin g  th e  fo u n d ries  of L ey ’s M al
leable C astin g s C om pany, L im ited , R olls Royce, 
L im ite d , a n d  Q u alcast, L im ited .

A ccom m odation fo r th e  n ig h t w as prov ided  
a t  M atlock , w here, in  th e  even in g , M r. R . H . 
B u ck lan d  (B ra n c h -P re s id e n t)  p resided  over a 
d in n e r  a t  w hich th e  E a s t  M id lan d s B ra n ch  ac ted  
as hosts. M r. R . E rd o s , th e  M ayor of D erby  
(A ld erm an  D . S. B u tle r , J .P . ) ,  D r. M. B a rr i-  
gozzi ( I ta ly )  an d  S ig n o r M ario  Olivo (I ta ly ) 
rep lied  to  th e  to a s t  of “  The G u ests ,”  which 
was proposed by th e  B ra n ch -P re s id e n t.

On W ednesday , J u n e  21, th e  de leg ates v is ited  
th e  w orks of B am fords , L im ite d , U tto x e te r ,  th e  
S ta n to n  Iro n w o rk s C om pany, L im ited , an d  I n t e r 
n a tio n a l Com ibustion, L im ite d , an d  th e  ladies 
m ade  an  a ll-d ay  excursion  in to  D erb y sh ire , re 
tu r n in g  in  tim e  to  jo in  th e  gen tlem en  on an  
ev en in g  t r a in  to  Sheffield.

Sheffie ld
W ith in  an  h o u r of a rr iv a l  a t  Sheffield those 

on th e  to u r  w ere be ing  e n te r ta in e d  a t  a d in n e r  
as th e  gu ests  of th e  Sheffield B ran ch , whose 
P re s id e n t, M r. M alcolm  B row n, an d  th e  L ord  
M ay o r of Sheffield welcomed th e  p a r ty .  M r. 
R o usseau , of F ra n c e , rep lied  on beh alf of th e  
v is ito rs  who, a f te r  d in n e r , w ere ta k e n  on a 
sh o rt m o to r coach d rive  th ro u g h  th e  b e a u tifu l 
scen ery  in  th e  ne ighbourhood  of Sheffield.

V isits  to  H a d  fields, L im ited , and  F ir th -  
V ickers S ta in le ss  S teels, L im ited , w ere m ade by 
th e  de legates d u rin g  th e  m o rn in g  of T h u rsd ay , 
J u n e  22, an d  a f te r  luncheon  th e  fo u n d ries  of 
th e  E n g lish  S teel C o rp o ra tio n , L im ite d , and  
D avy  & U n ited  E n g in e e r in g  C om pany, L im ited , 
w ere in spected .

M a n ch es te r
The lad ies w ere e n te r ta in e d  d u rin g  th e  day 

by th e  ladies of th e  Sheffield B ra n ch  m em bers. 
An early  even ing  d e p a r tu re  from  Sheffield 
enab led  th e  v isito rs  to  reach  M an ch este r in  tim e  
fo r a n  in fo rm al re ce p tio n  by th e  L an cash ire  
B ran ch , on whose b ehalf M r. A. L. K ey 
(B ran ch  P re s id e n t)  an d  M rs. K ey , an d  M r.
H . V . G ru n d y  (C h a irm an  of th e  R ecep tio n  Com
m ittee ) an d  M rs. G ru n d y  welcomed th e  guests.

In  th e  com pany of L an cash ire  lad ies, th e  
v is itin g  lad ies sp en t F r id a y , J u n e  23, a t  C hester. 
The gen tlem en  m ade a  m o rn in g  v is it to  M a th e r  
& P la t t ,  L im ited , an d  a f te r  luncheon were 
shown th e  w orks of th e  M e tro p o litan  V ickers 
E le c trica l C om pany, L im ited .

The L an cash ire  B ran ch  e n te r ta in e d  th e  
v is ito rs  to  a d in n e r a t  th e  M id lan d  H o te l in  th e  
even ing , w hen M r. R . G reenw ood proposed  the  
h e a lth  of “  O ur G u ests ,” and  th is  w as responded 
to  by M r. Y. G ran stro m  (Sw eden), M r. F . B. 
B a h k e r (H o llan d ), an d  M r. F . C. K reb s 
(D en m ark ). S ir  F re d e ric k  J .  W est, C .B .E ., 
J .P . ,  proposed th e  to a s t of th e  I n s t i tu te  an d  th e  
L an cash ire  B ran ch , to  which M r. W. B. L ake 
and  M r. A. L. K ey  rep lied .

The first p a r t  of th e  P o s t C ongress T our was 
b ro u g h t to  a close a t  m id-day  on S a tu rd ay , 
w hen, a f te r  in sp ec tin g  th e  w orks of C raven  
Bros. (M an ch este r), L im ited , th e  C h a irm an  (M r. 
R . Greenw ood) an d  th e  com pany e n te r ta in e d  th e  
de legates to  a luncheon a t  th e  works.

A bou t s ix ty  m em bers of th e  p a r ty  d e p a rted  
from  M an ch este r in  th e  a fte rn o o n , w hile th e  
rem a in d e r, in c lu d in g  some a d d itio n a l m em bers, 
s ta r te d  on th e  second p o rtio n  of th e  T our, by 
t r a in  to  W in d erm ere .

S cotlan d
S u n d ay , J u n e  25th, w as sp en t q u ie tly  in  th e  

L ak e  D is tr ic t ,  an d  in  th e  even ing  th e  p a r ty  p ro 
ceeded by ro ad  from  W in d e rm ere  to  K esw ick and  
e n tra in e d  fo r  Glasgow. M onday , too, was a 
re s tfu l  day , on w hich th e  p a r ty  was ta k e n  by 
s te am er down th e  F i r th  of Clyde as th e  guests 
of th e  S co ttish  B ran ch . On th e  t r ip  S ir  Ja m es 
L ith g o w  (C h a irm an  of th e  S co ttish  R ecep tio n  
C om m ittee) welcom ed th e  de legates an d  th e i r  
lad ies, on whose beh alf M r. P o lcza rsk i and  M r. 
H araso w sk i (bo th  of P o lan d ) responded .

A n in fo rm a l recep tio n  was held in  th e  even
in g , w hen M r. J .  S iss in er (N orw ay) ex p la in ed



t h a t  th e  overseas d e leg a te s  h ad  lea rn ed  th a t  M r.' 
L ak e  w ould be leav in g  th e  T o u r on th e  follow 
in g  W ednesday . On b eh alf of th e  overseas 
de leg a te s  a n d  th e i r  lad ie s  he  th e n  m ad e  a 
p re se n ta tio n  to  M r. L ak e , who b riefly  resp o n d ed .

T u esd ay , J u n e  27, w as g iv en  o ver to  w orks 
v is its  in  G lasgow. T he m o rn in g  p ro g ram m e 
allow ed th e  g en tle m e n  to  v is it  e ith e r  H a r la n d  & 
W olff, L im ite d , B abcock & W ilcox, L im ite d , o r
G. & J .  W eir , L im ite d . T h e  lad ie s  m eanw hile  
en jo y ed  a  m o to r d r iv e  a ro u n d  th e  . “ T h ree  
Lochs ” an d  su b seq u en tly  jo in e d  th e  g en tlem en  
a t  a lu n ch eo n  g iv en  by th e  S c o ttish  B ra n ch  
an d  p resid ed  over by  M r. D an  S h a rp e  (C onvener 
of th e  R ecep tio n  C o m m ittee).

T he w orks of th e  S in g e r M a n u fa c tu r in g  Com 
pan y , L im ite d , th e  C a rro n  C om pany , a n d  Glen- 
field & K en n ed y , L im ite d , w ere v is ite d  in  th e  
a f te rn o o n , a n d  a  m ost en jo y ab le  d a y  w as b ro u g h t 
to  a  close by  th e  b r i l l ia n t  C ivic R e ce p tio n  by 
th e  L o rd  P ro v o s t a n d  C o rp o ra tio n  of G lasgow in  
th e  C ity  C ham bers.

An e a rly  d e p a r tu re  from  Glasgow w as m ade 
on W ed n esd ay , J u n e  28, a n d  befo re  luncheon  
th e re  was a  d riv e  to  th e  F o r th  B rid g e . S ig h t
seeing  in  E d in b u rg h  occupied  th e  a f te rn o o n , a n d  
th e  h a p p y  days in  S co tlan d  w ere  b ro u g h t to  a 
conclusion  by a  d in n e r  g iv en  by th e  S co ttish  
B ra n ch . M r. W . R o ttm a n n  (G erm any) p roposed 
th e  to a s t  of “  T he I n s t i tu te  of B r i tish  F o u n d ry -  
m e n ,”  a n d  M r. T. M akem son, S e c re ta ry , who 
p a r tic ip a te d  in  th e  com plete to u r , re sponded . 
T he h e a lth  of th e  overseas g u ests  was proposed 
by M r. D . S h a rp e . A re p ly  was m ade  by  M r. 
P ie r r e  Denis., of B elg ium , who p a r tic u la r ly  

• th an k ed  M r. J .  B ell, S co ttish  B ra n ch  S e c re ta ry ,

fo r th e  m ost able w ay in  w hich he h a d  a r ra n g e d  
th e  S co ttish  section  of th e  to u r .  M r. B ell b riefly  
responded .

N e w c a s tle
On T h u rsd a y  m o rn in g  th e  p a r ty  tra v e lle d  on 

by t r a in  to  N ew castle -u p o n -T y n e , w here  M r.
E . B. E llis  (B ra n c h -P re s id e n t)  a n d  o th e r  m em 
bers of th e  N ew castle  B ra n ch  welcom ed th em  
an d  e n te r ta in e d  th em , on b eh a lf  of th e  B ra n ch , 
to  a  lun ch eo n . T h ere  w as a  m o to r d riv e  to  th e  
R o m an  W all in  th e  a f te rn o o n , a n d  in  th e  e v en 
in g  M r. E llis  p re s id ed  over a  d in n e r  g iv en  by 
th e  B ra n ch . T he to a s t  of “  T he G u e s ts ,”  w hich 
he p roposed , w as re sp o n d ed  to  by M r. S issiner, 
whose re m a rk s  w ere su p p o rte d  by  M r. T. F u j i t a ,  
of J a p a n ,  a n d  M r. H a raso w sk i, who spoke in  
seven lan g u ag es , in c lu d in g  J a p a n e se .

M r. R . E rd o s , on b eh a lf  of th e  overseas dele
g a te s , th e n  p a id  a t r ib u te  to  M r. T. M akem son, 
S e c re ta ry  of th e  I n s t i tu te ,  fo r  h is w ork  in  con
nec tio n  w ith  the . C ongress a n d  T o u r, a n d  on b e 
h a lf  of th e  d e leg a te s  he  p re sen te d  a s ilv er c ig a r
e tte  box to  M r. M akem son , who b riefly  re 
sponded.

F r id a y , J u n e  30, th e  la s t  d ay  of th e  to u r ,  w as 
sp e n t in  v is itin g  th e  w orks of C. A. P a rso n s  & 
C om pany, L im ite d , a n d  S ir  WT. G. A rm stro n g  
W h itw o rth  & C om pany  ( Iro n fo u n d e rs ) , L im ite d . 
L uncheon  was a g a in  p ro v id ed  by  th e  N ew castle  
B ran ch , who h a d  also a r ra n g e d  fo r th e  lad ie s  to  
be ta k e n  to  W h itley  B ay  in  th e  m o rn in g .

T he S c a n d in a v ia n  m em bers o f th e  T o u r re 
m ain ed  in  N ew castle , fro m  w hence th e y  r e tu rn e d  
to  th e ir  c o u n tr ie s  on th e  fo llow ing  day . The 
re m a in in g  m em bers of th e  p a r ty  r e tu rn e d  to  
L ondon  by “  T he C o ro n a tio n  ”  in  th e  ev en in g
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i  ou  a re  a ll ta m il ia r  w ith  th e  c ry s ta llin e  
n a tu re  o f m eta ls . I f  a p iece of m e ta l is polished 
a n d  e tch ed  w ith  a  su itab le  re a g e n t, th e  c ry sta ls  
of which it  is composed a re  rev ea led  as a m osaic 
fi tt in g  to g e th e r  lik e  th e  stones in  c razy  p av ing . 
The s e p a ra te  c ry sta ls  s ta n d  o u t d is t in c t  from  
each o th e r  because th e  re a g e n t e tches th e  su r
face  of each  in to  m in u te  p a ra lle l fa ce ts  w hich 
reflect th e  lig h t in  a c h a ra c te ris tic  w ay. F u r th e r ,  
th is  te c h n iq u e  of po lish ing  a n d  e tch in g  has be
come e x trem e ly  u se fu l in  th e  s tu d y  of m eta ls , 
because th e  m ech an ica l p ro p e rtie s  of a m eta l 
a re  fo u n d  to  dep en d  on th e  size a n d  shape  of th e  
c ry s ta ls  of w hich  i t  is com posed. W hile  in  a 
p u re  m eta l th e  c ry sta ls  a re  a ll of th e  sam e k in d , 
th o u g h  d iffe ren tly  o r ie n ta te d , in  th e  g en era l 
case of a n  alloy, tw o  o r m ore  ty p es  of c ry sta l 
m ay  be p re sen t, and  changes in  th e  shapes of 
th e  c ry s ta l blocks cause  v a r ia tio n s  in  m echanical 
p ro p e rtie s  w hich  a re  so e x trem e  t h a t  i t  is h a rd  
to  believe one is d e a lin g  w ith  essen tia lly  th e  
sam e m a te ria l.

One h as m ere ly  to  th in k  of th e  ra n g e  of p ro 
p e rtie s  e x h ib ited  by  iro n  c o n ta in in g  a l i t t le  
carbon  to  rea lise  anew  how re m a rk ab le  th is  
phenom enon is. T he only  c o n s titu e n ts  a re  n early  
p u re  iro n  ( fe r r i te ) ,  th e  c a rb id e  of iro n  (cem en- 
t i te ) ,  an d  in  some cases g ra p h ite , y e t  d ep en d in g  
on th e  w ay th ese  c ry sta ls  a re  in te r le a v e d  w ith  
each  o th e r  a n d  on th e ir  re la tiv e  am o u n ts  we 
g e t th e  whole g a m u t of p ro p e rtie s  of c a s t iro n , 
w ro u g h t iro n , m ild  s teel, h a rd  steel, an d  so 
fo r th , w ith  m an y  finer aspects of b eh av io u r an d  
c h a ra c te r  ab o u t w hich you know  so v ery  m uch 
m ore th a n  I  do. T he h e a t- tre a tm e n t  a n d  fo rg 
ing  o r co ld-w ork ing  w hich finally  g ives th e  m eta l 
th e  desired  p ro p e rtie s  does th is  by  m o u ld in g  th e  
c ry sta ls of th e  m osaic in to  c e r ta in  shapes. By 
ex p erien ce , th e  a p p e a ra n c e  of th e  e tch ed  speci
m en u n d e r  th e  m icroscope has been co rre la te d  
w ith  i ts  m echan ical p r o p e r t ie s ; hence th e  va lue  
of th e  m icroscope as a  u se fu l too l in  th e  in d u s
t r ia l  lab o ra to ry .

X -R a y  Analysis
M y th em e  in  th is  le c tu re  is th e  new  tech n iq u e  

of X -ra y  an a ly sis  as ap p lied  to  th e  s t ru c tu re  of 
m eta ls . T he c ry s ta llin e  n a tu re  of m e ta ls  im 
plies t h a t  th e  a to m s a re  a r ra n g e d  in  p a tte rn s .

By m eans of X -ray  an aly sis, we can  n o t only 
discover th e  p a t te rn  in  an y  p a r tic u la r  case, b u t 
c an  also g e t m ore d e ta ile d  in fo rm a tio n  a b o u t th e  
size a n d  shape of th e  reg io n s of p e rfe c t p a tte rn ,  
th e  w ay in  which a tom s of m ore th a n  one k ind  
a re  in c o rp o ra te d  in to  i t  in  a n  alloy, in te rn a l  
s tra in ,  a n d  so fo r th . T he in fo rm a tio n  y ielded 
by X -ray s  can  be sum m ed up  by say in g  t h a t  i t  
is w h a t we w ould o b ta in  if  we h ad  a  m icroscope 
so pow erfu l t h a t  i t  en ab led  us to  see th e  atom s 
in  th e  m eta l. One m ay p ic tu re  a specim en 
w hich has been polished an d  e tch ed  in  th e  u sua l 
way. O rd in a ry  m icroscopic e x am in a tio n  shows 
th e  m osaic blocks, layers, needles, e tc ., which 
we have  le a rn t  to  in te r p r e t  as re g a rd s  th e ir  in 
fluence on th e  p ro p e rtie s  of th e  m eta l. W e now 
sw ing ro u n d  a h igher-pow ered  ob jec tive  on to  
th e  ax is of th e  m icroscope (X -ray  analysis), and  
as we m ove th e  specim en a b o u t b en ea th  i t  we 
see all th e  a tom s d raw n  u p  in  th e  se rried  ran k s  
of a c ry s ta l p a t te rn .  I f  i t  is a n  alloy  of one 
m eta l w ith  a  sm all p ro p o rtio n  of a n o th e r , atom s 
he re  a n d  th e re  a re  d iffe ren t from  th e  re s t, and  
we c an  see how th e  s t ru c tu re  em bodies these  
fo re ig n  a tom s, w h e th er th ey  a re  a rra n g e d  a t  
ran d o m , o r re g u la rly , o r g e t in to  c lu s te rs  or 
sheets. The in te rp re ta tio n  of th e  X -ray  re su lts  
is n o t so s tra ig h tfo rw a rd  an d  sim ple as my 
analogy  would in d ic a te , fo r  i t  depends upon  a 
ra th e r  p ro fo u n d  an d  o f te n  difficult analysis of 
th e  d iffrac tio n  of X -ra y s  by th e  m a te ria l,  b u t  in  
p rin c ip le  we have  a n  X -ra y  m icroscope a t  ou r 
d isposal.

I t  is c lear t h a t  such  a n  e x am in a tio n  provides 
a w ealth  of in fo rm a tio n  w hich we c an n o t afford 
to  n eg lect, a n d  th a t  we m u st see how i t  can  be 
used  to  im prove  tech n ica l m ethods. A new 
m eth o d  such as th is  is developed f irs t of a ll by 
sc ien tis ts  w ork ing  in  a  U n iv e rs ity  lab o ra to ry . 
T hey  h av e  l i t t le  o r  no ex p erien ce  of th e  tech n ica l 
side, a n d  w hen th e y  describe th e  new know ledge 
th e y  have  o b ta in ed , th e i r  opposite  n u m bers in  
in d u s try  a re  a p t  to  say  w ith  p e rfe c t t r u th ,  “  This 
is a ll v e ry  in te re s tin g , b u t  i t  does n o t help  us 
to  u n d e rs ta n d  w hy a  c e r ta in  alloy is good and  
an o th e r  b ad , why one h e a t- tre a tm e n t  gives th e  
d esired  re su l t  w hile a n o th e r  is d is a s tro u s ; in  
fa c t,  i t  seems to  h av e  l i t t le  b e a r in g  on th e  w ealth  
of know ledge w hich  we hav e  acq u ired  by  experi-



m e n t an d  o b se rv a tio n  over m an y  y e a rs .”  B y 
d egrees, how ever, th e  g ap  is b rid g ed . T e n ta tiv e  
e x p e rim e n ts  w ith  th e  new  X -ra y  m ethods show 
t h a t  th e  in fo rm a tio n  ab o u t a to m ic  s t ru c tu re  
th e y  g ive c an  be c o rre la te d  w ith  d esirab le  or 
u n d e s irab le  p ro p e rtie s , an d  a body of em p irica l 
know ledge is a cq u ired . F u r th e r ,  in  a w ay w hich  
is d ifficult to  define b u t  none th e  less im p o r ta n t,  
a  new  m eth o d  like  X -ra y  an aly sis fu rn ish e s  us 
w ith  new  w ays of th in k in g . I t  helps to  
“  e x p la in  ”  th e  p ro p e rtie s  of m eta ls , an d  
a lth o u g h  th e  e x p la n a tio n  m ay  be a t  f irs t a  v ery  
du b io u s an d  lam e one, y e t an y  g u id in g  id e a  is 
b e t te r  th a n  none. W h en  t ry in g  new  com bina
t io n s  of m e ta ls  or t r e a tm e n ts  th e re  a re  so m an y  
possible p e rm u ta t io n s  an d  co m b in a tio n s t h a t  any  
clue w hich  in d ic a te s  likely  lines of ad v an ce  is 
b e t te r  th a n  m ere  t r i a l  a n d  e r ro r  m ethods.

In d u s tr ia l A p p lic a tio n  o f Science
X -ra y  an alysis is  ju s t  a t  th is  s ta g e  w hen its  

im p o rta n ce  in  in d u s try  is b e g in n in g  to  be 
recognised , an d  like  o th e rs  who have  devo ted  
them selves to. its  d evelopm en t, I  am  v ery  keen  
t h a t  in d u s try  should  ta k e  fu ll a d v a n ta g e  of its 
possib ilities . As I  see i t ,  th e re  a re  tw o w ays in  
w hich  as p u re  sc ien tis ts  we can  f u r th e r  th is  end. 
I n  th e  f irs t p lace , we should  t r y  to  ex press th e  
re su lts  of o u r resea rch es in  as c lear an d  d ire c t a 
w ay  as possible, in  o rd e r t h a t  th e  busy  in d u s
t r ia l is t ,  who h as no tim e  to  w ade th ro u g h  th e  
m ass of d e ta ile d  o b se rv a tio n s an d  analysis w ith  
w hich  we m u st su p p o r t  o u r  conclusions in 
sc ien tific  P a p e rs , m ay  a p p re c ia te  w h a t we have 
fo u n d  o u t. I  r a n k  th is  as of th e  firs t im 
p o rtan c e , a n d  th in k  t h a t  as sc ien tis ts  we are  
o f te n  to  b lam e fo r o u r n eg lec t to  do o u r d u ty  
in  th is  re sp ec t. T he tro u b le  now adays is n o t 
so m uch  any  lack  of new  know ledge, b u t  th a t  
th e re  is such a  p ro fu s io n  o f P a p e rs  t h a t  no one 
c an  k eep  p ro p e rly  a b re a s t  even of h is own 
p a r t ic u la r  su b jec t. As I  believe S ir  Jo s ia h  
S ta m p  p u t  i t  re cen tly , know ledge is be in g  m ined 
in  lab o ra to r ie s  a n d  b u rie d  in  p e rio d ica ls, ju s t  
as gold is d u g  o u t of th e  e a r th  w ith  g re a t 
lab o u r  a n d  b u rie d  in  th e  v a u lts  of th e  banks. 
T he p re se n t le c tu re  is a n  a t te m p t  on m y p a r t  
to  fulfil m y d u ty  to  describe  as sim ply  as I  can 
w h a t we have  fo u n d  o u t an d  w h a t we a re  t r y 
in g  to  do.

I n  th e  second p lace, i t  is o u r d u ty  in  th e  
U n iv e rs itie s  to  t r a in  y o u n g  m en  w ho a re  ad ep ts  
a t  th is  p a r t ic u la r  k in d  of w ork  an d  who can  be 
ta k e n  over by in d u s try . I t  is no good m in im is
in g  th e  t r a in in g  w hich  is re q u ire d . One m u st 
n o t th in k  t h a t  i t  is only  a  q u estio n  of b u y in g  
th e  necessary  a p p a ra tu s  a n d  a sk in g  any 
la b o ra to ry  w o rk er to  em ploy i t  a t  odd tim es. 
A n X -ra y  a n a ly s t needs as long  a n d  specialised  
a t r a in in g  as an  o rg a n ic  chem ist or m e ta llu rg is t

if  he  is to  ta k e  a d v a n ta g e  of a ll th e  t r ic k s  of 
th e  t r a d e  w hich we h av e  l e a r n t  by  b i t t e r  ex 
p e rien ce . To em ploy a m an  who h a s  n o t  h ad  
th is  a d v a n ta g e  is to  c o u rt d isa p p o in tm e n t. On 
th e  o th e r  h a n d , as I  th in k  we c an  c la im  t h a t  
th e  ex p erien ce  of sev era l b ig  concerns in  th is  
c o u n try  h as show n, a n  X -ra y  a n a ly s t of th e  
r ig h t  k in d , w hen  le t  loose in  a n  in d u s tr ia l  
lab o ra to ry , can  a t ta c k  problem s fro m  a n  e n tire ly  
new  an g le  a n d  a r r iv e  a t  so lu tio n s w hich have  
p rev io u sly  been  u n a tta in a b le .  I  am  personally  
e x trem e ly  k een  to  see th e  new m eth o d  used  in  
th e  r ig h t  w ay, a n d  welcom e th e  o p p o r tu n ity  
afforded  by th is  le c tu re  to  f u r th e r  th e  good 
cause.

in te r p r e ta t io n  o f P h en o m en a
T he an a ly s is  of c ry s ta l  s t ru c tu re s  by  X -ray s  

is c a r r ie d  o u t  by  o b se rv in g  how th e  c ry s ta ls  
s c a t te r  o r  d iffra c t a  beam  of X -ra y s  fa ll in g  u p o n  
i t .  T he re g u la r  se rr ie d  ra n k s  of a to m s s c a tte r  
w avele ts as th e  X -ra y  w aves pass ov er th em , a n d  
th ese  w avele ts com bine to  b u ild  u p  d iffrac te d  
w aves in  c e r ta in  d ire c tio n s  acco rd in g  to  well- 
know n o p tic a l p r in c ip les . T he a r t  of X -ra y  
an a ly sis  consists in  d ed u c in g , fro m  th e  d is
t r ib u t io n  an d  s t re n g th  of th ese  d iffrac te d  beam s, 
th e  n a tu r e  of th e  a to m ic  p a t t e r n  w hich  has 
p ro duced  th em . I t  is a  cu rio u s  a n d  r a th e r  
spec ia lised  a r t ,  because  one c a n n o t p ro ceed  by 
an y  c u t  a n d  d r ie d  m eth o d . I t  is m ore  like  
so lv ing  a cross-w ord puzzle  th a n  a p p ly in g  a  
log ical m a th e m a tic a l an a ly sis . A se ries o f 
guesses m u s t be m ade , a n d  w hen th e  r ig h t  
one is h i t  u p o n  e v e ry th in g  fa lls  in to  p lace w ith  
such com pleteness t h a t  th e  c o rrec tn ess  of th e  
so lu tio n  is obvious. A firs t o b jec t is th e  d is
covery  of th e  c ry s ta l p a t te rn ,  b u t  in  th e  case 
of m eta l s tru c tu re s  th is  is  o f te n  of a s im ple  
n a tu r e  a n d  is easy  to  recognise . F u r th e r  re 
finem en ts co n sis t in  n o tin g  how th e  a to m s (if  
m ore th a n  one k in d  is p re sen t)  a re  d is t r ib u te d  
am o n g st th e  p o in ts  of th e  p a t te rn ,  how  ex 
ten d e d  a re  th e  re g im e n ts  of a to m s w hich  h a v e  
a  p a t te rn  w ith  th e  sam e o r ie n ta t io n , w h e th e r  
th e re  a re  c e r ta in  p re fe r re d  d ire c tio n s  of 
o r ie n ta tio n , a n d  so fo r th .  T hese p o in ts , w hich  
w ill be d e a lt  w ith  m ore  fu lly  below , assum e a 
v ery  g re a t  im p o rta n c e  in  th e  s tu d y  of m e ta ls  
an d  alloys, a n d  d em an d  a th o ro u g h  know ledge 
of physical o p tic s  a n d  long  ex p e rien c e  in  
in te rp re ta t io n .

T h e  P o w d e r M e th o d
The m ost w idely  used  m eth o d  of s tu d y in g  

th e  s t r u c tu r e  of a  m e ta l o r  alloy is  know n  as 
th e  “  pow der m e th o d .”  T he alloy  is red u ced  
to  a  s ta te  of fine po w d er by  filing  o r g r in d in g , 
an d  a  speck of th is  pow der (e q u iv a le n t to  th e  
am o u n t of m e ta l in  a  p in ’s h e ad ) is a tta c h e d  
to  a  fine h a ir  o r  p laced  in  a  v e ry  th in  g lass



tu b e .  The pow der is m o u n ted  a t  th e  cen tre  
•of a cy lin d rica l “  c am era  ”  an d  a p ho to 
g ra p h ic  film is p laced  a ro u n d  its  rim . A slit  
system  allows a beam  of X -ray s  to  fa ll upon  
th e  speck of pow dered  m a te ria l,  an d  th e  d if 
fra c te d  X -ray s  a re  re g is te re d  by th e  film. This 
is a m ethod  of u n iv e rsa l a p p lic a tio n , since i t  is 
a lw ay s possible to  o b ta in  th e  alloy  in  a pow dered 
fo rm , a n d  i t  is easy  to  quench  or an n ea l th e  
pow der an d  so g e t i t  in to  an y  desired  co n d ition . 
O fte n , how ever, th e  very  a c t of pow dering  
d estro y s some c h a ra c te r is tic  of th e  m eta l in  bulk  
which we w ish to  s tu d y . In  such cases one re 
so rts  to  th e  less co n v en ien t m ethod  of allow ing 
th e  X -ray s  to  fa ll u p o n  th e  su rfa ce  of a n  e n tire  
spec im en , a n d  re co rd in g  th e  ray s  w hich a re  d if
fra c te d  back w ard s upon  a film or p la te . Tn 
special cases i t  m ay  be possible to  p ick  o u t single 
c ry s ta ls  of th e  alloy, o r such c ry sta ls  m ay  form  
in a th in  w ire , an d  th is  p e rm its  a m ore th o ro u g h  
a n aly sis  of th e  d iffrac tio n . W h atev e r th e  
m ethod , th e  p rin c ip le  is t h a t  of reco rd in g  th e  
d iffrac te d  beam s and  ded u cin g  th e  n a tu re  of 
th e  a to m ic  p a t te rn  w hich gave rise  to  them .

F a c e -C e n tre d  C u b ic  S tru c tu re
The s tru c tu re s  of m ost m eta ls belong to  one 

o r  o th e r  of tw o v ery  sim ple ty p es , w hich a re  
those  we w ould ex p ec t fo r a n u m b er of spheres 
of eq u al size packed  to g e th e r  t ig h tly . B oth  
th ese  s tru c tu re s  hav e  “  cubic ”  sym m etry . 
Im a g in e  a  se t of cubes s tacked  to g e th e r  
in  every  d irec tio n , a n d  th e n  suppose th e  
cubes to  be re p re se n ted  by rods a long  th e  
edges, m ak in g  a so r t  of scaffolding as 
if  we w ere e re c tin g  th e  steel fram ew o rk  of a 
b u ild in g  in te n d e d  to  have  cubical room s. W e 
a re  go ing  to  sweep aw ay  th is  scaffolding even
tu a l ly ,  i t  is m ere ly  a schem e of re fe ren ce  to  
d esc rib e  how th e  a tom s a re  a rra n g e d . I n  th e  
firs t ty p e  of s tru c tu re ,  called  “  face-cenjtred 
•cubic,”  a n  a tom  is p laced  a t  every  cube co rn er 
a n d  a t  th e  c en tre  of every  cube face. T his is 
a c tu a lly  one of th e  m ost efficient ways of pack
in g  balls of a  g iven  size to g e th e r. I t  would 
obviously  be inefficien t to  p lace th em  a t  th e  
c o rn e rs  of th e  cubes alone, fo r th e n  th e  balls 
would r id e  on top  of each o th e r  an d  leave la rg e  
g aps. By p lac in g  th em  a t  cube co rners an d  
cube c en tre s  th e  g re a te s t  possible p ro p o rtio n  
of th e  av a ilab le  space is ta k e n  u p , each a tom  
h a v in g  tw elve n e ig h b o u rs  packed  t ig h t ly  ro u n d  
it.  The second w ay is n o t  q u ite  so space-sav ing , 
b u t  n e a r ly  so. T he a tom s a re  p laced  a t  th e  
co rners of th e  cubes an d  a t  th e i r  c en tres , th e  
so-called “  b o d y -cen tred  cubic ” la tt ic e .

C opper, n ick e l, a lu m in iu m  an d  lead , am ongst 
th e  com m on m eta ls , c ry sta llise  w ith  a face- 
c e n tre d  cubic s tru c tu re ,  w hereas iro n  a n d  chro
m ium  h av e  th e  b o d y -cen tred  cubic s tru c tu re .

A lth o u g h  th e  causes w hich  lead  to  a m eta l 
ta k in g  up  th e  one s tru c tu re  o r th e  o th e r  a re  as 
y e t im p e rfec tly  u n d e rsto o d , i t  is c lear t h a t  in 
th e  case of iro n  th e  ba lan ce  is easily  tip p e d  one 
w ay o r th e  o th e r. P u r e  iro n  is body-cen tred  a t  
room  te m p e ra tu re , becom es face -cen tred  a t  900 
deg. C., an d  changes back  to  b o d y -cen tred  a t  
1,400 deg. C ., n o t fa r  below its  m e ltin g  p o in t. 
T his v ac illa tio n , as is well know n, is a n  essen
t ia l  fe a tu re  in  th e  m e ta llu rg y  of iro n . Z inc 
an d  t in  a re  exam ples of m eta ls which have  m ore 
com plex s tru c tu re s .

B in a ry  and C o m p le x  A llo ys
W hen we pass from  th e  s tru c tu re s  of p u re  

m eta ls to  those  w hich a re  fo rm ed  w hen tw o or 
m ore m eta ls a re  alloyed to g e th e r, th e  s to ry  be
comes m uch m ore com plicated . I  m ay  d raw  
exam ples from  a p rogram m e of resea rch  which 
has now been go ing  on in  m y lab o ra to ry  fo r 
severa l y e a rs  u n d e r  th e  d irec tio n  of D r. B ra d 
ley, who has been responsib le  fo r m an y  develop
m en ts  of th e  pow der m ethod  of X -ra y  analysis. 
W e have  been ta k in g  th e  common m eta ls , iron , 
n ickel, cobalt, copper an d  chrom ium , and  
e x am in in g  th e ir  alloys w ith  each o th e r  an d  w ith  
a lu m in iu m . I  have  p u t  i t  in  th is  w ay because 
th e re  is a  closer k in sh ip  betw een  th e  m em bers 
of th e  first-nam ed  g roup  th a n  betw een an y  of 
th em  an d  a lu m in iu m . T h e ir alloys w ith  each 
o th e r a re  e ith e r  b o dy-cen tred  or face-cen tred  
cubic like  th e  p u re  m eta ls , or a re  a m ix tu re  of 
b o dy-cen tred  a n d  face -cen tred  c ry sta ls  when 
m ore th a n  one phase is p re sen t. I f  a lu m in iu m  
is alloyed w ith  th em  an d  w hile its  q u a n ti ty  is 
s t i ll  sm all, th e  sim ple s tru c tu re  of these  m eta ls 
co n tin u es to  a sse rt itse lf. The a lu m in iu m  falls 
in to  line  w ith  them , an d  we g e t a s tru c tu re  in 
which, fo r in s tan c e , all th e  a tom s a re  a t  th e  
co rners an d  face  cen tres  of cubes, b u t  some of 
th em  a re  a lu m in iu m  an d  th e  re s t  th e  a tom s of 
th e  o th e r m eta ls . F o r b re v ity , th e  face-cen tred  
s tru c tu re s  m ay  be called  a, an d  th e  body-cen tred  
B, irre sp ec tiv e  of th e  c o n s titu e n t m eta ls . The 
G reek le t te r s  a, ¡3, 7 w ere used  fo r d iffe ren t 
ty p es of alloys befo re  th e ir  a tom ic  p a tte rn s  were 
know n, and  i t  is now som ew hat d ifficult to  de
vise a c o n sis ten t n o m en c la tu re . B ody-cen tred  
iro n  is co n v en tio n ally  called  a fo r in s tan c e , and  
th e  face -cen tred  alloys of copper a re  also called 
a. I n  th e  p re sen t g en era l t r e a tm e n t  i t  ap p ea rs  
ju s tif iab le  to  o v errid e  th e  fo rm er conventions 
and  co rre la te  these  le tte rs  w ith  s tru c tu re  types, 
because we o therw ise  g e t in to  such hopeless con
fusion  w hen we come to  deal w ith  alloys of th re e  
o r m ore m eta ls . W e m ay  sum m arise  by say ing  
t h a t  th e  alloys of iro n , copper, n ickel, cobalt 
and chrom ium  w ith  a lu m in iu m  a re  o. or B, o r a 
m ix tu re  of a a n d  B, as long as th e  p ro p o rtio n  cl 
a lu m in iu m  is n o t h ig h . T he iro n -a lu m in iu m



alloys, fo r in s tan c e , a re  b o d y -cen tred  u n t il  th e  
n u m b er of a lu m in iu m  atom s exceeds t h a t  of iro n  
a tom s.

W ith  in c re a s in g  a lu m in iu m  th e  s tru c tu re s  be
come v e ry  com plex. Som e hav e  been  w orked 
o u t, o th e rs  s ti ll  d e fy  an a ly sis . M an y  of th em  
a re  r a th e r  lik e  th e  P s t r u c tu r e  b u t  w ith  c e r ta in  
a to m s le f t  o u t in  a sy m m etrica l w ay  a n d  th e  
o th e rs  sh u n te d  u p  to  close th e  holes th u s  le f t .  
F in a lly , a f te r  a  d e sp e ra te  e ffo rt to  c ry sta llise  
w ith  some fan cy  s t ru c tu re  w hich  c an  still 
accom m odate  th e  fo re ig n  a lu m in iu m  a tom s, th e  
p ro b lem  is g iv en  u p  as hopeless, a n d  th e  n e x t 
p h ase  w hich  a p p e a rs  is a lm ost p u re  a lu m in iu m , 
th e  m e ta l d isso lv ing  v e ry  l i t t le  of th o se  in  th e  
f irs t g ro u p .

T h e  s tu d y  of th ese  com plex phases (each phase 
h as a c h a ra c te r is tic  c ry s ta llin e  p a t te rn )  is of 
g r e a t  in te re s t  because  of i ts  b e a r in g  on m e ta llic  
ch em is try , fo r  we w a n t to  know  th e  reaso n s fo r 
th e  fo rm a tio n  of th e  m an y  p a tte rn s .  I t  is 
in te re s t in g  to  n o te , how ever, t h a t  p ra c tic a lly  
a ll th e  alloys of te c h n ica l im p o rta n ce  a re  a or 
p  alloys, th e  com plex s tru c tu re s  b e in g  so b r i t t le  
t h a t  th e y  a re  useless. I  n eed  n o t  th e re fo re  
in flic t u p o n  you an y  d e sc rip tio n  of th e  la t t e r .  
I f  we ex am in e  by X -ray s  a lm o st a n y  of th e  
m eta ls  w hich  a re  p ra c tic a lly  u se fu l, we find th e  
d iffrac tio n  p a t te rn  c h a ra c te r is tic  of body- 
c e n tre d  cub ic  o r fa ce -ce n tre d  cub ic  s tru c tu re s . 
T h ere  a re  a  few  ex cep tio n s such  as th e  l ig h t  
alloys of m ag n esiu m  now com ing  to  th e  fo re , 
a n d  alloys o f base  m eta ls  such as t in  and  
an tim o n y .

S tru c tu re  and M e ch a n ica l P ro p e rtie s
I f  all t h a t  X -ra y  a n a ly sis  could  do w ere to  

d isco v er t h a t  o u r  u se fu l m e ta ls  a n d  alloys have  
a n  a o r P s t ru c tu re ,  you m ig h t well q u estion  
w h e th e r  i t  w ere  p e rfo rm in g  m uch  service. 
H ow ever, i t  goes m uch  f u r th e r  th a n  th is .  The 
im p o r ta n t  (an d  d ifficult) p a r t  of th e  analysis 
consists in  t r a c k in g  dow n cu rio u s  a n d  su b tle  
m od ifications of th e  a r ra n g e m e n t of a tom s on 
th e  la t t ic e  p o in ts , w hich  have  a p ro fo u n d  effect 
on th e  m ech an ica l a n d  o th e r  p ro p e rtie s  of th e  
m eta l.

To ta k e  th e  q u estio n  of m ech an ica l s tre n g th  
first, u p o n  w h a t does i t  d ep en d ?  To be s tro n g  
is in  m an y  cases th e  p r im a ry  d u ty  of a  m e ta l, 
b u t  as y e t  we h av e  h a rd ly  an y  id ea  as to  w h a t 
d e te rm in e s  th e  s tre n g th .  A p u re  m e ta l in  
w hich th e  a to m s a re  a r ra n g e d  w ith  com plete 
r e g u la r ity  as a sing le  c ry s ta l h a s a  v an ish in g ly  
sm all re s is ta n c e  to  d e fo rm a tio n . A th in  rod  of 
cad m iu m , fo r in s tan c e , w hich  h as been  care fu lly  
g row n as a  s in g le  crystal., feels as so ft as b u t te r  
a n d  can  be p u lled  o u t  betw een  o n e ’s fingers, 
th e  shee ts of a to m s s li th e r in g  ov er each  o th e r  
like  a  p ack  of ca rd s. T his b e h av io u r of a

m e ta l is in  sh a rp  c o n tra s t  to  t h a t  of c ry s ta ls  
of o th e r  k in d s  such as c ry s ta ls  of m in e ra ls . A 
p iece  of q u a r tz  is none th e  w eak e r because  i t  
is p u re  a n d  p e rfe c tly  c ry sta llised . I t s  a to m s 
a re  he ld  to g e th e r  by bonds w hich  h av e  to  be 
b ro k en  b e fo re  d e fo rm a tio n  can  ta k e  p lace. A 
m e ta l can  h a rd ly  be called  a t r u e  solid , because  
i ts  a to m s can  u n d e rg o  a n  a lm o st in fin ite  
re la tiv e  m o v em en t w ith o u t  d e s tru c tio n  of th e  
coherence  of th e  su b s tan ce .

Im p e r fe c tio n s  in S tru c tu re  and S tre n g th  
o f M e ta ls

T he s t r e n g th  of a m e ta l a p p e a rs  to  be based 
on im p e rfec tio n s  of s t r u c tu r e  w hich  can  be in tro 
duced  in  tw o w ays. I f  th e  p e rfe c t c ry s ta l is d is
to r te d  by co ld -w ork ing  so t h a t  i t  is b ro k en  u p  
in to  a  m ass of c ry s ta ll ite s  w ith  d iffe re n t o r ie n ta 
tio n s , i t  becom es s tro n g  an d  re s is ts  d e fo rm a tio n . 
I t s  s t r e n g th  is a lso in c reased  if  th e  r e g u la r ity  of 
its  c ry s ta ll in e  a r ra y  is d is tu rb e d  by th e  in tro 
d u c tio n  of fo re ig n  a tom s, by  a llo y in g  i t  w ith  
a n o th e r  e lem en t. As a n  an a lo g y , le t  u s  co m p are  
th e  a to m s to  a  n u m b er of c a rs  in  a c a r  p a rk  
I f  th e  a t t e n d a n t  of th e  p a rk  know s h is  b usiness, 
th e  ca rs  a re  a ll a r ra n g e d  in  re g u la r  row s, in  a 
c ry s ta llin e  a r ra n g e m e n t in  fa c t ,  a n d  w hen th e  
ow ners com e to  rec la im  th e m  th e y  c an  eas ily  be 
w ith d raw n . R e la tiv e  m ovem en ts of th e  c a rs  a re  
possible ju s t  because  of th e  re g u la r ity  of th e i r  
a r ra n g e m e n t H ow ever, if  th e  ow ners a re  
allow ed to  p a rk  th e i r  c a rs  w ith  n o  a r ra n g e m e n t 
w h a tev e r, th e y  becom e jam m ed  in  a  “  solid 
m ass .” T h e  d ire c tio n  of easy  m o v em en t of one 
c a r  is a th w a r t  t h a t  of ’i t s  ne ig h b o u rs ,»  a n d  i t  
w ill ta k e  m uch  tim e  a n d  p a tie n ce  b e fo re  th e  
m ass can  be b ro k en  u p . A lte rn a tiv e ly , diffi
cu ltie s  w ould be ex p erien ced  if  we alloyed th e  
c a rs  w ith  c h a ra b an c s  ir r e g u la r ly  d is t r ib u te d  
th ro u g h  th e  m ass. T hey  a re  w id e r a n d  lon g er 
th a n  th e  cars , a n d  spoil th e  r e g u la r i ty  of 
a r ra n g e m e n t, so th a t  a g a in  th e  row s o f ca rs  
c a n n o t be m oved p a s t each  o th e r . T he im m ov
a b ility  of th e  c a rs  is n o t  d u e  to  an y  l in k in g  of 
one c a r  to  i ts  n e ig h b o u rs , b u t  to  th e  confusion .

T he s tu d y  of m e ta ls  h a s  m ade  i t  c le a r  t h a t  
th e i r  s t re n g th  com es, n o t fro m  bonds b e tw een  
n e ig h b o u rin g  m e ta l a tom s, b u t  from  i r re g u 
la r i t ie s  of s tru c tu re .  T he sh ee ts  of a to m s in  th e  
p e rfe c t m e ta l s l i th e r  over each  o th e r  q u ite  easily , 
b u t  m u s t dc so in  c e r ta in  d ire c tio n s  re la te d  to  
th e  c ry s ta ll in e  s tru c tu re .  I f  th e  m e ta l is b ro k en  
u p  in to  c ry s ta ll ite s  w ith  d iffe re n t d ire c tio n s  of 
easy g lide , th e  m o v em en t in  one c ry s ta l  is incom 
p a tib le  w ith  t h a t  of i ts  n e ig h b o u rs  a n d  th e  
whole m ass jam s. I f  fo re ig n  a to m s a re  p re se n t 
th ey  se t u p  c e n tre s  of local d is tu rb a n c e  and  
s t r a in  a n d  block th e  av en u es of easy  g lid e  like  
lo rrie s  in  a n a rro w  s tre e t .

A lth o u g h  i t  seem s to  be es tab lish ed  t h a t  th e  
s t re n g th  of m e ta ls  a rises  in  th is  w ay, a n d  t h a t



th e ir  com bined d u c ti l i ty  an d  to u g h n ess a re  due 
to  th e  ease w ith  w hich a tom s can  g lide  p a s t  th e ir  
n e ighbours com bined w ith  th e  jam m in g  effect of 
th e  im p e rfec tio n s  caused  by th e  m ovem ent, y e t 
th e  p ro p e r th e o re tic a l basis fo r  c a lcu la tio n s  of 
s tre n g th  is s till  lack in g . W e hav e  no w ay of 
c a lcu la tin g  th e  e lastic  l im it  in  te rm s  of th e  
s tru c tu re ,  no way of e s tim a tin g  th e  ten s ile  
s tre n g th  in  figures. T h is is one of th e  m ost 
fa sc in a tin g  problem s in th e  rea lm  of th e  p ro p e r
tie s  of m a t te r ,  an d  m an y  people a re  a tta c k in g  
i t,  b u t  th e re  a re  a t  p re se n t a lm ost as m any  
te n ta t iv e  th eo rie s  as re sea rch ers  upon  th e  
sub jec t.

Im p u re  « o r  S S tru c tu re s
I  now w ish to  p ic tu re  th e  s ta te  of a ffa irs  in  a 

m eta l w hich  has one of th ese  sim ple  a o r /? 
s tru c tu re s , b u t  w hich is n o t p u re . W e w ill su p 
pose t h a t  m e ta l A has a c e r ta in  a m o u n t of 
a n o th e r  m eta l B alloyed w ith  i t ,  an d  th a t  th e  
B atom s, which rep lace  A a to m s h e re  an d  th e re , 
do n o t fit com fo rtab ly  in to  th e  comm on p a tte rn .  
I  w ill a g a in  ta k e  a n  an alogy , t h a t  of a n u m b er 
of so ld iers d ra w n  up  on p a rad e , a n d  as we a re  
to  have  tw o  k in d s  of a tom s we w ill suppose th e  A 
sold iers to  be th in  an d  th e  B sold iers s to u t.  The 
m en  a re  to ld  to  fa ll in , a n d  do so in  th e  o rd e r 
in  w hich  th e y  a r r iv e  a t  th e  p a rad e  g ro u n d , th e  
succession of A an d  B so ld iers in  each  ra n k  be in g  
a  ra n d o m  one. W hen  th e y  a re  o rd ered  to  
“  d re ss ,”  so t h a t  th e  ra n k s  m ay  be in  lin e  a n d  
th e  m en  in  th e  ra n k s  beh in d  covering  those in  
f ro n t, th e  tro u b le  beg ins. The p a rad e  is bound  
to  be rag g ed , because th e  s to u t  so ld iers occupy 
m ore room  th a n  th e  th in  ones. H ow  can  m a tte rs  
he s tra ig h te n e d  o u t?

I  have  ta k e n  th is  ana lo g y  because th e  v a rious 
so lu tions I  am  g o ing  to  p ro ffer co rresp o n d  to  
th e  a rra n g e m e n ts  w hich  X -ra y  an a ly sis  revea ls 
in  alloy s tru c tu re s . A h ero ic  so lu tio n  w ould be 
to  te ll a ll th e  f a t  m en  to  fa ll  o u t a n d  p a ra d e  
by them selves in  a n o th e r  c o rn e r of th e  field, 
a n d  th e n  to  close u p  th e  ra n k s  of th e i r  th in  
com rades. A n o th e r so lu tio n , in v o lv in g  less 
d ra s t ic  tro o p  m ovem ents, w ould be to  b u n ch  th e  
f a t  m en  a t  c e r ta in  p o in ts , so t h a t  th e  eye of 
th e  rev iew in g  g e n e ra l is less offended by th e  
ran d o m  a lte rn a tio n  of th e  tw o ty p es  as he  ru n s  
i t  a long  th e  lin e . A n o th e r so lu tion  w ould be 
to  shuffle th e  B soldiers, w hile  k eep in g  each  in  
h is own ra n k , u n t il  th e  B soldiers in  th e  r e a r  
ra n k s  covered  th o se  in  th e  f ro n t  ra n k . T his 
would hav e  th e  a d v a n ta g e  of k e ep in g  th e  files 
in  co rrec t a lig n m en t. S till  a n o th e r  so lu tio n  is 
possible w hen th e  ra tio  of B to  A so ld iers is a 
sim ple one, w hen fo r in s tan c e  th e re  a re  equal 
num bers of A a n d  B so ld iers o r  w hen one so ld ier 
in  fo u r  is s to u t. I n  th e  first case th e  m en 
would be to ld  to  reshuffle u n t il  th e re  is a  re g u la r  
a lte rn a tio n  s to u t- th in -s to u t- th in  a long  each

ra n k . T his w ould have  th e  a d v a n ta g e  of re a lis 
in g  an  abso lu te ly  re g u la r  fo rm a tio n , th o u g h  I 
am  a fra id  th e  p a ra d e  w ould have  a  c e r ta in  
com ic a sp ec t w hich  w ould n o t be p leasin g  to  
th e  serious m il i ta ry  m ind .

R eshufflings of ju s t  th is  ty p e  ta k e  p lace  in  an  
alloy s tru c tu re .  One m u s t rem em ber t h a t  w hen 
th e  alloy solidifies fro m  th e  m elt, th e  a tom s do 
n o t n ecessarily  re m a in  fixed in  th e  positions 
th ey  f irs t ta k e  up  in  th e  c ry s ta llin e  s tru c tu re . 
V ery  considerab le  m ovem ents of a tom s m ay  ta k e  
place w ith in  th e  fram ew o rk  of th e  solid  s ta te . 
T he w ell-know n process of m ak in g  a n  alloy 
hom ogeneous is a n  exam ple. T he firs t p o rtio n s 
to  so lid ify  hav e  a d iffe ren t com position  from  th e  
la s t, y e t if  th e  alloy is held  a t  a te m p e ra tu re  
w hich  is h ig h , y e t  well below th e  m eltin g  p o in t, 
a  d iffusion  of a tom s ta k e s  p lace w hich re n d ers  
th e  whole hom ogeneous. I n  p e rfo rm in g  such 
m ovem ents a tom s m u s t w an d er d is tan ces  in  th e  
s tru c tu re  w hich a re  m an y  th o u sa n d  tim es 
g re a te r  th a n  th e  d is tan ce  be tw een  n e ighbours , 
a n d  as th is  is done by a  successive process of 
neighbours c h an g in g  places, such changes m u st 
be ta k in g  p lace w ith  th e  g re a te s t  of ease. The 
en erg y  w hich is req u ired  to  m ake n e ig h b o u rin g  
a tom s in te rc h a n g e  th e ir  p o sitions is su p p lied  by 
th e  h e a t. The a tom s a re  in  v io len t random  
m ovem ent, an d  once in  a  w hile  i t  chances t h a t  
th is  m ovem en t piles u p  so m uch  a t  c e r ta in  
places t h a t  a  reshuffle of a tom s ta k e s  place, 
th e  m ore f req u e n tly  th e  h ig h e r th e  te m p e ra tu re .

A p p lic a tio n  o f  th e  A n a lo g y
The analogy  betw een  an  alloy a n d  th e  ra n k s  

of u n eq u al so ld iers m ay  be c le a re r if  I  ta k e  
som e specific cases as exam ples. L e t  us ta k e  
th e  case of a m e ta l A w hich  a t  a h ig h  tem 
p e ra tu re  can  hold  a c e r ta in  a m o u n t of a m eta l 
B in  so lu tion . F o r  in s tan c e , above 500 deg . 0 . 
a lu m in iu m  can  hold ov er 5 p e r cen t, of copper 
in  so lu tio n , a n d  a t  750 deg. C. s ilv er can  hold 
7 p e r  cen t, of copper in  so lu tio n . T h is im plies 
t h a t  a t  th e  e lev a ted  te m p e ra tu re s  th e  h e a t
m ovem ents a re  so v io len t t h a t  th e  co p p er a tom s 
a re  b e in g  knocked  a b o u t fro m  one p o sitio n  to  
a n o th e r  on th e  a lu m in iu m  la t t ic e . A lth o u g h  
th e i r  p o sition  on th e  la t t ic e  involves consider
able s tra in ,  w hich would be re liev ed  if  th e y  go t 
to g e th e r  in  c lu s te rs  to  fo rm  se p a ra te  copper- 
rich  c ry sta ls , th e  h e a t  m ovem ents a re  co n tin u a lly  
b re ak in g  u p  such in c ip ie n t c lu s te rs  a n d  d is
t r ib u t in g  th e  co p p er a to m s a ll th ro u g h  th e
la tt ic e . As th e  alloy cools, th e  ten d en cy  fo r
th e  cop p er a to m s to  c o n c e n tra te  a n d  “ come 
o u t  of so lu tio n  ”  a sse rts  its e lf . T he alloy 
b re ak s  u p  in to  c ry s ta ls  o f tw o ty p es , one con
s is tin g  of a lu m in iu m  c o n ta in in g  only a 
f ra c tio n a l p e rcen tag e  of copper, th e  o th e r  a  
copper-rich  a lloy  w hich is rough ly  CuA12 in



th e  one case, a n d  n e a r ly  p u re  cop p er in  th e  
o th e r.

The final r e s u l t  of cooling  th e  alloy d ep en d s , 
how ever, on  th e  r a te  of cooling , a n d  is th e  
re su lt  of a com prom ise  be tw een  tw o  effects of 
te m p e ra tu re .  T he lessen in g  vio lence of th e  
h e a t  m ovem en ts as th e  alloy  cools m ak es i t  
possible fo r  th e  co p p er c lu s te rs  to  ho ld  to g e th e r, 
in s te a d  of b e in g  e v a p o ra te d  th ro u g h o u t  th e  
a lu m in iu m  la t t ic e . A t th e  sam e tim e  th e  
shuffling  of a tom s becom es a  m ore  slugg ish  
a ffa ir, fo r th e  c o n c e n tra tio n  of sufficient h e a t  
en erg y  a t  one p o in t to  enab le  tw o  a to m s to  
in te rc h a n g e  th e i r  po sitio n s becom es a n  even 
r a r e r  e v en t. W e g e t  d if fe re n t ty p es  of s t ru c 
tu r e  acco rd in g  to  th e  r a te  of cooling , a n d  in  
f a c t  c an  i l lu s t r a te  w ith  th ese  alloys th re e  of 
th e  m eth o d s of m ak in g  a  p a ra d e  m ore re g u la r  
w hich  I  h av e  o u tlin e d  above.

I f  a n n ea led  fo r a sufficient tim e  a t  a te m p e ra 
tu r e  som ew hat above 300 deg. 0 . ,  th e  copper 
atom s come o u t  of so lu tio n  an d  fo rm  se p a ra te  
co p p er-rich  c ry sta ls . T h is is th e  so lu tio n  of 
w ith d raw in g  th e  s to u t  so ld iers from  th e  ra n k s  
a n d  d ra w in g  th e m  up  in  a  s e p a ra te  fo rm a tio n  
a t  th e  o th e r  en d  of th e  p a ra d e  g ro u n d . I f  th e  
alloy is ra p id ly  quenched , th e  copper a tom s have  
in su ffic ien t t im e  to  m ove, a n d  re m a in  in  th e ir  
ran d o m  positions. T his involves a  s ta te  of con
s id e rab le  s tra in ,  a n d  since even  a t  room  te m 
p e ra tu re  th e  a tom s a re  occasionally  ab le  to  
ch an g e  th e i r  p o sitions, a  process ta k e s  p lace 
w hich re lieves th e  s t r a in  som ew hat. I t s  n a tu re  
has been  re ce n tly  in v e s tig a te d  by  P re s to n  a t  
th e  N a tio n a l P h y s ica l L a b o ra to ry , a n d  m ay  be 
com pared  to  reshuffling  th e  so ld iers t i l l  th e  s to u t  
ones in  successive ra n k s  “  cover ”  each  o th e r  so 
as to  re s to re  th e  re g u la r ity  of th e  files. C opper 
atom s ch an g e  p lace  w ith  n e a re s t  n e ig h b o u rs  t il l  
th e y  a re  a r ra n g e d  in  m in u te  flakes o r sheets, a 
few a tom ic  d is tan ces  a p a r t .  I f  th e  alloy  is 
w arm ed  to  be tw een  200 a n d  300 deg. C ., a 
f u r th e r  ch an g e  ta k e s  p lace. T he a tom ic  m ove
m en ts  becom e m ore lively , th e  flakes a re  b ro k en  
up , an d  th e  copper a tom s se g reg a te  in to  m in u te  
local c lu s te rs  o r is lands , w hich is lik e  g ro u p in g  
th e  s to u t  so ld iers a t  c e r ta in  p o in ts  in  th e  ra n k s  
so t h a t  th e  b re a k  in  re g u la r ity  is n o t so 
a p p a re n t.  A t a  s t i ll  h ig h e r  te m p e ra tu re ,  th e  
m ass m ovem ents ta k e  p lace  w hich  lead  to  th e  
fo rm a tio n  of s e p a ra te  la rg e  c ry sta ls . T h is suc
cession of e v en ts  has been confirm ed by some 
re ce n t m easu rem en ts  by Sykes a n d  Sw indells on 
th e  h e a t  ev o lu tio n  o r a b so rp tio n  w hich ta k e s  
p lace  in  th e  alloy.

T he re a r ra n g e m e n ts  of th e  a tom s hav e  a  p ro 
fo u n d  in fluence on th e  m ech an ica l p ro p e rtie s  of 
th e  alloy , w hich  is know n as “  a g e -h a rd e n in g .” 
T he ran d o m  a rra n g e m e n t of th e  copper a tom s in

th e  fresh ly  quenched  alloy gives a  B rin e ll h a rd 
ness of a b o u t 65, w hich  in creases to  100 w hen 
th e  co p p er-rich  flakes a re  fo rm ed , fa lls  w hen 
th e y  dissolve, a n d  increases to  a b o u t 80 fo r th e  
g e n e ra l ty p e  of p re c ip ita tio n . I n  a  copper- 
b e ry lliu m  alloy th e  h a rd n ess  in creases fro m  160 
to  n e a rly  400 by th e  se g reg a tio n  of th e  be ry lliu m  
atom s. A lth o u g h  we c a n n o t c a lcu la te  th e  
h a rd n ess  o r  m ech an ica l s tre n g th ,  i t  is an  
im p o r ta n t  f irs t s te p  to  hav e  d iscovered  
th e  a to m ic  a rra n g e m e n ts  w hich  g ive  rise  
to  i t .  T he se g reg a tio n  of th e  fo re ig n  a tom s 
on th is  m in u te  scale d estro y s th e  u n ifo rm ity  of 
th e  s t r u c tu r e  a n d  g ives r ise  to  ra p id ly  v a ry in g  
local s tra in s  w hich a p p a re n tly  stop  th e  y ield  of 
th e  m a te r ia l  u n d e r  stress .

A n o th e r ex am ple  is a ffo rded  by such  a n  alloy 
as /3-brass, which is com posed of a lm o st equal 
n u m b ers  of a to m s of co p p er a n d  zinc. T he com 
m on p a t t e rn  of p o in ts  occupied  by th e  a to m s is 
th e  /? s t ru c tu re ,  b o d y -cen tred  cub ic . A t h igh  
te m p e ra tu re s  th e  p o in ts  of th e  p a t t e r n  a re  occu
p ied  in d isc r im in a te ly  by cop p er a n d  z inc  a tom s. 
A t low te m p e ra tu re s  th e y  so r t  th em selves ou t, 
a ll copper a tom s g o ing  to  cube co rn ers  a n d  zinc 
a tom s to  cube c en tres . T h is is th e  so lu tio n  of 
p lac in g  equal n u m b ers  of A a n d  B so ld iers in  a 
re g u la r  A-B-A-B a r ra n g e m e n t in  o rd e r  to  
ach ieve u n ifo rm  ra n k s . The re a r ra n g e m e n t  has 
a  p ro fo u n d  in fluence  on c e r ta in  physica l p ro p e r
tie s  of th e  m a te r ia l  such as e n erg y  c o n te n t and  
e le c tr ica l re s is tan c e . T am m an n  m an y  y ears  ago 
d iv in ed  th a t  th is  reshuffling  to o k  p lace , b u t  it  
is only  re ce n tly  t h a t  i t  h a s  been confirm ed  by 
X -ray s. T h o u g h  n o t  of g re a t  te c h n ica l im p o r t
ance , i t  is of consid erab le  sc ien tific  in te re s t ,  be
cause  i t  affo rds one of th e  few  cases w here  
th eo ry  h as been  ap p lied  to  a  m e ta llu rg ic a l 
phenom enon w ith  consp icuous success. I t  has 
been  fo u n d  possible (B o re liu s, D e h lin g e r, th e  
a u th o r  a n d  E . J .  W illiam s, a n d  o th e rs )  to  
acco u n t th e rm o d y n am ica lly  fo r  th e  co urse  of th e  
ch ange . I t  is, of cou rse , th e  h e a t  m ovem ents 
w hich  keep th e  a tom s shuffled up  a t  th e  h ig h e r  
te m p e ra tu re s , w hile  th ey  can  s o r t  them selves 
o u t a t  low er te m p e ra tu re s  in  a k in d  of f u r th e r  
c ry s ta llis a tio n  w ith in  a c ry s ta l.

T h e  Case o f P e rm a n e n t M agne ts

As a la s t  ex am p le , I  m ay  ta k e  c e r ta in  alloys 
w hich a re  used  fo r  p e rm a n e n t  m ag n e ts . I t  was 
d iscovered  by M ish in a  in  J a p a n  t h a t  c e r ta in  
alloys o f iro n , n ick e l an d  a lu m in iu m  a re  cap ab le  
of r e ta in in g  a  ve ry  la rg e  a m o u n t of m ag n e tic  
en erg y . T h e  a p p ro x im a te  co m p o sitio n  is 
E e 2N iA l. A t h ig h  te m p e ra tu re s  th e  a to m s a re  
a r ra n g e d  in  a  ran d o m  w ay on a b o d y -cen tred  
la t t ic e . I f  a n n ea led  a t  low er te m p e ra tu re s ,  th e  
alloy  b re ak s  up  in to  two' phases, one b e in g  a lm ost



p ure  iro n  a n d  th e  o th e r  ap p ro x im ate ly  F eN iA l. 
In  n e ith e r  co n d itio n  a re  i ts  m ag n e tic  p ro p e rtie s  
a t  a ll o u s ta n d in g . I f  cooled a t  th e  r ig h t  c ritic a l 
r a te ,  how ever, th e  process of se p a ra tio n  of th e  
iro n  is a r re s te d  in  an  in te rm e d ia te  s tag e . The 
iro n  a tom s come to g e th e r  to  fo rm  iro n -rich  
c lu s te rs , believed  to  be in  th e  fo rm  of shee ts or 
p la tes, b u t  th ey  rem a in  on th e  sam e body-cen tred  
p a tte rn  a s  th e  o th e r  a tom s. S ince th e  iro n  p a t 
t e rn  is sm alle r th a n  t h a t  of F eN iA l by ab o u t 
H  p e r cen t, in  volum e, th e  co n stric tio n  req u ired  
to  m ake  a ll th e  a tom s fit on th e  sam e p a tte rn  
sets up  enorm ous local s tra in s . These s tra in s  
m ake i t  d ifficu lt to  rev erse  th e  d ire c tio n  of m ag 
n e tisa tio n  of th e  m a te r ia l,  once i t  is m ag n e tised  
in a  g iven  d irec tio n , an d  hence a sam ple  of th e  
alloy m ag n e tised  by a  s tro n g  e lec tric  c u r re n t  
re ta in s  an  in ten se  m a g n e tisa tio n  w hen rem oved 
from  th e  field. T his e x p la n a tio n  was p u t  fo rw ard  
by B rad ley  in  th e  course of a n  in v es tig a tio n  for 
th e  P e rm a n e n t  M a g n e t A ssocia tion . Alloys of 
iro n , co p p er an d  n ickel show a  s im ila r effect.

The s tru c tu re s  d escribed  above are  n o t s tru c 
tu re s  of id ea l e q u ilib riu m . A cold-w orked m eta l 
which h a s  been b ro k en  up  in to  a m ass of c ry s ta l
lite s  h a s a h ig h e r  en erg y  th a n  a sing le  p e rfec t 
c ry s ta l, an d  th eo re tic a lly  i ts  a tom s should re -so rt 
them selves u n t i l  i t  “ se lf-an n eals  ”  to  b e in g  a 
p e rfe c t c ry s ta l ag a in . A n  alloy in  one of th ese  
s ta te s  of p a r t ia l  seg reg a tio n  is n o t in  t ru e  eq u i
lib riu m . I t s  c o n s t itu e n t  a tom s should  re -so rt 
them selves in to  s ing le  la rg e  hom ogeneous 
crysta ls . I n  fa c t, a m e ta l h as no  r ig h t  to  be 
s tro n g . I t  is so because i t  has been c a u g h t in  an  
in te rm e d ia te  s ta g e  before  i t  has reached  eq u i
lib riu m , a n d  a lth o u g h  th eo re tic a lly  i t  is slowly- 
w o rk in g  to w ard s  t h a t  en d , th e  process is so slow 
t h a t  fo r p ra c tic a l pu rposes we m ay  assum e i t  is 
s tab le  and  bu ild  o u r b ridges and  m ach ines w ith  
safe ty . Some r e c e n t  very  in te re s t in g  w ork by 
B ecker shows why e q u ilib riu m  is so slow of 
a tta in m e n t .  A new a rra n g e m e n t of th e  atom s 
m u st s t a r t  from  a nucleus, an d  a very  sm all 
n ucleus of th e  new  ty p e  of s t ru c tu re  ten d s  to  
d is ru p t  o r  e v ap o ra te  sim ply  because th e re  is n o t 
enough  of i t  fo r  i t  to  be m echan ically  b e tte r  
th a n  th e  e x is tin g  one. W e m ay  com pare  i t  to  
a c o u n try  in  w hich th e  m a jo r ity  of in h a b ita n ts  
would lik e  to  ch an g e  th e  fo rm  of g o v e rn m en t, 
b u t in  w hich such a ch an g e  does n o t ta k e  place

because i t  is so easy to  quell in c ip ie n t rebellion  
a t  i t s  source.

T h e  T e c h n iq u e  In d ic a te d
I t  w ould ta k e  me too  fa r  afield if  I  described 

in  d e ta il  in  th is  lec tu re  how i t  is possible to  
recognise  th ese  v a rio u s  form s of s t ru c tu re  by 
X -ra y  analysis. As an  in d ic a tio n  of th e  p r in 
ciples involved, we m ay s t a r t  from  th e  case of 
a p u re  m eta l w ith  a h ig h ly  p e rfe c t c ry s ta llin e  
s tru c tu re .  This gives d iffrac ted  beam s w hich a re  
sh a rp ly  defined in  d irec tio n , an d  from  th is  
a r ra n g e m e n t we can  deduce th e  c ry s ta llin e  
p a t te rn  of th e  m eta l. P a ss in g  now to  th e  case 
of an  alloy, if  th is  sp lits  up  in to  tw o ty p es of 
c ry s ta l a double se t of d iffrac ted  beam s, each 
c h a ra c te ris tic  of th e  s t ru c tu re  p ro d u c in g  i t ,  w ill 
be p re se n t. I f  th e  m eta l b reaks u p  in to  a m ass 
of sm all c ry s ta llite s , th e  beam s from  be ing  sh a rp  
become diffuse, an d  th e  size of th e  c ry s ta llite s  
m ay  be e s tim a te d  from  th e  b re a d th  of th e  beam s. 
I f  th e  c ry s ta llite s  a re  ro u n d , all beam s a re  
equally  d iffu se ; if  th e y  a re  p la te -sh ap ed  some are  
sh a rp  an d  som e diffuse, an d  a g a in  we can  g e t an 
ap p ro x im a te  idea  of th e  d im ensions o f th e  p lates. 
A random  a rra n g e m e n t of A and B atom s on 
th e  c ry s ta l p a t te rn  gives d iffrac ted  beam s like  a 
sim ple  c ry sta l of a o r /3 ty p e ;  if th e  A B atom s 
ta k e  up  a re g u la r  a lte rn a tio n  A B A B A B new 
beam s a p p e a r  in  in te rm e d ia te  positions w hich 
revea l w h a t has h ap p en ed . W hen  th e  a tom s 
seg reg a te  in to  c e r ta in  sheets as in  th e  age- 
h a rd e n in g  a lu m in iu m -co p p er alloy, c e r ta in  beam s 
a re  accom panied  by f a in t  “  ghost ” beam s on 
e ith e r  side. T his is a w ell-know n o p tic a l effect 
e x h ib ited  by a d iffrac tio n  g ra tin g  w hich has 
been ru led  by a fa u lty  en g ine , so t h a t  a periodic 
e rro r  is in tro d u ced  in to  th e  spac ing  of th e  lines. 
These a re  m ere ly  a  few exam p les; th e  whole 
s to ry  would be f a r  too long to  te ll  here.

I  hope I  h av e  g iven  you an  in d ica tio n  of th e  
possib ilities opened  up  by X -ra y  analysis, and  
should  like  to  end on th e  no te  w ith  w hich I  
began . The new know ledge of th e  a c tu a l posi
tio n s  of th e  a tom s in  m eta ls gives th e  p u re  
sc ie n tis t a  fo u n d a tio n  on  w hich to  base h is ex
p lan a tio n s  of m eta llic  p ro p e rtie s , and  th e  su b jec t 
of “  m e ta l physics ”  p rov ides a  u n iq u e  o p p o r
tu n i ty  fo r th e  co llab o ra tio n  of sc ien tis ts  in 
U n iv e rs ity  an d  in d u s tr ia l  lab o ra to rie s .
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T he use of sy n th e tic  m o u ld in g  sands has ex
ten d ed  ra p id ly  over th e  la s t  five y ea rs , as such 
m a te ria l shows a d v an tag e s  in  m any  cases over 
n a tu ra l  m o u ld in g  sands. The ch ief a d v an tag e s  
m ay he sum m arised  a s : — (1) G re a te r  co n tro l of 
s tre n g th  a n d  p e rm eab ility , an d  consequently  
few er ca s tin g  d e fec ts  (n a tu ra l  san d s have  f r e 
q u en tly  a h ig h  s il t  p e rce n ta g e  an d  too  low a 
p e rm e a b ility ) ; (2 ) su i ta b il ity  fo r m echanised
sand  p la n t s ; a n d  (3) econom y in  o p e ra tio n .

The p ro p e rtie s  of sy n th e tic  m o u ld in g  sands 
v ary  considerab ly , as th e y  depend  b o th  on th e  
ty p e  a n d  a m o u n t of clay p re sen t an d  also on 
th e  base sand . T he o b jec t of th e  p re se n t re 
search w as to  d e te rm in e  th e  su i ta b i l ity  of v a r i
ous clays fo r p re p a r in g  sa tis fa c to ry  m ou ld ing  
sands w hen used as b o n d in g  clays, b o th  fo r silica 
sands a n d  n a tu r a l  m o u ld in g  sands. P re se n t  
know ledge of m o u ld in g  san d s h as n o t y e t 
reached  a  p o in t w here a ll th e  physical p ro p e r
tie s  necessary  fo r  sa tis fa c to ry  m o u ld in g  can  be 
m easured  an d  specified, th o u g h  c o n tin u a l 
advances a re  b e in g  m ade  as th e  re su lt  of r e 
search , b o th  in  E u ro p e  an d  th e  U n ite d  S ta te s  of 
A m erica. The p ro p e rtie s  of th e  sy n th e tic  m ou ld 
ings in v es tig a te d  in c lu d ed  th e  g re en  an d  d ry  
s tre n g th s , p e rm e ab ilitie s  an d  re fra c to r in ess  and  
th e  in fluence of th e  clay  an d  m o is tu re  co n ten t. 
These te s ts  w ere su p p lem en ted  by a c tu a l c a s t
ing  te s ts  in  w hich  th e  in fluence  of successive 
cas tin g s on th e  m o u ld in g  san d s w as observed.

The clays ex am in ed  w e re : —
C hina C lays .— Two ch in a  clays, te rm ed  A and  

B re sp ec tiv e ly , o b ta in e d  from  th e  la rg e  ch in a  
clay d ep o sits  a t  S t. A uste ll, C ornw all, w ere used

* P resen ted  on b eh a lf  o f th e  B ritish  Cast Iro n  R esearch  Asso- 
ciation .

fo r th e  te s ts . These clays occur to g e th e r  w ith  
q u a rtz , fe lsp a r a n d  m ica a n d  a re  se p a ra ted  from  
these  coarse im p u rit ie s  by  sed im en ta tio n . They 
h ad  been m illed  to  pass a  2 0 0 -m esh sieve.

B all C lays.— These w ere from  tw o sources: —
(1) B all clays A an d  B , o b ta in e d  from  th e  ball 
clay  m ines a t  W areh am , D o rset. These clays 
a re  w eath e red  in  th e  open, and  th e  lum ps su p 
plied  w ere g ro u n d  to  pass a  30-m esh sieve be
fore  use. These ball clays a re  re g a rd e d  as 
sed im en ta ry  clays a n d  a re  believed to  have  been 
fo rm ed  like  th e  ch in a  clays from  g ra n ite  an d  to  
have been  su b sequen tly  t ra n s p o r te d  by r iv e r  or 
o th e r  ac tio n  to  th e ir  p re sen t position . (2) Ball 
c lay  C, from  a  D evon deposit. I t  h a d  been 
m illed  to  pass a  2 0 0 -m esh sieve.

F ireclays.-—(o) S to u rb rid g e  fireclays. S ix 
sam ples w ere o b ta in e d  from  th e  S to u rb rid g e  fire
clay m ines. T hey  differed  w idely acco rd in g  to  
th e  seam  from  w hich th ey  w ere o b ta in ed , some 
be ing  h ig h ly  siliceous. T he n a tu re  of th ese  de
posits has been  described  in  v a rio u s p u b lica 
t io n s . 1 2 The sam ples, w hich h ad  been p rev iously  
w eath e red , w ere g ro u n d  to  pass a  30-m esh sieve. 
( b) S co ttish  fireclay, a  m a te r ia l  o b ta in e d  from  
th e  B o n n y b rid g e  d is tr ic t .  I t  e x is ted  as a  grey 
pow der, a n d  98 p e r  cen t, of th is  m a te r ia l  as 
used in  th e  te s ts  passed  a1 30-mesh sieve.

B e n to n i te .— A good q u a lity  b e n to n ite  from  
W yom ing , U .S .A ., w as u se d .f

C olloidal C lay A .— A p ro p r ie ta ry  b o n d in g  clay 
of I r is h  o rig in . I t  was a n  e a r th e n  coloured 
pow der of ba ll c lay  c h a ra c te r.

B ed  Clay  from  a  n a tu r a l  m ou ld in g  san d . F o r 
com parison  w ith  th e  o th e r  clays th e  red  fe rru -

t  Supplied by  courtesy o f the Frederick Crane Chemical Com
pany, L im ited, Birm ingham .
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g inous clay  in  a n a tu r a l  B rom sgrove  m o u ld in g  
san d  was se p a ra te d  by  re p e a te d  se d im e n ta tio n  
of th e  san d  w ith  w a te r . T h e  c lay  su spension  
c o n ta in in g  p a r tic le s  less th a n  0 . 0 1  m m . d ia m e te r  
was allow ed to  se ttle  a f te r  floccu lation .

N a tu re  o f Basic S ilic a  Sand
The sy n th e tic  san d s w ere p re p a re d  u n d e r  

s ta n d a rd ise d  co n d itio n s, th e  base  silica  san d  
be in g  F ra n k le y  m ed ium  fine sand  h a v in g  th e  fo l
low ing  m ech an ica l a n a ly s is :  —

I t  w ill be observed  t h a t  each  g re en  s t r e n g th  : 
m o is tu re  curve  shows a w ell-m arked  m ax im um , 
th e  le f t  side  of th e  m ax im u m  b e in g  th e  reg ion  
w here  th e  san d  g ra in s  a re  too d ry  to  cohere  
well on  ram m in g . T ab le  I I  su m m arises  th e

T a b l e  I I .— Critical Moisture Content to Yield Maximum  
Green Strength.

Grade. Per cent.

Clay 0 .3
Fine silt 0 .5
Coarse silt 0 .5
Fine sand 37.6
Medium sand 60.4
Coarse sand 0.7
Gravel —

1 0 0 . 0

T he san d  was m ix ed  w ith  th e  d r ie d  clay, 
m illed  tw o m in u te s  d ry  in  a n  A u g u s t S im pson 
la b o ra to ry  m ill, w a te r  ad d ed , a n d  th e n  m illed  
ten  m in u te s . T ests show ed t h a t  g re en  s tre n g th  
w as developed in  five m in u te s  a n d  m illin g  lo n g er 
th a n  te n  m in u te s  p ro d u ced  l i t t le  o r no  change .

T he g reen  com pression  s tre n g th s  w ere 
m easu red  by  th e  B .C .I .R .A . m eth o d  a t  ram m in g  
d en sitie s  of 1.5, 1.6 a n d  1.65, th e  re su lts  a t  
ra m m in g  d e n s ity  1.6 b e in g  g iven  in  T ab le  I  an d  
show n in  F ig . 1.

Clay.
Max.
green

strength.
Moisture.

5 per cent. bentonite 13.81
Per. cent 

2.06
3 bentonite 6 . 0 1.7
5 colloidal clay A 5.7 1.5
5 china clay A 3.6 2.05
5 china clay B 2.9 2 . 6

5 ball clay A (Dorset) 6 . 1 2.3
5 ball clay C . . 4 .2 2 . 8

5 fireclay No. 6 5.15 2.35
5 fireclay No. 3 5.0 2 . 1

5 fireclay No. 4 4.19 2.44
5 fireclay No. 7 4.13 2.3
5 fireclay No. 1 3.7 2.3
5 „ fireclay No. 2 2.25 2 . 0

5 Scottish fireclay . . 3 .0 2.18
5 red clay 5.0 3.1

m ax im um g reen  s tre n g th s a t ta in e d a n d  th e
c o rre sp o n d in g  m o is tu re  c o n te n t.

I t  is c lear t h a t  b e n to n ite  h as a  g re a te r  bond
in g  pow er th a n  th e  o th e r  c lays e x am in ed . Syn
th e tic  san d s c o n ta in in g  3 p e r  cen t, of b e n to n ite , 
5 p e r  c en t, of collo idal c lay  A o r 5 p e r  cen t, of

T a b l e  I.— Green Compression Strengths of Synthetic Sands.

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

W ater, per cent. 
Green strength

3 p e e  C e n t . B e n t o n i t e .
1 .4 6  1 .5 0  2 .0 5  2 .2 4
5 .8 1  5 .8 7  5 .6 9  5 .4 4

5  p e e  C e n t . B e n t o n i t e .
1 .9 2  2 .0 6  2 . 6 0  3 .2 4

1 1 .4  1 3 .8  8 . 3  7 .2 5

5  p e e  C e n t . C o l l o id a l  C l a y  A .

2 .7 2
5 .0

3 .9 8
5 .7

1 . 0 2 1.32 1.38 1.54 1.80 1.94 2.80
3.0 5.19 5.70 5.50 5.44 5.0 3.50

5 p e e  C e n t .  B a l l  C l a y  A ( D o b s e t ) .
1 . 6 8 1.94 2.04 2.26 2.52 2 . 8 8
4.12 5.56 5.56 6 . 1 2 5.25 1.44

5  p e e  C e n t . F ib e c l a y  N o . 6 .
. .  2 .1 0  2 .2 0  2 . 5 4  2 .8 6
. .  4 .2 8  5 . 0  4 . 9 4  3 .9 4

5 p e e  C e n t . S c o t t is h  F i e e c l a y .
1 .7 6  2 .1 8  2 .4 8  2 . 9
2 .7 5  3 .0  2 .8 7  2 .1

5  p e e  C e n t . C h in a  C l a y  A .
1 .4 4  1 .7 8  1 .8 4  2 .2 4

. .  2 .2 6  2 .3 7  3 .5 6  3 . 5

5  p e e  C e n t . R e d  C l a y  ( f e o m  N a t u b a l  M o u l d in g  S a n d ). 
. .  2 .2 6  2 .6 4  3 .6 0  4 .5 4
. .  4 .6 3  5 . 0  5 .0  4 . 5

3 .5 0
2 .1 9

2 .4 6
3.34
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ball clay A h av e  a p p ro x im a te ly  th e  sam e m a x i
m um  g reen  s tre n g th .  The c h in a  clays have  low 
bond ing  pow er a n d  likew ise th e  S co ttish  fireclay  
and  N o. 1 and  No. 2 S to u rb rid g e  fireclays. I n 
c reasin g  th e  p e rce n ta g e  of c h in a  c lay  to  8  to  1 2

T a b l e  I I I .— Showing the Influence of Increasing China 
Clay Additions.

Perm eability 
test. 

Secs, per 
litre air.

Green 
strength. 
Lbs. per 
sq .in .

Moisture. 

Per cent.

4 per cent, china 
clay 14.5 2.4 2 . 2

8  per cent, china 
clay 16.5 4.7 3.0

1 2  per cent, china 
clay 2 1 . 2 1 0 . 6 2.9

1 2  per cent, china 
clay . . 21.7 7.9 3.4

per cen t, gives a n  a d eq u a te  g reen  s tre n g th ,  b u t 
th e  p e rm eab ility  of th e  m o u ld in g  san d  is g re a tly  
d im in ished , as th e  figu res (A .F .A .) of T able I I I  
show.

F ig . 1 shows th a t  th e  g reen  s t re n g th  : m o is tu re  
p e rcen tag e  cu rve  depends on th e  c lay , th e  sand  
bonded w ith  3 p e r  c en t, of b e n to n ite  g iv in g  a

curve  w ith  a  m ore ro u n d ed  p eak  th a n  th e  
o th ers . Such a cu rve  w ould a p p e a r  a d v a n ta g e 
ous in  t h a t  th e  p ro p e rtie s  of th e  sy n th e tic  sand  
a re  less su scep tib le  to  changes in  m o is tu re  con
te n t ,  a lte ra tio n s  in  th e  l a t t e r  be in g  u n avo idab le  
in  th e  fo u n d ry  ow ing to  ra p id  e v ap o ra tio n  from  
w arm  m ou ld in g  san d . The p ro p e rtie s  of th e  
san d  bonded  w ith  th e  red  clay e x tra c te d  from  a

T a b l e  IV.—Tensile Strength of Moist Clays.

Ben
tonite.

Colloidal 
clay A.

Ball
clay A.

China 
clay B.

Parts of water per 
1 0 0  parts (dry) 
clay 56.6 30 46 52

Tensile strength 
in lbs. per sq. 
in. 9.5 6.4 5.1 2 . 2

n a tu ra l  B rom sgrove m o u ld in g  san d  a re  re m a rk 
able ; th e  m ax im um  is h a rd ly  ap p rec iab le , an d  
occurs a t  a m o is tu re  c o n te n t f a r  h ig h e r th a n  
th e  t r u e  sy n th e tic  sands.

G re e n  S tre n g th  and its R e la tio n  to  th e  C lay
The g re en  s tre n g th  an d  b ond ing  pow er de

pend  v ery  considerab ly  on th e  ty p e  of clay, an d , 
in  view  of th e  im p o rtan ce  of th is  p ro p e rty  in

T a b l e  V.—Dry Strengths of Synthetic Moulding Sands.

Moisture, per cent. 

Drying temp., deg. C.

Moisture, per cent. 

Drying temp., deg. C.

3 p e r  C e n t . B e n t o n it e .

1 05  . 
1 50  . 
200 . 
2 5 0  .

Moisture, per cent. 
Drying temp., deg. C.

Moisture, per cent. 
Drying temp., deg. C.

Moisture, per cent. 
Drying temp., deg. C.

Moisture, per cent. 
Drying temp., deg. C

Moisture, per cent. 
Drying temp., deg. C.

Moisture, per cent. 
Drying temp., deg. C.

150

25 0

25 0

. 105

150

1.50 1.90 2.40 3.76
28 58 1 1 2 134
30 56 91 90
36 53 8 8 144
30 63 87 134

5 p e r  C e n t .  C o l l o i d a l  C l a y  A.
1.84 2.14 2.80 3.46

32 33 56 74
34 33 74 82
26 36 60 80
36 35 50 62

5 p e r  C e n t .  B a l l  C l a y  A.
2.26 2.76 3.20

8  30 36

5 p e r  C e n t .  F i r e c l a y  N o .  6 .
2.08 2.30 2.64 2.92

4 8 13 1 0

5 p e r  C e n t .  F i r e c l a y  N o .  3.
2.18 2.38 2.70 3.32
13 18 2 2 31

5 p e r  C e n t .  S c o t t i s h  F i r e c l a y .
1.76 2.18 2.48 2.96
3 .4  5.9 8.4 14.0

5  p e r  C e n t .  C h i n a  C l a y  A. 
2 .1 6  2 .7 4
4 . 5  3 .5

5  p e r  C e n t . R e d  C l a y  ( f r o m  N a t u r a l  M o u l d in g  S a n d ).
..................................................  3 .6 0  4 .5 4

2 5 0  - - 4 0  40

3 .4 4
16
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m o u ld in g , i t  w as of in te r e s t  to  in v e s tig a te  th e  
re la tio n sh ip  of g re en  s tr e n g th  w ith  th e  p ro p e r
t ie s  of th e  clay, an d  th u s  to  e lu c id a te  th e  fa c 
to rs  respo n sib le  fo r  g re en  s tre n g th .

A m o u ld in g  san d  consists e ssen tia lly  of san d  
g ra in s  co a ted  w ith  a  th in  la y e r  of m o is t clay, 
a n d  i t  is c le a r  t h a t  th e  r u p tu r e  of ram m ed  
m o u ld in g  san d  in v o lv in g  th e  se p a ra tio n  of th e  
co a ted  san d  g ra in s  m u s t invo lve e ith e r  th e  r u p 
tu r e  of th e  m o is t c lay  la y e r  o r r u p tu r e  be tw een  
san d  g ra in  a n d  c lay  lay e r. E x p e rim e n ts  w ere 
c a r r ie d  o u t w ith  tw o convex su rfaces  of glass 
co a ted  w ith  m o is t clay w hich  w ere p ressed  to 
g e th e r  to  im ita te  th e  san d  su rfaces  in  a m o u ld 
in g  san d , a n d  i t  w as fo u n d  t h a t  consid erab le  
fo rce  was re q u ire d  to  se p a ra te  th e  tw o  su rfaces 
a n d  th a t ,  w hen se p a ra tio n  occu rred , th e  r u p tu r e  
took  p lace  in  th e  c lay  lay e r its e lf . I t  th u s  
ap p e a re d  reaso n ab le  to  e x p ec t, fro m  th ese

c a e e n

CO*W»£J5IOt
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re q u ire d  to  s e p a ra te  th e  p la te s  m ea su re d . The 
ten s ile  s t re n g th  decreased  as th e  m o is tu re  p e r
c en tag e  in creased .

In  T able  IV  th e  ten s ile  s tre n g th s  of th e  m oist 
c lay  a re  g iv en  a t  th e  m o is tu re  c o n te n t  co rre 
sp o n d in g  to  th e  m ax im u m  g re en  s tre n g th s  of 
th e  m o u ld in g  sand . I t  is c le a r t h a t  th e  g reen  
s t r e n g th  of th e  m o u ld in g  san d , i .e .,  th e  bond
in g  pow er of th e  c lay , is d irec tly  re la te d  to  th e  
te n s ile  s t r e n g th  of th e  m o is t clay.

D ry  S tre n g th
T his fa c to r  is im p o r ta n t  fo r  g re en  sa n d  as well 

as d ry  san d  m o u ld in g , as i t  is m ain ly  on th is  
p ro p e r ty  t h a t  th e  re s is tan c e  of th e  m ould  su rface  
to  e rosion  by th e  s tre a m  of m o lten  m e ta l depends. 
I ts  v a lu e  is especially  im p o r ta n t  in  th e  case of 
sy n th e tic  m o u ld in g  san d s w hich  fre q u e n tly  have 
d ry  s tre n g th s  co n sid erab ly  low er th a n  those  of 
n a tu r a l  m o u ld in g  sands.

The d ry  s tre n g th s  of th e  sy n th e tic  m ou ld ing  
san d s a t  v a rio u s  te m p e ra tu re s  of d ry in g  an d  
in it ia l  m o is tu re  c o n te n ts  a re  g iv en  in  T ab le  V.

150
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M O I S T U R E  PERCENTAGE

F i g . 1 .— G r e e n  C o m p r e s s i o n  S t r e n g t h .

MOISTURE PERCENTAGE

F i g . 2 . — D r y  C o m p r e s s i o n  S t r e n g t h .

e le m en ta ry  ex p erim e n ts , t h a t  th e  g reen  s tre n g th  
of tjie  m o u ld in g  sand  w ould be re la te d  d irec tly  
to  th e  ten s ile  s t re n g th  of th e  m o is t c lay . E x 
p e r im e n ta l w ork  p ro v ed  t h a t  th is  was in  fa c t 
th e  case.

T he ten s ile  s t r e n g th  of m o is t c lay  h as been 
in v e s tig a te d  by  sev era l w orkers, n o tab ly  H in d  
a n d  D e g g . 3 T hey  w orked  u n d e r  co n d itio n s in  
w hich a  g ra d u a l e lo n g a tio n  of th e  clay could 
ta k e  p lace u n d e r  th e  ap p lied  forces, a n d  th e  
tim e  fa c to r  w as th e re fo re  invo lved . To e lim in a te  
th e  in fluence  of th is  g ra d u a l  e lo n g a tio n  as f a r  
as possible, a n d  to  im ita te  th e  co n d itio n s e x is t
in g  in  a  m o u ld in g  sand , th e  ten s ile  s t re n g th  was 
d e te rm in e d  on th e  m oist c lay  w ith  a  le n g th  sm all 
in  co m p ariso n  w ith  th e  c ross-section . T he m oist 
c lay  was p ressed  be tw een  tw o glass su rfaces to  
g iv e  a  cross-section  of 1  sq. in . a n d  a c learan ce  
b e tw een  th e  p la te s  of 0.074 in .,  an d  th e  fo rce

T he figu res g iv en , in  lbs. p e r sq. in ., a r e  fo r a 
ra m m in g  d e n s ity  of 1 .6 .

T he re su lts , som e of w hich  a re  g iv en  in  F ig . 2, 
show t h a t  th e  d ry  s t r e n g th  in creases w ith  m ois
tu r e  c o n te n t  a n d  w ith  th e  ra m m in g  d e n s ity . The 
in fluence  of d ry in g  te m p e ra tu re  u p  to  250 deg. 
is n o t v ery  m ark e d . T he b e n to n ite  bonded  sand , 
u s in g  only 3 p e r  cen t, of b e n to n ite , shows a  
h ig h e r  d ry  s t re n g th  t h a n  th e  o th e r  san d s con
ta in in g  5 p e r  c en t, of c lay , a n d  i t  is c le a r  th a t  
fo r d ry  san d  m o u ld in g  i t s  use  is a d v an tag e o u s , as 
also fo r d ry  san d  stee l m o u ld in g  san d s, w hich  a re  
u su a lly  h e av ily  bonded .

F o r  g re en  san d  m o u ld in g  th e  d ry  s t re n g th  
should  be a d e q u a te  to  p re v e n t  erosion  by th e  
w ash of m o lten  m e ta l. T he g re a te s t  erosion  
occurs a t  th e  b o tto m  of th e  in g a te  w here  th e  sand  
h as to  w ith s ta n d  th e  fa ll of m e ta l from  th e  lad le , 
an d  san d  g ra in s  a re  liab le  to  be c a r r ie d  in to  th e
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m ould and  p roduce inclusions which a re  tro u b le 
some if  th e  ca s tin g  is to  be enam elled  o r  if  a 
m ach ined  su rfa ce  is re q u ire d , as in  th e  case of 
cy lin d e r lin e rs . I t  is d ifficult to  fix a  d e fin ite  
m in im um  d ry  s t re n g th  since th e  erosion  d epends 
on o th e r  fa c to rs  such as th e  ty p e  of cas tin g , 
h e ig h t from  w hich th e  m eta l is p o u red , and  th e  
g ra in  size of th e  san d , a  coarse  open san d  prob
ably  re s is tin g  erosion less th a n  a  close pack in g  
fine sand . F u r th e r ,  if  th e  effect of te m p e ra tu re  
rise  is to  d im in ish  th e  d ry  s t re n g th , th e n  th e  
a m o u n t of e rosion  w ill dep en d  on th e  d ry  
s tre n g th  a t  th e  h ig h e r te m p e ra tu re  ra n g e  w here 
th is  w eakness is  show n.

A tte m p ts  to  spec ify  th e  d ry  com pression 
s tre n g th  necessary  fo r  g reen  san d  w ork have, 
how ever, been m ade. D ie te r t1 g ives figures found  
sa tis fac to ry  fo r th e  follow ing ty p es  of c a s tin g s— 
flywheels, pipes, c a r  wheels, c y lin d e r blocks, th e  
values ra n g in g  from  40 to  50 lb. p e r  sq. in . 
(A .F .A .). F . H u d so n '1 g ives g re en  san d  figures 
which a re  know n to  g ive good re su lts  (ra ilw ay  
ch a irs  and  h y d rau lic  valves), th e  d ry  com pres
sion s tre n g th s  ra n g in g  from  40 to  60 lb. p er 
sq. in . (A .F .A .). A d d itio n s  of su lp h ite  lye w ere 
recom m ended w hen th e  d ry  s tre n g th  fe ll too low.

T able  V I gives th e  d ry  s tre n g th s  a t  th e  m ois
tu re  p e rce n ta g e  a t  w hich th ese  p a r t ic u la r  sands 
would be used  fo r  g reen  sand  m ou ld ing . A used 
green  san d  fa c in g  san d  m ade from  a n a tu ra l  
B rom sgrove m o u ld in g  san d  a n d  c o n ta in in g  coal 
d u s t is included  fo r com parison , th e  m o is tu re  
c o n te n t be ing  6 . 0  p e r  c e n t.,  a n o rm al v a lu e  fo r  a
n a tu ra l  san d  of th is  ty p e .

In  o rd e r to  com pare  th ese  figu res w ith  D ie te r t ’s 
figures o b ta in e d  by th e  A .F .A . m eth o d , a  syn 
th e tic  sand  c o n ta in in g  5 p e r  cen t, fireclay No. 4 
and  2.26 p e r cen t, m o is tu re  was te s te d  by bo th
m ethods, w ith  th e  follow ing re su lts .

D ry strength.

B.C.I.R.A. method (R.D. =  1.6) .. 
A.F.A. method

6  lb. per sq. in. 
6.7 lb. per sq. in.

I t  is c lear from  T able V I t h a t  w hile  th e  f irs t 
six  sands have  a p p ro x im a te ly  th e  sam e g reen  
s tre n g th s , th e  d ry  s tre n g th s  of th e  sy n th e tic  
sands a re , w ith  th e  ex cep tio n  of th e  3 p e r cen t, 
b en to n ite  m ix tu re , co n siderab ly  less th a n  those 
of th e  n a tu r a l  m o u ld in g  sands. T he d ry  
s tre n g th s  of th e  sands bonded w ith  5 p e r cen t, of 
th e  ball o r fireclays a n d  n o t c o n ta in in g  coal d u s t 
a re  considerab ly  less th a n  th e  values specified by 
D ie te r t  an d  H u d so n . I t  w ould a p p e a r  t h a t  th is  
low d ry  s tre n g th  is in d ire c tly  responsib le  fo r th e  
o pposition  to  sy n th e tic  san d  by som e h an d  
m oulders, since  th e  sy n th e tic  san d  m ad e  by com 
b in in g  a c lay  of th is  ty p e  w ith  a  h ig h ly  perm e
ab le  san d  d ries  off a t  th e  su rfa ce  m ore ra p id ly  
th a n  a n a tu ra l  m o u ld in g  san d , g iv in g  a f r iab le

su rface  w hich is n o t re ad ily  p a tch ed  o r 
“  s leek ed .”

A p ra c tic a l t r ia l  was m ad e  in  th e  fo u n d ry  to  
a sc e r ta in  w h e th e r sa tis fa c to ry  sy n th e tic  sands 
could be p re p a re d  w ith  th e  fireclays o r  ball clays, 
in  sp ite  of th e  low d ry  s t re n g th . The san d  con
sisted  of S o u th p o r t  san d  w ith  7 p e r  cen t, fireclay 
No. 6 , 6  p e r cen t, coal d u s t, m illed  fo r  10 m in . 
and  tem p ered  to  3.2 p e r cen t, m o is tu re . No 
difficulty  was exp erien ced  by th e  h a n d  m ou lder 
in  ra m m in g  th is  san d  an d  an  iro n  box 
was successfully cas t in  th e  m ould. An 
ex ten d ed  t r ia l  was n o t m ade . I t  a p p ea rs  
th a t  sy n th e tic  san d s c o n ta in in g  fireclays of 
th is  ty p e  a re  usab le, b u t  c a re fu l co n tro l of th e  
m o is tu re  c o n te n t  is necessary.

The in co rp o ra tio n  of coal d u s t  in  a  san d  p ro 
duces a  considerab le  increase  in  th e  d ry  s tre n g th  
am o u n tin g  in  some cases to  as m uch as 50 p e r

T a b l e  V I.— Dry Strengths at Normal Moisture Contents.

Moisture.
Per

cent.

Green strength. 
(R.D. =  1.6). 

Lb. per sq. in.

Drv strength. 
(R.D. =  1 .6 ). 
Lb. per sq. in.

Facing sand 6 . 0 4.2 63
3 per cent. Ben

tonite. . 2 . 0 5.8 65
5 per cent. Col

loidal Clay A 2 . 0 5.0 35
5 per cent. F ire

clay No. 3 2.3 5.0 2 0
5 per cent. Fire

clay No. 6 2.3 5.0 8
5 per cent. Ball

Clay A 2.3 5.1 1 0
5 per cent. Ball

Clay C 2.3 4.0 6
5 per cent. China

Clay A 2.3 3.5 5

cen t. T he increase  occurs a f te r  th e  san d  has 
been in  use fo r m ou ld ing  severa l tim es , th e  effect 
being  p robably  re la te d  to  th e  fo rm a tio n  of t a r r y  
p ro d u c ts  in  th e  sand . T he u til is a tio n  of syn 
th e tic  sandsl c o n ta in in g  fireclay is th u s  e x ten d ed  
w hen coal d u s t  is used.

T he ch an g e  in  th e  d ry  s t re n g th  a f te r  th e  san d  
has been in  use  fo r  some tim e  fo r  m ak in g  cast- 
ings w as in v es tig a te d  in  d u ra b ili ty  t r ia l s  c a r r ie d  
o u t  by th e  A ssocia tion . T he sy n th e tic  san d s con
sis ted  of E r i th  s ilic a  san d  w ith  3.5 p er cen t, b en 
to n ite  an d  7 p e r cen t, colloidal c lay  resp ec tiv e ly . 
The d ry  s t re n g th  of th e  fo rm er fe ll from  45.5 lb. 
p e r  sq. in . (A .F .A .)  to  19.1 lb. p e r  sq. in . a f te r  
fo u rtee n  cas tin g s  an d  th e  l a t t e r  fro m  2 2 . 6  to  th e  
low v a lu e  of 2.5 lb. p e r  sq. in . A  s im ila r  se ries 
in  w hich coal d u s t  w as used  w ith  th e  l a t t e r  san d  
show ed, how ever, a  m uch  sm alle r decrease.

R efrac to rin ess
The m ou ld ing  sand  in  c o n ta c t w ith  th e  m olten  

m eta l has to  w ith s ta n d  fo r a  sh o r t  tim e  a  h igh
c 3



te m p e ra tu re  w hich  causes co n sid erab le  ch an g es 
in  i ts  physical a n d  chem ical p ro p e rtie s . T he san d  
a c tu a lly  in  c o n ta c t  w ith  th e  m e ta l m ay  fuse  o r 
b u rn  on to  i t  if  i ts  fu sio n  p o in t  is n o t  sufficiently  
h ig h , w hile  th e  san d  s lig h tly  f u r th e r  aw ay  loses 
i ts  bond.

I n  a  m echan ised  fo u n d ry  th e  used  san d  is con
t in u a lly  re -bonded  by f u r th e r  a d d itio n s  of clay. 
An in fe r io r  b o n d in g  clay  m ay  th u s  e x e r t  a  cu m u 
la tiv e  d e le te rio u s in fluence on  th e  m o u ld in g  san d  
an d  if  re a d ily  fu sib le  im p u r i t ie s  a re  p re se n t in  
th e  c lay  th ey  w ill a cc u m u la te  in  th e  m o u ld in g  
san d  an d  p ro g ressively  d ecrease  th e  re f r a c 
to rin ess .

T a b l e  V II .— Fusion Points of Various Bonding Clays.

Clay. Fusion Point.

Colloidal Clay A Exceeds 1,450 deg. C.
Ball Clay A Exceeds 1,430 deg. C.
Ball Clay B Exceeds 1,450 deg. C.
Fireclay No. 6 Exceeds 1,430 deg. C.
China Clay A . . Exceeds 1,450 deg. C.
Bentonite 1,330 deg. C.
Bentonite No. 2 1,270 deg. C.

T he fu sio n  p o in ts  of th e  b ond ing  clays, d e te r 
m ined  by th e  S in n a t t  a p p a ra tu s ,  a re  g iv en  in 
T able  V II .  T he fusio n  p o in ts  a re  h e re  th e  te m 
p e ra tu re s  a t  w hich  th e  th re a d  o f c lay  bends over.

F o r  com parison  th e  fu sio n  p o in ts  o f th e  clay 
g ra d e  co n ta in ed  in  v a rio u s  n a tu r a l  m ou ld ing  
san d s a re  g iv en  below.

Sand. Fusion point of clay 
grade.

E rith—Medium Loam .. 1,315 deg. C.
Pickering 1,270 deg. C.
Bromsgrove — Middle

Bed ............................ 1,390 deg. C.
Scottish—Greenfoot 1,400 deg. C.

T he re fra c to r in e s s  of b e n to n ite  is low er th a n  
th a t  of th e  o th e r  b o n d in g  clays, a n d  is of th e  
sam e o rd e r as t h a t  o f th e  clay  bonds in  n a tu ra l  
m o u ld in g  sands. T he reaso n  is a p p a re n t  from  
th e  chem ical a n a ly sis  (T ab le  V I I I ) ,  th e  p e rce n t
ag e  of F e 20 3, M gO a n d  com bined a lk a lis  all 
be in g  g r e a te r  th a n  in  th e  case of th e  ba ll an d  
ch in a  clays.

B u rn in g -o n  of th e  san d  is th e  ch ief d e fec t t h a t  
m ay  re su lt  from  th e  use  of a  clay of low re fra c 
to rin e ss . T he q u estio n  is n o t one t h a t  h a s been 
in v e s tig a te d , how ever, an d  o th e r  fa c to rs  w hich 
hav e  n o t been  s tu d ie d  a p p e a r  to  be involved, such 
as th e  re fra c to r in e s s  o f th e  base  san d , ease of 
p e n e tra tio n  of th e  m e ta l be tw een  th e  san d  g ra in s , 
an d  th e  su rfa ce  sk in  on  th e  m o lten  m eta l. Two 
cases m ay  be d is tin g u ish e d , acco rd in g  as to  
w h e th er th e  m o u ld in g  san d  is used  w ith  coal d u s t  
o r n o t.

Coal d u s t  is ad d ed  to  m o u ld in g  san d  to  p re 
v e n t b u rn in g  on a n d  g ive a  sm oo ther fin ish . 
I t s  fu n c tio n  is n o t fu lly  u n d e rs to o d , a lth o u g h  
c o n sid erab le  w ork  h as been  done by H i r d , 5 W in- 
t e r to n 6 a n d  o th e rs . I t  is possible t h a t  th e  vo la
tile  m a t te r  d r iv en  off is decom posed by c o n ta c t 
w ith  th e  iro n , c o a tin g  th e  l a t t e r  w ith  a  th in  
soo ty  lay e r, p re v e n tin g  th e  san d  g ra in s  from  
b u rn in g  on to  th e  m eta l ; th e  p re ssu re  of th e  
gases evolved m ay  also p re v e n t p e n e tra t io n  of 
th e  m e ta l be tw een  th e  g ra in s . W h ere  coal d u s t 
is ad d ed , th e  re fra c to r in e s s  of th e  b o n d in g  clay 
is of m in o r im p o rta n ce  in  com p ariso n  w ith  th a t  
of th e  coal ash  a cc u m u la tin g . A ty p ic a l coal 
d u s t  of B r i t is h  o r ig in 7 m ay  g ive  5 p e r  cen t, of 
a sh , w ith  a fu sio n  p o in t be tw een  1,200 a n d  1,450 
deg. C. a n d  an a ly s in g  43 p e r cen t, silica , 31 p er 
c en t. A120 3, 15 p e r  c en t. F e 20 3, 4 p e r  cen t. CaO 
a n d  5 p e r  cen t, o th e r  bases.

S y n th e tic  san d s w ith o u t  coal d u s t a re  in  use. 
I t  w as fo u n d  t h a t  a sy n th e tic  san d , co n sis tin g  
of F ra n k le y  san d  w ith  5 p e r  cen t, of colloidal 
c lay  A, b u r n t  on  b ad ly  w hen  c a s tin g s  w ere m ade 
in  i t ,  ex cep t w hen th e  m olten  m e ta l w as poured  
cold. R e p la c in g  th e  F ra n k le y  san d  w ith  E r i th  
s ilica  or L e ig h to n  B u z za rd  N o. 26A silica  sand  
gave  sy n th e tic  san d s w hich  d id  n o t  b u rn  on to  
th e  c a s tin g , a n  im p ro v e m en t e x p la in ed  by th e  
h ig h e r  re fra c to r in e s s  of th ese  s ilica  san d s in  
com parison  w ith  th e  F ra n k le y  sa n d , w hich con
ta in s  ap p rec iab le  am o u n ts  of fe lsp a r  a n d  m ica
ceous im p u rit ie s . T hese  E r i t h  o r  L e ig h to n  
B u zza rd  sands, w hen bonded  w ith  3.5 p e r  cen t, 
of b e n to n ite , also gave  no  b u rn in g  on , in  sp ite  
of th e  low er fu sio n  p o in t of th e  b e n to n ite .

I n  th e  case of a  c o n s ta n t  san d  cycle, th e  sam e 
san d  is c o n tin u a lly  reb o n d ed  w ith  f u r th e r  a d d i
tio n s  of c lay . T he effect of successive cas tin g s 
on a m o u ld in g  san d  has been  u n d e r  in v e s tig a 
t io n  in  th e  d u ra b il i ty  te s ts , a n d  is be lieved  to  
ta k e  p lace  a lo n g  th e  fo llow ing  lines. A t tem 
p e ra tu re s  of 500 deg. C. a n d  above, th e  b o n d in g  
c lay loses i ts  com bined w a te r  an d  c a n n o t be 
m ad e  p la s tic  a g a in . A t m u ch  h ig h e r  te m p e ra 
tu re s  n e a r  th e  fu sio n  p o in t,  th e  c lay , b e in g  in 
c o n ta c t w ith  th e  g ra in s  of s ilica  san d , w ill so ften  
an d  fuse  a t  th e  e u te c tic  te m p e ra tu re  of th e  
a lu m in a , s ilica  a n d  flux  m ix tu re . I n  th e  m ould  
th e  te m p e ra tu re  of th e  san d  fa lls  ra p id ly  as th e  
d is tan c e  fro m  th e  h o t  m e ta l in creases , and  
fu sio n  of th e  b o n d in g  c lay  w ill only  occur in 
th e  lay e r n e a re s t  to  th e  c a s tin g , an d  if 
th e  c lay  has a  suffic ien tly  low so fte n in g  
p o in t. A con sid erab le  p o rtio n  of th e  sand 
is exposed to  te m p e ra tu re s  of 500 deg. C. an d  
above, how ever, a n d  th e  d e h y d ra te d  clay  m ay 
behave in  tw o w ays— (1 ) fa ll off th e  san d  g ra in s , 
o r  (2 ) v i tr i f y  o r  b u rn  on to  th e  san d  g ra in s , 
since clays h a rd e n  o r  v i t r i f y  a t  te m p e ra tu re s  
co n sid erab ly  below th e i r  fu sio n  p o in t.



T he ty p e  of b o n d in g  c lay  p ro bab ly  decides 
which a lte rn a tiv e  a c tu a lly  occurs, b u t  in  th e  
d u ra b il i ty  ex p e rim e n ts  i t  was estab lish ed  th a t  
colloidal clay A v itr if ied  o r b u rn t  on to  th e  
sand  g ra in s , th o u g h  th e  increase  in  s i l t  p e rc e n t
age suggested  th a t  a p a r t  of th e  clay becam e 
de tach ed  from  th e  san d . T he film of b u rn t  clay 
will have  th e  sam e com position  an d  re f r a c to r i 
ness as th e  b o n d in g  c lay  its e lf , an d  i t  m ay be 
assum ed t h a t  th e  ten d e n cy  of th e  san d  to  b u rn  
on to  the  cas tin g , w hen no coal d u s t  is p re sen t, 
depends on th e  so f te n in g  p o in t of th is  film of 
c lay an d  on its  th ick n ess. T he th ick n ess g ra d u 
ally  increases as th e  used san d  is co n tin u a lly  
rebonded  w ith  fre sh  clay.

T he sy n th e tic  san d  c o n ta in in g  3.5 p e r  cen t, of 
b en to n ite  show ed no b u rn in g -o n , b u t  i t  ap p ea red  
possible th a t ,  ow ing to  th e  fu sio n  p o in t of b en 
to n ite  be ing  1,330 deg. C ., some bu rn in g -o n  
m ig h t be exp erien ced  w here  th e  used sand  was

bond ing  pow er of th e  clay  m ig h t be in creased  
by a p p ro p ria te  t r e a tm e n t.

The chem ical analyses of th e  clays a re  given 
in  T able  V I I I ,  an d  inc lu d e  a red  (iro n -rich ) clay 
e x tra c te d  from  a n a tu r a l  B rom sgrove m ou ld ing  
sand . T he m olecu lar silica  to  a lu m in a  ra tio  and  
th e  p H  values of th e  clays (d e te rm in e d  by th e  
hyd ro g en  e lectrode) a re  also g iven .

T he analyses of c a re fu lly  pu rified  c h in a  clays 
co rrespond  to  th e  fo rm u la  A120 3. 2 S i0 2. 2 H 20  
(ch in a  c lay  B corresponds to  A120 3 . 2.01 S i0 2 .
1.93 H 20 ) ,  w hich is t h a t  of th e  m in e ra l k ao lin ite , 
a n d  i t  w as a t  one tim e  he ld  t h a t  a ll clays h av e  as 
basis th is  c lay  su b s tan ce  an d  t h a t  s ilica  in  excess 
of th e  tw o to  one r a tio  to  a lu m in a  is  p re se n t as 
free  silica . T h is view  does n o t  ex p la in  th e  poor 
bonding pow er of th e  p u re  c h in a  clays, an d  i t  is 
now recognised  t h a t  th e  clays m ay  co n ta in  
m in e ra ls  o th e r  th a n  k a o lin ite  as th e ir  c lay  sub
stance . The p ro p e rtie s  of b e n to n ite  a re  m arked ly

T a b l e  V III .— Chemical Analysis of the Clays.

China China Ball Ball Col Fireclav. Fire
clay

(Scot
tish).

Red
clay

(Broms
grove).

Ben
clay
A.

clay
B.

clay
A.

clay
C.

loidal ton
clay A. No. 1. No. 2. No. 3. No. 6 . ite.

S i0 2 55.94 45.50 48.70 50.77 60.44 53.08 70.40 45.10 41.38 52.3 53.76 61.51
A 1 A 29.55 38.42 34.77 33.65 19.20 29.79 19.74 33.46 29.06 30.5 25.39 22.09
F e 2Oa 1.25 0.75 1.37 1 .25 3.31 2 . 0 1 1.60 2.50 2.14 2.5 6.94 4.16
CaO . .  . . 1 . 1 0 0.60 0.47 0.93 1.59 1 . 2 0 0.53 1 . 2 0 1 . 2 0 0 .5 0.34 1.74
MgO 0.61 0.67 0 . 2 2 0.57 1 . 0 1 0.76 1 . 0 0 0.94 0.81 0 . 6 2.06 2.87
T i0 2 1.50 0.60 1.05 1 .35 0.97 1.50 1.38 1.55 1.30 1 . 1 0.62 0 . 2 2
K 20
N a20

0.80
0.99 j  1.05 1.64 1 . 2 0

/  0 . 6 8  
(0 .2 7 j o . 69 1 . 0 1

J 0 . 6 6
(0 .1 7 j  1.73 — 3.12 1.56

Loss on
ignition 9.12 13.07 1 1 . 6 8 10.23 10.36 11.40 4.08 14.60 2 2 . 0 0 1 2 . 0 7.77 5.77

S i0 2/Al20 3 3.2 2 . 0 1 2.3 2 .5 5.3 3.0 6 . 0 2 .3 2.4 —. — 4.7
p ff value . . 6.33 5.14 3.48 5.10 5.43 — 7.51 7.53 6.92 — — 9.0

being reb o n d ed  an d  a th ic k  film of b u r n t  b en 
to n ite  h ad  accu m u la ted  on th e  san d  g ra in s . To 
te s t  th is  p o ssib ility , a  sy n th e tic  san d  was m ade 
of E r i th  silica  san d  w ith  20 p e r cen t, of b en 
to n ite , th e  m ould  sk in -d ried  an d  m o lten  m eta l 
p oured  in . I n  sp ite  of th e  th ic k  c lay  film  co a t
in g  th e  san d  g ra in s  no b u rn in g -o n  took  p lace, 
and th e  san d  re ad ily  fe ll off th e  cas tin g . The 
use of b e n to n ite  th u s  a p p ea rs  sa tis fa c to ry , even 
in th e  absence of coal d u st.

P ro p e rtie s  o f th e  C lays and R e la tio n  to  
B on din g  P o w e r

T he clays show la rg e  differences in  ten s ile  
s tre n g th  a n d  in  bo n d in g  pow er. Som e of th e  
p u re s t clays— th e  c h in a  clays— show th e  low est 
b ond ing  pow er, an d  i t  is c le a r t h a t  th e  d iffe r
ences can  only in  p a r t  be a t t r ib u te d  to  th e  
p resence of n a tu ra l  d i lu e n t  im p u ritie s  such as 
silica. T he fu n d a m e n ta l p ro p e rtie s  of th e  clays 
responsib le  fo r  th ese  differences was th e re fo re  
in v es tig a te d , as i t  a p p ea red  possible t h a t  th e

d iffe re n t from  E n g lish  clays, i .e .,  th e  sm all loss 
on ig n itio n  and  base  ex change  p ro p e rtie s , and  
Ross and  S h a n n o n 8 suggested  th a t  th e  c lay  sub
s ta n ce  consisted  of m o n tm o rillo n ite . I t s  id e n tity  
w ith  th is  m in e ra l A120 3 . 4 S i0 2 . H 20  h as been 
confirm ed by X -ra y  an a ly s is . 9 T he iro n -rich  clay 
from  th e  n a tu ra l  m o u ld in g  sand  also shows 
m ark ed  d ifferences from  th e  kaolins.

T he c lays in  g e n e ra l con sis t of ex trem e ly  fine 
p a rtic le s  w hich  cohere  s tro n g ly  w hen th e  clay 
is m ade  p las tic  w ith  w a te r . T he p a rtic le s  a re  
d isc shaped , w hich  is p robab ly  th e  reaso n  fo r th e  
h ig h  p la s tic ity  of clays co m pared  w ith  o th e r  solid 
pow ders. T he suspension  in  w a te r  behaves as a 
colloid, th e  p a rtic le s  be ing  n eg a tiv e ly  charged  
a n d  h a v in g  effective d iam e te rs  less th a n  1 0  

m icrons ( 1  m icron  =  0 . 0 0 1  m m .).
The p a r tic le  sizes w ere m easu red  by th e  sedi

m e n ta tio n  m ethod  of V in th e r  and  L asso n , 10 u sing  
a 0.002 M sodium  p y ro p h o sp h a te  so lu tion  fo r 
o b ta in in g  m ax im um  defloccu lation . T he suspen
sions w ere m ad e  u p  of th e  0.002 M  p y rophosphate
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so lu tio n  w ith  2  p e r  cen t, of c lay  a n d  a g ita te d  
fo r 16 ho u rs  in  a  sh a k in g  m ach in e  rev o lv in g  a t  85 
rev o lu tio n s  p e r m in u te . The re su lts  exp ressed  as 
th e  p e rce n ta g e  w e ig h ts  of clay less th a n  1 0 , 2  an d  
0.5 m ic ro n s d ia m e te r  a re  g iv en  in  T ab le  IX .

T a b l e  IX .— Particle Size Analysis.

1 0 m 2 m 0 .5 m

China Clay B 83.0 56.6 24.6
China Clay A 92.6 72.8 47.2
Fireclay No. 6  . . 50.5 37.8 17.2
Ball Clay A 99.0 94.0 81.0
Colloidal Clay A 88.3 67.6 53.4
Bentonite 98.4 92.5 80.8

B e n to n ite  a n d  ball c lay  A h av e  th e  g re a te s t  
p e rce n ta g e  of fine m a te r ia l  less th a n  0.5 m icron  
d ia m e te r , a n d  i t  is c le a r t h a t  th e re  is a  ro u g h  
re la tio n  be tw een  th is  p e rce n ta g e  a n d  th e  bo n d in g  
pow er of th e  c lay . F ire c la y  N o. 6  is a n  ex cep tio n  
to  th is  ru le , a lth o u g h  th is  m ay  possibly be d u e  to  
th e  p resence  of coarse  c lay  a g g reg a te s  in  th e  sus
pension , since  th e  clay h as a g r i t ty  fee lin g  w hen 
m o istened , an d  only  a f t e r  ru b b in g  does th e  fu ll 
p la s tic ity  develop an d  th e  g r i tt in e s s  d isa p p ea r.

A m ore  e x ac t re la tio n  was fo u n d  be tw een  th e  
bon d in g  pow er a n d  th e  q u a n ti ty  of w a te r  a d 
sorbed by th e  clays w hen exposed to  a tm o sp h ere  
h u m id ity . T he re su lts  a re  g iven  in  T ab le  X . 
The d ry  s tre n g th s  a re  also g iv en  ( in it ia l  m o is tu re  
2 . 3  p e r  cen t, w ith  th e  ex cep tio n  of th e  re d  clay) 
a n d  th e  w a te r  a d so rp tio n  seem s to  show an  even 
closer re la tio n  w ith  th is  p ro p e rty .

T a b l e  X .— Showing Relation between Moisture A dsorption 
and Bonding Power.

Bonding
clay.

W ater 
adsorbed 
per 1 0 0  

gm. clay.

Optimum
green

strength.
Dry

strength.

Bentonite (3 per 
cent. 1 2 . 8 6 13.8 1 0 0

Ball Clay A 3.63 6 . 1 1 0
Colloidal Clay A . . 5.46 5.7 40
Fireclay No. 6 3.96 5.15 8
Natural Red Clay . . 6.30 5.0 (40)
Ball Clay C 2.32 4.2 6
China Clay A 1.94 3.6 5
China Clay B 1.40 2.9 —

On th e o re tic a l g ro u n d s, th e  q u a n ti ty  of w a te r  
ad so rbed  u n d e r  th ese  co n d itio n s w ould be ex 
p ec ted  to  d ep en d  on (1 ) th e  to ta l  su rfa ce  a rea  
of th e  c lay  p a r tic le s , a n d  (2 ) th e  fo rce  of a tt r a c -  
in to  be tw een  th e  su rfa ce  an d  th e  w a te r— a 
s tro n g  a t t r a c t io n  re su ltin g  in  a  co m p ara tiv e ly  
th ic k  film  of ad so rbed  w a te r . T hese c o n sid e ra 
tio n s  an d  th e  re la tio n  fo u n d  en ab le  one to  fo rm  
a  c le a re r  view , on th e  fo llow ing lines, of th e  
fa c to rs  g o v e rn in g  ten s ile  s t re n g th  of m oist clay 
a n d  th u s  th e  b o n d in g  power.

O w ing to  i ts  h ig h  a d so rp tiv e  pow er, th e  clay 
p a r tic le  h as a  s tro n g  a t t r a c t io n  fo r  w a te r , a n d  
w hen m o is ten ed  su rro u n d s  its e lf  w ith  a  firm ly 
a t t r a c te d  w a te r  film . I f  th e  w a te r  is n o t  suffi
c ie n t fo r th e  com plete  s a tu ra t io n  of th e  a d so rp 
tio n  forces, a d ja c e n t  c lay  p a r tic le s  w ith  th e ir  
w a te r  envelopes a re  s tro n g ly  a t t r a c te d ,  re su ltin g  
in  a firm ly c o h e re n t m ass of clay. T he ten s ile  
s t re n g th  of th e  m oist c lay  w ill th u s  d ep en d  on 
th e  a m o u n t of w a te r  p re se n t an d  th e  ad so rp tiv e  
pow er of th e  c lay  fo r  w a te r . T he ten s ile  
s t re n g th  m ay  be consid erab le  if  slip  betw een  
a d ja c e n t  lay e rs  of c lay , d u e  to  th e  ap p lied  
forces, is p re v en ted . T he ease w ith  w hich slip 
be tw een  a d ja c e n t  lay e rs  m ay  ta k e  p lace will 
dep en d  on th e  v iscosity  of th e  aqueous m edium  
betw een  th e  p a r tic le s , a re la tio n sh ip  w hich  is 
d e m o n s tra te d  in  th e  h ig h  te n s ile  s tre n g th
o b ta in e d  by k n e a d in g  a  clay  w ith  a  viscous 
liq u id  such  as m olasses. R e g a rd in g  th e  c lay , fo r 
sim p lic ity , as a m ix tu re  of coarse  a n d  v ery  fine 
p a rtic le s , th e  aqueous m ed iu m  be tw een  th e  
coarse p a r tic le s  m ay  be re g a rd e d  as co n sis tin g  of 
th e  collo idal suspension  of v e ry  fine p a rtic le s . 
T he v iscosity  of a  co llo idal su spension  is know n
to  dep en d  on th e  a m o u n t of collo idal m a te ria l,
th e  e lec tr ic  ch arg e  on  th e  p a r tic le s , a n d  to  be 
inversely  d e p e n d e n t on  th e  d ia m e te r  of th e  p a r 
tic les , i .e .,  th e  sm alle r th e  p a r tic le  size, th e  
g re a te r  th e  v iscosity . C o n sid e rin g  a ll th ese  fa c 
to rs , i t  m ay  be concluded  t h a t  th e  ten s ile
s tre n g th  of th e  m o is t c lay  a n d  th e  b o n d in g  
pow er dep en d  on (1 ) th e  p u r i ty  of th e  c lay  and  
th e  absence of silica  im p u r i t ie s ; (2 ) th e  a d so rp 
tiv e  pow er of th e  clay  fo r  w a te r ; (3) th e  fineness 
of th e  p a r tic le  size a n d  th e  e le c tr ic  c h a r g e ; and 
(4) the- chem ical com position  of th e  c lay  su b 
s tan ce  or clay su b stan ces , if  m ore  th a n  one be 
p re sen t.

C o m p a ris o n  o f N a tu ra l and S y n th e tic  Sands
T he n a tu ra l  m o u ld in g  san d s show m ark e d  d if 

fe rences from  th e  sy n th e tic  san d s d iscussed . A 
B rom sgrove n a tu r a l  m o u ld in g  sa n d  w ill be 
a c tu a lly  used a t  a b o u t 6  p e r  c en t, m o is tu re , 
w hich is co n sid erab ly  h ig h e r  th a n  in  th e  case of 
sy n th e tic  s a n d s ; i t  h a s  a  low er p e rm e ab ility  
th a n  th e  l a t t e r ,  a n d  has a  good d ry  s tre n g th . 
These d ifferences m ay  be a t t r ib u te d  to  (1) d iffe r
ences in  th e  sizes a n d  su rfa ce  p ro p e r t ie s  of th e  
san d  g r a in s ; a n d  (2 ) th e  p a r t ic u la r  c lay  in  th e  
n a tu r a l  m o u ld in g  san d . T he re su lts  o b ta in e d  by 
com bin ing  th e  re d  c lay  e x tr a c te d  fro m  th e  
n a tu r a l  m o u ld in g  san d  w ith  th e  sam e base  silica  
san d  used  fo r  th e  p re p a ra tio n  of th e  sy n th e tic  
sands, so as to  e lim in a te  (1 ), w ere th u s  of p a r 
t ic u la r  in te re s t .

T he g reen  s t re n g th  figu res fo r th is  pseudo 
sy n th e tic  san d  a re  g iv en  in  T ab le  I .  I t  was 
fo u n d  t h a t  th e  p e rc e n ta g e  of m o is tu re  re q u ire d  
was h ig h e r , since  a t  2.26 p e r  cen t, m o is tu re , a



su itab le  figu re  fo r  th e  o th e r  sy n th e tic  sands, th e  
sand  fe lt  too d ry  fo r  sa tis fa c to ry  m o u ld ing . A 
m o is tu re  p e rce n ta g e  of 3.6 a p p ea red  m ost s a t is 
fa c to ry ; in  co m parison , th e  o th e r  sy n th e tic  
sands fe lt  w et a n d  stick y , an d  w ould have  s tuck  
to  th e  p a t te rn  a t  th is  m o is tu re  c o n te n t. The 
d ry  s t re n g th  of 40 lbs. p e r sq. in . (T able  V ) is 
g re a te r  th a n  th e  o th e r  sy n th e tic  sands, w ith  th e  
ex cep tion  of th e  3 p er cen t, b e n to n ite  m ix tu re , 
m ak in g  th e  com parison  a t  th e  m o is tu re  co n ten ts  
su itab le  fo r  g reen  san d  m ou ld ing .

The re su lts  show t h a t  th e  c h a ra c te ris tic  
fe a tu re s  of B rom sgrove m o u ld in g  san d — (1) 
la rg e  p e rce n ta g e  of w a te r  re q u ire d ;  (2 ) fla t 
to p p ed  g reen  s tre n g th  : m o is tu re  c u rv e s ; an d  (3) 
good d ry  s t re n g th — a re  d ue  m ain ly  to  th e  p a r 
t ic u la r  ty p e  of clay p re se n t in  th e  sand .

The low er m o is tu re  c o n te n t of sy n th e tic  sands 
gives th em  an  a d v a n ta g e  over n a tu ra l  m ould
ing  sands, as less steam  is g e n e ra te d  d u rin g  
cas tin g . I n  ch an g in g  over from  n a tu r a l  to  
sy n th e tic  m o u ld in g  sands, th e  m o is tu re  c o n te n t 
has to  be c a re fu lly  co n tro lled , since in  gen era l 
th e  d ry  s tre n g th s  a re  low er th a n  in  th e  case of 
n a tu ra l  m o u ld in g  sands a n d  e v ap o ra tio n  losses 
from  th e  h o t m o u ld in g  san d  a re  h ig h  w hen th e  
sy n th e tic  san d  is p re p a re d  from  a h ig h ly  p e r
m eable silica  sand .

The use of b e n to n ite  a p p ea rs  ad v an tag e o u s  in  
t h a t  th e  sy n th e tic  sands bonded  w ith  i t  com 
bine m an y  of th e  good p o in ts  of th e  n a tu ra l

m ou ld in g  san d s in  re g a rd  to  d ry  s tre n g th  a n d  
sm all v a r ia tio n  in  p ro p e rtie s  w ith  m o is tu re  con
te n t ,  i .e .,  g re a te r  la t i tu d e .  The d u ra b il i ty  is 
also sa tis fac to ry . On th e  o th e r  h an d , colloidal 
clay A occurs n a tu ra lly  in  th e  B ritish  Isles, and  
th u s  u n in te r ru p te d  su pp lies a re  av ailab le . As 
an  a lte rn a t iv e , th e  m ore p las tic  fireclays a re  
su itab le , p ro v id ed  t h a t  d ue  re g a rd  is m ade to  
th e ir  low er d ry  s t re n g th . T ria ls  showed th a t  
th e re  is no a d v a n ta g e  in  g r in d in g  th ese  fireclays 
finer th a n  60 m esh.

The w ork  described  in  th is  P a p e r  was c a rried  
o u t by  th e  a u th o r  w hen a m em ber of th e  re 
sea rch  sta ff of th e  B r i tish  C ast I ro n  R esearch  
A ssocia tion , and  th a n k s  a re  du e  to  th e  Council 
of th e  A ssociation  fo r p e rm it tin g  p u b lica tio n .
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Core-Shop Control
Paper No. 659

By J. J. SHEEHAN, B.Sc., A.R.C.Sc.l. (Member)

A dequate  co n tro l of a core shop w ill consist 
of th e  con tro l of m a te ria ls , processes and  
m echan ical o p e ra tio n s . U n d e r  th ese  head in g s 
th e  co n tro l m ay  he e x ten d ed  to  include  th e  
follow ing i te m s : —

(1) C ontrol o f M a te r ia ls , w hich will include 
sa n d s ; b in d e rs ;  w ash es; p a s te s ;  c h a p le ts ;  
w ire s ; p a r t in g  pow ders'; a n d  th e  m iscellaneous 
m a te ria ls  of a fo u n d ry  sto res.

(2) C ontrol o f P ro cesses: fo r exam ple, sand  
m ix in g ; core h a ir in g ; m ix in g , a p p lic a tio n  and  
d ry in g  of w ashes; jo in t in g  of core assem blies; 
g au g in g  an d  in sp ec tin g .

(3) C ontro l o f M echanica l O pera tions, such 
as th e  m echan ical h a n d lin g , t r a n s p o r t  and  
s to ra g e  of raw  m a te ria ls  an d  finished p ro d u c t ; 
core blow ing an d  core m o u ld in g ; a n d  sand 
recovery system s.
I t  would be d ifficult to  cover th e  su b je c t m a tte r  

as ex ten d ed  above in  a sing le  P a p e r .  T he diffi
c u lty  is avoided by m ak in g  a  se lection , influenced 
by th e  fa c t t h a t  m ost a t te n tio n  is g iven  to  
problem s th a t  a rise  in  p ra c tic e . I t  is th e re fo re  
hoped th a t  w hile th e  whole su b je c t is n o t  t re a te d  
in d e ta il, th ose  item s w hich a re , w ill be of 
p ra c tic a l in te re s t  a n d  va lue .

The fo u n d ry  w here th e  w ork in  connection  w ith  
th is  P a p e r  was c a rr ie d  o u t  is a m o to r vehicle 
fo u n d ry  o p e ra tin g  a s teel, an  iron  an d  a non- 
fe rro u s sec tion , an d  th e  m a te ria ls  used in  th e  
core shop a re  th o se  com m on to  fo u n d ries  m ak in g  
lig h t to  m ed ium -w eigh t cas tin g s in  steel, cas t 
iron and  n o n -fe rro u s  m eta ls .

C O N T R O L  O F  M A T E R IA L S
Sands

Silica sands only a re  em p loyed ; no m ou ld ing  
sands or n a tu ra lly -b o n d ed  san d s a re  used in  
m ak ing  cores. W hile i t  is rea lised  t h a t  clay- 
bonded sands a re  used ex ten siv e ly  p a r tic u la r ly  
in th e  n o n -ferro u s section  of th e  in d u s try , all th e  
techn ique  used  in  th e  fo u n d ry  concerned  has been 
b u ilt a ro u n d  silica  sands bonded w ith  o rgan ic  
b inders, and  th ese  sands only will be considered .

T hree  ty p es  of. san d  a re  used , tw o  ex tensively  
and  one fo r  special purposes. T hey  a re  typ ified  
accord ing  to  th e i r  g ra in  size, an d  m ay  be con
v en ien tly  re fe r re d  to  as la rg e , m edium  an d  fine 
sands, and  a re  re p re se n ted  by th e  fo llow ing ;.—- 

L axge g ra in  ... L e ig h to n  B u zzard .
M edium  g ra in  . . Som erford .
F in e  g ra in  ... A rn o ld ’s 26A—L eig h to n

B u zzard .

The e x ac t chem ical com position  of these  silica 
sands is n o t im p o r ta n t  w hen core m ak in g  is th e  
only end  in  view . As, how ever, th e  sp e n t sands 
from  th e  core kno ck -o u t a re  u tilise d  a s  th e  base 
g ra in  fo r sy n th e tic  m o u ld in g  sand , and  i t  is also 
in te n d e d  u ltim a te ly  to  in s ta l  a core-sand recovery 
system , th e n  th e  chem ical com position  w ill become 
of im p o rtan ce .

A con tro l process on  th e  m ix in g  p la tfo rm  is 
also in fluenced  by th e  chem ical com position. 
T his process will be described  la te r , b u t a t  
p re sen t i t  is sufficient to  m en tio n  th a t  th e  absence 
of free  lim e and  of calcium  ca rb o n a te  in  th e  
san d  is necessary  fo r th e  success of th e  process. 
T he in co rp o ra tio n  of b u rn t  core sand  in  th e  steel 
an d  cas t-iro n  m ou ld ing  system s necessita tes  th e  
use of as p u re  a  silica  san d  as i t  is possible to  
o b ta in  econom ically.

T he chem ical com position  of th e  sands used is 
g iven  below  : —

Qarside’s Leighton Buzzard (Large Grain Sand).
Per cent.

Loss on ignition . . . . . . . . 0.10
99.50Silica 

Ferric oxide . . 
Alumina
Titanium dioxide 
Lime 
Magnesia 
Alkalis

Somerford (Medium Grain Sand).

Loss on ignition 
Silica
Ferric oxide . . 
Alumina
Titanium dioxide 
Lime 
Magnesia 
Alkalis

Arnold’s 26A (Unwashed).

Loss on ignition 
Silica
Ferric oxide . . 
Alumina
Titanium dioxide 
Lime 
Magnesia 
Alkalis

0.03
0.26

Nil
Nil
0.20

Nil

Per cent. 
0.45 

94.66 
0.45 
2.10 
0.08 
0.58 
0.20 
1.61

Per cent. 
0.72 

96.20 
0.25 
1.98 
0.05 
0.03 
0.15 
0.72

The chem ical com position  of these  sands 
influenced th e  se lec tion  fo r  th e  reasons a lready  
g iven , b u t  th e  m ain  c o n sid e ra tio n  in  th e ir  
u l t im a te  ad o p tio n  fox use in  th e  core shop is
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th e i r  g ra d in g  o r g ra in  size. T he g ra d in g  of 
th ese  san d s is g iv en  in  T able  I .

U sin g  th is  se lec tion  a n d  b a la n c in g  th e  p ro 
p o rtio n s  of each in  th e  sa n d  m ix tu re , i t  is 
possib le to  o b ta in  a m easu re  of c o n tro l o f : — (o) 
T he p e rm e ab ility  of th e  co res ; (h) th e  a m o u n t of 
b in d e r  u s e d ; (c) th e  fin ish  on  th e  c a s tin g s  (w here

Elevation

Plan

Elevation Elevation

OO ^  (ED —
O p e m  Pa c k i n g  A 

F ig .  1.

Opem Packing B 

F i g . 2 .

C lo se  Packing C  

F i g . 3 .

e x te rn a l cores a re  used ) ; (d ) th e  ten d e n cy  to  
g iv e  ex p an sio n  cracks, an d  a lso  to  a co n sid er
ab le  e x te n t  (e) to  p re v e n t sag g in g  of th e  g reen  
core.

All th ese  fa c to rs  a re  of co n siderab le  im p o r t
ance  in  th e  m ak in g  of a good core, an d  are

T a b l e  I.—Percentage Grading of Core Sands Used.

I.M.M.
Screens.

Leighton
Buzzard. Somerford. Arnold’s 26a.

+  1 0 0 . 1 — 0 . 1

2 0 1 . 2 0 . 2 0 . 2

30 14.9 1.5 0 . 2

40 60.4 9.0 0 .4
50 17.7 18.1 1 . 6

70 4 .4 37.7 19.3 .
1 0 0 1 . 0 21.7 46.5
150 0.3 8 . 8 26.1
2 0 0 — 2 . 2 2 .5

- 2 0 0 — 0 . 6 1 . 2
Clay — 1 . 1 2 . 2

in fluenced  basica lly  by th e  g ra d in g  a n d  con d itio n  
of th e  san d  g ra in s .

I t  is possible (w ith  g ra d in g  con tro l) to  re g u la te  
an y  one o f th e  co n d itio n s m en tio n ed  above, b u t 
only a t  th e  expense of th e  o th e rs  ; fo r exam ple, 
th e  p e rm e ab ility  m ay  be in creased  by in c reas in g

I t  is obvious t h a t  m an y  a n d  com plex fa c to rs  in  
th is  c o n tro l m u s t be ta k e n  in to  c o n sid e ra tio n , 
a n d  t h a t  a u n ity  of co n cep tio n  m u s t  be m a in 
ta in e d  if  t ro u b le  is to  be avo ided  in  p rac tice . 
T his u n i ty  of concep tion  can  b e s t be a tta in e d

P lan  3  Opem-Packed Layeil. 

F i g . 4 .

Plan of Close-Packed Laveb.. 

F i g . 5 .

F i g . 6 .

by a  m a th e m a tic a l c o n sid e ra tio n  of th e  fa c to rs  
invo lved , a n d  c an  be fixed in  th e  m in d  by a 
p ra c tic a l d e m o n s tra tio n  of th e  m a th e m a tic a l de
d u c tio n s . F o r  th e  p u rp o ses of th e  follow ing 
ca lcu la tio n s  i t  is assum ed t h a t  th e  san d  g ra in s  
a re  sp h e rica l.

Pl a n  E l e v a t iq n j

S 3

D istance  Between Hows D istance  Between Layebs 

F i g . 7 .  F i g . 8 .

A su p erim p o sed  lay e r of sa n d  does n o t 
o rd in a r ily  r e s t  on  th e  low er lay e r, as i llu s tra te d  
in  F ig . 1, w ith  one g ra in  im m ed ia te ly  over one 
o th e r  g ra in ,  o r w ith  one g r a in  r e s t in g  on tw o 
g ra in s  of th e  low er la y e r , as in  F ig . 2 ; b u t  for 
m ax im um  com p actio n  w ith  u n i t  g ra in s  one g ra in

. — y

th e  size of th e  sand  g ra in s , b u t  th is  in crease  is 
accom pan ied  by a  ro u g h e r  finish on th e  cas tin g s. 
I t  is possib le to  m a in ta in  good p e rm e ab ility , w ith  
good finish, by u s in g  a fine ro u n d -g ra in e d  sand , 
th e  g ra in s  b e in g  also u n ifo rm  in  size. T he ex
pan sio n  tro u b le s  p ro duced  by th is  ty p e  of sand  
a re , how ever, considerab le .

F i g . 9 .

rests  on  a base  o f th re e  g ra in s , an d  over tw o 
layers as i l lu s tra te d  in  F ig . 3. T h e  fo u n d a tio n  
lay e r does n o t o rd in a r ily  a r ra n g e  its e lf  in  a  con

d itio n  i l lu s tra te d  in  F ig .  4, b u t  in  th e  co n d itio n



of close p ack in g  (F ig . 5). T he m ass of san d  th en  
ten d s  to  a r ra n g e  itse lf  in  a con d itio n  of close 
pack in g  (c) on a fo u n d a tio n  lay er of close p ack 
ing.

The n e x t m ost likely  co n d itio n  is open p a ck in g  
on a fo u n d a tio n  lay e r of close p a ck in g  ( 6 ), an d  a 
f u r th e r  co n d itio n  is  open  p ack in g  (a) on  a 
fo u n d a tio n  lay er of close pack in g . I t  can  be 
show n m a th e m a tic a lly  t h a t  th ese  la s t  tw o  con
d itio n s a re  less com pact, an d  i t  w ill be dem on
s tra te d  la te r  t h a t  th ey  do n o t  ex is t in  a sand  
m ass com posed of a m ix tu re  of g ra in  sizes.

To o b ta in  th e  volum e of san d  an d  th e  volum e 
of voids in  a p e rfe c tly  com pacted  sand  consisting

or 0 . 7 4  a3 ; and  since the  volume of th e  cube is a3, 
th en  th e  volum e of th e  voids is 0 . 2 6  a 3, i.e., 7 4  per 
cent, of th e  space is occupied by  sand and  2 6  per 
cent, o f th e  space is void.

S im ila rly  fo r th e  co n d itio n  of open p ack in g  (Z>) 
on a fo u n d a tio n  lay e r of close p ack in g , i t  can  be 
show n t h a t  7 0  per cen t, of th e  space is occupied 
by san d  an d  3 0  p e r cen t, of th e  space is void, 
an d  fo r open p ack in g  (a) on a fo u n d a tio n  layer 
of close p ack in g , th e  space occupied  by san d  is 
6 0  p e r c en t., an d  th e  void is 4 0  p e r cen t. The 
co n d itio n  of close p ack in g  (c) is th e  co n d itio n  of 
low est void c o n ten t, i .e .,  2 6  p e r cen t, voids.

S e c t io n  XY. 

Sccondakt Sphexl.
F i g . 1 0 .

St-C TfON XY 

TtXT/mRY Senate.
F i g . 1 1 .

V 2
2  a 2 a  V  3

Then th e  to ta l num ber o f spheres is —  • — -=
V  3  V  2

=  V 2  a3.
This is only tru e  where a is large, which is th e  case 

w ith moulds and  cores.
4  .

The volume of a  sphere is -  nr3; if  th e  d iam eter is
O
4 v  1 7r

one u n it, th e  volum e becom es — — or - .

The to ta l volume of perfectly  com pacted un it
/ — IT 77 V 2

spheres in  a cube of a un its  side is V  2 a3. -  or a3

Se c t io n  X Y

QtiA-reirNHirr Sf*i£Xi
F i g . 1 2 .

S e c t i o n  X Y

Q UM fVCY 5PHCXC.

F i g . 1 3 .

of spherica l g ra in s  of u n ifo rm  d ia m e te r , i.e .,  in 
th e  con d itio n  of close p ack in g  ( c ) :

Take th e  d iam eter o f each grain  as a u n it and  
consider the  num ber of spheres to  be packed in a 
cube of side a  un its  long (Fig. 6 ) : th en  a row  of 
spheres along one edge will contain  a spheres. The 
distance perpendicular to  th e  side o f th e  cube

between one row and  th e  n ex t will be ___  (Fig. 7)
2 

2  a
and the  num ber of rows will be —7= and  th e  num ber of

V  3 
2 a 2

spheres in a layer will be—̂ .

The perpendicular d istance from  one layer to  the 
/ 2  

3

o V  3 
layers is —~= .

next is /y /  "  un its  (Fig. 8 ) and  th e  num ber of

This is in  a g ree m e n t w ith  H . A. S ch w artz  in  a 
P a p e r  g iven  to  th e  A m erican  F o u n d ry m e n ’s 
A ssociation, in  which he  shows t h a t  th e  closest 
p ack in g  of a m ass of spheres free  to  m ove o r 
ram m ed  in to  p lace in  a co n ta in e r h a v in g  d im en 
sions a m u ltip le  of th e ir  d iam e te rs  is th e  
te tra h e d ra l.

H . E . W h ite  an d  S. F . W alto n  in  a P a p e r  
e n tit le d  “  P a r t ic le  P a c k in g  and  P a r t ic le  S h a p e ,” 
g iv en  in  th e  Jo u rn a l  an d  C eram ic A b strac ts , 
A m erican  C eram ic Society , M ay, 1937, also give 
th e  te t ra h e d ra l  system  as th e  co n d itio n  of closest 
pack ing .

H a v in g  estab lish ed  th is  con d itio n  of closest 
p ack in g  fo r g ra in s  of u n i t  size, th e  sizes of 
ro u n d ed  g ra in s , w hich can  fit in  th e  voids e x is t
in g  betw een  th ese  u n i t  g ra in s  of th is  te t ra h e d ra l  
a rra n g e m e n t, w ere ca lcu la ted  and  found  to  be as 
follows : —

W here  d  is th e  d iam e te r of th e  u n i t  g ra in ,
No. of grains.

d ...................................................... 1
0.414J 
0 . 2 2 d ..  
0 .18<Z .. 
0.15d ..

W h ite  an d  W alto n  g ive an  a lte rn a t iv e  to  th e  
0 .1 5  size ( i t  is 0 .1 1 6 d ) ,  an d  a r ra n g e  th e  f i tt in g  
sizes in  th e  follow ing s e r ie s : —

Prim ary sphere d 
Secondary sphere 0.414d ..
Tertiary sphere 0 .225d 
Quaternary sphere 0 . 177d 
Quinary sphere 0 . 15d and an alternative 

0 . 116d ............................

No. of grains. 
1 
1 
2
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S ch w artz  a r ra n g e s  th e  f i tt in g - in  sizes in  tw o 
se ries as follows : —

No.

Prim ary and secondary 
series

Ternary series

0.414(2. . 
^0 . 2 2 d . .  
'd

0.414(2..
I 0.22(2 ..
I 0 .154c2. .

of grains. 
1 
1 
2 
1 
1 
2 
7

T he te t r a h e d ra l  a r ra n g e m e n t is show n a n d  th e  
sizes re p re se n ted  d iag ra m m a tic a lly  w ith  le t te r s  
J ,  K , L  in  W h ite  an d  W a lto n ’s P a p e r  by F igs. 
9, 10, 11 a n d  12. T he a l te rn a t iv e  to  0.15c2 is 
show n w ith  l e t t e r  M  (F ig . 13). F ig s . 14 a n d  15 
a re  p h o to g rap h s  show ing  th e  a r ra n g e m e n t of 
th re e  “ f i tt in g - in  ”  sizes— th e  0.414c2, 0 .2 2 d, an d
0.18d.

E x p ressed  by  w e ig h t o r volum e th is  com pacted  
te t r a h e d ra l  series becom es:-—

No. of grains. Diameter. W t. or Vol. Per cent. W t.

1 d 1 . 0 0 0  —  
6

74.2

1 0.414(2 0.071 „ 5 .2
2 0 . 2 2 0 d 0 . 0 2 1  „ 1 . 6
8 0.180(2 0.047 „ 3.5
8 0.116(2 0 . 0 1 2  „ 0 .9

1.15 „ 85.4

7T d3
The to ta l volum e of grains is now 1 .1 5  — .

The to ta l num ber o f unit grains in  a  cube of a sides

V 2  a3, and  th e  volum e is V V 2 or 0 .7 4 a 3,

and  th e  to ta l volum e o f th e  com pacted series in  a 
cube o f a sides is

1 .15  a3 or 0 .8 5 4 a3

T he fitting-in grains have increased th e  sand 
conten t by  11.4 per cent, and  decreased th e  voids 
from  26 to  14.6 per cent. A lthough th e  void content 
is considerably reduced, there  rem ains 14 .6  per cent, 
to  be filled by  m ateria l in  size less th a n  0.116(2 to  
infinitely small.

A com pletely com pacted series, which would 
obviously be absolutely  im pervious, can th en  be 
represented  as follows :—

Diameter of grains.
Per cent.

d 74.2
0.414(2 5.2
0 . 22 (2 1 . 6
0.18(2 3.5
0.116(2 0 .9
Less than  0.116(2 .. _

W t. or Vol. 
per cent.

85.4

14.6

o r as 0 .2 2 d an d  0.18d a re  a lm ost e q u a l:  —

Diameter of W t. or Vol.
grains. per cent.
d   74.2

0.414(2   5 .2
0.22(2   5.1
0.116(2 to
infinitely small . .  . .  . .  . .  15.5

T his can  be a p p ro x im a te d  to  re ad

Diam eter of W t. or Vol.
grains. per cent.

d   74.2
2/5(2   5.2
1/5 d ......................................................  5.1
1 / 1 0 d to
infinitely small . .  . .  . .  . .  15.5

T his c o n s titu te s  a sim ple  m a th e m a tic a l re la tio n 
sh ip , easily  rem em bered .

I n  o rd e r to  re la te  th e se  sizes to  those  a c tu a lly  
fo u n d  in  p ra c tic e , i t  w ill be c o n v en ien t to  give 
h e re  th e  screens used a n d  th e  size in  inches of 
th e  m esh open ings.

T he screens used  in  c o n tro l w ork  a re  th e
I.M .M . se ries , a n d  a re  as fo llow : —

Ins.
+  10 ......................................................  0.0500
+  20 ......................................................  0.2500
+  3 0 ......................................................  0.0166
+  4 0 ......................................................  0.0125
+  5 0 ......................................................  0.0100
+  70 ......................................................  0.0071
+  100 ......................................................  0.0050
+  150 ......................................................  0.0033
+200 ......................................................  0.0025
- 2 0 0  ............................................................< 0 .0 0 2 5

I f  d  is m ad e  equal to  th e  m esh size of th e  
+  30 I.M .M . screens, i .e .,  to  0.0166 in ., 2 /5 d 
becom es 0.0066 in .,  i .e .,  +  75 m esh ; 1 /5 d  becom es
0.0033 in .,  i .e .,  +  150 m esh ; l / 1 0 d  becom es
0.00166 in . i .e .,  — 200 m esh. (T he  +  75 m esh 
is n o t a t  p re se n t m ad e  in  th e  I .M .M . series , and  
th e  +  70 is s u b s ti tu te d  in  th ese  co n sid e ra tio n s .)

T he com plete ly  com pacted  se ries m ig h t th e n  be 
expressed  by th e  w e ig h ts  on th e  s iev es: —

+  30 ..
+  70 
+  150 ..
Pan m aterial

Ins.
0.0166
0.0071
0.0033
0.00166

Per cent. 
74.2 

5.2 
5.1 

15.5

or a r ra n g e d  in  colum ns as fo llow s: —
d 2/5 d 1/5 d 1 / 1 0  d

+  30 +  70 +  150 Pan m aterial

e x ten d ed to  include o th e r  m esh sizes : —
d 2/5(2 1/5(2 1 / 10(2

+  30 +  70 +  150 Pan material
+  40 +  1 0 0 + 2 0 0 Pan material
+  50 +  150 - 2 0 0 Pan material
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T his com plete ly  com pacted  se ries
U nit 2/5 Unit 1/5 U nit 1/10 Unit

+  30 +  70 + 150 Pan material
74.2 5.2 5.2 15.5

per cent. per cent. per cent. per cent.
would g ive  im perv iousness a n d  m ax im u m  d en sity  
prov ided  th e  p a n  m a te ria l  co n ta in ed  all sizes 
from  0.00166 in . d ia . to  in fin ite ly  sm all.

I t  is m ost im p o r ta n t  to  consider, how ever, t h a t  
th e  e x a c t p o sitio n in g  of each  g ra in  acco rd ing  to  
th e  d iag ra m  illu s tra te d  is im possible to  a t t a in  in 
p rac tice , b u t  i t  is possible to  know ex ac tly  w h a t 
g ra in  sizes a re  m ost effective  in  co n tro llin g  
p e rm eab ility  an d  d en sity .

A few ex p erim en ts  w ill i l lu s tra te  th is . To 
show t h a t  f ittin g -in  does ta k e  p lace, a  series of 
test-p ieces w as m ade  by ra m m in g  to g e th e r  a 
m ix tu re  of tw o sands.

Per cent.
Per cent. 1 0 0

for
(I) +  2 0 compari

(II) +  30 1 0 +  2 0 90
(III) +  40 1 0 +  2 0 90
(IV) +  50 1 0 +  2 0 90
(V) +  70 1 0 +  2 0 90

(VI) +100 1 0 +  2 0 90

q u a n ti ty  of a f i ttin g -in  size. Once a g a in  +  20 
an d  +  100 m esh w ere used , an d  50 p e r cen t, of 
both  sizes w ere used  to  m ake  th e  test-p ieces. 
One tes t-p iece  was m ade by p lac ing  a lay e r of th e  
+  2 0  on a lay e r of +  1 0 0 , a n d  th e  o th e r  te s t-  
piece w as m ade by in tim a te ly  m ix in g  th e  +  2 0  

an d  +  1 0 0  (see ta b le  below).

No. of blows.
Sand in layers. 

Length of 
test-piece.

Sand mixed. 
Length of 
test-piece.

0 .................. 2.094 1.858
1 .................. 2 . 0 2 0 1.774
7 ............................ 1.950 1.716

2 5 ............................ 1 . 8 8 6 1.678
5 0 ............................ 1.856 —
Permeability after 

7 blows 2 1 0 80

The len g th s of th e  tes t-p ieces in inches were 
th en  accu ra te ly  m easu red  : —

The decrease in len g th  w hen th e  sands w ere
in tim a te ly  m ixed  was 1 2  p er c en t., an d  is illu s
t r a te d  g rap h ica lly  in  F ig . 16. T h e  p e rm eab ility  
was reduced  by m ore th a n  60 per cen t.

As a fu r th e r  i l lu s tra tio n , an d  to  show th a t  
a m ix tu re  of sand  g ra in s  does a rra n g e  itse lf  in 
th e  co n d itio n  of close pack in g  (c), i .e .,  th e  
te t r a h e d ra l  system , th e  len g th s of test-p ieces 
o b ta in e d  by ram m in g  m ix tu re s  of +  40 m esh and  
+  70 m esh in  p ro p o rtio n s  from  100 p e r  c en t, of

Number of 
blows. (I) (II) (III) (IV) (V) (VI)

0 2.180 2.180 2.170 2.050 2.082 2 . 1 1 0
1 2.032 2.030 2 . 0 0 0 1.950 1.966 1.928
2 1.994 2.004 1.968 1.930 1.936 1.898
3 1.978 1.990 1.950 1.912 1.916 1.880
4 1.964 1.980 1.942 1.900 1.902 1.880
5 1.954 1.966 1.928 1.892 1.892 1.870
7 1.940 1.950 1.912 1.878 1.878 1.860

1 0 1.926 1.936 1.894 1.860 1.860 1.828
15 1.906 1.910 1.872 1.844 1.840 1.808
25 1.880 1.884 1.848 1.822 1.814 1.784
50 1.846 1.850 1.812 1.786 1.778 1.752

T he p e rcen tag e  decrease  o b ta in ed  a f te r  50 
blows was—

I. b 30
II .---b 40

I I I  .---b 50
IV  .---b 70
V.---blOO

Per cent, 
decrease. 
0.2 
1.8 
3.25 
3.70 
5.10

No decrease  occurs w ith  th e  +  30 size, b u t  a 
s lig h t d ecrease  occurs w ith  th e  +  40, d u e  to  th e  
+  2 0  c o n ta in in g  a ll sizes from  — 1 0  to  +  2 0 , i.e .,  
from  0.0499 in . to  0.0250 in . T he f irs t sub
s ta n tia l  decrease  occurs w ith  th e  +  50, i .e ., w ith  
th e  size 2 /5  of th e  +  20.

A b e tte r  i l lu s tra tio n  of th e  fa c t  t h a t  fittin g -in  
does ta k e  p lace  is p roduced  by u s in g  a  la rg e r

one to  1 0 0  p e r  cen t, of th e  o th e r  w ere  m easu red . 
N o f itt in g - in  occurs. I f  th e  +  40 sa n d  was in  
th e  co n d itio n  of open p a ck in g  (a), i.e .,  th e  cubic 
system , th e  la rg e s t size of san d  g ra in  cap ab le  of 
f i tt in g - in  w ould be 0.732 tim es  th e  d ia m e te r  of 
th e  +  40 o r  0.00915 i n . ; th e n  th e  +  70 w ith  a 
d ia m e te r  of 0.0071 in . w ould re ad ily  fit-in , p ro 
d u c in g  a  decrease  in  th e  le n g th  o f th e  te s t-  
piece.

The g ra p h  in  F ig . 17 shows a  m ax im u m  re 
d u c tio n  of 3 p e r cen t, in  th e  le n g th  of th e  te s t-  
piece w hen in c re a s in g  p e rce n ta g e s  of +  70 a re  
m ixed  w ith  +  40. T his s lig h t re d u c tio n  in  len g th  
of th e  tes t-p iece  is acco u n ted  fo r by  th e  fa c t 
t h a t  i t  is p ra c tic a lly  im possible to  sieve th e  + 70  
g ra in s  free  from  sm all q u a n ti t ie s  of — 70 g ra in s  
which would fit in to  th e  — 30 +  40 g r a in s ; and
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also th e  accu racy  of s ta n d a rd  sieves c a n n o t be 
re lied  u p o n  w ith in  v e ry  fine lim its . T h is  figure 
also in d ic a te s  t h a t  th e  re d u c tio n  in  p e rm eab ility  
is less th a n  t h a t  o b ta in e d  by m ix in g  san d s th a t  
have  a  g re a te r  d iffe ren ce  in  g ra in  size.

F u r th e r  w ork  done in  asso c ia tio n  w ith  Mr. 
P arke 's , of th e  B r i tis h  C a st I ro n  R esearch  
A ssociation , som e of w hich h as been rep ro d u ced  
in  R esearch  R e p o r t N o. 138 ( J a n u a ry ,  1938), 
also confirm s and  il lu s tra te s  th is  assu m p tio n .

F ig . 18 g ra p h ic a lly  re p re se n ts  th e  le n g th  of 
tesU piece  an d  th e  p e rm e a b ility  nu m b ers  o b ta ined  
w ith  m ix tu re s  of +  2 0  an d  +  1 0 0  m esh sand, 
show ing f i ttin g -in  an d  re d u c tio n  in  p e rm eab ility  
o b ta in e d . F ig . 19 is a g ra p h  show ing th e  fitting - 
in  o b ta in e d  w ith  tw o san d s fro m  th e  L eig h to n

san d  co n sistin g  of ro u n d ed  g ra in s  o f u n ifo rm  
size w ould g ive  good p e rm e ab ility  w ith  good 
finish, b u t  u n fo r tu n a te ly  th e re  a re  m an y  dis
a b ilitie s  acco m p an y in g  th e  u se  of such  a san d . 
These d isa b ilitie s  can  be overcom e by th e  use  of 
a m ix tu re  of g ra in  sizes, m a in ta in in g  a t  th e  sam e 
tim e  good p e rm e a b ility  an d  good finish on  th e  
cas tin g s  a n d  o th e r  re q u ire m e n ts  of a good core 
a n d  good core-shop p ra c tic e .

U s in g  fine sa n d  a lone increases th e  am o u n t of 
b in d e r  re q u ire d . I n  u n i t  q u a n ti ty  of san d , th e  
n u m b er of g ra in s  is in v erse ly  p ro p o rtio n a l to  
th e  cube of th e  d ia m e te r , i .e .,  1 / (d ia m e te r )3. The 
su rfa ce  a re a  of each g ra in  is p ro p o rtio n a l to  
(d ia m e te r )2. T h ere fo re , th e  to ta l  su rfa ce  a rea  
in  u n i t  q u a n ti ty  is d ire c tly  p ro p o rtio n a l to  th e

F i g . 1 4 .— “  F i t t i n g - i n  ”  A r r a n g e m e n t s  o f  T h r e e  S i z e s .

B u zzard  deposits  a c tu a lly  in  use  in  th e  core
shop. The m ix tu re  g iv in g  m ax im um  den sity , 
in d ic a te d  by th is  g ra p h , w as used  to  m ak e  te s t-  
piece I I I  in  F ig . 24.

W ith  th is  concep tion  of a sim ple re la tio n sh ip  
betw een th e  g ra in  sizes,

th e  co n tro l of p e rm e ab ility  becom es m ore c e r ta in , 
an d  th e  re la tio n sh ip  be tw een  p e rm e ab ility  r e 
q u irem en ts  an d  o th e r  re q u ire d  q u a litie s  in  a core, 
m ore obvious. Core m ix tu re s  c u rre n tly  used  
fo r some obscure o r fo rg o tte n  re a so n  w ere re 
ex am in ed  in  th e  l ig h t  of th is  re la tio n sh ip , and  
m any  of th e  m ix tu re s  w ere e lim in a ted , an d  those 
re ta in e d  w ere  im proved .

P rev io u sly  i t  h as  been  m en tio n ed  t h a t  a fine

n u m b er of g ra in s , o r  th e  re s u l ta n t  increase  in 
to ta l  su rfa ce  a re a  is in v ersely  p ro p o rtio n a l to  the  
size. T he sm alle r th e  g ra in  size th e  la rg e r  th e  
su rfa ce  a rea .

T hen  +  70 san d  should  re q u ire  2J tim e s  th e  
am o u n t of b in d e r  re q u ire d  by a  +  30 san d . The 
am o u n t how ever is a l i t t le  less th a n  th is , as th e  
s tre n g th  of th e  core is in fluenced  also by  th e  
n u m b er of p o in ts  of c o n ta c t  b e tw een  th e  g ra in s . 
F o r  econom y in  b in d e r , i t  is e sse n tia l, th e re fo re , 
to  use  as la rg e  a g ra in  size, or as la rg e  a p ro 
p o rtio n  of la rg e -g ra in e d  san d , in  th e  m ix  as is 
possible. W here  good finish on th e  su rfa ce  of 
th e  c a s tin g  is th e  m a in  co n s id e ra tio n , sm all- 
g ra in e d  san d  is a g a in  obviously  th e  choice, and 
fo r  good p e rm e ab ility  th ese  g ra in s  should  be 
u n ifo rm  in  size.



Fin In h ib it io n

H ow ever, in  a d d itio n  to  a g re a te r  cost in  
b in d er, th e re  a re  tw o o th e r  very  serious d is
a b ilitie s  in th e  use of th is  l a t t e r  ty p e  of sand, 
becom ing m ore serious as th e  g ra in  size becomes 
la rg e r. The m ost troub lesom e of th ese  defec ts is 
an  ex p an sio n  fin, p roduced  on th e  c a s tin g  when 
cores w ith  san d  g ra in s  of u n ifo rm  size a re  used . 
(All sizes in  an y  one colum n in  th e  a r ra n g e m e n t 
of sizes a lread y  g iven  a re  considered  as a single 
size, since  no f i tt in g - in  is possible.)

T his d e fec t is shown in  P ig . 20, and  is re p re 
sen ted  dia-gram im atically by F ig . 21. A th in  fin 
of m e ta l is p roduced  a t  th e  co rners of th e  cas t
ing , w hich is v e ry  d ifficult to  rem ove in  th e  
fe tt l in g  shop. These figures i l lu s tra te  th e  defec t

w ith in  th e  core s t ru c tu re  to  ta k e  u p  th is  ex 
p an sio n , an d  c rac k in g  occurs. I t  can  re ad ily  be 
seen, how ever, t h a t  if  th e  san d  m ass consists 
of g ra in s  of u n i t  size m ixed w ith  g ra in s  of less 
d ia m e te r  th a n  2 /5  u n i t  size, th e  sm alle r g ra in s  
can  e x p an d  in  th e  voids be tw een  th e  u n i t  sizes. 
A g a in , since th e  su rface  a re a  of th e  sm aller 
g ra in s  is g re a te r  in  p ro p o rtio n  to  th e  m ass th a n  
th e  la rg e r  g ra in s , th ey  will h e a t  up  m ore ra p id ly  
an d  e x p an d , re d u c in g  a t  th e  sam e tim e  th e  
a m o u n t of h e a t  availab le  la te r  to  ex p an d  th e  
la rg e r  g ra in s  ; in  o th e r words, th e  ex p an sio n  can 
ta k e  p a r t  in  stages.

Such a core has w ith in  i ts  s tru c tu re  room  fo r 
sufficient expan sio n  to  reduce  th e  ten d en cy  to  
crack , an d  F ig . 24 i llu s tra te s  these  assertions. 
No. I  is m ade of coarse u n ifo rm -g ra in e d  sa n d ;

F i g . 15.— A S e c o n d  A r r a n g e m e n t  o f

produced w ith  in te rn a l  cores, i .e .,  cores com
pletely  o r  a lm ost com plete ly  su rro u n d e d  by 
m eta l. This d e fec t is also p roduced  w ith  e x te rn a l 
cores, and  is i llu s tra te d  by F ig s. 22 an d  23.

W hile th is  la t t e r  ty p e  of fin is eas ie r to  dress 
off, i t  s till n ecessita tes  e x tr a  w ork  an d  is o th e r
wise u n d esirab le . An e x am in a tio n  of th e  d efec t 
read ily  showed t h a t  i t  was p roduced  by liqu id  
m eta l p e n e tra t in g  in to  a c rack  in  th e  core, and  
th a t  th is  c rack  w as p roduced  by th e  ex p an sio n  of 
th e  sand . Cores of re c ta n g u la r  sec tio n  crack  a t  
th e  co rners, an d  cores of c irc u la r  section  crack 
a t  th e  w eakest p o in t of th e  c ircum ference .

In  cores m ade  of u n ifo rm  ro u n d e d  g ra in s , th e  
flow ability  of th e  sand  is good, an d  good com
p a c tio n  is a no rm al co n d itio n . U n d e r th ese  con
d itio n s , w hen  ex p an sio n  occurs, th e re  is no room

“  F i t t i n g - i n . ”

No. I I  is m ade of fine u n ifo rm -g ra in e d  sand , 
an d  No. I l l  is m ade of a m ix tu re  of coarse and  
fine g ra in e d  sand . T he cores w ere h e a ted  ra p id ly  
to  a  te m p e ra tu re  of 800 deg . C ., an d  Nos. 1 and  
I I  show la rg e  cracks, w h ils t N o. I l l  is e n tire ly  
free  from  cracks.

W hen  th e  fins p ro d u ced  by these  cracks occur 
on th e  cas tin g , th e  tro u b le  an d  cost of fe tt l in g  
are  increased . W hen  th e  c racks occur in  ru n n e r  
cores, erosion  of th e  edge of th e  c rack  freq u en tly  
occurs, an d  d ir ty  cas tin g s a re  a consequence. 
The ru n n e r  core of a bottom -filled steel in g o t 
m ould e x h ib ited  th is  d e fec t and  was rectified  
by th e  a d d itio n s  to  th e  core m ass of sm all g ra in s  
in  th e  form  of silica  flour. F ig . 25 shows th o  
co n d itio n  of th e  ru n n e r  before  an d  a f te r  th is  
ad d itio n .



In fluence o f G ra in  S ize  and D is t r ib u t io n  
in  G re e n  S ta te

R o u n d ed  sa n d  g ra in s  o f u n ifo rm  size p ro d u ce  
in a  core w hich  consists e n tire ly  of such  g ra in s  
a  te n d e n cy  to  sag  w hile in  th e  g re en  co n d itio n . 
T h is ten d e n cy  is m ost m ark e d  w ith  la rg e  g ra in s . 
I t  c a n  be co n tro lled  to  an  e x te n t  by  u s in g  a 
m ix tu re  of g ra in  sizes or by u s in g  a  fine-g ra in ed  
san d . T h ere  a re  o th e r  m ethods of co n tro llin g  
a n d  e lim in a tin g  th is  d e fec t w hich w ill be r e 
fe rre d  to  la te r .  F ig . 26 i l lu s tra te s  th is  te n 
dency  to  sag g in g , a n d  th e  re d u c tio n  in  th e  te n 
dency  w hen u s in g  a  b lend  o f sizes, w h ere in  No. I  
te s t-p iece  consists of + 4 0  m esh s a n d ;  N o. I I  
te s t-p ie ce  consists of +  1 0 0  m esh san d , and  
N o. I l l  te s t-p ie ce  consists of a m ix tu re  of +  100 
m esh a n d  +  40 m esh san d  in  th ose  p ro p o rtio n s  
p rev iously  fo u n d  to  g ive th e  m ax im u m  a m o u n t 
of f i tt in g -in , i .e .,  6 6 . 6  p e r  cen t, of th e  finer 
m a te r ia l  w ith  33.3 p e r cen t, of th e  co arse r sand .

50% ♦ 20 MESH L B SAND 
SOI * 100 MESH S SAND

F i g . 16.— I n f l u e n c e  o f  M i x i n g  o n  L e n g t h  
o f  T e s t - P i e c e .

W ith  th e  fo reg o in g  c o n sid e ra tio n s  in  m in d , i t  
is possible to  select san d s an d  san d  m ix tu re s  
fo r  th e  core shop w hich will g ive a m ax im um  in 
effectiveness w ith  a m in im um  of cost in  m a te ria ls  
an d  in  processes, a n d  by u s in g  th e  ta b u la tio n  of 
sizes su g g ested  i t  is possible to  re g u la te  th e  
m ix tu re s  w ith  some know ledge of th e  re su lts  to  
be ex p ec ted .

C o re  B inders

The selection  of core b in d ers  is based  on th e  
re q u ire m e n ts  in  g reen  s tre n g th  of th e  core-sand 
m ix tu re s  a n d  th e  re q u ire m e n ts  in  d ry  s tre n g th  of 
th e  finished core. T he d ry  s tre n g th  is of 
u l tim a te  im p o rta n ce  in  th e  baked  an d  finished 
core, a n d  offers few difficulties e ith e r  in  th e  
se lec tion  or co n tro l of m a te ria ls  o r processes. 
T he g re en  s tre n g th  is of im p o rtan ce  d u r in g  th e  
m a n u fa c tu re  of th e  core only. T h ere  is a la rg e  
v a r ie ty  of m a te ria ls  capab le  of g iv in g  sa tis fac to ry  
service, an d  th e  final selection  is o ften  d e te r-

m in ed  by a p e cu lia r  co n d itio n  of th e  shop or 
re q u ire m e n t in  p ra c tic e .

T he shop c o n d itio n  w hich m o st in fluenced  th e  
u l t im a te  se lection  of g re en  b in d e r  w as th e  
m eth o d  of m echan ical d e liv e ry  of th e  p re p a re d  
sa n d  m ass, a n d  th e  t r a n s p o r ta t io n  of th e  g reen  
cores.

The sp ec ia l re q u ire m e n t w as an  ashless b in d er. 
T h is l a t t e r  co n s id e ra tio n  w as n ece ss ita te d  by th e  
in te n tio n  e v e n tu a lly  to  in s ta ll  a  core-sand  re 
covery  p la n t , a n d  also by  th e  f a c t  t h a t  b u rn t  
core sa n d  is th e  base m a te r ia l  of th e  sy n th e tic  
m o u ld in g  san d  system s now  in  o p e ra tio n . Any

100 80 60 40 20 0  %*40
0  20 40 60 80 '00 % ♦70

F i g . 17.— T e s t - P i e c e  L e n g t h  a n d  P e r 
m e a b i l i t y  C o r r e l a t e d  w i t h  S a n d  M i x e s .

ash would be u n d e s irab le  u n d e r  e ith e r  of these  
co n d itio n s, a n d  a fu sib le  ash  p a r tic u la r ly  so. 
M olasses and  w o o d -ex trac t c o n c e n tra te s  w ere 
co n sequen tly  u n d e sirab le , an d  th e  ashless cereal 
b in d ers  w ere in d ic a te d .

T ra n s p o r t  System
T he m ech an ica l t r a n s p o r ta t io n  of th e  p re p a re d  

san d  m ass consists of an  ov erh ead  b u c k e t con
veyor, show n in  F ig . 27. E ac h  b u c k e t holds 
a p p ro x im a te ly  70 lbs. of p re p a re d  san d . This 
m eans t h a t  ev ery  6 J-cw t. b a tc h  of sa n d  m illed 
is d iv id ed  in to  1 0  sm alle r lo ts , ex p o sin g  a con



side rab le  a re a  of th e  m ass to  th e  a tm o sp h e re  of 
th e  shop fo r p e riods of t im e , d e p e n d e n t upon  
th e  d is tan c e  of th e  core bench from  th e  p re p a ra 
tio n  p la tfo rm , an d  th e  im m ed ia te  re q u ire m e n ts  
of th e  core bench. (Should  sand  n o t be re 
q u ired  on th e  bench  th e  fu ll buckets c o n tin u e  to  
c irc u la te  an d  a re  n o t t ip p e d  u n t i l  needed  la te r .)  
These co n d itio n s re q u ire  a g re en  bond t h a t  does 
n o t re a d ily  d ry  o u t. T he g re en  cores a re  t r a n s 
p o rted  to  th e  d ry in g  oven on a t r a y  conveyor 
of th e  ty p e  shown in  F ig . 28.

T his is a n  ex ce llen t conveyor of h igh  cap ac ity  
an d  speed, b u t  from  th e  n a tu re  of th e  design 
su b je c t to  some v ib ra tio n . G reen  cores on a 
v ib ra t in g  conveyor a re  liab le  to  sag . This

an d  (2 ) th e  v a p o u r ten s io n  of th e  so lu tio n  of 
th e  b in d er. (1 ) is  p re d e te rm in ed  by co n sid era 
tio n s of p e rm e ab ility  an d  econom y, an d  (2 ) is a 
v a riab le  d e p e n d e n t upon  th e  h u m id ity  and  
te m p e ra tu re  of th e  a tm o sp h e re  of th e  shop.

The a tm o sp h ere  of th e  shop c a n n o t a t  p re sen t 
be co n v en ien tly  con tro lled . The a lte rn a t iv e  is a 
co n tro l of th e  v a p o u r  ten s io n  of th e  so lu tion  of 
th e  h in d e r, an d  th is  is conv en ien tly  o b ta in ed  
by ad d itio n s  of am m onium  n i t r a te .  A ccording 
to  R a o u lt’s law , w hich say s : “  The d im in u tio n  
of th e  v a p o u r p ressu re  of a so lu tio n  of a non-

2 20

ISO

LcmON BUZ7MX 100 80 6 0  4 0  20  0
ARNOLDS 26A 7. 0  20 40  60 80 100

MIXTURES OF *20  MESH SAND 
WITH * 100 MESH SAND

P E R M E A B IL IT Y  N O . • •  

L E N G T H  O F  T E S T P !E C E ° °

F i g .  1 8 .— I n f l u e n c e  o f  M i x i n g  o n  L e n g t h  f i g . 1 9 . _ I n f l u e n c e  o f  M i x i n g  o n  L e n g t h
o f  T e s t - P i e o e  a n d  P e r m e a b i l i t y .  o f  T e s t - P i e c e .

lOO'L ft

o/(*20 MESH 
* l - /<o  %\-IO  MESH 

I *  100 MESH 
1-70 MESH

ten d en cy  to  sag  can  be offset to  an  e x te n t  by a 
se lection  o f th e  g ra in  sizes o f th e  sand  m ass, 
as a lre ad y  m en tio n ed  a n d  i llu s tra te d , a n d  can  
be reduced  to  a  f u r th e r  considerab le  e x te n t  if 
th e  su rface  of th e  g reen  core a ir-d rie s  ra p id ly . 
One conveyor th e re fo re  calls fo r  a g reen  bond 
th a t  a ir-d rie s  slowly, an d  th e  o th e r  fo r  a g reen  
bond t h a t  a ir-d rie s  ra p id ly . A ba lan ce  betw een  
these  tw o co n d itio n s is, how ever, possible. The 
ra te  of a ir  d ry in g  can  be m a in ta in e d  betw een 
lim its  su itab le  to  b o th  co n d itio n s.

F acto rs  in A ir  D ry in g  
T he r a te  of d ry in g  of th e  m ass is d ep en d e n t 

u pon  : (1) The su rfa ce  a re a  of th e  sand  g ra in s ,

v o la tile  su bstance  is p ro p o rtio n a l to  th e  n u m b er 
of m olecules dissolved in  a c o n s ta n t w e ig h t of 
th e  p u re  so lv e n t,”  th e  co n tro l m ig h t conceivably 
be o b ta in ed  by v a ry in g  th e  a m o u n t of b in d er 
used . T his m ethod  is u n d e sirab le  m ain ly  ow ing 
to  th e  consequen t v a r ia tio n  in  g reen  s tre n g th  
p ro d u ced .

T he use of an  e lec tro ly te  is p re fe rab le , as i t  
p roduces no v a r ia tio n  in  th e  g reen  s tre n g th  of 
th e  san d  m ass, an d  by d isso c iatio n  p roduces 
a p p ro x im ate ly  double  th e  m olecu lar d im in u tio n  
in  v a p o u r  p re ssu re  of sub stan ces w hich do no t 
ionise in  so lu tion . The e lec tro ly te  se lected , as 
a lre ad y  m en tio n ed , is am m onium  n i tr a te ,  which



has a h ig h  so lu b ility  an d  decom poses a t  th e  te m 
p e ra tu re  of th e  d ry in g  ovens, leav in g  no solid 
re s id u e  or ash  a n d  a ss is tin g  to  a n  e x te n t  in  th e  
o x id a tio n  of th e  u n s a tu ra te d  core oil, ¡p a rticu la rly  
in  th e  c en tre  of h eav y  cores.

cen t, so lu tio n  ; No. 2, w ith  a specific g ra v ity  of 
1.070—20 p e r cen t, so lu tio n , an d  No. 3, w ith  a 
specific g ra v ity  of 1.035—10 p e r  cen t, so lu tio n .

The co n d itio n  of th e  a tm o sp h ere  of th e  shop,
i.e .,  th e  ¡percentage h u m id ity  an d  te m p e ra tu re

F i g . 2 0 .— F i n  D e f e c t  d u e  t o  E x p a n s i o n .

F i g .  21.— C a u s e  o f  E x p a n s i o n  F i n s .

T he m ethod  of co n tro l consists in  u s in g  solu
tio n s  of am m onium  n i t r a te  of v a ry in g  c o n c e n tra 
tio n s  to  rep lace  th e  w a te r  o rd in a r ily  used  in  th e  
sa n d  m ix . T h ree  co n ce n tra tio n s  a re  u se d : — 
N o. 1, w ith  a  specific g ra v ity  of 1.120— 40 per

F i g .  22.— F i n  d u e  t o  E x p a n s i o n  o f  
E x t e r n a l  C o r e .

an d  co n seq u en t v a p o u r p re ssu re  of a  w a te r  solu
tio n  u n d e r  those  co n d itio n s, is o b ta in e d  from  th e  
w e t a n d  d ry  b u lb  th e rm o m e te r , an d  No. 1, 2 o r 3



so lu tion  is used  acco rd ing  to  th e  in d ica tio n s  
g iven .

C o n tro l M e th o d
The follow ing is an  i llu s tra tio n  of th e  

m ethod  : —
R ead  off th e  p e rcen tag e  re la tiv e  h u m id ity  

from  th e  c h a r t  accom pany ing  th e  w et an d  d ry  
bulb th e rm o m e te r ; s u b tra c t  from  1 0 0 , m u ltip ly  
by v a p o u r  p re ssu re  of w a te r  a t  th e  a ir  te m 
p e ra tu re  n o ted , a n d  use No. 1 so lu tion  when 
th e  re s u l ta n t  is above 8 ; N o. 2 so lu tio n  when 
from  5 to  8 , and  N o. 3 so lu tio n  w hen below 5.

E xa m p le .—
D ry  bulb  re a d in g  6 8  deg. F a h .
W et bu lb  re a d in g  60 deg. F a h .
H u m id ity  60 p e r  cen t.
V apour p ressu re  of w a te r  a t  6 8  deg. F a h . is 

13.1 m m.

U se No. 2 so lu tion .
T he r e s u l ta n t  m ay  be called  th e  in d ex  o f the  

ra te  o f d ry in g .  I t  is a d ire c t m easu re  of th e  
a m o u n t of u n s a tu ra t io n  e x is tin g  u n d e r  th e  con
d itio n s  no ted . A p ra c tic a l m ethod  of co n tro llin g  
th e  r a te  of a ir  d ry in g  w ith o u t th e  necessity  of 
w et and  d ry  bulb  e q u ip m en t is of some in te re s t . 
The g reen  s tre n g th  of a tes t-p iece  is o b ta in ed  
im m ed ia te ly  th e  te s t  core is m ade and  ag a in

being illu s tra te d  in  F ig . 2 9 . T he s tr ip p in g  post 
in th e  p o sition  show n is an  e ssen tia l p a r t  of th e  
eq u ip m en t. I t  enables th e  core to  be te s te d  for 
s t re n g th  im m ed ia te ly  i t  is m ade.

T he cereal h in d e r  used  is d e x t r in ; b u t a 
soluble s ta rc h  com pound has also been used w ith

F i g . 2 3 .— C a u s e  o f  F i n  w i t h  
E x t e r n a l  C o r e .

success. The o p e ra to rs  p re fe r  d e x tr in , however, 
m ain ly  because th e  flow ability  of th e  sand  m ade 
w ith  d e x tr in  is b e tte r ,  an d  th e re  is less difficulty  
in  ram m in g  in tr ic a te  cores.

F i g . 2 4 .— I n f l u e n c e  o f  C o r e  M i x t u r e s  o n  T e n d e n c y  t o  C r a c k .

a f te r  a tim e  in te rv a l  of tw o m in u te s . T he ra te  
o f d ry in g  su itab le  to  th e  shop cond itions can 
be decided u p o n , an d  can  th e n  be co n tro lled  by 
th e  use  of a su itab le  s tre n g th  so lu tion  of 
am m onium  n i t r a te ,  th e  e q u ip m e n t necessary

W ashes
Core washes a re  used ex tensively  in  th e  cas t 

iro n , steel and  n o n -ferro u s fou n d ries . T he fu n c 
tio n  of th e  w ash is to  p ro te c t th e  su rface  of th e  
core from  th e  ac tio n  of th e  m olten  m eta l, i.e .,



from  erosion , p e n e tra t io n  be tw een  san d  g ra in s  or 
p e n e tr a t io n  of c rack ed  cores. These p e n e tra tio n  
effects a re  in c reased  by h ig h e r  p o u rin g  te m p e ra 
tu re s .

S ilica  flou r is used  in  th e  stee l sec tion , an d

C olbond, 9 galls. (72 lb s .) ; w a te r , 30 g a lls . ;  
d e x tr in  so lu tio n  (50 p e r c e n t.) ,  4 p in ts .

T h is gives a B caum e g ra v ity  of a b o u t 52 to  
60 d eg ., an d  is th in n e d  dow n to  re q u ire m e n ts , 
e .g .,  B eau m e 50 deg . fo r p o r t  a n d  ru n n e r  cores

F i g . 2 5 .— I l l u s t r a t i o n  o f  E l i m i n a t i o n  o f  F i n s  b y  S i l i c a - F l o u r  A d d i t i o n .

F i g . 2 6 .— T f. n d e n c y  t o  S a g g i n g .

has recen tly  rep laced  p lum bago  a n d  b lack in g s  in  
th e  iro n  fo u n d ry . T alc  is  u sed  in  th e  non- 
fe rro u s  sec tion . T he s ilica  flour m ix tu re  used  
consists o f : — S ilica  flour, 2 1  galls. ( 2 1 0  lb s .) ;
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an d  48 deg. fo r  ja c k e t  cores ( th ese  co res a re  
d ip p ed ), a n d  40 deg . fo r  cores t h a t  a re  sp ray ed , 
such  as en d  cores, body cores a n d  c h es t cores. 

The ch an g e  to  s ilica  flour w as n e ce ss ita te d



m ain ly  by  a  change  in  th e  ty p e  of iro n  u sed , b u t  
a co n siderab le  econom y also re su lte d . T he iro n  
now used  in  th e  fo u n d ry  is a copper-chrom e alloy 
w ith  a low phosp h o ru s a n d  to ta l-ca rb o n  c o n te n t. 
I t s  m a in  c h a ra c te ris tic s  a r e : phosphorus, less 
th a n  0.10 iper c e n t . ; to ta l  carb o n , 3.10 to  3.30 
p e r c en t., an d  silicon, 2.10 to  2.30 p e r cen t.

T he p o u rin g  te m p e ra tu re  of such a n  iro n  needs 
to  be h ig h . T his h ig h  te m p e ra tu re  req u ire s  
m ould  an d  core co n d itio n s a p p ro x im a tin g  to  those 
o b ta in in g  in  steel p ra c tic e . I t  w as fo u n d  th a t

a llow ing  th e  m eta l to  p e n e tra te  th e  c rack , fo rm 
in g  a fin w hich w as d ifficult to  f e tt le  off.

T he e q u a lity  in  th e  h e a t  cap ac itie s  o f th e  tw o 
washes is n o t  e v id e n t from  a co n sid e ra tio n  of 
th e  specific h e a ts  of g ra p h ite  an d  silica o n ly ; th e  
re la tiv e  am o u n ts  of th ese  m a te ria ls  p e r sq u are  
in ch  of su rface  a re a  of th e  core m u s t also be 
ta k e n  in to  c o n sid e ra tio n . These re la tiv e  
am o u n ts  w ere d e te rm in e d  ex p erim en ta lly , u sin g  
a p a in t  v iscom eter o f th e  tv p e  illu s tra te d  in 
F ig . 30.

F i g . 2 7 .— O v e r h e a d  B u c k e t  C o n v e y o r .

g ra p h ite  d id  n o t g ive suffic ient p ro te c tio n  to  th e  
cores w hen h ig h  p o u rin g  te m p e ra tu re s  w ere used. 
The b e tte r  p e rfo rm an ce  of silica  w ash in  th is  
respec t depends u p o n  th e  co n sid e ra tio n  th a t ,  
while th e  h e a t  c ap ac itie s  of b o th  ty p es  of w ash 
a re  a p p ro x im a te ly  eq ual, th e  th e rm a l con
d u c tiv ity  o f th e  g ra p h ite  w ash  is m ore  th a n  one 
h u n d re d  tim e s  as g re a t  as t h a t  of th e  s ilica  w ash. 
U sing a g ra p h ite  w ash, th e  r a te  of h e a t  t r a n s 
m ission w as sufficiently  ra p id  to  e x p an d  and 
crack  th e  core be fo re  th e  m eta l h a d  se t, th u s

T he d ry  m a te ria ls  in  th e  s ilica  w ash used 
w ere in  th e  am o u n ts  a lre ad y  m en tio n e d ; th e  
m a te ria ls  in  th e  p lum bago  o r g ra p h ite  w ash  w ere 
id en tica l, h u t  fo r  th e  su b s ti tu tio n  of g ra p h ite  
fo r silica flour.

T he v iscosities an d  B eaum e s tre n g th s  of th e  
w a te r  suspensions, a n d  th e  th ick n ess  an d  w e ig h t 
of d ried  w ash  on  c lean  glass p la te s  w ere d e te r 
m ined . T he re su lts  o b ta in e d  a re  g iv en  in  th e  
ta b le  on  th e  n e x t page.

T he v iscositv  of 54 g iv en  in  Series I  is  th e
55



viscosity  of th e  w ash  w hich  is u sed  w hen  cores 
a re  d ip p ed . T he v iscosity  of 46 g iv en  in  
Series I I  is th e  v iscosity  of th e  w ash  w hich  is 
u sed  w hen cores a re  sp ray ed .

F or S eries  I I  th e  re la tio n sh ip  is :  —
H e a t  c ap a c ity  of g ra p h ite  w ash =  0.22 calo ries. 
H e a t  c ap a c ity  of s ilica  w ash =  0.18 calories. 
The coefficient of th e rm a l c o n d u c tiv ity  of

Series. Type of 
wash.

Temp, of 
wash. 

Deg. C.
Viscosity.

Beaumé
strength.

Deg.

Thickness of 
coating. 

Ins.

W t. of 
coating.* 
Grams.

I Graphite 17.0 54 33 0.00275 0.95
Silica 17.2 54 52 0.00425 1.56

11 Graphite 16.8 46 30 0 . 0 0 1 0.48
Silica 16.0 46 50 0.0025 0.62

* The weight of coating is the weight of dried m aterial on 10-^ sq. in. of glass plate.

T he fo llow ing c a lcu la tio n s  show t h a t  h e a t 
c ap a c itie s  of th e  w ashes fo r equal a rea s  of core 
su rfa ce  in  Series I  a re  equal, an d  in  Series I I  
a p p ro x im a te ly  so.

S eries  I .—
Specific h e a t  of g ra p h ite  =  0.4670.
Specific h e a t of silica  flour =  0.29.
W t. of g ra p h ite  on 10-,% sq. in . =  0.95 gm s. 
W t. of s ilica  on lO-ft- sq. in . =  1.56 gm s.
H e a t  c ap a c ity  of g ra p h ite  w ash is 0 .4 6 7 0  X 

0.95 =  0 .4 4  calories.
H e a t  c ap a c ity  of silica  w ash is 0.286 x  1.56 

=  0.44 calories.

F i g . 2 8 .— G r e e n  C o r e  C o n v e y o r .
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F i g . 2 9 .— T e s t i n g  M a c h i n e  f o r  G r e e n - S a n d

C o r e s .

g ra p h ite  is 0.24 a n d  of s ilic a  0.0025, so t h a t  in 
S eries I  th e  r a te  of co n d u ctio n  of h e a t  th ro u g h

th e  w ash is p ro p o r tio n a l to  0.24 X q qq275~ ^o r

g ra p h ite  a n d  0.0024 x  - f °r  s i , ic a > i  e -’
0.24 0.00425

th e  r a te  of c o n d u c tio n  is q 0Q275 *  0™0024~ 0 1

154.5 tim e s  g r e a te r  th ro u g h  th e  g ra p h ite  wash.



The a u th o r i t ie s  fo r va lues used  iu  th e  above 
ca lcu la tio n s a r e : —

Specific heats. Authority.

Graphite a t  978 deg. C. is 
0.4670

Silica a t  1,000 deg. C. is 
0.286.

Geber.

Calculated according to 
W oestyn’s hypothesis.

C oefficient o f  th erm a l c o n d u c tiv ity  is defined 
as th e  q u a n ti ty  of h e a t  w hich  passes th ro u g h  a 
cubic c e n tim e tre  in  one second d iv id ed  by th e

F i g . 3 0 .— V i s c o m e t e r .

difference of te m p e ra tu re  in  deg. C. be tw een  th e  
two faces th ro u g h  w hich th e  h e a t  passes.

Graphite (consolidated), 0 -24 . .  . .  Wologdine.
Silica granulated (consolidated), 0.002 Wologdine.

0.003
The re la tio n sh ip  fo u n d  in  th e  above ex p eri

m ents betw een  th e  w e ig h ts of g ra p h ite  an d  silica  
flour in  su spension  in  a w ash a t  equal v iscosities 
is confirm ed by th e  w ork  of B in g h am  an d  
D urham * (from  w hich  th e  g ra p h  show n in  F ig . 31

is ta k e n ) , an d  by E . L ips and  H . N ip p e r  in  “  An 
In v e s tig a tio n  of th e  In fluence  of C ry sta llisa tio n  
on th e  F lu id ity  of M e lts ,” f  from  w hich th e  
g ra p h s  in  F ig s . 32 an d  3 3  a re  ta k e n .

A secondary  re su lt  of th is  in v es tig a tio n  was a 
m ore  a cc u ra te  co n tro l of th e  w ashes used  in  th e

F i g . 3 1 .— F l u i d i t y
1

OF
VISCOSITY /

S u s p e n s i o n s  o f  I n f u s o r i a l  E a r t h  a n d  
G r a p h i t e  i n  W a t e r  a t  D i f f e r e n t  T e m 
p e r a t u r e s . ( B i n g h a m  a n d  D u r h a m .)

core shop, based  on th e  v iscosity  of th e  washes 
r a th e r  th a n  th e  B eaum e g ra v ity . The w ash is 
now m ade up  in  la rg e  cap ac ity  ta n k s  in  th e  core 
shop to  a specified B eaum e g ra v ity , and  m inor 
a d ju s tm e n ts  m ade if  necessary  from  a de te r-

F i g . 3 2 .— T i m e s  o f  O u t f l o w  o f  V a r i o u s  
M i x t u r e s  o f  Q u a r t z  i n  S u s p e n s i o n  i n  
T e r m s  o f  G r a i n  S i z e  a n d  C o n c e n t r a t i o n . 
( L i p s  a n d  N i p p e r . )

m in a tio n  of th e  v iscosity  c a rr ie d  o u t  in  th e  
lab o ra to ry . T he in s tru m e n t used  is a lread y  
show n in  F ig . 3 0 .

D efec ts in  th e  w ash can  also be co rre la te d  to  
v iscosity  figures, a n d  th u s  re ad ily  correc ted .

* T rans. A m er. Chem . Soc . Vol. X L V I, 1911, p. 278. t  “  D ie G iesserei,”  Ju ly , 1938, p. 369,
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Som e of th e  defec ts observed a re  i l lu s tra te d  in 
F ig . 34, w h e re in  (a) shows a t e a r  in  th e  wash 
film  (v iscosity  of s ilic a  w ash  54 secs, a n d  g ra p h ite  
w ash  64 secs.) ; (b) shows g ra n u la tio n s  of th e  
w ash  film  (v iscosity  of s ilic a  w ash 40 secs.), an d  
(c) show s sm ooth  fin ish  (v iscosity  of silica  w ash 
46 secs, a n d  g ra p h ite  w ash  53 secs.).

Im p ro v em en t in  th ese  i l lu s tra te d  co n d itio n s 
m ay  also be o b ta in e d  by  m o d ification  of th e  
am o u n ts  of m a te ria ls  used  to  m ake  th e  w ash, b u t  
once th ese  am o u n ts  a re  decided  u p o n , a c c u ra te  
re p ro d u c tio n  of th e  good re su lts  o b ta in e d  is 
d e p e n d e n t u p o n  th e  m a in te n a n c e  of a  co rrec t 
v iscosity  v a lue .

L a b o ra to ry  co n tro l is also m a in ta in e d  w ith  
p as tes , c h ap le ts , p a r t in g  pow ders, a n d  core w ires. 
I n  co n n ec tio n  w ith  th ese  m a te ria ls , how ever, no 
prob lem  of sufficient in te re s t  to  ju s t ify  fu r th e r  
p ro lo n g a tio n  of th e  P a p e r  h a s a risen .

F i g .  3 3 .— T i m e s  o r O u t f l o w  o f  V a r i o u s  
M i x t u r e s  o f  G r a p h i t e  i n  S u s p e n s i o n  i n  
T e r m s  o f  G r a i n  S i z e  a n d  C o n c e n t r a t i o n .  
( L i p s  a n d  N i p p e r . )

T he p re lim in a ry  w ork  of th is  P a p e r  w as done 
in  asso c ia tio n  w ith  M r. P a rk e s , of th e  B r itish  
C a s t I ro n  R esearch  A ssocia tion . M r. T h o n g er, 
of th e  A u s tin  M otor C o m p an y ’s lab o ra to rie s , has 
been  th e  m a in s ta y  of i ts  c o n tin u a tio n  a n d  com 
p le tio n . To b o th  g en tlem en  a n d  to  th e  A u stin  
M o to r C om pany  th e  a u th o r  is m uch in d eb ted .
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JO IN T  DISCUSSION ON PAPERS Nos. 658 and 659

D r . P i p e r ’s  a n d  M r . J .  J .  S h e e h a n ’s  P a p e rs  
w ere d iscussed  jo in t ly  a t  a tech n ica l session held 
d u r in g  th e  C ongress u n d e r  th e  ch a irm a n sh ip  of 
M r. W . B. L ak e , J .P .

M o is tu re  C o n te n t C o n tro l in P ra c tic e
D r . J .  G. A. S k e r l  sa id  th e  su b jec t m a t te r  

of D r. P ip e r ’s Paiper w as well know n to  h im , as 
a  m em ber of th e  S an d s C om m ittee  of th e  B ritish  
C a st I ro n  R esearch  A ssocia tion , a n d  also because 
th e  w ork  w as in i t ia te d  w hen he w as a m em ber 
of th e  sta ff. H e  could vouch fo r  th e  v ery  g re a t  
im p o rtan ce  of some of th e  conclusions w hich  D r. 
P ip e r  h a d  d raw n , especially  those  d ea lin g  w ith  
th e  m o re  th e o re tic a l side  of th e  co n d itio n s of 
clay necessary  to  bond  a silica  san d  in  th e  fo u n 
d ry . U n fo r tu n a te ly , i t  h a d  n o t been possible 
to  c a rry  o u t th e  ve ry  fu ll schem e of re sea rch  th a t  
he  h a d  th o u g h t  w ould be necessary . The w ork 
d escribed  in  th e  P a p e r  d e a lt  w ith  th e  lab o ra to ry  
side, b u t  one rea lly  w a n ted  th e  p ra c tic a l re su lts  
in  th e  fo u n d ry , because  q u ite  f ra n k ly  in  th e  
fo u n d ry  one could n o t deal w ith  some of th e  
m o is tu re  c o n te n ts  t h a t  w ere g iv en  in  th e  P a p e r .  
W ith  th e  3 a n d  5 p e r  cen t, m ix tu re s , th e  o p ti
m um  s tre n g th  w as a t ta in e d  a t  a n y th in g  in  th e  
reg io n  dow n to  1.5 p e r  cen t, of m o is tu re  and  
such figures w ere im possible of a t ta in m e n t  u n d e r  
p ra c tic a l cond itio n s. I n  g en era l one fo u n d  in 
fo u n d ries , even w hen d ea lin g  w ith  sy n th e tic  
sands, th a t  th e  m o is tu re  c o n te n t m u st he in  th e  
reg ion  of a p p ro x im a te ly  4 p e r  cen t. T h a t m ea n t 
t h a t  i t  w as necessary  to  a d d  a la rg e  excess of 
th e  b o n d in g  m ed ium . A sy n th e tic  sa n d  as used 
in  th e  fo u n d ry  d id  n o t c o n ta in  3 o r 5 p e r  cen t, 
b e n to n ite  o r o th e r  bo n d in g  m a te ria l,  b u t  usua lly  
c o n ta in ed  from  8  to  1 2  p e r c e n t.,  such  co n ten ts  
being  necessary  to  ta k e  c a re  of th e  w a te r  w hich 
had  to  be ad d ed  to  m ake  th e  m a te r ia l  usab le  in  
th e  fo u n d ry . E v en  so, w hen u s in g  sy n th e tic  
sands i t  w as o ften  fo u n d  necessary  to  h a s ten  
in  c a s tin g  th e  m oulds because of th e  ten d en cy  
to  d ry in g  off. F ro m  h is ex p erien ce  he  fe lt  c e r
ta in  t h a t  u n d e r  p ra c tic a l co n d itio n s th e  benefit 
a ris in g  from  th e  use of b e n to n ite  could  n o t be 
show n u p  q u ite  so g re a t ly  as in  lab o ra to ry  
work. I n  th e  P a p e r  b e n to n ite  w as shown to  
g ive v e ry  su p e rio r  re su lts , b u t  u n d e r  a c tu a l fo u n 
d ry  c o n d itio n s  t h a t  su p e rio r ity  was n o t m a in 
ta in e d  to  so g r e a t  a n  e x te n t .

In flu en ce  o f C o a l-D u s t Ash
C o m m en tin g  on a  s ta te m e n t in  th e  P a p e r  

t h a t  w here  coal d u s t  w as added , th e  re f ra c to r i

ness of th e  bo n d in g  c lay  w as of m in o r im p o rt
ance  as com pared  w ith  t h a t  o f th e  coal ash 
a cc u m u la tin g , a n d  t h a t  a  ty p ic a l coal d u s t of 
B r i t ish  o rig in  m ig h t g ive 5 p e r  cen t, of ash, 
th e  fusion  p o in t a n d  an a ly sis  b e in g  g iven , D r. 
S k e rl ag reed , of course, t h a t  coal ash  would 
accu m u la te , b u t  he  p o in ted  o u t t h a t  i f  5 p e r 
cen t, of coal d u s t  c o n ta in in g  5 p e r cen t, of ash 
w ere added , th e  a m o u n t of ash  p re se n t was very  
sm all. A t th e  sam e tim e , th e re  would be 3 o r  5 
o r 1 0  p e r  cen t, of b e n to n ite  p re se n t;  th e  ben
to n ite  w ould a lw ays be th e  p re p o n d e ra tin g  
fa c to r, and  since b e n to n ite  w as shown in  th e  
P a p e r  to  have  as low a re fra c to r in e ss  a s  th e  coal 
d u s t, he haTdly ag reed  w ith  th e  s ta te m e n t t h a t  
th e  re fra c to r in e s s  of b o n d in g  clay  w as of m inor 
im p o rtan ce  in  com parison  w ith  t h a t  of th e  coal 
ash.

E x p ress in g  h is very  g re a te s t  a d m ira tio n  of 
M r. S h e e h an ’s P a p e r ,  he  sa id  he  h ad  re ad  it  
th re e  tim e s  a lre ad y  a n d  could  find n o th in g  in  
i t  w hich he could  c ritic ise , because i t  d e a lt  
w ith  fa c ts  only. C om m enting , how ever, u p o n  th e  
p o in t m ade  by M r. S h eeh an  t h a t  th e  u se  o f sand  
which consisted  only  of ro u n d ed  g ra in s  h ad  re 
su lted  in  chaos in  th e  fo u n d ry , he  sa id  he would 
like  to  know  th e  n am e of t h a t  p a r t ic u la r  sand , 
because such know ledge would g iv e  one r a th e r  a 
g re a te r  in s ig h t in to  th e  P a p e r  a n d  in to  th e  diffi
cu lties w hich  h ad  been su rm o u n ted  in  th e  
m ethod  described  by M r. S heehan . T he P a p e r  
w as th e  finest he knew  of on th e  su b je c t of 
core shop co n tro l.

T a r  O il  Film s
M r . B e n  H i r e , h a v in g  c o n g ra tu la te d  D r. 

P ip e r  on h is v a lu ab le  P a p e r ,  re fe rre d  p a r tic u 
la rly  to  th e  re fe ren ce  to  coal d u s t  g iv in g  added  
s tre n g th  to  th e  d ry  com pression , an d  asked  if  
D r . P ip e r  h ad  fo u n d  t h a t  th e  coal d u s t  also 
g av e  ad d ed  s t re n g th  in  th e  g reen  s tag e , a f te r  i t  
h ad  been used  fo r ca s tin g  five o r s ix  tim es. H e  
a lso asked fo r D r. P ip e r ’s op in io n  on th e  u se fu l
ness of th e  clay  bond  on th e  g ra in s  of a n  o rd i
n a ry  sand , say  a red  san d  such  as th e  B rom s- 
g rove san d , a f te r  i t  h ad  been co a ted  by th e  
carb o n  film d eriv ed  from  th e  coal. W hen a g ra in  
o f san d  h ad  been tu rn e d  fro m  a  red  to  a  b lack 
g ra in , obviously i t  h a d  acq u ired  a ca rb o n  c o a t
ing , a n d  he asked w h e th er t h a t  destroyed 
e n tire ly  th e  bond of th e  clay.

B e n to n ite  and M o is tu re  C o n te n t
M r . R .  J .  R i c h a r d s o n  (P o n ty p rid d )  sa id  th a t  

h a v in g  read  some d a ta  on b e n to n ite  m ix tu re s
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a n d  h a v in g  a tte m p te d  to  use th em  in  th e  fo u n d ry , 
a t  th e  m o is tu re  c o n te n ts  su g g ested  by  one of 
th e  sellers, a n d  in d ic a te d  by la b o ra to ry  te s ts , 
he fo u n d  th em  ab so lu te ly  useless fo r m o u ld in g  
pu rp o ses, th e  p e rce n ta g e  of m o is tu re  b e in g  so 
low t h a t  th e  sa n d s  w ere  too  d ry  to  bond  by 
th e  t im e  th e y  reach ed  th e  m o u ld in g  m ach ines.

R e ce n tly , be fo re  he  h a d  know n t h a t  D r. P ip e r  
was p re se n tin g  a P a p e r ,  he m ad e  te s ts  on D o rse t 
c lay , a n d  fo u n d  th em  h e lp fu l, because  w hen 
u s in g  D o rse t c lay , ow ing to  th e  a m o u n t of clay  
a n d  th e  n ecessary  w a te r  b e in g  co n sid erab ly  
g re a te r  th a n  w hen  u s in g  b e n to n ite , i t  w as fo u n d  
th e  san d s d id  n o t d ry  u p  so q u ick ly , a n d  could 
be used  a t  th e  su g g ested  m o is tu re  c o n te n ts  shown 
in  D r. P ip e r ’s P a p e r .  One of th e  p r in c ip a l 
d ifficulties en co u n te re d  w hen  u s in g  D o rse t clay  
was to  ad d  i t  in  such  a m a n n e r  t h a t  i t  w as 
d is t r ib u te d  equally  th ro u g h o u t th e  m ass. A n 
o p e ra to r  h a d  been  to ld  to  m ix  a b a tc h  by  ru le  
of th u m b  m ethods, a n d  p ro d u ced  a m ix tu re  w hich 
a p p e a re d  to  feel v e ry  good, b u t  on te s tin g  i t  
w as fo u n d  to. c o n ta in  45 p e r cen t, of clay, 10 
p e r  cen t, of w hich  w as d is tr ib u te d , th e  o th e r  
35 p e r  cen t, be in g  in  sm all lum p fo rm . D u rin g  
th e  p a s t  w eek he h a d  t r ie d  a d d in g  th e  c lay  in  
a  fo rm  of s lu rry , a n d  he asked  th e  view s of 
o th e rs  on th is  questio n .

W h ereas b e n to n ite  h a d  th e  a d v a n ta g e  t h a t  i t  
was solid  a n d  could  be ad d ed  in  a  d ry  d u s t  fo rm , 
th e  n a tu r a l  clays could  n o t be o b ta in e d  in  th is  
fo rm , an d  i t  w as r a th e r  d ifficult in  fo u n d ry  p ra c 
tic e  to  d ry  th ese  clays an d  p re p a re  th em  by 
ba ll m illin g  to  m ak e  th em  su itab le  fo r a d d in g  
c o rrec tly  fo r  san d  m ix in g .

T he sam e so r t  of prob lem  of u n eq u al d is tr ib u 
t io n  h a d  a r is e n  in  M r. S h e e h an ’s P a p e r ,  in  w hich  
re fe re n ce  is m ad e  to  th e  a d v a n ta g e  of silica  flour. 
H e  asked  by w h a t m eth o d  M r. S h eeh an  w as ab le  
to  en su re  t h a t  th e  silica  flour w as suspended  
u n ifo rm ly . W hen  sp ra y in g  silica  flour w a te r  
w as used , a n d  th e re  w as a  d a n g e r  of th e  silica 
flou r b e in g  le f t  a t  th e  b o tto m  of th e  c o n ta in e rs .

Sand C o n tro l in M e chan ised  Fo u n d ries

M u. F . J .  C o o k  (P a s t-P re s id e n t,  I n s t i tu te  o f  
B ritish  F o u n d ry m en ) sa id  th e  f a c t  m en tio n ed  by 
D r. P ip e r ,  t h a t  b e n to n ite  h a d  v ery  good b o n d in g  
pow er, som etim es led fo u n d iy m e n  a s tra y . One 
w as r a th e r  te m p te d  to  use b e n to n ite  in  excess 
because  of i ts  g r e a t  g re en  s tre n g th  b o n d in g  
pow er, b u t  ow ing to  i ts  increased  d ry  bond  
s t r e n g th  over Colbond i t  m ay  g iv e  tro u b le  in  
m echan ised  p la n ts . On one occasion he  h a d  e x 
p erien ced  tro u b le  in  a m echan ised  p la n t  in  which 
a  b e n to n ite  m ix tu re  w as u s e d ; i t  w as found  
t h a t  a t  th e  k n o ck -o u t h a lf  th e  san d  cam e th ro u g h  
th e  r id d le  u n b ro k en , d u e  to  th e  g re a t  d ry  
s tre n g th  a t ta in e d  w hen th e  m e ta l was poured  
in to  th e  m ould . T h ere fo re , i t  h ad  been necessary

to  re so rt  to  C olbond, w hich w as as s tro n g  in 
g re en  san d  an d  m uch  w eak e r in  d ry  s tre n g th ,  
b u t  w hich gave  no tro u b le  in  t h a t  re sp ec t. P r a c 
tic a lly  a ll th e  san d  th e n  passed  th ro u g h  th e  
rid d le , th e re  be in g  ve ry  l i t t le  d isc a rd , w h ereas, 
w hen u s in g  b e n to n ite , w ith  i ts  e x tr a  d ry  s tre n g th  
bo n d in g  pow er, m ost of th e  sa n d  cam e th ro u g h  
in  th e  d isca rd .

M o is tu re  A b s o rp tio n  Tests
M r . A. T i p p e r , M .S c .(E n g .) ,  a sked  D r. P ip e r  

w h e th er, in  h is  te s ts  fo r  d e te rm in in g  th e  bond
in g  s t re n g th  o f clays, th e  m eth o d  of m ea su rin g  
th e  m o is tu re  a b so rp tio n  w as fo u n d  to  be a p ra c 
t ic a l  t e s t  fo r  th e  o rd in a ry  la b o ra to ry . I t  would 
be ve ry  c o n v en ien t, he  sa id , .if i t  w ere possible 
to  a d a p t  one o r tw o sim ple  te s ts  w hich would 
show im m ed ia te ly  w h e th e r  a  c lay  w as useless or 
very  good, a n d  th e  m o is tu re  a b so rp tio n  te s t  in 
p a r t ic u la r  was m en tio n ed  as g iv in g  re su lts  which 
co m pared  fa v o u ra b ly  w ith  th e  d ry  s t r e n g th  and  
g re en  s tr e n g th  figures, an d  p laced  clays in  th e  
sam e o rd e r. H e  asked  fo r  m ore  in fo rm a tio n  
co n ce rn in g  th e  d e ta i ls  of t h a t  te s t ,  a n d  w h e th er 
i t  could be c a r r ie d  o u t  easily  u n d e r  co m p arab le  
co n d itio n s.

A n o th e r  q u estio n  was w h e th e r  i t  w as pos
sible to  effect th e  b o n d in g  of re d  san d s syn
th e tic a lly . S ev era l people  in  p ra c tic e  h a d  a c tu 
a lly  ad d ed  f e rr ic  h y d ro x id e , a n d  c la im ed  t h a t  
th ey  h ad  d e riv ed  ben efit from  i t .  H e  w ondered  
w h e th e r  an y  f u r th e r  te s ts  h a d  been m ad e  on th e  
a d d itio n  o f fe rr ic  h y d ro x id e  o r  th e  p ro d u c tio n  
of a  ty p e  o f re d  m in e ra l b o n d in g  m a t te r .

T he P a p e r  by M r. S h eeh an  w as a n o th e r  e x tr a 
o rd in a r ily  fine ex am p le  of th e  a p p lic a tio n  of 
sc ien tific  p rin c ip les  in  th e  fo u n d ry , a n d  one 
could  say  d e fin ite ly  t h a t  i t  w as th e  b e s t exam ple  
to  d a te  o f th e  a p p lic a tio n  of those  p rin c ip le s  to  
th e  core shop. T he success ach ieved  by M r. 
S h eeh an  u n d e r  c o n d itio n s  w hich  p resu m ab ly  
w ere re a lly  d ifficu lt w as suffic ien t to  en co u rag e  
o th e rs  in  th e  sam e d ire c tio n . Ini th e  p a s t  some 
of th e  a sp ec ts  of core m ak in g  w hich w ere  d e a lt  
w ith  in  th e  P a p e r ,  such as th e  effect o f g ra in  size 
on p e rm e ab ility  a n d  su rfa c e  fin ish , h a d  been 
rea lised , b u t  th e y  h a d  been  ta c k le d  m ore o r less 
by m ethods of t r ia l  an d  e rro r , a n d  n o t on fu n d a 
m e n ta l p r in c ip les .

C o n v e rs io n  to  B.S. U n its
T h ere  was obviously th e  p o ss ib ility  of a d o p tin g  

th o se  p rin c ip les , not) on ly  fo r  core san d s b u t  fo r 
m o u ld in g  san d s in  g e n e ra l, a n d  p a r tic u la r ly  as 
a p p lie d  to  sy n th e tic  sa n d  p ra c tic e  (he re fe r re d  
p a r tic u la r ly  to  th e  c a lcu la tio n  o f th e  f i tt in g - in  of 
g ra in  size and  i ts  effect on  p e rm e ab ility , e x p a n 
sion  c h a ra c te r is tic s  an d  o th e r  p ro p e rtie s ) . I t  
was w o rth  m en tio n in g , too , t h a t ,  a lth o u g h  th e  
g ro u p in g  in to  fo u r  classes of g ra in  size w as g iven  
by M r. S h eeh an , based  on th e  I .M .M . screen



size, i t  could also ap p ly  in  ju s t  th e  sam e way 
to  o u r o th e r B ritish  S ta n d a rd  screen  sizes. In  
th is  one h ad  to  ta k e  th e  30 m esh as th e  u n i t  
dim ension of th e  screen . A ssum ing  D to  be
0.50 m m . (B .S .S . sieve No. 30), th e n  72 co rre
sponded to  2 /5 D , 150 co rresponded  to  1 /5 D  and  
300 co rresponded  to  1 /1 0 D .

T h e  F it t in g - ln  T h e o ry  A p p lie d
H e asked M r. Sheehan  w h e th er in  h is op in ion  

liis s ta te m e n t re g a rd in g  th e  a p p lic a tio n  of those  
p rincip les to  ir re g u la r  shaped  g ra in s , as d is t in c t  
from  spheres, rea lly  d id  hold good in  p rac tice , 
as a g e n e ra lity , because all o u r n a tu r a l  deposits 
consisted  of i r re g u la r  o r  su b -a n g u la r  g ra in s  or 
f rag m en ts , an d  if  th o se  frag m e n ts  d id  obey 
th e  sam e law  of f i tt in g  in  as d id  ro u n d  spheres, 
th en  th e  in d u s try  could go ah ead  and  say t h a t  
every  sa n d  would obey t h a t  law  in  a  g en era l way, 
and  i t  could s t a r t  to  develop m ix tu re s  of p a r 
t ic u la r  ty p es  of san d  w hich would g ive e ith e r  
th e  m ax im um  f itt in g  in  o r th e  m inim um , f itt in g  
in .

C onsidering  one o r tw o a c tu a l m ix tu re s  in 
t h a t  connection , he  sa id  he h a d  fo u n d , fo r 
in stan ce , t h a t  a  m ix tu re  of S o u th p o rt sea  sand  
(c o n ta in in g  45 a n d  55 p e r cen t, re sp ec tiv e ly  of 
g roups I  an d  I I )  a n d  R y a rsh  silica san d  (con
ta in in g  2.5, 71 a n d  26 p e r cen t, re sp ec tiv e ly  of 
g ro u p s I ,  I I ,  an d  I I I ) ,  if  m ixed  in  th e  p ro p o r
tio n  of 2 p a r ts  of S o u th p o r t sea san d  to  1 
p a r t  of R y a rsh  silica  sand , gave  a  very  consider
able d eg ree  of f i tt in g  in , an d  th e  p e rm eab ility , 
which was 140 in  th e  case of th e  S o u th p o rt sand, 
was red u ced  to  60 in  th e  m ix tu re .

C o re  B ak in g  C o n tro l
V ery  w isely, M r. S h eehan  h a d  n o t a tte m p te d  

to  deal w ith  all aspects of co n tro l in  h is p ap er. 
One re g re t te d  p a r tic u la r ly , how ever, t h a t  he  h a d  
n o t  d e a lt  w ith  core b a k in g  co n tro l, w hich h a d  
a very  defin ite  b e a r in g  on co n d itio n s in  th e  fo u n 
dry . T he troub lesom e fum es o ccu rrin g  d u rin g  
ca s tin g  w ere la rg e ly  a cc en tu a te d  by incom plete  
b ak in g  an d  th e  d e te rm in a tio n  of v o latile  m a t te r  
o r gas c o n te n t of d ry  cores affo rded  a u sefu l 
gu id e  to  co rrec t b a k in g  co n d itio n s. F o r tu n a te ly , 
cond itions in  th e  m ould  usu a lly  allowed a la rg e  
fa c to r  of sa fe ty , a n d  i t  w as p robab ly  fo r t h a t  
reason t h a t  M r. S heeh an  h a d  fo u n d  i t  unneces
sary  to  a d o p t an y  s t r ic t  co n tro l of th e  b ak in g . 
Local co n d itio n s w ould n a tu ra lly  m ak e  all th e  
difference an d  m u st a lw ays d e te rm in e  th e  ex ac t 
b ak in g  p rocedure .

C o n g ra tu la tin g  M r. S heeh an  p a r tic u la r ly  on 
his co n tro l of a ir  d ry in g  of core san d  m ix tu re s , 
he  sa id  i t  w as a  v ery  d ifficult m a t te r  to  tac k le  
successfu lly  in  a m echan ised  core shop. The 
problem , he believed, w as one of co n tro llin g  th e  
loss of m o is tu re . D ry in g  o u t w as sim ply  a case 
of loss of m o is tu re  from  th e  m ix tu re , an d  one

could  ad o p t severa l m ethods to  p re v e n t i t .  F o r  
exam ple, one could p lace th e  m ix tu re  in  a  com 
plete ly  enclosed box, cover i t  over a n d  keep th e  
san d  fo r weeks in  reasonab ly  good co n d ition . 
T h a t m ig h t n o t  be p ra c tic a l in  M r. S h eeh an ’s 
w orks b u t  i t  m ig h t a t  le a s t be considered  as an  
a lte rn a t iv e  to  o th e r m ethods. One d isa d v an tag e  
of a d o p tin g  a chem ical m eth o d  of p re v en tin g  
d ry in g  o u t w as th e  difficulty of e n su rin g  suffi
c ien t d ry in g  o u t of th e  p re p a re d  core to  p re v en t 
sag g ing , i f  th e  m ix tu re  d id  n o t a ir -d ry  reason
ably fa s t ,  th e re  w as every  chance of some cores 
d is to r tin g  o r s q u a ttin g  on th e  c o n v ey o r; o r con
versely, if  i t  d id  d ry  o u t reasonab ly  fa s t , th en  
considerab le  core san d  m ig h t have  to  be w asted . 
I f  one avo ided  d ry in g  o u t on th e  f irs t conveyor, 
before  th e  core w as m ade , th e n  th e  r a te  of d ry in g  
m ig h t n o t be sufficient a f te r  th e  core was m ade 
to  p re v e n t some s lig h t sagg ing  o r d is to rtio n .

Q u a n t ity  o f B in d er and G ra in  S ize
H e d id  n o t ag ree  w ith  M r. Sheehan  th a t  th e  

p ro p o rtio n  of b in d e r  req u ired  w as p ro p o rtio n a l 
to  th e  g ra in  size of th e  san d  used. O th e r fac to rs  
besides th e  su rface  a rea  of th e  sand  cam e in to  
t h a t  q uestion . P ro b ab ly  i t  ap p lied  w here one 
used a  th in  b in d er, such as a flu id  oil, which 
gave  a  m ax im um  d is t r ib u t io n ; b u t  in  m any  
m ix tu re s  th e re  w as n o t com plete d is tr ib u tio n , 
an d  m an y  fa c to rs  o th e r  th a n  su rface  a re a  of th e  
g ra in s  affected  th e  bond o b ta in ed  w ith  a defin ite  
p ro p o rtio n  of com pound. I t  w as m ore im p o r ta n t 
to  consider th e  cond itions of m ix in g  and  possibly 
th e  a d d itio n s  of such substances as w a te r  o r some 
o th e r  a g e n t which would a id  th e  d is tr ib u tio n , 
th a n  to  consider m erely  th e  p e rcen tag e  of 
m a te ria l  added .

T h e  N ecess ity  fo r  Fineness in C lays
M r . W . J .  R e e s  (Sheffield U n iv ersity ) con

firm ed, as th e  re su lt  of te s ts  on a  com pletely 
d iffe re n t series of clays, th e  re la tio n sh ip  found  
by D r. P ip e r  betw een  th e  m o is tu re  ab so rp tio n  
a n d  th e  b o n d in g  pow er. I n  h is lab o ra to ry , he 
h ad  m ade  th e  te s t  on  a series of m ore th an  
2 0  clays from  d iffe re n t p a r ts  of th e  co u n try —• 
ball clays, k ao lin s an d  v a rio u s fireclays— an d  h ad  
fo u n d  th e  re la tio n sh ip  to  be q u ite  im p o r ta n t. 
H e  saw  no d ifficulty  a t  all in  t r a n s la t in g  i t  in to  
a lab o ra to ry  te s t,  p ro v id ed  th e  co n d itio n s of 
exposure  w ere m a in ta in e d  ab so lu te ly  c o n stan t. 
G iven t h a t  co n d itio n , he  was of op in ion  th a t  
i t  could  be m ade  an  exceed ing ly  u se fu l an c illa ry  
m ethod  fo r  e v a lu a tin g  bond clays fo r sy n th e tic  
san d  m ix tu re s .

A n im p o r ta n t  co n sid e ra tio n  w ith  re g a rd  to  th e  
use of clays in  sy n th e tic  san d  m ix tu re s  w as t h a t  
th e y  m u s t be finely g ro u n d  in it ia lly . A lth o u g h  
D r. P ip e r  h ad  re fe rre d  to  th e  use of clays g ro u n d  
to  pass 30 m esh, M r. R ees expressed  th e  view 
t h a t  t h a t  w as n o t sufficiently  fine to  en su re  t h a t
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th e  g re a te s t  efficiency w ould be o b ta in e d  from  
th e  san d . T he clays re a lly  needed  p u lv e ris in g  
so t h a t  a t  an y  r a te  m ore  th a n  h a lf  w ould  pass 
50 o r 60 m esh. T h e ir  d is tr ib u tio n  was a id ed  
th e re b y  a n d  th e  efficiency of b o n d in g  w as very  
d e fin ite ly  in creased .

D is tr ib u t io n  o f S lu r ry
C o m m en tin g  u p o n  M r. R ic h a rd so n ’s re fe re n ce  

to  th e  p o ss ib ility  of a d d in g  th e  c lay  to  th e  san d  
as a  s lu r ry  o r slip , he  a g ree d  t h a t  t h a t  d id  a id  
very  m uch  th e  d is t r ib u t io n  of th e  c lay . The 
only  d ifficu lty  w as t h a t  w hen a slip  w as used 
i t  w as by  no m ean s easy  to  c o n tro l th e  p ro p o rtio n  
of w a te r . I f  one ad d ed  su ffic ien t slip  to  g ive 
th e  re q u ire d  c o n te n t of c lay , one w ould , a t  th e  
sam e tim e , ad d  too  m u ch  w a te r . H ow ever, th e re  
w ere  p o ss ib ilities  in  t h a t  d ire c tio n  in  th e  use 
of a d e -flo ccu la tin g  slip , p ro d u ced  by a d d in g  to  
th e  slip  a t r a c e  of a lk a li, so t h a t  th e  slip  could 
be m ade  to  con tain , a lm o st as m u ch  clay  as a 
lu m p  of solid  p las tic  c lay  of c o rre sp o n d in g  size. 
T he c lay  ad d ed  in  t h a t  fo rm  w as d is t r ib u te d  very  
eas ily  th ro u g h o u t  th e  m ass of san d  a n d  gave  
a  v e ry  ex ce llen t m ix tu re .

D iscussing  th e  re la tio n sh ip  b e tw een  th e  g reen  
s t re n g th  a n d  th e  d ry  s tre n g th ,  d iscussed  in  D r. 
P ip e r ’s P a p e r ,  he  sa id  th e  figures in  th e  P a p e r  
show ed th a t ,  co m p a rin g , say , b e n to n ite  w ith  
ball c lay , th e  o p tim u m  g reen  s tre n g th s  w ere m uch  
th e  sam e, b u t  th e  d ry  s t re n g th  of th e  b e n to n ite  
w as v e ry  m uch  h ig h er. T h a t  w as of g r e a t  in 
te re s t ,  a n d . so f a r  as he  w as aw are  th e re  w as 
no  com ple te  e x p la n a tio n  of t h a t  d ifference . One 
n o ted  th is  d ifference  w ith  a n u m b e r of clays, 
a n d  i t  is p ro b ab ly  co n nected  w ith  th e  u l tim a te  
g ra in  size a n d  colloid c o n te n t, b u t  if  one could 
o b ta in  a com ple te  answ er to  th e  q u estio n  as to  
w hy t h a t  consid erab le  increase  in  d ry  s tre n g th  
w as o b ta in e d , w ith  l i t t le  o r no  in crease  in  th e  
g re en  s tre n g th ,  a  g r e a t  s te p  fo rw a rd  w ould be 
m ad e  in  th e  s tu d y  of sy n th e tic  sands.

T he P a p e r  by  M r. S h eeh an , he  sa id , m u s t 
he of th e  v e ry  g re a te s t  use  to  th e  p ra c tic a l 
fo u n d ry m an  ; a n d  i t  w ould also be of ve ry  g re a t  
service  to  th o se  en g ag ed  m ore w ith  th e  th eo re tic a l 
a sp ec ts  of fo u n d ry  sands. H e  c o n g ra tu la te d  M r. 
S h eeh an  u p o n  th e  v ery  lucid  fo rm  in  which he 
h a d  p re sen te d  th e  P a p e r .

D r .  P ip e r ’s R ep ly

D r . P i p e r , re p ly in g  to  D r. S k erl, sa id  t h a t  
one reaso n  fo r th e  low m o is tu re  c o n te n t of th e  
sy n th e tic  m o u ld in g  san d s g iven  in  T ab les I  an d  
I I  w as th e  fa c t  t h a t  a s ilica  san d  c o n ta in in g  
v e ry  l i t t le  s ilt  w as used . I f  th e  san d  used  h ad  
c o n ta in ed  a g re a te r  s i l t  p ro p o rtio n , th e re  was no 
d o u b t t h a t  a  g re a te r  a m o u n t of w a te r  w ould 
hav e  been  re q u ire d  fo r  th e  sy n th e tic  m o u ld in g  
sand .

T he re su lts  in  th e  P a p e r  w ere  o b ta in e d  from  
a re sea rch  by th e  B r i t ish  C a s t I ro n  R esearch  
A ssocia tion  a n d  i t  h a d  n o t been possib le to  in 
c lude a ll th e  re su lts . I n  p a r t ic u la r ,  th e re  was 
one in  w hich  a n  old m o u ld in g  san d  w as rebonded  
w ith  th e  b o n d in g  clays to  a m o is tu re  c o n te n t of 
a b o u t 5 o r  6  p e r  c e n t .,  w hich  w as m ore  in  ag ree 
m e n t  w ith  w h a t w ould be done a c tu a lly  in  th e  
fo u n d ry , a n d  i t  w as fo u n d  t h a t  th e  sam e re su lts  
held t r u e ,  t h a t  th e  b e n to n ite  g av e  tw ice  as m uch  
in c rease  of b o n d in g  pow er as C olbond.

T he d ifficulty  a b o u t c a r ry in g  o u t te s ts  in  th e  
fo u n d ry  w as t h a t  in  g e n e ra l coal d u s t  was added  
a t  th e  sam e tim e , a n d  as M r. H i r d  h ad  p o in ted  
o u t, th e  a d d it io n  of coal d u s t  in creased  th e  dry  
s t r e n g th  as well as th e  g re en  s tre n g th .  T h a t  r e 
su l t  w as fo u n d  in  th e  d u ra b il i ty  t r ia l .  I f  e x te n 
sive co m p arisons of th e  b o n d in g  clays could  be 
m ade  in  th e  fo u n d ry , i t  w ould  be necessary  to  
exerc ise  a v e ry  c a re fu l c o n tro l of th e  am o u n t of 
coal d u s t  in  o rd e r to  see t h a t  th e  in c reased  bond 
p ro d u ced  by coal d u s t  a d d itio n s  w as th e  sam e in 
e ac h  case.

C o m m en tin g  on M r. R e es’ co n firm atio n  of th e  
re su lts  of th e  w a te r  ab so rp tio n  te s ts , a n d  th e  
p o ss ib ility  of m o d ify in g  th e  te s ts  to  re n d e r  th em  
c o n v en ien t fo r assessing  th e  b o n d in g  clays, he 
sa id  t h a t  in  th e  w ork  d esc rib ed  in  th e  P a p e r  on 
clay  ab so rp tio n , i .e .,  th e  a m o u n t of w a te r  abso rp 
t io n  by  th e  c lay  u n d e r  a tm o sp h e ric  m o is tu re  con
d itio n s , th e  clays w ere  allow ed to  abso rb  w a te r 
an d  w ere k e p t in  an  enclosed space fo r  a b o u t a 
week to  en ab le  th em  to  re a c h  e q u ilib r iu m . T here  
was no d o u b t t h a t  th e  te s t  cou ld  be m ad e  in to  a 
v e ry  c o n v en ien t p ra c tic a l te s t  of b o n d in g  clays.

T he p a r tic le  size of th e  g ro u n d  clays w as im 
p o r ta n t .  T he fireclays w ere g ro u n d  to  pass a  30 
m esh sieve a c tu a lly , a lth o u g h  he  h a d  n o t  m ade a 
sieve a n a ly sis  o f th e  p u lv e rise d  c lay . T h e re  was 
no d o u b t t h a t  th e  clay  used  in  th e  te s ts  w as con
s id e rab ly  finer th a n  30 m esh.

The bond  o b ta in e d  by a d d in g  th e  fireclay  to  th e  
sa n d  in  th e  fo rm  o f a slip  w ith  w a te r  w as n o t 
ap p rec ia b ly  d iffe ren t, how ever, th a n  w hen th e  
c lay  w as ad d ed  as a d ry  pow der a n d  w a te r  added 
d u r in g  m illin g .

A g ree in g  w ith  M r. R ees t h a t  th e re  w as a 
g re a t  deal of d ifferen ce  be tw een  th e  g re en  and  
d ry  s tre n g th s  o f  th e  m ix tu re s , he  sa id  h e  did 
n o t know  th e  cau se  of t h a t  ex ac tly , fo r  he  h ad  
n o t  in v e s tig a te d  i t  ; b u t  possib ly  i t  w as d u e  to  
th e  d ry  s tre n g th  b e in g  d e p e n d e n t in  som e w ay 
on th e  g r ip  be tw een  th e  clay an d  th e  sa n d  g ra in s .

M r. S h ee h an ’s R ep ly

M r. S h e e h a n , re p ly in g  to  th e  d iscussion , said  
i t  w ould be in v id io u s  to  g iv e  th e  n am e of th e  
ro u n d e d -g ra in  san d  w hich h a d  cau sed  tro u b le  in 
use, b u t  he  a ssu red  D r. S k e rl t h a t  h e  could 
se lec t sev era l san d s w hich  w ould  g iv e  rise  to  such



troub le . T h a t  was th e  re su lt  of u s in g  a n y  sand  
fa lling  w ith in  th e  g ro u p in g  in d ic a te d  in  th e  
P a p e r, an d  th e  m ore n a rro w ly  i t  cam e w ith in  
th a t  g ro u p in g  th e  g re a te r  th e  tro u b le  t h a t  would 
be experienced . The co arse r san d  would g ive 
more tro u b le , of course, in  th e  p ro d u c tio n  of 
fins th a n  would a  finer one, b u t  even th e  finer 
one would give co n siderab le  tro u b le .

R ep ly in g  to  M r. R ich a rd so n , he sa id  th a t  
silica flour was very  co n v en ien tly  ad d ed  in  th e  
pow dered form , an d  th e re  was no difficulty  now a
days in  o b ta in in g  s ilica  flour su itab ly  g rad ed . 
R ecen tly  h e  h ad  n o t fo u n d  i t  necessary  to  add 
th e  flour to  th e  m o u ld in g  san d , a lth o u g h  i t  was 
A m erican p ra c tic e  to  do  so. H e  also used  i t  
very  successfully  as a  w ash, m ore  successfully  
th a n  he h ad  been able to  use a p lum bago  wash, 
fo r th e  reasons g iven  in  th e  P a p e r .  I t  w as k e p t 
in  suspension by follow ing th e  fo rm u la  g iven  
in th e  section  of th e  P a p e r  headed  “  W ash es,”
i.e ., s ilica  flour 21 g a lls ., Colbond 9 g a lls ., w a te r 
36 galls, an d  d e x tr in  4 p in ts . I t  was re g u la te d  
to  a  su itab le  viscosity , d e p en d e n t u p o n  how i t  
was ap p lied . T h ere  h a d  been a  l i t t le  tro u b le  in 
g e tt in g  a su itab le  m edium  in w hich to  suspend 
silica  flour, b u t  once th e  v iscom eter cam e to  be 
used fo r  co n tro l, th e  m a t te r  becam e co m p ara 
tiv e ly  sim ple. H e  a n d  h is colleagues d id  n o t 
use th e  v iscom eter very  ex tensively , because once 
th ey  h ad  o b ta in e d  th e i r  co n tro l by t h a t  m ethod , 
th e  B eaum e g ra v ity  w as sufficient to  keep i t  
w ith in  u sab le  lim its .

B in d e r Q u a n t it ie s  D efin ed
W ith  re g a rd  to  M r. T ip p e r ’s c ritic ism  con cern 

ing  th e  s ta te m e n t t h a t  th e  p ro p o rtio n  of b in d er 
used w as d e te rm in e d  by th e  size of th e  g ra in , 
he sa id  t h a t  possibly t h a t  shou ld  h av e  been q u a li
fied by s ta tin g  t h a t  i t  dep en d ed , of course, also 
on th e  ty p e  of b in d e r  used . T he b in d ers  used 
w ere one of a n  o il ty p e , an d  d e x tr in ,  an d  b o th  
w ere very  easily  d is tr ib u te d . T ak in g  th a t ' fa c to r 
in to  acco u n t, th e  a m o u n ts  of th ose  tw o b in d ers  
which should  be  used  w ere d e fin ite ly  p ro p o rtio n a l 
to  th e  size of th e  san d  g ra in  in  th e  m ass of sand  
used. H e a p p re c ia te d  t h a t  cereal b in d ers  w ith  
low so lu b ility  w ere now b e in g  used  considerab ly , 
an d  t h a t  th e i r  d is tr ib u tio n , of course, w as a 
fa c to r  of th e  m ill and  n o t n ecessarily  a  fa c to r  
of th e  g ra in  size of th e  san d . H ow ever, he d id  
believe t h a t  th e  g ra in  size of th e  cereal b in d e r 
would be a  c o n tr ib u tin g  fa c to r  to  th e  u l tim a te  
s tre n g th  o b ta in ed .

D iscussing  th e  p o ssib ility , m en tio n ed  by M r. 
T ip p e r, of ap p ly in g  th e  find ings to  th e  co n tro l of 
sy n th e tic  m o u ld in g  san d  p ra c tic e , he  sa id  t h a t  
he and  h is  colleagues w ere d o in g  t h a t  in  th e ir  
fo u n d ry  in  se lec tin g  sands, b u t  also in  a n o th e r  
w ay in  t h a t  a ll th e ir  sy n th e tic  san d  was based  on 
th e  core san d . T he core sand  d is in te g ra te d  and  
th e  b u r n t  core  san d  w as used  as th e  basis of th e

sy n th e tic  san d . I n  o th e r  w ords, th e y  b o u g h t no 
san d  a t  all fo r  m o u ld in g  purposes. T h a t  p rac 
tic e  w as w ork ing  v ery  well in  th e  s tee l section  of 
th e  p la n t,  w here  th e  s tre n g th  of th e  core was 
re g u la te d  so t h a t  i t  d is in te g ra te d  in  sufficient 
p ro p o rtio n  to  ba lan ce  th e  w astage  from  th e  sand  
system .

As to  th e  re m a rk  by M r. T ip p e r  t h a t  th e  
g ro u p in g  could be o b ta in e d  on th e  basis of th e  
B r i tish  S ta n d a rd s  I n s t i tu t io n  sieves, he sa id  he 
h a d  confined h im self to  th e  I n s t i tu te  of M in in g  
an d  M e ta llu rg y  sieves, a s  he  h a d  fo u n d  th em  
m ost co n v en ien t. N everthe less , he welcomed M r. 
T ip p e r’s rem ark s  t h a t  th e  B .S '.I. sieves could  be 
ap p lied .

E x p re ss in g  a p p rec ia tio n  of th e  rem ark s by 
M r. R ees co n cern in g  th e  v a lu e  of th e  P a p e r , he 
welcom ed th o se  rem ark s, p a r tic u la r ly  from  a 
U n iv e rs ity  w ith  a  re p u ta tio n  such as t h a t  of 
Sheffield, an d  from  M r. R ees h im self, who h ad  
c o n tr ib u te d  considerab ly  to  all th e  p io n eer w ork 
in  th is  c o u n try  on sands, w h e th er m ou ld ing  
san d s o r core sands.
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Fin F o rm a tio n
M r. E . ,T. C r a w l e y  w rote  t h a t  he was m ost 

in te re s te d  in  th e  m ethod  described fo r over
com ing th e  ten d en cy  of fin fo rm a tio n  by th e  
use  of a n  ir re g u la r ly  g ra d ed  san d  m ix tu re . 
H e  u n d ersto o d  t h a t  a s im ilar p rin c ip le  h a d  also 
been ad o p ted  fo r  p re v e n tin g  m eta l p e n e tra tio n  
in  cores su rro u n d e d  w ith  heavy-section  steel 
c as tin g s. I n  th is  case, how ever, th e  a d v a n ta g e  
o b ta in e d  re lied  on  reduced  p e rm eab ility .

M r. S h eeh an ’s ex p la n a tio n  of th e  reason  why 
th is  process reduced  th e  ten d en cy  fo r fin fo rm a
t io n  a p p ea red  v e ry  likely . H ow ever, th e re  was 
a n o th e r  fa c to r  w hich p e rh ap s should  be  ta k e n  
in to  co n sid era tio n . A core composed of u n i
form ly-sized sand  g ra in s  depended  alm ost wholly 
upon  th e  b o nd ing  p ro p e rtie s  of th e  b in d er to  
g ive i t  s tre n g th . W hen  th is  b in d e r w as p a r tly  
or wholly d estroyed , th e  core becam e so w eak 
t h a t  s lig h t s tre ss  ( re su ltin g  from  expansion) 
caused a  te a r ,  w hich h ad  re la tio n  to  a fin b e in g  
fo rm ed. On th e  o th e r h an d , a core composed of 
sand  g ra in s  of tw o sizes, p a r tic u la r ly  if  one was 
v ery  fine, w as m uch m ore com pact and  conse
q u e n tly  s tro n g e r, irre sp ec tiv e  of th e  cohesion 
g iven  by th e  b in d er. T his fa c to r  m ig h t have 
b e a rin g  on th e  reduced  ten d en cy  fo r  th e  core to  
te a r  follow ing an  unev en  expansion .

I n  su p p o r t o f M r. S h eeh an ’s e x p la n a tio n , i t  
would be in te re s t in g  to  le a rn  w h e th er a core of 
u n ifo rm  san d  g ra in s  such as in  No. 1 (F ig . 24) 
showed a s teep e r ex p an sio n  cu rve  w hen h e a ted  
ra p id ly  th a n  did No. 3, composed of coarse and  
fine sand  m ixed .



P re v e n tin g  M e ta l P e n e tra t io n
M b. J .  J .  S h e e h a n  w ro te  in  re p ly  t h a t  M r. 

C raw ley  w as co rrec t in  a ssum ing  t h a t  a m ix tu re  
of san d  g ra in  sizes in  a core w as of a d v a n ta g e  
in  p re v e n tin g  m e ta l p e n e tra t io n . T he a d v a n ta g e  
w as o b ta in e d  by a re d u c tio n  in  th e  void  spaces. 
A red u ced  p e rm e ab ility  in  th e  core was a p a ra lle l 
effect an d  n o t  th e  d ire c t  cause  of th e  red u ced  
p e n e tra t io n .

H e  was in  a g ree m e n t w ith  M r. C raw ley ’s s t a te 
m en ts  in  th e  second p a ra g ra p h  of h is com
m u n ic a tio n , b u t  d id  n o t accep t th e  a ssu m p tio n  
t h a t  th e  d ifference  in  s t r e n g th  be tw een  th e  tw o 
ty p es  of core was suffic ient to  acco u n t fo r th e  
absence of a n  e x p an s io n  c rack  in  th e  core w ith  
a  m ix tu re  of g ra in  sizes. H e  w as c e r ta in  t h a t  
th e  fo rce  of ex p an sio n  p ro d u ced  by a change  
from  q u a r tz ite  to  c r is to b a lite  w as of a  m uch  
h ig h e r  o rd e r  th a n  th e  fr ic t io n a l  s tre n g th  p ro 
duced  in  a core by  u s in g  a m ix tu re  of g ra in  
sizes.

H e  w as n o t  in  a p o sitio n  f u r th e r  to  confirm  
th e  e x p la n a tio n  of th e  ex p an sio n  effects, by  th e  
m eth o d  su g g ested  by  M r. C raw ley, b u t  he  con
s id e red  th e  m ethod  good an d  th e  co n firm ation  a 
d e s irab le  one, an d  would welcome such confirm a
tio n  from  a  la b o ra to ry  equ ip p ed  w ith  an  
a c c u ra te  e x ten so m ete r an d  a su itab le  fu rn ac e .

A n a lo g y  w ith  P ro f. B ragg ’s L e c tu re

I n  a  w r i t te n  c o n tr ib u tio n , M r . A. J .  S h o r e  
s ta te d  t h a t  M r. S h e e h an ’s P a p e r  could be con
sid e red  as su p p le m e n ta ry  to  P ro f . B ra g g ’s 
lec tu re  d e liv e red  to  th e  C ongress. A t first s ig h t, 
th e re  seem ed to  be l i t t le  in  com m on betw een  
such su b jec ts  as “  C ore Shop C o n tro l ” an d  th e  
“  A tom ic P a t te r n  of M e ta ls .”  H ow ever, 
sc ien tific  m eth o d  w as so pow erfu l an  in s tru m e n t 
t h a t  b o th  in v e s tig a to rs  unco v ered  s im ila r fac ts . 
N o one, fo r  in s tan ce , could fa il  to  a p p re c ia te  
th e  s im ila r ity  b e tw een  th e  bo d y -cen tred  an d  
face -cen tred  cubes in  P ro f . B ra g g ’s a tom ic space- 
la t t ic e  a n d  M r. S h e e h an ’s co n d itio n s of open 
an d  close p a ck in g  of u n ifo rm  g ra in s  of san d .

P ro f .  B ra g g  h a d  show n how e x tra o rd in a r i ly  
d u c tile  an d  w eak a  sing le  c ry s ta l of m e ta l was, 
e x p la in in g  t h a t  in  th is  case th e  a tom s w ere u n i
fo rm ly  a r ra n g e d  in  re g u la r  o rd e r. M r. S heeh an  
also h a d  e x p erien ced —v ery  forcib ly— th e  w eak
ness of bodies re g u la r ly  com pacted  of u n ifo rm  
p a rtic le s . H e  m en tio n ed  th e  r a th e r  d isa s tro u s  
re su lts  p ro d u ced  in  th e  f e tt l in g  shop when an  
a t te m p t  w as m ade  to  use  a  u n ifo rm ly -g ra in e d  
core sand . H is  so lu tio n  of th e  problem  w as th e  
sam e as P ro f . B ra g g ’s ;  h e  m ade  an  “  alloy ”  to  
in crease  th e  s t r e n g th  by  a d d in g  o th e r  su itab le  
g rad es  of sand . I n  o th e r  w ords, he  p ro d u ced
w h a t th e  P ro fe sso r h a d  called  “ o rg an ised
m u d d le .”  T he a b ili ty  to  p ro duce  “  o rg a n ised
m u d d le  ” as d is t in c t  from  “  m u d d le  ”  w as th e

essence of core-shop co n tro l, a n d  fo r t h a t  
m a t te r ,  of an y  h u m an  a c tiv ity .

In  conclusion , M r. S hore  observed  t h a t  M r. 
S h e e h a n ’s P a p e r  w as of th e  ty p e  w hich  was 
m ost likely  to  b enefit th e  fo u n d ry  in d u s try , 
a n d  t h a t  i t  fo rm ed  t h a t  lin k  be tw een  academ ic 
re sea rc h  on th e  one h a n d  a n d  com m ercial p ro 
d u c tio n  on th e  o th e r , w hich P ro f . B ra g g  had 
sa id  w as so desirab le .

A  N e w  N o m e n c la tu re
M r . S h e e h a n , in  h is rep ly , th o u g h t  M r. 

S h o re ’s sim iles w ere  v e ry  good. H is  a p p re c ia 
tio n  of th e  u se fu ln ess  of “  san d  a llo y s,”  and  
h is  co in in g  of th e  p h ra se  h a d  ind u ced  h im  to  
co n sid er a n o th e r  borrow ed p h ra se , “ e u te c tic ,”  
to  describe  th e  p o in t w here  a m ix tu re  of sizes 
p roduced  th e  g re a te s t  d e n sity  an d  lea s t len g th  
of th e  te s t-p iece . Such  a p o in t w as show n in  
F ig . 18 an d  in  F ig . 19, a n d  co inc ided  in  bo th  
figures w ith  a p ro p o r t io n  of a b o u t 6 6 . 6  p e r  cen t, 
of th e  la rg e r  g ra in e d  sand . H e  d id  n o t, how
ever, su g g est t h a t  e ith e r  of th ese  m eta llu rg ic a l 
te rm s  should  be ap p lied  seriously .

In flu en ce  o f F lo w a b ll i ty
M r. W . Y. B u c h a n a n  w ro te  t h a t  he  w as spec i

ally  in te re s te d  in  th e  re fe re n ce  to  m ix in g  of 
g ra in s  of d iffe re n t size, because  t h a t  lin e  of 
a rg u m e n t was a t  one tim e  b ro u g h t in to  th e  
discussion  on h is  su g g ested  “  In d e x  of 
B a m m in g  ”  m eth o d  of te s t-p ie c e  ra m m in g  
ev a lu a tio n . As s ta te d  in  h is  P a p e r*  to  th e  
Sheffield B ra n c h  th e  a rg u m e n t does n o t app ly . 
W hile  th e  a ssu m p tio n  of p e rfe c t p a ck in g  in  th e  
case of spheres is possible in  id ea l c ircum 
stan ces— fo r ex am ple  w h ere  th e y  a re  packed  a 
lay e r a t  a t im e — a n d  also to  some e x te n t  in 
u n b o n d ed  sands. S uch  m a th e m a tic a l fo recasts 
of th e  b eh av io u r of n a tu r a l  b o nded  san d s a re  
com plete ly  m asked  by th e i r  low flow ability .

T he s i tu a t io n  of sm all g ra in s  in  a n y  m ass of 
san d  is la rg e ly  a  m a t te r  of efficiency of m ix in g  
r a th e r  th a n  ra m m in g , b u t  conclusions should  be 
based  on te s ts  on  n a tu r a l  san d s (un less th ey  
a re  to  be excluded) ram m ed  by th e  s ta n d a rd  
th re e  blows of a 14-lb. ra m m er.

The w r i te r ’s ow n conclusion  w a s : —
“ W hile  th e  u n m ix ed  te s t-p ieces  a re  longer, 

i t  w ill be seen  t h a t  h a rd n e ss  on th e  b o tto m  of 
th e  te s t-p ie ce  is v e ry  low, a n d  t h a t  th e  in 
crease  in  le n g th  is d ue  to  th e  p oor flow ability  
and  n o t to  fine m a te r ia l  becom ing  packed  in 
a ir  spaces of th e  coarse  sa n d  in  th e  case of th e  
m ixed  te s t-p ie c e .”
M r. S h eeh an  used  a specific h e a t  fo r  s ilica  

of 0.286 a t  1,000 deg. C. a n d  fo r  g ra p h ite  a t  
978 deg. C. W h a t d id  th e se  te m p e ra tu re s
re p re se n t?

* “ M odern Sand T estin g .”  See FojrNrKY T r a d e  J o u r n a l , 
M ay 11, 1939, pp . 385-8.



T he w r i te r  h ad  fo u n d  t h a t  pub lished  d e ta ils  
of specific h e a t  an d  specific g ra v ity  of m ould ing  
m ate ria ls , e tc ., a t  h ig h  te m p e ra tu re s  w ere alm ost 
n o n -e x is te n t an d  r a th e r  vag u e , so t h a t  he had  
d e te rm in ed  th ese  p ro p e rtie s  h im self, and  he 
would have  liked  M r. Sheehan  to  have  ex ten d ed  
th e  d a ta  av a ilab le  by p e rso n al resea rch .

The te s tin g  m ach ine  fo r g reen -san d  cores was 
e v id en tly  a fo rm  of com pression  te s t .  W h a t 
was its  p a r t ic u la r  a d v a n ta g e  over th e  e x is tin g  
sp rin g  ba lan ce?

M r. B u c h an a n  ad d ed  t h a t  he h ad  con tro lled  
his blackw ash by ta n k  m ix in g  fo r th e  la s t  five 
years by a system  of specific g ra v ity  an d  con
s t i tu e n t  an a ly sis  as a check. H e  re ad ily  agreed  
w ith  M r. Sheehan  t h a t  th e  v iscom eter would be 
fa r  b e tte r  th a n  specific g ra v ity  m easu rem en t, 
because th e  specific g ra v ity  of b lack in g , for 
exam ple, was ve ry  low, and  its  p e rcen tag e  could 
v a ry  co nsiderab ly  w ith o u t a lte r in g  th e  specific 
g ra v ity  of th e  liq u id  b lackw ash . I f  th is  was n o t 
done elsew here, could M r. Sheehan  publish  
d im ensions of th e  p a r t ic u la r  v iscom eter u sed , as 
th is  could be a d o p ted , if  n o t by th e  Com
m ittee , a t  le a s t by those  in te re s te d  in  th e i r  own 
work.

M r. S h eeh an ’s R eply
I n  rep ly  to  M r. B u c h an a n , M e. S h e e h a n  

po in ted  o u t t h a t  he could n o t c o n tr ib u te  m uch 
to  th e  first p o rtio n  of M r. B u c h a n a n ’s observa
tio n s , w hich d ea lt, n o t w ith  th e  a u th o r ’s p a p er, 
b u t w ith  one g iven  by M r. B u c h an a n  to  th e  
Sheffield B ran ch  of th e  I n s t i tu te  of B ritish

F o u n d ry m en . I n  t h a t  P a p e r  M r. B u ch an an  
d id  n o t g ive th e  m echan ical an aly sis of any  of 
th e  m a te ria ls  he used , n o r d id  he p roduce any  
ev idence such as th e  q u a n ta t iv e  re la tio n  betw een  
th e  flow ability  an d  h a rd n ess  to  show th a t  h is 
e x p la n a tio n  was co rrec t.

T he te s ts  m en tio n ed  in  th e  a u th o r ’s P a p e r  
w ere c a rr ie d  o u t up  to  500 blows, a n d  if  th e  
difference shown w as due to  flow ability  th e  curves 
should  g e t closer to g e th e r  as ram m in g  was in 
creased . T his d id  n o t occur.

M r. B u ch an an  h a d  asked w h a t th e  te m p e ra 
tu re s  re p re se n ted  in  th e  s ta te m e n t :  “ Specific
h e a t  of silica  is 0.286 a t  1,000 deg. C .”  The 
answ er w as t h a t  th ey  re p re se n ted  th e  tem p e ra 
tu re s  a t  w hich th e  specific h e a t  w as m easu red , 
a n d  could obviously re p re se n t n o th in g  else.

T he te s tin g  m ach ine  fo r g reen  sand , th e  neces
sity  fo r which M r. B u ch an an  qu eried , was b u ilt  
because no o th e r  com pression m ach ine  capab le  
of g iv in g  a cc u ra te  re ad in g s  a t  th e  low level 
re q u ire d  was availab le . The u su a l ra n g e  re 
q u ired  was ab o u t 200 g ram s (7 ozs.) on th e  
A .F .A . te s tp iece  o r 2 ozs. p e r  sq. in . T he ty p e  
of m ach ine  u sed  also gave a ve ry  u n ifo rm  r a te  of 
load ing .

No specification  fo r th e  v iscom eter was g iven  
as i t  w as considered  t h a t  th e  s ta n d a rd isa tio n  of 
such e q u ip m en t was a m a t te r  fo r th e  T echnical 
C om m ittee  of th e  I n s t i tu te  of B r i tish  F o u n d ry 
m en o r some s im ila r  body, an d  M r. S heeh an  
h e s ita te d  to  g ive any  d im ensional d e ta ils  ou tside  
th e  a u th o r i ty  of th e  above-m entioned  com m ittees.
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Paper No. 660

Selection and Testing of Cupola Refractories
By W . J. REES, M.Sc.Tech. F.I.C. (Member)

C upolas a re  in  g e n e ra l lined  in  one o r o th e r  
of th e  th re e  follow ing w a y s :— (1) W ith  fire
b rick s ; (2 ) w ith  b rick s o r blocks c u t  to  shape 
from  a n a tu ra l  siliceous rock  o r  “  f ire s to n e ,” 
an d  (3) w ith  a  p las tic  o r  sem i-p lastic  m a te ria l,  
h av in g  e ith e r  a silica  o r  b u rn e d  fireclay  base, 
ram m ed ro u n d  a  fo rm er. T he firebricks used 
a re  no rm ally  in  th e  g ra d e  w ith  re fra c to r in e ss  in  
th e  ra n g e  of Cone 29 to  32, b u t  u n d e r  special 
co n d itio n s of m e ltin g  i t  m ay be d esirab le  to  use 
firebricks in  th e  specia l g ra d e  w ith  a  re f ra c to r i
ness h ig h e r  th a n  C one 32 in  th e  m e ltin g  zone. 
B ricks of th e  “  su p e r-re fra c to ry  ”  class m ade 
from  m a te ria ls  such as chrom e, calc ined  o r fused  
a lu m in a, s illim an ite , e tc ., h av e  been  used e x p e ri
m en ta lly  b u t  th e i r  serv ice has n o t been com m en
su ra te  w ith  th e i r  m uch h ig h e r  cost. S ilica  b ricks 
have g en era lly  been ru led  o u t  because of th e ir  
h igh  sp a d in g  ten d en cy , b u t  i t  is n o t im possible 
t h a t  silica  bricks w ith  a  clay bond in s tea d  of 
th e  no rm al lim e bond would g iv e  good serv ice  
(see T able I ) ,  as w ith  th e  ch an g e  in  bond th e  
su scep tib ility  to  sp a d in g  is decided ly  reduced . 
S ilica  b rick s m ade from  q u a r tz ite s  c o n ta in in g  
from  1 to  3 p e r  cen t, of t i ta n iu m  ox ide  finely 
d ispersed , w hen p ro perly  g rad ed , have a m uch 
h ig h e r sp a d in g  re s is tan ce  th a n  b rick s m ade  from  
norm al q u a rtz ite s , and  would be likely to  behave 
sa tis fac to rily  in  th e  cupo la  lin in g . These bricks 
should  be b u rn ed  to  a  pow der d en sity  of 2.36 to  
2.40, so t h a t  in  serv ice  th e re  w ill be a  l i t t le  
p e rm a n en t expansion  w hich w ill close th e  jo in ts  
an d  p re v e n t slag  ingress.

Slag C o rro s io n
The re la tiv e  re sis tan ce  of th e  fireclay and  

silica m a te ria ls  to  corrosion  by cupo la  slag  is 
in d ica ted  in  Table I .  I n  m ak in g  th ese  te s ts , 
th e  re fra c to ry  m a te ria l  and  th e  slag w ere g ro u n d  
to  pow der, m ixed to g e th e r  in  th e  in d ic a te d  pro
portions, an d , a f te r  m o is ten in g  w ith  d e x tr in  
so lu tion , m ade  in to  t e s t  cones. The fu sio n  p o in t 
of these  cones was th e n  d e te rm in ed  in  a  gas- 
fired fu rn ac e . The a p p ro x im a te  com position  of 
th e  slag  used  is S i0 2, 4 5 ; A120 3, 5 ; FeO , 12, and  
CaO, 35 p e r  cen t.

I t  is  e v id e n t from  th ese  te s ts  t h a t  from  th e  
chem ical s ta n d p o in t  a lum inous fireb ricks a re  
likely to  be  ad v an tag e o u s , b u t  i t  is necessary  to  
qu a lify  th is , because corrosion  te s ts  m ad e  by 
p lacing  a  p e lle t of slag  (20 to  30 gram m es) on a

b rick  an d  h e a t in g  fo r 2 h rs . a t  1,500 deg. C. 
show t h a t  a lth o u g h  a d ense  40 p e r  cen t. A120 3 

b rick  is m ore  re s is ta n t  to  corrosion  th a n  
a dense 32 p e r cen t. A120 3 b rick , th e  
l a t t e r  is m ore  re s is ta n t  to  corrosion and  
slag  p e n e tra tio n  th a n  a 40 p e r  cen t. ALOs 
brick  of open te x tu re .  I t  is d esirab le  th a t  
cupo la  b ricks an d  blocks should  be of low 
p o rosity , h a rd  fired an d  c leaned  b u rn ed . W ith

T a b l e  I .— Resistance of Firebricks to Slag Corrosion.

Slag percentage in mixtures.

0 1 0 25 50

Fusion points, deg. C.

Firebrick, 40 per 
cent. A1 20 3 • ■ 1,730 1,580 1,380 1,320

Firebrick, 32 per 
cent. A120 3 . . 1,690 1,530 1,320 1,240

Firebrick, 24 per 
cent. A120 3 . . 1,640 1,440 1,250 1,160

Silica brick, 94 
per cent. S i0 2 1,710 1,660 1,580 1,150

Cupola ganister, 
8 6  per cent. 
S i0 2 1,620 1,540 1,460 1,180

m o d ern  m ethods of b rick m ak in g , such as de
a ir in g , m ach in e  p ressin g , d ry -p ressin g , e tc ., 
b rick s w ith  po rosities in  th e  ra n g e  16 to  2 2  p e r  
cen t, a re  b e in g  p roduced , a n d  i t  is  n o ta b le  t h a t  
th e  re d u c tio n  in  p e rm e ab ility  is decidedly  
g re a te r  in  p ro p o rtio n  th a n  th e  re d u c tio n  in 
porosity , as show n in  th e  follow ing re c e n t te s t  
re su lts  : —

Porosity. 
Per cent.

Permeability 
in C.G.S. 

units.

Hand-moulded brick 27.8 0.25
Maohine-pressed from

plastic de-aired clay 2 1 . 0 0.06
Semi-dry pressed with high

pressure . . 19.5 0.05

A n o th e r im p o r ta n t  re s u l ta n t  of th e  m odern  
m ethods of b rick m ak in g  is t h a t  p e rfec tio n  of
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sh ap e  a n d  fin ish  w hich enab les vei'y close jo in t 
in g  o f th e  b rick s . I t  is of im p o rta n ce , to o , t h a t  
th e  jo in t in g  c em en t used  is  of h ig h  re fra c to ry  
v a lu e  a n d  sm all d ry in g  a n d  firin g  sh r in k a g e  ; 
th e  m o d ern  re fra c to ry  a ir - s e t t in g  cem en ts  a re  
especially  w o rth y  of a tte n tio n .

The volum e s ta b il i ty  of fireb ricks in  cupo la  
service  should  be such  as w ill p rec lu d e  a n y  
o p en in g  of jo in ts ,  o r b u lg in g  of th e  b rick w o rk . 
I n  a  r e h e a tin g  te s t ,  a te s t-p ie ce  a b o u t 3 in . by  
2 in . by  1^ in . slowly h e a te d  to  1,410 deg . 0 .  
a n d  m a in ta in e d  a t  t h a t  te m p e ra tu re  fo r  2  h o u rs  
( th e  a tm o sp h e re  of th e  fu rn a c e  c o n ta in in g  free  
oxygen) should  n o t show w hen  cold m ore  th a n  
0 . 7 5  p e r  cen t, lin e a r  c o n tra c tio n  o r ex p an sio n .

I t  is d esirab le  t h a t  th e  b rick s  sha ll c o n ta in  no 
seg reg a tio n s  of u n com bined  iro n  ox ide, a s th ese  
lead  to  ca rb o n  d e p o sitio n  a n d  consequen t 
w eak en in g  o r d is in te g ra tio n  of th e  b rick s  from  
th e  c a ta ly tic  d isso c ia tio n  of c a rb o n  m onoxide. 
As th e  o p tim u m  te m p e ra tu re  fo r  th is  dissocia
t io n  an d  carb o n  d ep o sitio n  is  a b o u t 500 deg. C., 
i t  is n eg lig ib le  on th e  in n e r  face  of th e  b rick  
h u t  i t  m ay occur n e a re r  th e  cas in g  w here  th e  
te m p e ra tu re  ra n g e  w ill be fav o u rab le , a n d  th e  
co n sequen t w eak en in g  of th e  s t ru c tu re  of th e  
cooler p a r t  of th e  b rick w o rk  m ay  have  a  d e tr i 
m e n ta l effect on th e  d u ra b il i ty  of th e  lin in g .

I t  is necessary , too , t h a t  some a t te n tio n  should  
he  g iv en  to  th e  m ech an ica l s t r e n g th  of th e  
fireb ricks a t  th e  w o rk in g  te m p e ra tu re .  In c i-  
d en tly , th e  re fra c to rin e ss -u n d e r-lo a d  te s t  n o t 
only gives in fo rm a tio n  as to  th e  h ig h  te m p e ra 
tu r e  lo a d -b e a rin g  (o r p re ssu re -res is tin g ) cap ac ity  
of a  fireb rick , b u t  also p rov ides in fo rm a tio n  as 
to  th e  efficiency o f i ts  b u rn in g . I t  is likely  t h a t  
th e  h ig h - te m p e ra tu re  “  creep  ”  te s ts  w hich a re  
b e in g  s tu d ied  a t  p re sen t w ill p ro v ide  in fo rm a tio n  
w hich  can  he ap p lied  in  th e  se lection  of cupola  
firebricks.

F ires to n e  Blocks

S ilica  firestone  blocks o r b rick s a re  n o t m uch 
used in  B r i tish  fo u n d ry  p ra c tic e , h u t  th e i r  use 
in A m erican  fo u n d ries  is b e in g  follow ed w ith  
in te re s t .  T he “  firestones ”  w hich a re  availab le  
in  G re a t B r i ta in  a re  fine-g ra in ed  san d sto n es of 
th e  follow ing chem ical com position  : — Silica 
92 to  94 p e r  cen t. ; a lu m in a  2 to  5 p e r  cen t. ; 
iro n  ox ide  1  to  2  p e r  cen t. ; lim e 0 . 2  to  1 . 0  p e r 
cen t. ; m ag n esia  0.1 to  0 .4  p e r cen t. ; a lka lis  
0.5 to  2.0 p e r  c en t., a n d  ig n itio n  loss 0.5 to
1.0 p e r  cen t. T he chem ical com position  quo ted  
above is n o t  v ery  d iffe re n t from  th e  p u b lished  
an a ly ses of th e  Ohio bedded  silica  firestone  
w hich is b e in g  used  successfully  in  some A m eri
c an  fo u n d rie s , h u t  in  th e  te s ts  m ade  so f a r  th e  
B r i t ish  firestones a re  less re s is ta n t  to  th e  th e rm a l 
shock a lm ost in ev itab le  in  th e  h e a tin g -u p  of 
a cupola .

R am m ed  L in ing s

T he p la s tic  or sem i-p la stic  m a te r ia ls  a re  
u su a lly  h ig h ly  siliceous, th o u g h  a  few  iro n - 
fo u n d e rs  use  m ix tu re s  c o n ta in in g  a h ig h  p ro 
p o rtio n  of fireclay  g rog  w ith  a  bond  of p las tic  
fireclay. T he siliceous m ix tu re s  used  fo r  th e  
p ro d u c tio n  of ram m ed  lin in g s  a n d  fo r  p a tc h in g  
a re  of tw o t y p e s : —

(а) N a tu r a l  s ilica  “ c lays ”  w hich consist 
of sa n d  g ra in s  in  sm all size u n ifo rm ly  coated  
w ith  a  h ig h ly  p la s tic  siliceous c lay .

( б ) S ilica  rocks of “  g a n is te r  ” ty p e  which 
a re  c ru sh ed  a n d  g ro u n d  w ith  a  p las tic  fire
c lay.

T he p la s tic  o r sem i-p la stic  siliceous m a te ria ls  
fa ll in  s ilic a -a lu m in a  r a t io  be tw een  p o in ts  A 
a n d  B on th e  p o rtio n  of th e  a lu m in a -s ilic a  fusion
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F i g . 1 .— F u s i o n  P o i n t  C u r v e  o f  A u u m i n a - 
S lL IC A .

p o in t cu rv e  show n in  F ig . 1. I t  is to  be no ted  
t h a t  in  m ix tu re s  c o n ta in in g  be tw een  7 and  
10 p e r  cen t, of a lu m in a  ( th a t  is  20 to  30 per 
cen t, of a n  av e ra g e  30 p e r  cen t, a lu m in a  fire
clay) th e re  is a  ra p id  fa ll in  th e  fu sio n  p o in t, 
an d  th a t  th e  p resence  of f lu x in g  im p u r it ie s  in 
th e  s ilica  rock  a n d  fireclay  m ove th e  lowest 
fu sio n  p o in t in  th e  d ire c tio n  of a  low er silica- 
a lu m in a  ra tio .

O ccasionally , sy n th e tic  m ix tu re s  of s im ila r  com 
p o sition  to  th e  n a tu ra lly -b o n d e d  m ix tu re s  of 
ty p e  (a) a re  m ade  by th o ro u g h ly  m ix in g  a h igh- 
silica  san d  w ith  a f in e-g ro u n d  p la s tic  re fra c to ry  
clay. I t  is exceed ing ly  d ifficult how ever to  ob



t a in  by  m echan ical m ix in g  such u n ifo rm  d is
persion  of th e  c lay  over th e  san d  g ra in s  as is 
fo u n d  w ith  th e  n a tu ra lly -b o n d e d  siliceous 
m ate ria ls . W ith  w e t m ix in g  th e  d ispersion  of 
th e  clay  is a ssisted  by defloccu la ting  i t  by th e  
a d d itio n  of a b o u t 0.5 p e r  cen t, of a  m ix tu re  of 
sodium  s ilica te  an d  sodium  c a rb o n a te , o r by 
ad d in g  th e  clay in  th e  fo rm  of a defloccu lated  
slip.

S y n th e tic  m ix tu re s  m ade  w ith  c ru sh ed  b u rn ed  
fireclay (grog) a n d  a  p la s tic  re fra c to ry  clay are  
used by some iro n fo u n d ers . I n  th ese  m ix tu re s  
i t  is e ssen tia l t h a t  th e  g rog  used is h a rd -b u rn e d  
and  th a t  th e  d ry in g  an d  firing  sh rin k a g e  is sm all 
and  will n o t lead  to  th e  open in g  of cracks in th e  
lin ing . The sam e c o n sid e ra tio n s  as to  chem ical 
com position an d  re fra c to r in e s s  of th e  g rog  and  
clay ap p ly  as w ith  firebricks

R o ta ry  Fu rn ace Linings

I n  th e  lin in g  of ro ta ry  m eltin g  fu rn aces, m ix 
tu re s  of bo th  th e  n a tu ra l  and  sy n th e tic  ty p es  a re  
used, b u t  w here  th e  m eltin g  te m p e ra tu re  is 
h ig h er th a n  no rm al i t  is ad v an tag eo u s  to  rep lace  
th e  clay bond w ith  lim e, p ro d u c in g  a m ix tu re  
which has a chem ical com position  and  g ra d in g  
com parab le  w ith  t h a t  of a good silica  b rick . The 
p la s tic ity  an d  “  w o rk ab ility  ”  of th e  lim e-bonded 
m ix tu re s  m ay be increased  by th e  a d d itio n  of an 
o rgan ic  bond such as d e x tr in  o r one of th e  
ch eaper b y -p ro d u ct bonds of th e  “  su lp h ite - 
lve ”  ty p e . I t  would seem  to  be feasib le  to  
line  a ro ta ry  fu rn ac e  w ith  u n b u rn e d  silica b ricks 
com pacted  u n d e r  h y d ra u lic  p ressu re , w hich 
would avoid th e  d ifficulties of u n ifo rm  ram m in g  
an d  lam in a tio n  w ith  g ra n u la r  lin in g  m ix tu re s , 
and  would g ive a m uch d enser lin in g . These u n 
b u rn ed  bricks could be m oulded  u n d e r  h igh  
p ressure  w ith  a to n g u e  an d  groove to  fa c i li ta te  
b u ild in g  to g e th e r. U n b u rn e d  b rick s  of th is  
ty p e  a re  be in g  used  successfully  in  th e  lin in g  of 
in d u ctio n  fu rn aces  fo r steel m eltin g .

T he fu n c tio n  of th e  c lay  in  th e  c lay-bonded 
cupola g a n is te rs  is p r im a rily  to  b in d  th e  f ra g 
m ents of silica to g e th e r  bo th  in  th e  g re en  an d  
fired co n d ition , b u t  i t  serves a n  im p o r ta n t  
secondary  pu rpose  in  low ering  th e  s in te r in g  
te m p e ra tu re  and  cau sin g  t h a t  in c ip ie n t fusion  
of th e  lin in g  which prom otes i ts  m echan ical 
s tre n g th  an d  increases its  re s is tan ce  to  ab rasio n  
and  to  slag p e n e tra tio n .

P ro p e rtie s  o f C u p o la  L in in g  M a te r ia ls

To give sa tis fac to ry  service  in  th e  cupo la , 
th e  m ate ria ls , w h e th er n a tu ra l  o r  sy n th e tic  m ix 
tu res , used  fo r  ram m ed  lin in g s, m u s t develop 
sufficient m echanical s tre n g th  on d ry in g  an d  
h e a tin g  to  re s is t th e  stresses se t u p . W hen  
th e  ram m ed  m a te r ia l  is h e a ted  i t  m u s t n o t 
only v i tr i fy  sufficiently  to  p roduce m echanical

s tre n g th ,  b u t  i t  m u s t have  sa tis fac to ry  volum e 
s ta b ili ty , as excessive sh rin k a g e  m ay  lead  to  
th e  fo rm a tio n  an d  open in g  of cracks, w ith  
co n seq u en t slag  in g ress  a n d  g e n e ra l w eakness. 
W hen n a tu ra lly -b o n d e d  m a te ria ls  a re  used , i t  
is especially  im p o r ta n t  t h a t  care  should  be 
exercised  in  w ork in g  th em  to  “ keep  to  a 
sam ple  ”  an d  avoid  v a r ia tio n s  in  bond c o n te n t 
o r te x tu re .  I t  is possible to  im prove th e  pro
p e rtie s  of some of th ese  n a tu r a l  siliceous 
m a te ria ls  l^y m ak in g  a d d itio n s  to  th em  of h igh- 
silica  san d  o r c ru sh ed  silica  rock.

T a b l e  I I .— Properties of Two Naturally-Bonded 
Refractory Materials.

Mechanical grading.

B.S.I. sieves. 1 - 2-
Per cent. Per cent.

+  5 mesh 0 .5 3.5
+  16 „ 1.5 2 . 8

+  30 ,, 1.5 5.5
-f 60 „ 2 .5 15.0
+  85 ,, 8 . 0 14.0
+  1 0 0  „ 27.0 10.5
+  150 „ 21.5 1 0 . 0
+  2 0 0  „ 8 . 0 7 .5
-  2 0 0  „ 4.0 2 .5
Clay grade . . 25.5 28.7

1 0 0 . 0 1 0 0 . 0

Chemical analysis of air-dried materials.

1 . 2 . Clay grade 
from No. 1.

Per cent. Per cent. Per cent.
Silica 76.59 84.02 45.61
Alumina 14.70 9.85 35.55
Iron oxide 1.90 1 .15 2.15
Titanium  oxide 0.35 0.32 0.85
Lime 0.74 0.35 0.71
Magnesia 0.18 0 . 2 2 0 . 1 0
Potassium oxide 0.62 0.58 1.24
Sodium oxide . . 0 . 2 2 0.24 0.44
Loss on ignition 4.55 3.15 13.25

99.85 99.88 99.90

T he m echan ical g ra d in g  an d  chem ical com 
position  of tw o ty p ic a l n a tu ra lly -b o n d e d  m a te ria ls  
o ccu rrin g  in  G re a t B r i ta in  a re  se t o u t in  
Table I I .

B o th  m a te r ia ls  g ive good service in  ram m ed 
lin in g s, b u t i t  is im p o r ta n t  to  keep th e  m o is tu re  
c o n te n t as low as is co m patib le  w ith  a d eq u a te  
w o rk ab ility  in  ram m in g  to  avo id  u n d u e  d ry in g  
sh rin k a g e , especially  w ith  m a te ria ls  of fine 
g r  a in -size  such as N o. 1 above. T he effect of 
w a te r  c o n te n t on d ry in g  sh rin k a g e  fo r th e  above 
tw o m a te ria ls  is show n by th e  figures in
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T ab le  I I I  o b ta in e d  w ith  re p re se n ta t iv e  sam ples.
B o th  these  m a te r ia ls  show a p e rm a n e n t  e x p a n 

sion of a p p ro x im a te ly  1 . 0  p e r c en t, w hen a d ry  
te s t-p ie ce  is fired a t  1,450 deg . C . ; th is  com 
p en sa te s  fo r th e  d ry in g  sh r in k a g e  i f  th e  ad d ed  
w a te r  does n o t exceed 7.5 p e r  c en t. I n  th e  
fo rm in g  of ram m ed  lin in g s  in  th e  cu p o la  g r e a t  
c a re  m u s t  be ta k e n  to  av o id  la m in a tio n s , as 
th ese  a re  like ly  to  lead  to  sp a llin g  of th e  lin in g  
in  serv ice . T he d e le te rio u s e ffect of lam in a 
tio n s  in  a  ram m ed  lin in g  is show n in  F ig . 2,

T a b l e  I I I .— Effect of Water Content on Shrinkage.

W ater added to 
air-dry material. 

Per cent.

W et-to-dry shrinkage (linear). 
Per cent.

1 . 2 .

5.0 0 .4 0 .5
6 . 0 0.7 1 . 0

7.5 1 . 0 1 . 2

1 0 . 0 1.9 2 . 0

12.5 2 .5 2 .5
15.0 3.5 3.0

w hich  is  from  th e  lin in g  of a  ro ta ry  m eltin g  
fu rn a c e  in  w hich  tro u b le  w as ex p erienced  
th ro u g h  sp a llin g . T he m eth o d  of ra m m in g  used 
m u s t be such  as w ill en su re  com plete  key ing  
o f th e  lay e rs  of m a te r ia l.

P atch in g  M a te r ia ls
I n  G re a t  B r i ta in ,  w h ils t some fo u n d ries  use 

m a te ria ls  such  as th o se  d e ta ile d  above fo r p a tc h 
in g  a n d  g en era l m a in ten a n ce , th e  m a jo r ity  use 
m a te ria ls  w hich  a re  m uch  co arse r in  f ra g m e n t 
size a n d  w hich a re  described  as cu p o la  g a n is te r . 
T hese m a te ria ls  a re  m ad e  by m ix in g  a c rushed  
silica  rock  c o n ta in in g  n o t less th a n  92 p e r cen t, 
silica  w ith  from  10 to  30 p e r c en t, o f a r e 
f ra c to ry  p las tic  fireclay, th e  p ro p o rtio n  of clay 
used  d e p en d in g  on th e  c h a ra c te r  of th e  silica  
ro ck , th e  chem ical com position  and  p la s tic ity  of 
th e  clay, an d  th e  re q u ire d  p la s tic ity  of th e
m ix tu re . P h o to m ic ro g ra p h s  of silica  rocks used 
in  th e  p ro d u c tio n  of cupo la  g a n is te r  a re  shown 
in  F ig . 3 ef seq. I t  is d esirab le  t h a t  th e  
physical c h a ra c te r  of th e  silica  ro ck  should  be 
such  t h a t  w hen i t  is c ru sh ed  i t  w ill g ive  a n g u la r  
frag m e n ts . R o u n d ed  f ra g m e n ts  te n d  to  slip  
over each  o th e r, a n d  so lead  to  w eakness, w h ilst 
a n g u la r  f ra g m e n ts  te n d  to  in te rlo ck , an d  so
pro m o te  s tre n g th .  The p las tic  fireclays which 
a re  used  in  a d m ix tu re  w ith  th e  c ru sh ed  rock 
h av e  a n  a lu m in a  c o n te n t (w hen calcined) be
tw een  25 a n d  35 p e r  cen t, an d  a  re fra c to r in ess  
be tw een  1,600 an d  1,700 deg. C. I n  th e  b est
p ra c tic e  th e  s ilica  rock  used  is of th e  fine
g ra in e d  ty p e  w ith  97 p e r cen t, (m in im um ) 
silica , a n d  th e  p las tic  fireclay  of th e  a lu m in o u s 
ty p e  (m ore th a n  36 p e r cen t, a lu m in a  w hen 
c alc in ed ) w ith  a  re fra c to r in e s s  above 1,700 deg.

C. I t  is im p o r ta n t  t h a t  th e  m a tr ix  of th e  
cu p o la  g a n is te r  (i.e ., th e  fin er f ra g m e n ts  of 
s ilica  p lus th e  bond  clay) shou ld  h a v e  a 
chem ica l com position  w hich  is n o t  too  n e a r  th e  
e u te c tic  (F ig . 1) as th is  w ill lead  to  ra p id  fusion  
a n d  possible d r ip p in g  o r ru n n in g  o u t  of th e  
m a tr ix  an d  a “  honeycom b ty p e  of corrosion  
o r w ear. T he use  o f a  re fra c to ry  c lay  of a 
“  s tick y  n a tu r e  is a d v an tag e o u s  as i t  will 
g iv e  b e t te r  b o n d in g  in  th e  u n fired  m a te ria l,  
b e tte r  w o rk a b ility  w ith  th e  m in im u m  pro 
p o rtio n  of c lay , a n d  w ill allow  th e  use  of low 
w a te r  c o n te n t.

F i g . 2 .— D e l e t e r i o u s  E f f e c t  o f  L a m i n a t i o n s  
i n  a  R a m m e d  L i n i n g  i n d u c i n g  C o n d i t i o n s

PRODUCTIVE OF SPALLING.

All p a tc h in g  m a te r ia ls  m u s t h av e  such  c h a r
a c te r is tic s  a s  w ill en ab le  th e m  to  a d h e re  w ith 
o u t sp a llin g  w hen h e a te d . A f te r  th e  m oist 
p a tc h in g  m a te r ia l  is fo rced  in to  p o sitio n , th e  
w orn  p lace m ade  good, a n d  th e  cu p o la  h e a ted , 
th e  fo llow ing cycle ta k e s  p la c e :— (1) T he w a te r 
in  th e  m a te r ia l  is d r iv en  o f f ; (2 ) th e  com bined 
w a te r  in  th e  bond clay  is  d r iv e n  o f f ; a n d  (3 )  
suffic ient v itr if ic a tio n  is in d u ce d  to  m ak e  th e  
p a tc h  a d h e re  to  th e  r e s t  of th e  lin in g .

I t  w ill be seen  t h a t  a  severe  c o n d itio n  is 
se t  u p , a n d  th e  m a te r ia l  u sed  m u s t be one 
w hich w ill w ith s ta n d  th e  in e v ita b le  s tra in .  
P a tc h in g  m a te r ia ls  m u s t  be  used  a lw ays w ith  
only  ju s t  enough  w a te r  to  g iv e  th e  n ecessary  
w o rk a b ility , as o v e r-w e ttin g  w ill n o t  onlv 
n e ce ss ita te  slow er d ry in g -o u t, b u t  w ill also ten d



to th e  d ev elo p m en t of c rack s an d  g ive a porous 
p a tch . B efo re  p a tc h in g  i t  is, of course, 
e ssen tia l t h a t  th e  slag  should  be rem oved as 
com pletely  as possible from  th e  w orn  p lace in 
th e  cupola.

The a c tu a l s ta n d a rd is a tio n  of th e  p ro p e rtie s  
of cu p o la  g a n is te r  is m ad e  d ifficult by th e  g re a t  
v a ria tio n  in  cupola  cond itio n s. I t  is by no 
m eans u n u su a l fo r  a  g a n is te r  m ix tu re  w hich 
gives good service in  one cupo la  to  be to ta lly  
u n sa tis fac to ry  in  a n o th e r  w o rk in g  u n d e r  con
d itio n s  w hich  do n o t a p p e a r  to  be very  d is
s im ilar. I t  is e v id e n t, th e re fo re , t h a t  th e  
m ethod  of u s in g  th e  g a n is te r  has a d e fin ite  
influence on i ts  d u ra b ili ty .

T a b l e  IV.—Average Properties of Cupola Ganister.

Mechanical grading.

B.S.I. sieves.

Per cent.
-f- 5 mesh 3 to 20
+  30 „ 30 „ 40
+  60 „ 4 ,, 12
+  1 0 0  „ 5 „ 15
-  1 0 0  „ 30 „ 37

Chemical composition of air-dried materials.

Per cent.
Silica 78 to 90
Alumina 5 „ 15
Iron oxide 1 » 3
Titanium oxide 0 . 1 „ 0 .5
Lime 0 . 1 „ 0 . 8
Magnesia 0 . 1 „ 0 .5
Alkalis 0 .4 „ 2 . 0
Loss on ignition 3.0 „ 8 . 0

M echan ica l G ra d in g  o f P atch in g  M a te r ia ls

The m echan ical g ra d in g  of a' cupola  g a n is te r  
should  be such t h a t  w hen i t  is d r ie d  off, and  
b u rn ed , i t  g ives a  closely packed  lin in g  w ith  a 
low porosity  an d  p e rm eab ility . T h is close pack 
ing  w ill also te n d  to  qu ick  an d  u n ifo rm  
s in te r in g .

To o b ta in  th is  close pack in g , th e  p ro p o rtio n  
of g ra in s  or frag m e n ts  of m idd le  size should  be 
low, and  th e  p ro p o rtio n s  of coarse an d  fine f r a g 
m en ts an d  g ra in s  ro u g h ly  equal. I n  m ost 
cupola  g a n is te r  m ills, th e  final g ra d in g  p ro 
duced is a  fo r tu ito u s  one, b u t  i t  is possible by 
con tro l of th e  g r in d in g  tim e  to  p roduce  a 
g a n is te r  m ix tu re  w hich has a reasonab ly  sa tis 
fac to ry  g ra d in g , an d  w hich v a rie s  very  l i t t le  
from  b a tc h  to  b a tch . I t  w ould be p re fe rab le , 
and  probably  a d v an tag eo u s , f irs t to  c ru sh  and  
screen th e  silica  rock a n d  th e n  to  m ix  th e  neces
sary  p ro p o rtio n s of th e  v a rio u s  screen  g rad es 
w ith th e  p ro p e r p ro p o rtio n  of fine-ground  re 
frac to ry  c lay , an d  finally  to  w e t in  a m ix er

w hich is so desig n ed  as to  g ive  th o ro u g h  m ix in g  
w ith o u t an y  f u r th e r  g r in d in g . I n  th is  way, 
very  com plete  c o n tro l of g ra d in g , c lay  p ro 
p o rtio n , a n d  w a te r  c o n te n t would be possible.

T he m echan ical g ra d in g  a n d  chem ical com 
po sitio n  of cupola  g a n is te rs  as de liv e red  to  iro n  
fo u n d ries  v a ry  in  a  la rg e r  n u m b er of sam ples 
w hich hav e  been ex am in ed  w ith in  th e  lim its  
se t  o u t  in  T able  IY .

In flu en ce  o f M o is tu re
T he m o is tu re  (i.e ., ad d ed  w a te r)  in  th e  

m a te ria ls  as used  v a rie s  be tw een  1 0  an d  2 0  p er 
c en t., a n d  th e  d ry in g  sh rin k a g e  is  from  n il to
2.0 p e r cen t. T he volum e change  of d ry  te s t-  
pieces fired a t  1,500 to  1,550 deg. C. v a rie s  from  
a  sm all sh rin k a g e  to  an  ex p an sio n  of 7 o r  8  p e r  
cen t. A sm all ex p ansion  is p re fe rab le  to  a la rg e  
ex p an sio n  o r a  sh rin k ag e , b u t  w here th e  m elt
in g  co n d itio n s a re  severe  i t  is essen tia l to  hav e  
a  h ig h  silica  c o n te n t  in  th e  g a n is te r  m ix tu re  
(b ea rin g  in  m in d , of course, th e  necessity  of 
k eep in g  c le a r  of th e  eu te c tic  com position) 
d e sp ite  th e  expan sio n  i t  w ill show in  serv ice. 
I n  a d d itio n  to  d ry in g  te s ts , g ra d in g  te s ts ,  and  
chem ical analyses, th e re  a re  severa l usefu l 
lab o ra to ry  te s ts  fo r cu p o la  g a n is te r .

R efrac to rin ess
W ith  fine-g ra in ed  m a te ria ls  cones m ay be 

m ade  an d  th e i r  re fra c to r in e ss  d e te rm in e d  in  
th e  u su a l m a n n e r  a g a in s t  s ta n d a rd  cones. I t  
is im possible to  m ake  cones from  th e  coarse
g ra in e d  m a te ria ls , b u t  a u sefu l a lte rn a tiv e  is 
to  m ake te s t  b r iq u e tte s  4 in . by 1 |  in . by  1 in . 
a n d  h e a t  th em  a t  1,550 deg. C. fo r  4 h rs . W ith  
good cu p o la  g a n is te rs  th e re  w ill n o t be m uch 
d is to r tio n  of th e  b r iq u e tte  a f te r  th is  h ea t-  
t r e a tm e n t,  b u t  i t  w ill have  becom e v itr if ied  and  
w ill have  developed considerab le  m echanical 
s tre n g th .

T a b l e  V.—Cupola Slag Erosion of Firebrick Tile 
Expressed as Inches.

Before
run.

After
run.

Erosion 
per panel.

In. In. In.
Standard ganister . . 261 27* 0.25
Test m aterial a 2 5 * 261 0.78
Standard ganister .. 301 3 1 * 0.47
Test m aterial b 311 31 | 0.25

Ratio of erosion of test m aterial a to  th a t of the 
standard ganister, 3 :1 .

Ratio of erosion of test material 6  to th a t of the 
standard ganister, 0 .5 :  1 .

Slag Resistance

A te s t  b r iq u e tte  3 in . by 3 in . by 2 in . is 
m ade w ith  a  c y lin d rica l d ep ression  1  in . d ia . 
an d  1 in . deep in  th e  m idd le  of one 3 in . by  3 in .
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face . T his is d ried , th e  d ep ress io n  filled w ith  
g ro u n d  c u p o la  slag , a n d  h e a te d  fo r  2  h rs . a t
1,500 deg. C. A f te r  coo ling  th e  e x te n t  of slag 
p e n e tra t io n  a n d  corrosion  can  he ex am in ed  
by b re a k in g  th e  b r iq u e tte  th ro u g h  across th e  
m idd le  of th e  d ep ression .

An a lte rn a t iv e  m eth o d  fo r  e v a lu a tin g  slag  re 
sis tan ce  is to  m ake  a  solid  b r iq u e tte ,  say  2  in .

be am plified  by m ix in g  f in e-g ro u n d  iro n  oxide 
(iro n  scale fo r exam ple) w ith  th e  cu p o la  slag .

R e frac to rin e ss  u n d e r Load
As th e  a c tu a l  p re ssu re  du e  to  th e  w e ig h t of 

th e  ch arg e  in  th e  cu p o la  m ay  have  some 
in fluence on th e  effective re fra c to r in e s s  of th e  
cu p o la  l in in g  or p a tc h in g , i t  is u se fu l to  m ake

F i g . 3 . — G a n i s t e r , S h e f f i e l d . F i g . 4 .— Q u a r t z i t e , D u r h a m . F i g . 5 .— Q u a r t z i t e , A n g l e s e y .

by 2  in . by  2  in . a n d , a f te r  d ry in g , place on  to p  
of i t  a  cy lin d rica l p e lle t m ade  from  a b o u t 2 0  to  
30 g ram m es of g ro u n d  slag  (m oistened  w ith  a 
d e x tr in  so lu tio n ) an d  th e n  h e a t  fo r  2  h rs . a t
1,500 deg. C. The slag  a t ta c k  is observed a f te r

te s ts  on d r ie d  te s t-p ieces u n d e r  a  load  of 28 lbs. 
p e r  sq. in . ( i .e .,  2  kg . p e r  sq. cm .).

W ith  th e  co -o p era tio n  of M r. E . S. R enshaw , 
of F o rd  M oto r C om pany , L im ite d , D ag en h am , 
E ssex , th e  R e fra c to r ie s  C o m m ittee  of th e  In s ti-

F i g . 6 . — Q u a r t z i t e ,  N o r t h  F i g .  7 . — Q u a r t z i t e ,  D e r b y s h i r e .  F i g . 8 . — Q u a r t z i t e ,  S c o t l a n d .  
W a l e s .

cooling  th e  te s t  b r iq u e tte . T h is second m eth o d  
is p a r tic u la r ly  u se fu l fo r  observ ing  the, effect of 
th e  po ro sity  an d  p e rm e ab ility  of th e  g a n is te r  
on s lag  p e n e tra tio n  as well as i ts  re s is tan c e  to  
chem ical corrosion . B o th  m eth o d s of te s t  m ay

t u te  have  been ab le  to  m ak e  s im u la tiv e  te s ts  
in  a cu p o la  f i tte d  w ith  a  c o n tin u o u s  ta p p in g  
device. A cu p o la  of th is  ty p e  g ives su itab le  
co n d itio n s as, a f te r  th e  f irs t t a p  is m ade , th e  
cu p o la  well is soon filled w ith  s lag  on ly , th e



m eta l ru n n in g  im m ed ia te ly  in to  a rece iv e r on 
reach in g  th e  cu p o la  b o ttom . T es t panels 6  in. 
square  by 1  in . th ic k , backed w ith  th in  fire
brick  tile , a re  f itte d  in to  th e  cu p o la  well ex ac tly  
opposite  to  each o th e r , a n d  a re  in  c o n ta c t w ith  
m olten slag  fo r  th e  d u ra tio n  of th e  ru n , which 
is a b o u t 7 h rs . The d is ta n c e  betw een  th e  two 
panels before  an d  a f te r  th e  ru n , d iv id ed  by
two, m ay be ta k e n  as th e  m easu rem en t of th e
erosion. A m a te r ia l  of know n sa tis fac to ry
behav iour in  th e  cupola  m ay  be used  for
sta n d a rd  pan els  a longside th e  o th e r  m a te ria ls  
u n d e r te s t .  T able  V gives th e  p a r tic u la r s  of 
two m a te ria ls  te s te d  in  th is  w ay a g a in s t a 
s ta n d a rd  g a n is te r .

W here  a cupola  of th is  ty p e  is av ailab le  th is  
m ethod of te s t  is to  be recom m ended, as i t  m ore 
nearly  sim u la tes  a c tu a l w ork ing  co n d itio n s th a n  
any  lab o ra to ry  te s t  fo r erosion  or corrosion .

old san d , b lack  sand , e tc ., an d  th e  m en h ad  
to  d ig  i t  o u t as b est th ey  could.

B ric k -L in e d  R o ta ry  Furnaces
D iscussing  b ricks fo r lin in g  ro ta ry  fu rn aces, 

he sa id  one h ad  to  consider th e  expan sio n  of 
b rick s c o n ta in in g  a  la rg e  a m o u n t of silica  as 
com pared  w ith  th e  c o n tra c tio n  of b rick s h a v in g  
a h ig h  p e rce n ta g e  of a lu m in a . I n  consequence 
of t h a t  d ifference, one fo u n d  th a t  in  a  ro ta ry  
fu rn a c e  w hich  was w o rk in g  u n d e r  s tre ss , th e  
lin in g  was no  lo n g er fixed to  th e  cas in g  of th e  
fu rn a c e  a f te r  a  few d ays, so t h a t  th e  lin in g  
b roke down du e  to  c ircu m stan ces w hich w ere no t 
d e p en d e n t e n tire ly  upon  th e  re fra c to r in e ss  of th e  
m a te ria l.

In  94 p e r cen t, s ilica  b ricks th e re  m ig h t be 
p o ss ib ilitie s ; b u t  he  asked  M r. R ees how he 
could acco u n t fo r  a lin in g  w hich w as reduced  to

F i g . 9.— Q u a r t z i t e , N e a t h  F i g . 10.— Q u a r t z i t e , S. W a l e s . F i g . 11.— T y p ic a l  F i r e s t o n e . 
( S o u t h  W a l e s ) .

D IS C U S S  IO N
M r. J .  H . C o o p e r  (D arlin g to n ) sa id  th a t  fo r 

m any  years he h ad  been concerned  w ith  cupolas, 
b u t he fa iled  to  see ex ac tly  th e  effect of th e  
slag red u c tio n  which M r. R ees h ad  m en tio n ed , 
as red u cin g  th e  tem p era+ u re  of fusion  from  
1,620 to  1,180 deg. C. H e  asked w h a t was th e  
am o u n t of oxide p re sen t in  th e  slags w hen th e  
te s ts  w ere m ade, because a cupola  a lw ays reac ted  
accord ing  to  th e  a m o u n t of b las t an d  th e  q u a lity  
of iron  m elted— m alleable, steel-m ix , low-silicon 
iron , etc.

A good d eal of tro u b le  was caused  as th e  re 
su lt of th e  w rong m ethod  of s to r in g  th e  cupola 
re p a ir in g  m a te ria l  w hen i t  a rriv e d  a t  a fo u n d ry . 
The m an u fa c tu re rs , h a v in g  se n t a first-class 
m ate ria ), would som etim es receive com pla in ts, 
and  when th e ir  re p re se n ta tiv e s  a rriv e d  a t  th e  
foundry  th ey  fo u n d  t h a t  i t  was n o t in  a n y th in g  
like its  o r ig in a l s ta te ;  i t  w as a co m b in a tio n  of

1,150 deg. C. s ta n d in g  up  a t  all, because in  th e  
m eltin g  zone of an y  cupola  th e re  m u st be a tem 
p e ra tu re  of 1,500 o r 1,550 deg. C. to  g ive  a 
ta p p in g  te m p e ra tu re  of ap p ro x im ate ly  1,400 deg.

C lo s e -J o in ted  L in ings

M r. A. J .  S h o r e  (B irm in g h am ) questioned  
w h e th er i t  rea lly  m a tte re d  t h a t  th e  b ricks should 
be so very  close to g e th e r  a t  th e  jo in ts  as had 
been in d ic a te d  by M r. R ees, an d  he  asked if 
m ost cupolas w ere n o t p ro tec ted  by a ganiste? 
covering . H e  also asked  w h e th er M r. R ees con 
sid e red  t h a t  i t  would be of a d v a n ta g e  to  use 
in su la tin g  bricks betw een  th e  o u tside  of th e  re 
fra c to ry  lin in g  a n d  th e  shell.

W ith  re g a rd  to  th e  use  of a lin in g  of g a n is te r  
rock as a  basis fo r a  cupola  lin in g , he asked 
w h e th er th e re  w ere in  th is  co u n try  any  n a tu ra l  
deposits  of rocks w hich could be used as sub 
s t i tu te s  fo r b rick  ; he  h ad  in  m ind  som eth ing  like



th e  s ilica  s to n e  w hich w as used  in  A m erica , i t  
seem ed t h a t  s ilica  b rick s w ere n o t good th in g s  
to  use  in  a cu po la , d u e  to  th e i r  sp a llin g , w hereas 
c e r ta in  n a tu r a l  sto n es w ere  n o t p ro n e  to  t h a t  
tro u b le .

S ta n d a rd is a tio n  o f G a n is te r

D r . J .  G. A. S k e r l  asked  fo r th e  o p in io n  of 
M r. R ees as to  w h e th er th e  life  of a cupola  
lin in g  could  be  a ffected  by m ore  r ig id  co n tro l 
of th e  s la g  in  th e  cupo la . H e  w ondered  
w h e th er, by  a n  increase  in  th e  lim e c h a rg e  in  
th e  cu po la , th e  life  of th e  lin in g  w ould be 
affected .

W ith  re g a rd  to  g a n is te r ,  w hich  h a d  been a 
v e ry  “  m ixed  ” m a te r ia l,  he sa id  th e  t im e  was 
r a p id ly  a p p ro ac h in g  w hen som e s o r t  of 
s ta n d a rd is a tio n  shou ld  be a tte m p te d  fo r  th e  
benefit b o th  of th e  su p p lie rs  a n d  of th e  u sers. 
H e  su g g ested  t h a t  g ra d in g  w as a  d ire c tio n  in 
w hich th e  m a n u fa c tu re rs  could  h e lp ; b u t  one 
w ould like  to  feel t h a t  th e  c o n s titu e n ts  of th e  
g a n is te r  w ere  m a te r ia ls  w hich  w ere re a lly  s u i t 
ab le  fo r th e  job .

T he use  of th e  u n b u rn e d  b rick , b o th  in  th e  
cupo la  a n d  in  th e  ro ta ry  fu rn a c e , offered g re a t  
po ss ib ilities . T h e  u n b u rn e d  b rick  h a d  been used  
v e ry  successfu lly  in  th e  in d u c tio n  f u r n a c e ; b u t 
in  m an y  cupolas a  fo rm  of u n b u rn e d  b rick  was 
u sed  in  th e  ram m ed  lin in g s, a n d  in  m an y  cases 
th ose  ram m ed  lin in g s  w ere g iv in g  a  v e ry  good 
life , m u ch  b e tte r ,  in  h is o p in io n , th a n  t h a t  of a 
b rick  lin in g . T he ram m ed  lin in g  h a d  a com
p o sitio n  ro u n d  ab o u t a figu re  of 94 p e r  cen t, 
silica.

A m e ric a n  P ra c tic e  Discussed
M r. W . R . B e a n  (P a st-P ire s id en t, A m erican  

F o u n d ry m e n ’s A ssocia tion ), co m m en tin g  upon  
th e  re fe ren ce  m ade  to  th e  c h a ra c te ris tic s  of th e  
s lag  from  th e  s ta n d p o in t  of ox ide  c a rr ie rs , sa id  
t h a t  in  A m erica  t h a t  h a d  been  fo u n d  to  be  one 
of th e  m ost im p o r ta n t  co n sid era tio n s to  m ak ers  
o f cu p o la  lin in g s . Also, th e  basic an d  acid 
e lem en ts p re se n t p lay ed  a  v ery  v i ta l  p a r t  in 
th e  l ife  of lin in g s  an d  in  th e  re su lts  o b ta in ed . 
A g r e a t  deal o f th e  w ork  in  th e  U .S .A . now a
d ays invo lved  long  h o u rs of o p e ra tio n , a n d  t h a t  
h a d  g iv en  r ise  to  f u r th e r  d ifficulties in  o b ta in in g  
lin in g s  to  w ith s ta n d  th e  heav y  b la s t an d  p re s
su res, e tc ., invo lved  in  d r iv in g  cupolas fo r  8 , 1 2 , 
14 and  som etim es 24 h rs . con tin u o u sly .

P ro b a b ly  th e  in d u s try  in  th e  U n ite d  S ta te s  
h a d  n o t gone so f a r  as h ad  th e  in d u s try  in  th is  
c o u n try  in  th e  a d a p ta t io n  of th e  ro ta r y  fu rn a c e  
to  m e ltin g  o p e ra tio n s ; i t  d id  n o t q u ite  fit in to  
th e  p ic tu re  of fo u n d ry  o p e ra tio n s  in  th e  U n ited  
S ta te s . B u t  th e re  w ere  some 12 o r 15 ro ta ry  
fu rn ac e s  in  use  th e re  fo r  th e  p ro d u c tio n  of b lack- 
heairt m alleab le  iro n  an d  som e of th e  p e a r lit ic  
m eta ls .

T he b est lin in g s  th e re  w ere fo u n d  to  be of s ilica  
b rick , w hich  ex p erien ce  h a d  p ro v ed  to  be 
su p e rio r  to  g a n is te r  lin in g s . R eco rd s of 5 -ton  
fu rn ac e s  m e ltin g  m alleab le  iro n  show ed from  2 0 0  

to  2 2 0  h e a ts , an d  in  one p a r t ic u la r  case t h a t  
n u m b er of 6 -to n  h e a ts  was o b ta in e d , re p re se n t
in g  a life  of fro m  1,300 to  1,400 to n s . B eh ind  
t h a t  s ilic a  b rick  lin in g , w hich  w as 6  in . th ick , 
th e re  w as a  p e rm a n e n t  l in in g  of fire b rick  
a g a in s t  th e  shell, also 6  in . th ic k , so t h a t  th e  
to ta l  th ick n ess  w as 12 in . B u t  th e  lin in g  had 
to  be t r e a te d  c a re fu lly , especially  d u r in g  th e  
in i t ia l  h e a tin g -u p . T he size of b rick  used  was 
3 in . by  6  in . by 12 in .,  th e  12 in . len g th  
b e in g  lo n g itu d in a l in  th e  fu rn a c e , an d  a n  allow
ance w as m ad e  fo r  ex p an s io n  in  lay in g  th e  
b ricks. T h ere  w as a p a p e r  o r c a rd b o a rd  s lig h tly  
in  excess of 5  in . a t  each  of th e  end  jo in ts , and  
be tw een  in . an d  ^  in . a t  each  of th e  side
j o in t s ; so t h a t  th e re  w as v e ry  l i t t le  sp a llin g  
w hen  th e  lin in g  w as su b jec ted  to  te m p e ra tu re , 
p ro v id ed  th e  firin g  w as done c a re fu lly  d u r in g  
th e  firs t h e a ts . T he fu rn a c e s  in  w hich  those  
lin in g s w ere  used  w ere  tu r n in g  o u t m e ta l a t  
1,370 to  1,600 deg . C. c o n s ta n tly  th ro u g h o u t 
th e i r  lives. T he lin in g s  w ere  easy  to  bu ild , 
w hen once t h a t  p ra c tic e  h a d  been e s ta b lish e d ; 
th e y  w ere b u ilt  in  m u ch  s h o r te r  t im e  th a n  was 
re q u ire d  fo r  th e  ra m m in g  of a  g a n is te r  lin in g .

A U T H O R ’S R E P L Y

M r . R e e s , re p ly in g  to  th e  d iscussion , sa id  th a t  
th e  s lag  w hich  w as used  in  th e  te s ts  he h ad  
i l lu s t r a te d  was o b ta in e d  fro m  a  local fo u n d r y ; 
i t  c o n ta in ed  12 p e r  c en t, of F eO  a n d  35 per 
cen t, of lim e. H e  a g ree d  w ith  th e  su g g estio n  
m ade  by one o r tw o sp eak ers  t h a t  th e  com posi
tio n  of th e  s lag  d id  h av e  a  d e te rm in in g  effect 
on th e  b e h av io u r of th e  lin in g , an d  he agreed  
w ith  D r. S k erl t h a t  m ore  com ple te  c o n tro l of 
slag  com position  w ould be h e lp fu l in  p ro m o tin g  
th e  d u ra b il i ty  of th e  cu p o la  lin in g .

C o m m en tin g  on M r. C o o p er’s re fe re n ce  to  
th e  ch an g e  in  th e  c h a ra c te r  of th e  cu p o la  g an is
t e r  w hich  som etim es o ccu rred  b e tw een  th e  tim e 
i t  le f t  th e  y a rd  of th e  m a k e r  a n d  its  ap p lic a 
t io n  in  th e  cu p o la , he  a g re e d  t h a t  som e iron- 
fo u n d e rs , a t  a n y  r a te ,  cou ld  w ith  a d v a n ta g e  
ta k e  r a th e r  m ore  c a re  in  th e  s to r in g  of such 
raw  m a te r ia ls  th a n  in  f a c t  th e y  d id . H e  had  
seen cases w h ere  tro u b le  h a d  a r is e n  in  th e  ap p li
c a tio n  of p a tc h in g  as th e  re s u l t  of le a v in g  th e  
g a n is te r  exposed  to  ra in ,  so t h a t  i t  h a d  become 
o v e r -w e tte d ; n o th in g  was m o re  lik e ly  to  give 
r ise  to  tro u b le  in  th e  cupo la  l in in g  th a n  th e  use 
of a n  o v er-w et p a tc h in g  m a te r ia l .

T he q u es tio n  by M r. C ooper c o n ce rn in g  th e  
ex p an s io n  of ro ta r y  fu rn a c e  lin in g s  h a d  been 
an sw ered  m ost a d m ira b ly  by  M r. B ean . The 
re fe re n ce  by M r. B ean  to  th e  use  of s ilica  b rick s



in  th e  lin in g s  of ro ta ry  fu rn ac e s , a n d  th e  
m ethods a d o p te d  fo r  ta k in g  u p  th e  ex p an sio n  of 
th e  b rick s , show ed th a t  t h a t  ty p e  of l in in g  was 
n o t only  feasib le , b u t could  be  especially  a d v a n 
tag eo u s in  a ro ta ry  fu rn a c e . As M r. B ean  h a d  
very  p ro p e rly  p o in te d  o u t, i t  w as v e ry  im p o r
t a n t  in d eed  th a t  silica  b rick s , a n d  especially  
w ell-burned silica  b rick s , should  be h e a te d  slowly 
betw een 200 a n d  300 deg. C. Once t h a t  p a r t i 
c u la r  te m p e ra tu re  ra n g e  w as safe ly  passed , an d  
so long  as th e  te m p e ra tu re  of th e  brick« was 
k ep t c o n s tan tly  above th a t  ra n g e , no  sp a llin g  
tro u b le  w as lik e ly  to  ensue.

S outh A fr ic a n  T ita n ife ro u s  B ricks

The silica  b rick  re fe r re d  to  in  th e  P a p e r  w as 
clay-bonded a n d  h a d  a low er sp a llin g  ten d e n cv  
th a n  th e  no rm al lim e-bonded  silica  b rick . A n
o th e r  ty p e  of silica  b r ic k  w hich  h e  believed 
m ig h t be feasib le , a n d  in d eed  w as a lre ad v  
feasib le  in  one p a r t  of th e  w orld , w as m ade  
from  a n a tu r a l  q u a r tz ite  c o n ta in in g  from  2  to  3  

per cen t, of t i ta n iu m  ox ide, ve ry  u n ifo rm lv  dis
persed  th ro u g h o u t th e  rock. A silica  b r ic k  - 
m ade from  those  q u a r tz ite s , c o n ta in in g  fro m  2  

to  3 p e r  cen t, of t i ta n iu m  oxide, was fo r  some 
reason  s ti ll  obscure, v e ry  h ig h ly  re s is ta n t  to  
th e rm a l shock. Q u a rtz ite s  w ith  h ig h  t i ta n iu m  
ox ide c o n te n t occu rred  in  q u ite  considerab le  
q u a n ti t ie s  in  S o u th  A f r ic a ; he h a d  h a d  th e  
o p p o r tu n ity  of ex am in in g  silica  b rick s m ade  in  
S o u th  A frica  from  th ose  rocks, an d  th e v  w ere 
very  n e a rly  as re s is ta n t  to  th e rm a l shock as 
was th e  av erag e  fireb rick . They w ere v e rv  m uch  
su p e rio r in  t h a t  re sp ec t to  th e  n o rm al silica 
b rick  one h ad  to  deal w ith  in  th is  co u n trv .

D ealin g  w ith  M r. S h o re ’s re m a rk s  con cern in g  
jo in t in g , M r. R ees sa id  he  considered  t h a t  i t  
was ad v an tag e o u s  to  th e  d u ra b il i ty  of th e  b rick  
lin in g  in  a n y  p a r t  o f th e  fu rn a c e  to  use  good
sh aped  b ricks a n d  close jo in t in g ;  especiallv  was 
th a t  so in  th e  u p p e r  p a r ts  of th e  lin in g , w here 
th e  p ro tec tio n  by  a n y  p a tc h in g  w as m uch  less 
com plete th a n  i t  was elsew here.

In s u la tio n  o f L in ings C o m m en d ed

In su la tio n  w as exceed ing ly  im p o r ta n t.  H e  
believed th a t ,  g iven  a m uch  m ore efficient selec
tio n  of th e  h ig h es t g rad es  of re fra c to r ie s , i t  
m ig h t be possible to  in su la te  th e  cupola  and  
th e reb y  to  im prove  d e fin ite ly , n o t  on ly  i ts  
th e rm a l efficiency, b u t  also th e  efficiencv of th e  
firebricks, because by th e  a p p lic a tio n  o f a  lav e r 
of in su la tin g  b rick  be tw een  th e  l in in g  a n d  th e  
case i t  would be  possible to  o b ta in  a m u ch  m ore 
u n ifo rm  te m p e ra tu re  g ra d ie n t  th ro u g h  th e  b ricks 
them selves a n d  so avo id  th e rm a l stresses d u e  to  
a  steep  te m p e ra tu re  g ra d ie n t.  T h a t m a t te r  h ad  
exercised  m an y  m inds. In su la tio n  was b e in g

ap p lied  successfully  in  m an y  o th e r  ty p es  of f u r 
n aces, a n d  h e  w ould lik e  som eone to  t r y  i t  in  a 
cupola  a n d  to  p u b lish  th e  re su lts .

W R IT T E N  D IS C U S S IO N

M s. E . J .  C r a w l e y  w ro te  t h a t  M r. R e es’ 
re m a rk s  con cern in g  th e  g ro u n d  g a n is te r  a n d  th e  
d e s irab ility  of o b ta in in g  s ta n d a rd is a tio n  by 
g ra d in g  of th e  g a n is te r  ro ck  a g g re g a te  w ere m ost 
in te re s tin g . H ow ever, in  co n sid e rin g  such an  
a p p lic a tio n  to  p las tic  m ix tu re s  of g a n is te r  rock 
a n d  fireclay , irre sp ec tiv e  of th e  m an y  o th e r  
ty p es  of p a tc h in g  com positions av a ilab le , one 
e sse n tia l p ro p e rty  (th e  im p o rta n ce  of w hich was 
s tressed  by cupola  o p e ra to rs , a n d  w hich was 
difficult to  define in  th e  lab o ra to ry ) h a d  alw ays 
to  be borne in  m in d , i .e .,  th e  p ro p e rty  of a d h e 
sion to  th e  cu p o la  lin in g . I f  a g ro u n d  g a n is te r  
was p ro d u ced  to  g ive p ro p e r p ack in g  of th e  
a g g re g a te  a n d  bonded w ith  a m in im u m  a m o u n t 
of fireclay  to  g ive  p la s tic ity  w ith o u t  m a te ria lly  
re d u c in g  re fra c to r in ess , a m ix tu re  w ould  b e  ob
ta in e d  w hich p ro b ab ly  w ould n o t  be accep tab le  
to  th e  fo u n d ry  in d u s try , because i t  w ould n o t 
a d h e re  to  th e  lin in g . I t  h a d  been fo u n d  th a t  
th e  m ost successful g a n is te rs  w ere th ose  which 
c o n ta in ed  an  excessive a m o u n t of c lay , g iv in g  a 
red u ced  re fra c to r in e ss , w hich  h a d  some re la tio n  
to  p re v en tio n  of th e  p a tc h  flak in g  off th e  lin in g  
a t  th e  b e g in n in g  of th e  blow.

I f  a d e q u a te  im p o rta n ce  w as a tta c h e d  to  th is  
fa c to r  in  d e s ig n in g  a  “  b e t te r  ”  g ro u n d  g a n is te r , 
th e  a d v an tag e s  of p ro d u c in g  m ore h ig h ly  s ta n 
d a rd ised  m ix tu re s  as re g a rd s  g ra d in g , w hich  a t  
th e  p re se n t tim e  w as n o t  co n tro llab le  to  th e  
e x te n t  d esired , w ould be fu lly  a p p rec ia ted .

M r. R e e s , w ritin g  in  rep ly  to  M r. C raw ley, 
a g ie e d  t h a t  th e  p ro p e rty  of ad hesion  to  th e  
cupola  l in in g  w as a n  im p o r ta n t  c h a ra c te ris tic  of 
sa tis fa c to ry  cupola  g a n is te rs , a n d  he  d id  n o t 
in te n d  to  convey th e  id ea  t h a t  th e  p ro p o rtio n  of 
c lav  in  th e  m ix tu re s  should be so low as to  affect 
th e ir  adhesion . H e  d id  say  t h a t  th e  p ro p o rtio n  
of c lay  used  shou ld  be such  t h a t  th e  m ix tu re  
should  n o t  be on , o r  close to , th e  silica -a lu m in a  
e u te c t ic ;  b u t  i t  w as q u ite  safe , fro m  th e  re fra c 
to r in e ss  s ta n d p o in t, to  use a c lay  p ro p o rtio n  
w hich  w ould b rin g  th e  m ix tu re  on to  th e  A l,O s 
side  of th e  e u te c tic , as show n in  F ig . 1 of th e  
P a p e r .  I t  should  be b o rne  in  m in d , how ever, 
that- a n  excessive p ro p o rtio n  of c lay , w h ils t i t  
m ig h t in crease  adhesion  to  th e  cupola  w all, 
w ould  te n d  to  fo rm  sh rin k a g e  c rack s on  d ry in g  
a n d  fix in g w hich  might- n o t  only  te n d  to  pu ll th e  
p a tc h in g  aw av from  th e  w all, b u t  would also 
allow slag  to  p e n e tr a te  an d  so lead  to  ra p id  cor
rosion . I n  co n sid erin g  a  cupola  g a n is te r  w ith  a  
co n tro lled  g ra d in g , i t  shou ld  be  q u ite  sa tis fac 
to ry  to  re g a rd  th e  ad d ed  clay  as “  fin es ,” especi
ally  if  ad d ed  in  a finely g ro u n d  co n d itio n .





Paper No. 661

Gating with Special Reference to the Optimum 
Flow Conditions in the Molten Metal*

By D r. E. M. H. LIPS

The im p o rtan ce  of th e  q u estio n  co n cern in g  th e  
m an n er in  w hich  th e  m o lten  m eta l should  be 
fed to  a m ould  is too well know n to  every  p ra c 
tic a l fo u n d ry m an  to  re q u ire  d iscussion  h e re . I t  
m ay th e re fo re  be re g a rd e d  as c h a ra c te ris tic  t h a t  
d u rin g  th e  p a s t few y ears  a tte m p ts  have  been 
m ade to  in v es tig a te  m ore  fu n d a m e n ta lly  th e  p ro 
cesses w hich ta k e  p lace  d u r in g  th e  filling  of 
m oulds an d  th u s  to  b re ak  aw ay from  th e  p re 
vious custom  of d esc rib in g  th e  effects produced  
on th e  q u a lity  of th e  c a s tin g  by in te r fe r in g  w ith  
fo u n d ry  p rac tice .

I t  is now recognised  t h a t  th e  a p p lic a tio n  of 
im p o r ta n t conclusions m ade  in re la te d  su b jec ts  
w ill gen era lly  e n su re  a sa tis fa c to ry  re su lt. I t

f / o t v

F i g . 1 .— S m a i i  a n d  L a r g e  D i a m e t e r  
R u n n e r s  g i v i n g  L a m i n a r  a n d  
T u r b u l e n t  F l o w  r e s p e o t i v e l t .

is also a n  obvious step  to  ap p ly  th e  law s of 
flow dynam ics in  th e  fo u n d ry  w here liq u id  m eta l 
is hand led , especially  since th e  im p o rta n ce  of 
How dynam ics w as firs t proved  in  h y d rau lics  and  
la te r  in  aero p lan e  design . T he a p p lic a tio n  of 
th e  p rin c ip les  of flow dynam ics a t  a  re la tiv e ly  
la te  d a te  in  fo u n d ry  p ra c tic e  m ay be e x p la in ed  
as be ing  due to  th e  fa c t  t h a t  th ro u g h  th e  use 
of m ould ing  boxes th e  flow of th e  m eta l th ro u g h  
th e  m ould is n o t visible to  th e  eye, so t h a t  i t  
is m ore o r less im possible to  observe th e  pheno
m ena w hich occur d u r in g  p o u rin g . T he p re sen t 
P a p e r  is in te n d e d  to  d raw  a t te n tio n  to  some laws

* P resen ted  on b eh a lf  o f th e  N ederlandsche V ereeniging van  
G ieterij-Teehnici.

of flow w hich a re  im p o r ta n t  fo r fo u n d ry  p ra c 
tic e  an d  w hich p e rm it g en era l ru les to  be e s tab 
lished  fo r th e  design  of c a s tin g  g a tes .

F o r  th e  pu rpose  of con sid erin g  th e  process of 
p o u rin g  m eta l in to  a m ould , th e  l a t t e r  m ay  be 
su b d iv ided  in to  th re e  p a r ts :  —

(1) A ll th e  channels th ro u g h  w hich th e  
m olten  m eta l h as to  pass before  e n te r in g  th e  
m ould p ro p er.

(2) T he m ould p ro p er.
(3) T he channels p ro v id ed  fo r th e  pu rp o se  of 

o b v ia tin g  th e  effects of cooling phenom ena, 
such as th e  fo rm a tio n  of cav itie s , a f te r  th e  
m ould  h as been  filled w ith  th e  m olten  m eta l.

l a m i n a r T u rb u le n t

Sand

F i g . 2 .- - L a m i n a r  a n d  T u r b u l e n t  F l o w  
t h r o u g h  R u n n e r s .

I t  is c lear t h a t  th e  chan n e ls  m en tio n ed  u n d e r 
(1 .) have  p r im a rily  to  sa tis fy  hydro d y n am ica l 
req u irem en ts , w hile th e  channels m en tio n ed  u n d e r
(3 ) have  n o th in g  to  do w ith  th e  flow of th e  
m olten  m e ta l, b u t  a re  only  o p e ra tiv e  a f te r  th e  
m olten  m eta l has come to  re st.

C o n sid e ra tio n  th e re fo re  will be confined alm ost 
exclusively to  th e  ch an n e ls  m en tio n ed  u n d e r  (1 ). 
F ig . 1 shows tw o ru n n e rs  on to p  of w hich  is 
p laced a p o u rin g  bush . I f  th e  b u sh  is filled, fo r 
exam ple, w ith  m olten  iro n  a n d  th e  s to p p e r is 
rem oved, th e  iro n  w ill flow th ro u g h  th e  ru n n e r  
in to  an y  c av ity  loca ted  b en ea th . I f  th e  d iam e te r 
of th e  ru n n e r  in  th e  case of one m ould  is sm all, 
fo r  exam ple, 4 m m ., an d  in  th e  case of th e  o th e r
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is la rg e , fo r exam ple, 40 m m ., i t  is fo u n d  t h a t  th e  
n a tu r e  of th e  flow fro m  th e  e x it  is v ery  d iffe re n t 
in  th e  tw o  cases.

T he m olten  m eta l issues from  th e  ru n n e r  of 
la rg e r  d ia m e te r  in  th e  fo rm  of a  v e ry  tu rb u le n t  
a n d  u n s te a d y  flow, w hile  a  ve ry  s te ad y  a n d  
sm o o th -ex it flow occurs in  th e  case of th e  ru n n e r  
w ith  th e  sm alle r d ia m e te r . T he m e ta l flow ing 
th ro u g h  th e  ru n n e r  of la rg e  d ia m e te r  p roduces 
co n siderab le  f ro th in g  in  an y  re ce p ta c le  s i tu a te d  
b e n ea th  i t ,  w hile th e  sam e m e ta l flow ing th ro u g h  
th e  c h an n e l of sm all d ia m e te r  causes p rac tica lly  
no f ro th in g . I n  th e  case of m o lten  a lu m in iu m , 
th is  d ifference  is, if  possible, even  m ore p ro 
nounced .

T he d ifferences o u tlin e d  above m ay  be fu lly  
e x p la in ed  by re fe ren ce  to  F ig . 2. T he flow of 
th e  m e ta l th ro u g h  a  ch an n e l o r ru n n e r  of sm all 
d ia m e te r  is la m in a r  o r s tre am lin e , t h a t  is to

--------— diam. m mm

F i g . 3 . — C r i t i c a l  V e l o c i t y  r e l a t e d  t o  
D i a m e t e r  o f  R u n n e r  f o r  I r o n  a n d  
A l u m i n i u m .

say, th e  m ean  velocity  of th e  flow ing m e ta l is 
a  m ax im u m  in  th e  c e n tre  a n d  ap p ro ach es zero a t  
th e  w all of th e  ch an n e l. T he cu rv e  show ing th e  
d is tr ib u tio n  of th e  velocity  is a  p a rab o la . The 
flow of th e  m e ta l passin g  th ro u g h  th e  ru n n e r  of 
la rg e  d ia m e te r  is, on th e  c o n tra ry , tu rb u le n t ,  
t h a t  is  to  say , th e  m ean  velocity  of th e  flowing 
m eta l is a lm o st c o n s ta n t  th ro u g h o u t th e  e n tire  
cross-section of th e  ch an n e l.

I f  a p a r tic le  m oving  in  la m in a r  flow be con
sidered , i ts  p a th  is fo u n d  to  be re c til in e a r . In  
th e  case of a  p a r tic le  m oving  in  tu r b u le n t  flow, 
on th e  c o n tra ry , i ts  m o tion  ta k e s  p lace a long  
wholly i r re g u la r  an d  cu rv ed  p a th s . I f  th e  flow 
of m e ta l th ro u g h  a  p o u rin g  g a te  is  s tre am lin e , 
th e  th in  film so lid ify in g  on th e  w all of th e  g a te  
will re m a in  in ta c t ,  because  th e  ve loc ity  of th e

flowing m e ta l is p ra c tic a lly  zero  a long  th e  wall. 
T he sa n d  of th e  m ould  is th u s  p ro tec te d  by a 
film of so lid ified  m eta l.

I n  th e  case of tu r b u le n t  flow, a  film of so lid i
fied m e ta l will likew ise be fo rm ed , b u t w ill be 
p a r tly  d e ta ch e d  by th e  m e ta l flow ing along  it  
a t  a consid erab le  ve locity  a n d  w ill ta k e  p a rtic le s  
of san d  a lo n g  w ith  i t .  W ith  tu r b u le n t  flow, 
a s lig h t su c tio n  is also p ro d u ced  in  p laces, in 
consequence of w hich gases p re se n t in  th e
m a te r ia l  of th e  m ould  a re  c a r r ie d  a long  and
c o n ta m in a te  th e  m eta l. I t  is c lear t h a t  th is
w ill re su lt  in  th e  fo rm a tio n  of d i r t  w hich can
p ra c tic a lly  no  lo n g er be rem oved . T h is m ay  be 
exp ressed  as fo llo w s:— L a m in a r  o r  s tream lin e  
flow p re v e n ts  th e  fo rm a tio n  of d i r t ,  w hile tu r b u 
le n t  flow p ro m o tes such fo rm a tio n .

The q u es tio n  w hich now  a rises  is, th e re fo re  : 
how can  la m in a r  flow be a t ta in e d  or a t  least 
ap p ro ach ed  m ore closely? T he n a tu r e  of th e  
flow of a n y  flu id  th ro u g h  a c h an n e l o r p ipe

F i g . 4 . — V a r i a t i o n  o f  V e l o c i t y  o f  M e t a l
THROUGH TH E P O U R IN G  GATE W IT H
P r e s s u r e .

depends d irec tly  u p o n  th e  ve loc ity  V 0 [m .sec.*1], 
th e  p ipe  d ia m e te r  d  [m .]  a n d  th e  k in em atic  
v iscosity  v (nu) [m 2 .sec._1] 

d
R  =  V „ - .................................................. (1 ).

F o r  sm ooth  ru n n e r  o r “  p ip e  ”  w alls, flow is 
only  la m in a r  w hen R  <  2,500. F o r  g re a te r  
va lues of R , th e  flow is tu rb u le n t .  I t  w ill be 
seen t h a t  V0  a n d  d  d e n o te  v a lu es  d ep en d in g  
u p o n  th e  d im en sio n s of th e  m ould , w hile  v is a 
c o n s ta n t of th e  m a te r ia l .  A ssum ing  fo r cast 
iron  a  v iscosity  of 2 0 0  . 1 0 - 6 [k g .sec .m .-2], then

2 0 0  . 1 0 ~ 6 „ 
v =  — — —  =  0 .2 8  . 1 0 - 6 [ n P . s e c . -1 ] . (2 ).

T ak in g  th e  l im it  v a lu e  of R  as 2,500, i t  is 
possible to  c a lcu la te , fo r ex am p le , fo r a given 
p ip e  d ia m e te r , th e  p e rm issib le  v e loc ity  of th e  
liq u id  w hich  ju s t  p ro duces la m in a r  flow. This 
velocity  is also called  th e  c r it ic a l v e loc ity . The



cu rv e  in  F ig . 3 shows th ese  re la tio n sh ip s . 
A lthough  th e  v iscosity  of a lu m in iu m  is n o t y e t 
know n, a  cu rv e  h as also been .given fo r  th is  
m eta l on th e  a ssu m p tio n  t h a t  th e  v iscosity  is 
a p p ro x im a te ly  th e  sam e as t h a t  of iro n . The 
fu n d a m e n ta lly  m ore sa tis fa c to ry  b e h av io u r of 
lig h t m eta ls w ith  re g a rd  to  lu n n in g  pow er m ay 
be g a th e re d  fro m  th ese  curves.

I t  c an  fu r th e rm o re  be deduced  from  F ig . 3 
th a t  th e  d ia m e te r  of th e  p o u rin g  g a te  m u s t be 
sm all fo r a t ta in in g  la m in a r  flow. T his is th e  
chief reason  w hy a  p o u rin g  g a te  should  n o t  be 
com bined w ith  a r ise r . F o r  w ell-know n reasons, 
rise rs  m u s t a lw ays be  of la rg e  d iam e te r.

I t  m ay  also be sa id  t h a t  th e  p o u rin g  g a te  
m u st be designed  on p u re ly  h y d ro d y n am ica l 
princip les , w hile th e  design  of th e  r is e r  is 
governed  by th e  c ry s ta llisa tio n  p ro p e rtie s  of th e  
cas t m a te ria l  w hen a t  re s t .  T he im p o rta n ce  of 
th e  h y d ro dynam ica l design  of th e  g a tin g  system  
will also be a p p a re n t  from  th e  follow ing re q u ire 
m en ts w hich a  good g a tin g  system  should  
sa tis fy , fo r a sm all p o u rin g  g a te  d iam e te r  is 
no t ev ery th in g .

F ig . 4 shows th e  v a r ia tio n  of th e  velocity  of 
th e  m eta l flowing th ro u g h  th e  p o u rin g  g a te  w ith

F i g . 5 .— C o m m o n  G a t i n g  S y s t e m  ( l e f t ) 
a n d  S u g g e s t e d  I m p r o v e m e n t  (r i g h t ) .

th e  p ressu re . C urves o, b a n d  c show th e  loss 
of p re ssu re , re la tiv e  to  th e  velocity  of th e  liqu id , 
w hich occurs w hen th e  m olten  m eta l undergoes a 
change  in  d irec tio n  of 90 deg.

These curves w ere co n stru c ted  on th e  follow
ing basis : I f  th e  re sis tan ce  w hich th e  ch an g e  in  
d irec tio n  offers to  th e  flow is equal to  £ (ze ta), 
th en

w here A p  [kg . m .- 2] =  loss in  p re ssu re  caused 
by th e  change  in  d irec tio n .

V0  [m . sec.*1] =  velocity  of th e  flowing liqu id .
p [kg. sec . 2 m .-*] =  specific g ra v ity .
F o r  a sh a rp  b end  of 90 deg. w ith  a ro u g h  

su rface , K irc h b ac h  a n d  S ch u b e rt fo u n d  a v a lue  
of 1.27 by m easu rem en t. F o r  a bend  w ith  a 
rad iu s  of c u rv a tu re  equal to  th e  d ia m e te r  of th e  
p ipe (curve b), t h is 'v a lu e  is 0.50. F o r  a ra d iu s

of c u rv a tu re  equal to  six  tim e s  th e  d ia m e te r  of 
th e  p ip e  (cu rv e  c) th e  v a lu e  is 0.18. A lthough  
i t  should  be defin ite ly  s ta te d  t h a t  th ese  figures 
a re  n o t  ap p licab le  to  th e  flow of m o lten  m eta l 
th ro u g h  a  m uch  cooler p o u rin g  g a te , i t  is p e r 
m issible to  em ploy th e  v a lu e  n  fo r  pu rp o ses of 
com parison , especially  since th e  com parisons d e 
veloped in  hydro d y n am ics a re  also su b s ta n tia lly  
ap p licab le  to  liq u id s such as m olten  m e ta l, w hile 
no va lues a re  y e t know n  in  th e  l i te r a tu r e  fo r 
c o rre c tin g  th e  above-m en tioned  n u m erica l 
values.

I t  w ill be g a th e re d  fro m  F ig .  4 th a t ,  fo r 
exam ple, a t  a  ve locity  of 3 m etres  (9.8 f t . )  p e r 
second, th e  loss in  p re ssu re  h ead  fo r  a sh a rp  
bend  (cu rv e  a) is a b o u t 60 cms. (24 in .) .  F o r  a 
c u rv a tu re  such  as t h a t  g iv en  by th e  curves b 
a n d  c, th is  loss is red u ced  to  2 0  cms. ( 8  in .)  an d  
8  cms. (3 in .)  re spec tive ly . T his c learly  shows 
th e  sign ificance of th e  g a te  know n as th e  h o rn  
g a te .

I t  is necessary  to  avo id  n o t only a sudden

F i g . 6 .— G a t i n g  S y s t e m  w i t h  D i r t  T r a p s  
( r i g h t ) a n d  a n  I m p r o v e d  S y s t e m  ( l e p t ) .

change  in  d irec tio n  of th e  flow ing m eta l, b u t  also 
a b ru p t  changes in  th e  cross-section of th e  g a te , 
th e  loss in  th e  case of a  sudden  increase  in  cross- 
sec tion  be in g  p a r tic u la r ly  n o ticeab le . C u rv e  d  
shows th e  loss fo r a  su d d en  increase  in  cross- 
sec tion  of o n e -q u a rte r . T he cu rve  was p lo tted  
fo r a  v a lu e  of £ of 0.7. Of course, th e  r e s t r ic t 
in g  co n d itio n  m en tio n ed  above also app lies in  
th is  case. A ssum ing  now t h a t  th e re  a re  tw o 
su d d en  changes in  d ire c tio n  a n d  a  su d d en  in 
crease  in  cross-section in  a g a tin g  system  (th e  
exam ple  in d ic a te d  in  F ig . 4 shows th e  possi
b ility  of th is  c o n d itio n ), th e  losses m ay  th e n  be 
re p re se n ted  by  th e  cu rve  e a n d  th e  a c tu a l 
ve locity  by  th e  cu rv e  f .  I n  th e  exam ple  c ited , 
fo r  a g a te  100 cms. (40 in .)  in  h e ig h t, fo r  in 
s tan ce , th e  th e o re tic a l ve loc ity  as ca lcu la ted  
fro m  th e  e q u a tio n  V  =  ^ /2 gh w ould be a b o u t
4.5 m . p e r  sec. (18 f t .  p e r  sec.), w hile  th e  a c tu a l 
velocity  is only  2 .2  m. p e r  sec. (7.5 f t .  p e r  sec.),



g iv in g  a fa c to r  of u se fu ln ess of a b o u t 50 p e r 
c en t. C om pared  w ith  co rre sp o n d in g  d a ta  in  th e  
l i te r a tu re ,  th is  figu re  a p p e a rs  q u ite  possible.

P ra c tic a l E xam ples
I t  w ill now be of in te r e s t  to  i l lu s t r a te  th e  

a p p lic a tio n  of th e  above th e o ry  w ith  re fe re n ce  
to  som e exam ples. T he le f t-h a n d  p o rtio n  of 
F ig . 5 show s a g a t in g  system  w hich  is in  com m on 
use. I t  w ill be  seen  t h a t  n o t  only  is th e re  a 
re p ea te d  c h an g e  in  d irec tio n , b u t  th e re  a re  a lso 
su d d en  changes in  cross-section . I n  th e  r ig h t-  
h an d  p o rtio n  of F ig . 5, th e  sin g le  p o u rin g  g a te  
has been rep laced  by a  la rg e  n u m b er of th in  
g a te s . C hanges in  cross-section  a n d  d ire c tio n  a re  
avo ided  a s  m u ch  as possible, w h ile  th e  g a te  
d ia m e te r  is also v e ry  sm all. T he sa tis fa c to ry  
effect of “  pencil g a te s  ”  em ployed in  some 
q u a r te r s 1 m ay  th u s  be ex p la in ed .

T he r ig h t-h a n d  p o rtio n  of F ig . 6  shows a 
g a tin g  system  p ro v id ed  w ith  w h a t a re  called
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v a r ia tio n s  in  c ross-section , th u s  re su ltin g  n o t 
only  in  an  im p ro v em en t in  th e  q u a li ty  of th e  
c a s tin g , b u t  also in  a co n sid erab le  re d u c tio n  in 
th e  w e ig h t of th e  g a te s  a n d  ru n n e rs .

W R IT T E N  C O N T R IB U T IO N

M r . W . E . S t y l e s  in a w rit te n  co n trib u tio n  
w ro te  t h a t  he  was in  fu ll a g re e m e n t w ith  D r. 
L ips r e g a rd in g  th e  use  of sm all dow ngates. In  
his o p in io n , th e  use  of one or m ore sm all, in 
s te a d  of one la rg e , d o w n g a te  was th e  su re s t 
m eans of e n su r in g  a c lean  c a s tin g . T h ere  were 
tw o p o in ts  in  th e  P a p e r ,  how ever, from  which 
th e  w r i te r  fo u n d  i t  p re fe ra b le  on  occasion to
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F i g . A .

d i f f e r :— (I) T h a t  a  p o u rin g  g a te  shou ld  n o t be 
com bined  w ith  a  r i s e r ; a n d  (2 ) t h a t  th e re  should 
be no  in c rease  in  th e  cross-sec tion  of th e  ga te .

W ith  re fe re n ce  to  (1), a  r is e r  w as added  to 
th e  m ould , chiefly  fo r  fe ed in g  purposes, and 
a lth o u g h  th e  w r i te r  d id  n o t a g ree  w ith  th e  p rac 
tic e  of p o u rin g  th e  m e ta l th ro u g h  a  r ise r , he

F i g . 7 . — T h e  S a m e  C a s t i n g  P r o v i d e d  w i t h  
C o n v e n t i o n a l  G a t i n g  S y s t e m  ( l e f t ) a n d  
I m p r o v e d  S y s t e m  ( r i g h t ) .

“ d i r t  t r a p s .”  F ro m  th e  fo reg o in g , i t  w ill be 
c le a r t h a t  th e  w r ite r  is n o t an  adv o ca te  of such 
d i r t  t r a p s ,  w hich m erely  se t up  re s is tan ce  an d  
tu rb u le n ce . T his system  can  be v e ry  successfully  
rep laced  by th e  a r ra n g e m e n t show n on th e  le f t  in  
F ig . 6 , w hich corresponds b e tte r  to  sa tis fa c to ry  
flow cond itio n s.

F ig . 7 shows tw o d iag ram s of th e  sam e c a s tin g . 
On th e  le f t , i t  is p ro v id ed  w ith  th e  u su a l g a tin g  
system , an d  on th e  r ig h t  w ith  a  system  of new  
d esig n . T h e  n u m erica l values show n in  th e  figure 
in d ic a te  th e  cross-sections of th e  v a rio u s chan n e ls  
in  sq u a re  m illim e tre s . T he sm all d iag ra m  shows 
th e  v a r ia tio n  in  cross-section . C om parison  of th e  
tw o  g a t in g  system s w ill c learly  show t h a t  n o t 
on ly  have  su d d en  changes in  d irec tio n  been 
avo ided  as m uch  as possible, b u t  also sudden

had  h ad  consid erab le  success by in c o rp o ra tin g  
th e  fe ed e r in  th e  r u n n e r  system .

T he m eth o d  em ployed w ould re a d ily  be u n d e r
stood by r e fe r r in g  to  F ig . A. T he c a s tin g  is a 
g e a r  b lan k , a n d  m uch  tro u b le  was ex p erien ced  
w ith  s in k in g  in  th e  c e n tre  boss unless a rise r
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was ad d ed . T his r ise r  th e  w r i te r  w ished to  
avoid, chiefly on acco u n t of e x tr a  d ressin g  costs. 
Occasional tro u b le  was also fo u n d  w ith  slig h t 
porosity  a t  th e  ro o t of th e  te e th  a f te r  th e  c a s t
ings h ad  been m ach in ed . T he a p p lic a tio n  of th e  
feeder block co rrec ted  b o th  th e  above defects.

(2) R e g a rd in g  th e  increase  in  th e  cross-section 
of th e  g a te , th is  was a n  e ssen tia l p a r t  of th e  
feeder block p r in c ip le . T he d o w ngate  and  
channel m ust be of a sm alle r cross-section  th a n  
th e  in g a te  from  th e  feed er block to  th e  cas tin g . 
The reason  fo r th is  w as t h a t  th e  ch an n e l m u st 
solidify before  th e  in g a te  to  enab le  th e  m olten  
m eta l in  th e  block to  feed in to  th e  c a s tin g  and  
no t back  in to  th e  ch an n e l. A lthough  only one 
cas tin g  h ad  been described , th e  m ethod  had  been 
applied  to  n u m erous o th e rs  w ith  ex ce llen t re su lts .

F ig . B illu s tra te d  a ty p ic a l p a tte rn -p la te  lay 
out.

M r. S ty les concluded h is com m ents by te n d e r 
ing  his th a n k s  to  D r. L ips fo r th e  o p p o rtu n ity

p ro v id ed  of re a d in g  a very  in te re s t in g  a n d  in 
s tru c tiv e  P a p e r .

D r .  E . M. H . L i p s , in  rep ly , w ro te  t h a t  to  
com ply w ith  th e  hydro d y n am ic  th eo ry , th e  dow n
g a te  m u s t  be of a  th in  a n d  re g u la r  cross-section. 
One would like to  su b je c t even th e  shape of a 
cas tin g  to  th e  sam e re se rv a tio n s . T h is l a t te r  
would be im possible in  m an y  cases, of course, 
which caused  a n  un g o v ern ab le  flow of th e  m eta l 
from  th e  m om ent i t  e n te re d  th e  m ould p ro p er.

R e fe r r in g  to  F ig s . A an d  B , he su ggested  th a t  
one should  look u p o n  th e  r ise r  as an  in te g ra l  p a r t  
of th e  a c tu a l cas tin g , th e reb y  show ing t h a t  th e re  
was no  re a l c o n tra d ic tio n  in  M r. S ty les’ ex
p lan a tio n  of th e  p henom ena  an d  th e  a u th o r ’s. 
T he sam e ap p lied  w ith  re fe ren ce  to  a sudden  
change  in  th e  cross-section. I t  stood to  reason 
th a t  fu ll a d v a n ta g e  of th e  ap p lic a tio n  of th e  
hydrodynam ic  law s could only be h a d  w hen one 
bore in  m in d  th is  p rin c ip le  in  th e  design  of th e  
cas tin g .
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Paper No. 662

Some Iron Castings for Steelworks Plant
By JO H N  ROXBURGH (Member)

In tro d u c tio n
M achin and  O ldham  in  a Paper*  en titled  

“  C a s tin g s ,”  p re sen ted  som e y ears  ago before 
th is  In s t i tu te ,  m ade th e  follow ing s ta te m e n t :—- 
“ So m an y  v a riab le s  a re  assoc iated  w ith  th e  
m an u fa c tu re  of cas tin g s  t h a t  th e  deg ree  of 
success depends m ain ly  on th e  decisions m ade  by 
those responsible  fo r  th e  m ethods of p ro c ed u re .” 

T h a t s ta te m e n t, a lth o u g h  b r ie f , co n ta in s  a 
w ealth  of t r u th .  I f  one proceeded to  am p lify  i t

Y ear by y ea r, th e  resp o n sib ility  a tta c h e d  to  
th e  fo u n d ry  execu tive  becomes m ore and  m ore 
im p o r ta n t  and , indeed , m ore ex ac tin g . I t  m u st 
be acknow ledged th a t  trem en d o u s s tr id es  have 
been m ade in  fo u n d ry  p ra c tic e  d u r in g  th e  p a s t 
tw e n ty  years, m ain ly  tech n ica l and  m e ta llu rg ica l, 
and  th is  p rogress has m ade possible th e  im proved 
s ta n d a rd  and  w ider ap p lic a tio n  o f th e  p roducts 
e m a n a tin g  from  th e  fo u n d ry . A t th e  sam e tim e , 
how ever, th e  skilled  o p e ra tiv e  m u s t co n tin u e  to

F i g . 1 .— H y d r a u l i c  I n t e n s i f i e r  f o r  P r e s s .

in  d e ta il, one would be co n fro n ted  w ith  a 
trem endous ta sk . A s to ry  w ould have  to  be u n 
folded, cram m ed fu ll of experiences, co n ta in in g  
desc rip tio n s of successful and  unsuccessfu l ex 
p erim en ts an d  en d eav o u r, and  d e ta ilin g  th e  
various d a ta  collected, in  o rd e r to  lead  up  to  
th e  m ain  them e, t h a t  of success d ep en d in g  on 
decision.

• W. M achin and  M. C. O ldham , “ C astings.”  P roc. I .B .F ., 
1934-5, Vol. X X V i n .
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p lay  h is p a r t ,  p a r tic u la r ly  w here th e  hu m an  
e lem en t is a ll- im p o rta n t, an d  h is c o n tr ib u tio n  to  
th e  finished a r tic le  m u st receive d ue  reco g n itio n . 
D ecisions re sp ec tin g  all phases of m a n u fa c tu re  
h a v in g  been m ade by th e  responsib le  officials, 
o rg a n isa tio n  effected, tech n ica l an d  p ra c tic a l 
d e ta ils  considered , su ita b le  ta c k le  an d  m a te ria ls  
p rov ided— u n d o u b ted ly  th e  ch ief con sid era tio n s 
as th ey  a re — y e t, w ith o u t th e  sk ill an d  co-opera
tio n  of th e  o p e ra tiv e , th e i r  schem es, p lan s and



ideas w ould fa il. H a p p y  is th e  fo u n d ry  execu
tiv e  who has sk illed  m en  upon, whom  he  can  
d e p en d  to  follow  h is in s tru c tio n s .

I t  is obvious, th e n , t h a t  a  c o m b in a tio n  of 
p ra c tic e  an d  tec h n iq u e , in  w hich l a t t e r  u n 
d o u b ted ly  th e  g re a te s t  p ro g ress h a s been a n d  is 
b e in g  m ade , is n ecessary  to  en su re  th e  p ro d u c 
t io n  of a s a tis fa c to ry  ca s tin g , a n d  a c a s tin g  can  
only be te rm e d  sa tis fa c to ry  a f te r  i t  h a s  passed  
th ro u g h  th e  s tag es  of m a n u fa c tu re , has fulfilled  
a ll th e  re q u ire d  te s ts ,  been su b m itte d  to  inspec
tio n , finally  to  g ive a  reaso n ab le  serv ice  life , 
acco rd in g  to  som e considered  s ta n d a rd  of th e  
u se r. T h u s  th e  fo u n d ry  ex ecu tiv e  m u s t, before  
th e  com m encem ent of m a n u fa c tu re , be aw are  of 
th e  p recise  serv ice  co n d itio n s dem an d ed . A t th e

g ra p h ite ,  an d  th a t  by  th e  l a t t e r ’s re fin em en t, 
d isp e rsio n  a n d  red u c tio n  in  am o u n t, g r e a t  im 
p ro v em en ts  can  be effected. R e cen tly , th e re fo re , 
in  h is d e lib e ra tio n s  re g a rd in g  th e  m ost su itab le  
m eta l fo r  som e p a r t ic u la r  c a s tin g , i t  has becom e 
e sse n tia l fo r h im  first a n d  fo rem o st to  decide 
th e  u l t im a te  s t ru c tu re  he  desires , a n d , in  con
te m p la t in g  th e  m a n u fa c tu re  of an y  h ig h -g rad e  
c a s tin g  or one to  w ith s ta n d  sp ec ia l service  condi
tio n s , h is firs t th o u g h t has h ad  to  be th e  a t t a in 
m e n t of a su ita b le  s t ru c tu re  in  th e  m eta l of th e  
c a s tin g . I n  o rd e r to  o b ta in  such  a  s tru c tu re ,  
th e  an a ly sis  of th e  m eta l is n a tu ra l ly  a good 
g u id e , as, fo r  in s ta n c e , a  low to ta l  c a rb o n  will 
help  first of all in  th e  re fin em en t an d  q u a n tity  
of g ra p h ite .  T he m a te ria ls  c o m p ris in g  th e  mix-

F i g . 2 .— A  2 7 - t o n  S t o o l  C a s t i n g .

sam e tim e  he  m u s t p roduce  a so u n d  c a s tin g  in  
every  sense of th e  te rm , a n d  one of good a p p e a r 
ance. t r u e  to  sh ap e  an d  size, to  say  n o th in g  of 
th e  econom ic a sp ec t of p ro d u c tio n .

A f te r  h a v in g  g iven  th e  necessa ry  co n sid e ra tio n  
to  all th e  p ra c tic a l d e ta ils , he  m u st, of necessity , 
p lace  g r e a t  im p o rta n ce  on th e  m e ta llu rg ic a l 
a sp ec t. H e  knows th a t ,  u n t i l  re ce n t years , th e  
a n a ly sis  of a c a s tin g  a p p ea rs  to  have  been  th e  
ch ie f co n sid e ra tio n , a lth o u g h  he h as been aw are , 
from  his experience, th a t  tw o irons o f  th e  sam e 
com position  c an  g iv e  v e ry  w idely  d iffe rin g  
physical p ro p e rtie s . H e  h a s  also le a rn t  t h a t ,  in  
th e  m ain , p ro p e rtie s  of cas t iro n  can  be a t t r i 
b u te d  to  th e  q u a n ti ty  an d  co n d itio n  of th e

tu r e ,  stee l m ix tu re s , th e  a d d itio n  of alloys, th e  
fu rn ac e  in  w hich th e  m e ltin g  is c a r r ie d  ou t, the  
a m o u n t of su p e rh e a t , th e  in o c u la tio n  of th e  
m eta l by  som e w ell-know n process, a rtific ia l 
m eans of a cc e le ra tin g  o r p ro lo n g in g  th e  cooling 
r a te ,  h e a t- tr e a tm e n t— th ese  a ll h av e  th e i r  effects 
on th e  u l t im a te  s t r u c tu r e  to  be fo u n d  in  a  cast
ing , an d  on th e  p h y sica l p ro p e rtie s  of th e  
r e s u l ta n t  m e ta l. T h u s th e  fo u n d ry  ex ecu tiv e  
m u st, in it ia lly , be ab le  to  v isu a lise  th e  cas tin g  
to  be p ro d u ced , so t h a t  he can  d e te rm in e  his 
p ra c tic a l m ethods of p ro ced u re  a n d , a t  th e  sam e 
tim e , be aw are  of th e  possible d e fec ts  and 
tro u b le s  he m u s t t r y  to  avo id , a n d  m u s t sim ul
tan eo u sly  decide  u p o n  th e  m e ta llu rg ic a l aspects



in o rd e r t h a t  th e  serv ice  co n d itio n s of th e  c a s t
ing can be successfully  m et.

C o n tro l by C h ills
In  a p rev io u s P a p e r ,*  e n ti t le d  “  T he Tech

n ique of C h illin g ,”  th e  a u th o r  m akes re fe ren ce , 
based on h is personal experience  of roll m an u 
fa c tu re , to  th e  use of a  ch ill te s t  as ap p lied  to  
g rey  iro n  c a s tin g s  as a p a r t  from  a c tu a l  chilled 
castings. F o r  a ll h is specia l m ix tu re s  of iro n , 
th e  a u th o r  c o n tin u es  to  m ake  use of a chill 
test-p ieee  6  in . by 6  in . by  1 |- in .,  w hich has 
proved v ery  h e lp fu l in  p rac tice .

G re a t a t te n tio n  is p a id , n a tu ra lly , to  th e  selec
tion of m a te ria ls  used  fo r a ll m e ta l m ix tu re s ,

t u n i ty  of dec id in g  w h e th er th e  m e ta l is s a tis 
fa c to ry  o r n o t fo r th e  p a r tic u la r  job .

B y ex perience , d a ta  can  be collected of m eta l 
m ix tu re s  used, com positions a n d  s tru c tu re s  ob
ta in e d  a n d  th e  d e p th  of chill on th e  tes t-p iece  
c o rre la te d  w ith  th e  w e ig h t an d  section  of th e

F i g . 4 .— F i n i s h e d  O u t s i d e  M o u l d  f o r  S t o o l  
C a s t i n g .

c as tin g , th e  m ach in ab ility , physical an d  p ressu re  
te s ts . A cy lin d er m eta l an aly sin g , fo r  in 
stance , 2.9 T .C ; 0.8 S i ;  0.5 M n ; 0.12 S ;  and  
0.2 p e r  cen t. P  would probab ly  show 1 | in . 
d e p th  of chill on a tes t-p iece , w h ilst a sim ila r

F i g . 3 .— M a i n  C o r e  f o r  S t o o l  C a s t i n g .

and  th e  sc rap  re su ltin g  from  such is k e p t a p a r t .  
V a ria tio n , how ever, is bound  to  c reep  in  d ue  to  
th e  use of such scrap , as i t  can  only  be g iven  a 
g en era l te rm , e .g ., cy lin d er sc rap , a n d  i ts  s tru c 
tu re  and  com position  m ay d iffer s lig h tly . Con
d itio n s of m e ltin g  in  th e  cupola , too, m ay v a ry  
from  d ay  to  day.

W ith  s im ila r m ix tu re s  of iro n , in  a t te m p tin g  
to  o b ta in  su itab le  s tru c tu re s , a chill te s t  read ily  
ind ica tes, before ca s tin g , an y  g re a t  i r re g u la r i t ie s  
in th e  fo rego ing  an d  g ives th e  ex ecu tive , by 
view ing th e  te s t-p iece  befo re  c a s tin g , th e  oppor-

• J .  R oxburgh, “  Technique o f C hilling.” P roc. I.B .F ., 1934-5 
Vol. X X V III, pp. 586-603.
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F i g .  5.— I n t e n s i f i e r  C y l i n d e r  C a s t i n g .

m ix tu re  b u t  w ith  h ig h e r  silicon, say 1  p er c en t., 
w ould g ive a p p ro x im a te ly  1 -in . chill.

W ith  alloy irons c o n ta in in g  h a rd e n in g  ele
m en ts , e .g ., chrom ium , a l im it  fo r  d e p th  of 
ch ill on a  tes t-p iece  c an  be d e te rm in e d  to  p e rm it



ease of m ach in in g . T he te s t  is view ed befo re  
c a s tin g , a n d , if  above th is  lim it, fe rro -s ilico n  m ay 
be ad d ed  to  so ften  th e  iro n , to  b r in g  th e  c a s tin g  
w ith in  th e  b o u n d s of m ac h in ab ility .

T he e n g in e e r in g  com pany  w ith  w hich  th e  
a u th o r  is a sso c ia ted  en joys a h ig h  re p u ta t io n  fo r 
ro llin g  m ills  a n d  fo rg in g  presses, a n d  so th e  
a u th o r  is ca lled  u p o n  to  m ake  c a s tin g s  fo r  these, 
in  a d d itio n  to  o th e r  steelw orks p la n t . H e  hopes, 
a s fu lly  as possible in  th e  space av a ilab le , to  
describe  th e  m a n u fa c tu re  of c e r ta in  of these  
ty p ic a l c as tin g s.

F o rg in g  and B en din g  Presses
A t th e  p re se n t m o m en t h is com pany  is well fo r

w ard  w ith  th e  m a n u fa c tu re  of tw o of th e  la rg e s t

F i g . 6 .— C e n t r e  C o r e  f o r  I n t e n s i f i e r  C y l i n d e r .

presses ever m ade  in  E n g la n d . The presses com
p rise  a  15,000-ton b en d in g  press an d  a h igh-speed 
fo rg in g  p ress  to  o p e ra te  a t  1 2 ,0 0 0 , 8 , 0 0 0  and  
4,750 to n s . T he la t t e r  p ress w ill fo rg e  hollow 
d ru m s u p  to  18 f t .  d ia . by  19 f t .  long  an d  
is served by fo u r s team  h y d ra u lic  in te n s if ie s ,  
w ith  h y d ra u lic  cy lin d ers , 95 in . d ia . by  10 f t .  
4  in . s tro k e , w ith  steam  p re ssu re  of 150 lbs. 
p e r sq. in . a n d  h y d ra u lic  p ressu re  of 3 to n s  p er 
sq. in . in  th e  m a in  press cy lin d er.

T he to ta l  w e ig h t of th e  12,000-ton fo rg in g  press, 
in c lu d in g  valves a n d  in te n s if ie s ,  b u t  no o th e r  
a u x ilia r ie s , is ap p ro x im a te ly  3,000 to n s , w h ils t 
th e  to ta l  w e ig h t of th e  fo u r  in te n s if ie s  a p p ro x i
m ates 400 to n s. In c id en ta lly  some of th e  steel

c a s tin g s  re q u ire d  fo r th ese  two p resses w eigh 
1 2 0  to n s  each  w hen fin ished a n d  have  a c tu a lly  
been  m ade  in  Sheffield.

In te n s if ie r  C asting s
I n  th e  f irs t b a tc h  of exam ples, re fe ren ce  will 

be m ad e  to  som e of th e  iro n  c a s tin g s  m ade  for 
th e  above presses. F ig . 1  is a view  of one of th e  
fo u r  in ten sifie rs , com plete ly  e re c te d , show ing th e  
stool, th e  c y lin d e r a n d  cover— in sid e  of which, 
of course, is th e  p is to n  body a n d  ju n k  rin g , 
to g e th e r  iv itli th e  valves a n d  o th e r  accessories.

T he stoo l c a s tin g  is a p p ro x im a te ly  10 f t .  d ia . 
a n d  8  f t .  d eep , w e ig h in g  27 to n s, an d  F ig . 2 
well i l lu s tra te s  i ts  size an d  in tr ic a c y . Loam  
b o ard s a re  p ro v id ed  fo r  b o th  m ould  a n d  m ain  
core, to g e th e r  w ith  th e  loose pieces fo r th e  
b ran ch es, w indow s a n d  in te r n a l  bosses. The 
m ac h in in g  a llow ance  is  1  in . on  th e  to p  flange.

F ig . 3 d e p ic ts  th e  fin ished  m a in  core. T his is

F i g . 7 . — M o u l d  f o r  I n t e n s i f i e r  C y l i n d e r .

b u ilt-u p  in  a  tro u g h , w hich  h a d  been  previously  
sw ept, a n d  in  w hich th e  in te r n a l  bosses an d  ribs 
h a d  been  se t a cc u ra te ly . G rids w ere  p laced  in 
th e  pockets fo rm ed  be tw een  th e  bosses and 
ram m ed  up , a n d  th ese  w ere  b o lted  to  a m ain  
g r id , th e  core th e n  b e in g  b rick e d  to  th e  top, 
w ith  f u r th e r  b in d e rs  b u ilt  in , an d  th e  to p  bosses 
a n d  b ra c k e ts  w ere  lo ca ted . T he core was dried  
in  th e  tro u g h  a n d  th e n  l if te d  o u t  to  be finished.

F ig . 4 shows th e  fin ished  o u ts id e  m ou ld , which 
calls fo r no e x p la n a to ry  re m a rk s  e x c e p t t h a t  i t  
is sp lit  a t  th e  b o tto m  flange. T he se g m en t cores 
a re  f irs t b o lted  dow n in  th e  b o tto m , th e n  the  
b ra n ch  cores lo ca ted , an d  n e x t th e  m a in  c en tre  
core is p laced  on c a s t- iro n  screw ed s tu d s , and 
finally  th e  to p  p la te  is ad d ed . In c id e n ta l ly , be
tw een  th e  b o tto m  a n d  to p  p la te  a ll  cores a re  
pack ed  iro n  to  iro n  to  avo id  a n y  m ovem ent. 
T he m eth o d  of ru n n in g  a d o p te d  is "by u s in g  two 
lad les on op p o site  sides. O n one side  a re  th re e



dow ngates, 2 |  in . d ia ., tw o of w hich  e n te r  ta n -  
g en tia lly  on th e  b o tto m  flange. The m eta l flows 
th ro u g h  16 holes in  th e  seg m en t cores, tw o in  
each, as show n, in  o rd e r to  fill th e  c en tre  of 
th e  m ould . The th ir d  do w n g a te  is re leased  
when th e  m e ta l is ju d g e d  to  hav e  covered th e

A flash is c a r r ie d  across each w in d o w ; a n d  (2) 
th e  m ix tu re  of m e ta l is a rra n g e d  accord ing ly . 
A steel-m ix  iro n , c o n ta in in g  a  p e rce n ta g e  of 
h e m a tite , was used, an d  th e  av erag e  analysis of 
th e  fo u r  cas tin g s m ade  w a s :— T .C , 3 .1 9 ; Si,
1 .27; M n, 0 .64 ; S, 0 .096; a n d  P , 0.40 p e r cent.

F i g . 8 . — C y l i n d e r  C o v e r  a n d  P i s t o n  B o d y .

F i g . 9.— G u i d e  C y l i n d e r  a n d  B u s h .

segm ent cores. On th e  opposite  side, th re e  to p  
g a tes, 1 £ in . d ia .,  a re  opened w hen th e  m ould  is 
th re e -q u a r te rs  filled. A c as tin g  such as th is  is 
a p t  to  c rack  a t  th e  w indow s a n d  to  o b v ia te  th is  
possib ility , tw o m a tte r s  re q u ire  a t te n tio n  : — (1 )

In te n s ifie r C y lin d e r  C asting
T he in ten sif ie r  cy lin d er show n in  F ig . 5 is 

95 in . d ia . in  th e  bore an d  10 f t .  4 in . long, and  
i t  is necessary  to  in co rp o ra te  2  f t .  of h ead  on 
th e  to p  flange to  en su re  soundness, th e  to ta l



F i g .  1 0 .— H a l f - B u s h e s  f o e  P e e s s  C o l u m n .

w eig h t of th e  c a s tin g  b e in g  35J to n s . The 
m ac h in in g  a llow ance w as f  in . in  th e  bore, 
th e  av e ra g e  sec tio n  of m e ta l b e in g  5 in . T his 
c a s tin g  a g a in  is a loam  job , b o a rd s  b e in g  p ro 
v id ed  to g e th e r  w ith  loose b ra n c h  a n d  bosses.

T he c e n tre  core (F ig . 6 ) is b u i l t  up  on a core 
p la te , b in d e rs  b e in g  in se r te d  ev ery  18 in .,  an d

m ethod  of ru n n in g  em ployed w as as follows. 
Two lad les  w ere used  to  fill th e  ru n n e r  d ish , 
w hen tw o 2 J  in . d ia . d o w n g a tes  w ere  re leased  
firs t, w hich  e n te re d  ta n g e n t ia lly  th e  bo ttom  
flange. W h en  ab o u t 6  to n s  h a d  e n te re d  th e  
m ould , to  fo rm  a  cush ion  a n d  av o id  sp lash ing , 
fo u r te e n  to p  g a te s , 2 g in . by  g in .,  w ere 
lib e ra te d , fo r to p  ru n n in g  e n su red  th e  c lean li
ness desired . F o r  h ig h -p re ssu re  cy lin d ers , a 
p h o sp h o ru s c o n te n t  of 0 . 2  p e r  cen t, is u su a lly  
a im ed  a t ,  b u t  fo r  low -pressu re  w ork  th is  m ay 
w ith  sa fe ty  be ra is e d  to  0 .4  p e r  cen t.

The av e ra g e  an a ly s is  o b ta in e d  from  th e  fo u r 
cy lin d ers  m ad e  w a s :— T .C , 3 .22 ; S i, 1 .20 ; M n, 
0 .6 5 ; S, 0 .090 ; a n d  P ,  0.40 p e r  c e n t . ;  b u t ,  in  
th is  case, no s tee l w as u sed  in  th e  m ix tu re , 
w hich  co n sisted  of 30 p e r  cen t, m o ttled  iron , 
10 p e r  cen t, h e m a tite  c o n ta in in g  1 to  1.25 per

F i g . 1 2 .— S l a b b i n g  S t o o l  C a s t i n g .

F i g . 1 1 .— C o l u m n  N u t  i n  w h i c h  t h e  T h e e a d  i s  
M a c h i n e d  f e o m  t h e  S o l i d .

th e  core is finally  bo lted  to p  to  bo tto m . The 
o u ts id e , show n in  F ig .  7, is b u ilt  u p  in  r in g s , 
2  in . th ic k , a n d  a  d raw b ack  m ade  above th e  
b ra n ch  in  o rd e r to  in s e r t  th e  b ra n ch  core. The

C y lin d e r  C o v e r  and P isto n  Body
B o th  th e  cy lin d e r cover a n d  p is to n  body are  

show n in  F ig . 8 . T he c y lin d e r cover on  th e  le ft 
w eighs 1 1 £ to n s , a n d  was s tru c k  u p  in  loam. 
T he o u ts id e  is l if te d  off, c a r r ie d  by a jo in t  p la te , 
w h ils t th e  to p  side  of th e  c a s tin g , w hich  is 
show n, is lig h te n e d  o u t  by  cores b o lted  in  p r in ts  
on th e  to p  p la te . One in ch  m ac h in in g  is 
allow ed on th e  to p  su rfaces  of th e  c a s tin g  to  
en su re  c lean liness. A co m b in a tio n  of to p  and  
b o tto m  p o u rin g  was a g a in  em ployed , one down- 
g a te  2 £ in . d ia . e n te r in g  f irs t ta n g e n t ia l ly  in 
th e  b o t to m ; la te r ,  a t  a  p re d e te rm in e d  tim e ,

cen t, silicon  a n d  1  p e r  cen t, m an g an ese , 2 0  per 
cen t, cy lin d e r iro n , 25 p e r  c en t, cy lin d e r scrap 
an d  15 p e r  cen t, m ac h in e ry  scrap .



th re e  top  g a te s  in . d ia . w ere re leased  from  
th e  to p . A cy lin d er m ix tu re  was used, g iv in g  
as an  av erag e  an alysis fo r  th e  fo u r  cas tin g s 
m a d e :— T .C , 3 .25 ; S i, 1 .30; M n, 0 .63 ; S, 0 .092; 
an d  P , 0.40 p e r  cen t.

T he p is to n  body, on th e  r ig h t,  w eighs 12} tons, 
and  a r in g  h ead , 1  f t .  deep , w as in co rp o ra te d  to  
en su re  soundness. T his is also a  loam  jo b , an d , 
when closing, th e  l ig h te n in g  cores w ere p laced  on 
wooden th ick n ess p ieces in  th e  m ould  an d  th e n  
bolted up  to  th e  to p  p la te  th ro u g h  th e  8 -in . d ia .

1 in. w ere re leased  w hen th e  bottom  flange was 
com plete ly  filled.

T he r ig h t-h a n d  ca s tin g  is a bush, w e ig h t 23 
to n s, 5  f t .  3 in . d ia . bore by 8  f t .  long, v i th
2  f t .  o f h ead  an d  an  a v e ra g e  th ick n ess of 6 |  in . 
One 2 i  in . d ia . do w n g a te  w as em ployed fo r  r u n 
n in g , an d  a f te r  4 to n s of m e ta l h ad  e n te red  th e  
m ould , e ig h t to p  g a te s  2 |  in . by J  in . were 
lib e ra te d .

F o r  both th ese  cas tin g s  a steel m ix  was used 
c o n ta in in g  steel, m o ttled  iron , cy lin d er iro n , cold-

F i g .  1 3 .— O f f s i d e  B r a c k e t  W e i g h i n g  2 0  T o n s .

cores show n, a d v a n ta g e  also b e in g  ta k e n  of these  
la t te r  cores in  o rd e r to  ta k e  off th e  v en t. In  
th is  way, a ll s tu d s  on  th e  im p o r ta n t  bo ttom  
m achined  face  w ere e lim in a ted . A very  s im ila r 
analysis w as o b ta in ed  as fo r th e  la rg e  cy linders 
previously  m en tio n ed .

G u id e  C y lin d e r  and Bush

F ig . 9 illu s tra te s  tw o la rg e  cas tin g s  which 
p re sen t p robab ly  m ore of a m e ta llu rg ic a l problem  
from  th e  p o in t of view of soundness a n d  su itab le  
s tru c tu re , th a n  one of m o u ld in g , d u e  to  th e ir  
un u su a l th ic k n e ss  of m e ta l. The c a s tin g  on th e  
le ft is a g u ide  c y lin d e r;  i t  w eighs 16 to n s, has a 
5  f t .  3 in . d ia . bore  an d  is 5  f t .  long w ith  a head  
1  f t . 6  in . long, w h ils t th e  m eta l ro u n d  th e  bore 
is 7 in . th ic k . T he flange cas t a t  th e  b o tto m  is 
10 in . th ic k  as fin ished . T his c a s tin g  w as ru n  
w ith  tw o 2 £ in . d ia . dow ngates e n te r in g  in  th e  
bottom  flange an d  seven to p  g a te s  2 |  in . by

b last, c y lin d e r sc rap  and  m ach in ery  sc rap , and  
a n a ly s in g  as fo llo w s:—-

B u sh .— T.C , 3 .04; S i, 1 .12; M n, 0 .60; S, 0.1.22, 
a n d  P  0.42 p er cen t.

Guide C y lin d er.— 'T.C, 3 .17; S i, 1 .08; M n, 
0 .54 ; S, 0.119, a n d  P  0.41 p er cen t.

H alf-B ushes fo r  Press C olu m n s
The half-buslies (F ig . 10) fo r th e  press colum ns 

weigh 2 |  to n s each  an d , in  th is  case, as th e re  
w ere  s ix teen  to  m ake , a fu ll h a lf -p a tte rn  was 
p rov ided . T he bo ttom  flange was loose, ram m ed 
u p  se p a ra te ly , an d  tu rn e d  over to  receive th e  
to p  p a r t  of th e  p a t te rn ,  w hich was dowelled on. 
A jo in t  was m ade  above th e  b o ttom  flange and  
a  jo in t  p la te  used to  l i f t  off th e  m ould  above th is  
flange. The bore was fo rm ed  by a  core. A head  
15 in . h igh  was in co rp o ra ted  on th e  ca s tin g , and 
th e  job w as c a s t open , five to p  g a te s  1  in . d ia . 
a lone be in g  used  to  fill th e  m ould . A low-



F i g . 1 4 .— M o u l d  f o r  t h e  C a s t i n g  s h o w n  i n  F i g . 1 3 .

F i g . 1 5 .— B o l t i n g  A r r a n g e m e n t s  f o r  t h e  O f f s i d e  B r a c k e t  M o u l d .
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F i g . 1 7 .— R o l l e r s  A s s e m b l e d  i n  M i l l  T a b l e . 
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carb o n , low -silicon, low -phosphorus iro n  was 
a g a in  used  to  e n su re  a  c lo se-g ra ined  m a te r ia l.

C o lu m n  N u t

T h e  co lum n n u t  (F ig . 11), of w hich fo u r  hav e  
been m ade , h as a fin ished w e ig h t of 5 to n s . I t  is 
a p a r tic u la r ly  in te re s t in g  c a s tin g , as a  heav y  
d u ty  is d em an d ed  of i t  an d  a ten s ile  s t re n g th  of 
a t  le a s t  16 to n s  p e r sq. in . fo r  th e  m a te r ia l  was 
re q u ire d . T he m ould  an d  core w ere s tru c k  u p  in  
loam , w ith  2  f t .  h ead  on  th e  to p  en d  of th e  
c a s tin g , an d  th e  bore w as c a s t p la in , th e  deep 
th re a jl  b e in g  su b seq u en tly  m ach in ed  o u t of th e  
solid. A co m b in a tio n  of to p  a n d  b o tto m  ru n n in g

of m eta l, a n d  in  o rd e r to  w ith s ta n d  serv ice  con
d itio n s  a  s teel-m ix  iro n  w as used .

A final ex am p le  o f a  p ress c a s tin g , a n  offside 
b ra c k e t,  is i l lu s t r a te d  in  F ig . 13. I t  w eighed  20 
to n s, is 20 f t .  long a n d  5 f t .  a t  th e  d eep est p a r t.  
As th e  slides on  th is  c a s tin g  a re  v ery  im p o r ta n t, 
th ese  su rfaces, of n ecessity , w ere  m ou lded  in  th e  
b o tto m . T his n a tu ra lly  in c re ased  th e  difficulties 
of m o u ld in g , a n d  F ig . 14 g ives a  view  of th e  
m ou ld  show ing  th e  a w k w ard  jo in t in g  involved. 
T his n e ce ss ita te d  a la rg e  volum e a n d  w e ig h t of 
san d  h e in g  c a r r ie d  on th e  to p  p a r t ,  g r id s  being  
used  a n d  b o lted  w ith  s tro n g  bo lts to  th e  to p  
p a r t .  F ig . 15 d e p ic ts  th is  f e a tu re  q u ite  well.

F i g . 1 8 .— C o l l e r  f o r  H o t  R e e l s .

was em ployed, s ix  g a te s  being  d ro p p ed  from  th e  
to p . A steel-m ix  iro n  was used  to  g ive an  a v e r
ag e  an a ly sis  o f : —  T .C , 2 .9 2 ; S i, 0 .9 8 ; M n, 0 .54 ; 
S, 0.105, a n d  P  0.35 p e r  c e n t.,  a g a in  em p h asisin g  
th e  im p o rta n ce  of low c o n te n ts  of carb o n , silicon 
a n d  phosphorus. I n  th e  ro o t of th e  th re a d , th e  
m eta l w as p e rfe c tly  sound , c lose-g ra ined  an d  free  
from  an y  sponginess.

S lab b in g  S to o l and O ffs id e  B ra c k e t
A n o th e r pro is c a s tin g , a slab b in g  stool w e igh

in g  16 to n s, is. show n in  F ig . 12. A fu ll p a t te rn ,  
com plete ly  blocked, was p rov ided , th e  job be in g  
m ou lded  on i t s  side  w ith  tw o se ts of cores, w ith  
m eta l b e tw een  th em . I ro n  s tu d s  a n d  p ack ings 
were used  th ro u g h o u t to  c o u n te ra c t an y  lif t in g .  
T his c a s tin g  is  bu lk y , w ith  fa ir ly  heav y  sections

A c tu a lly , tw o s e p a ra te  to p  p a r ts  w ere  used in 
o rd e r to  fa c i l i ta te  c o rin g  u p , as w ill be obvious. 
T he to p  p a r t  c a r ry in g  th e  deep  cods w as placed 
in  p o sitio n  f irs t, a n d  th e  c o rin g  u p  of th e  deep 
en d  w as th e n  c a r r ie d  o u t, a n d  in  th is  w ay studs 
could  be p laced  be tw een  th e  cores a n d  th e  deep 
cods of sa n d s  to  secu re  th e  cores in  position . 
O w ing to  th e  d eep  cods c a r r ie d  on th e  to p  p a r t ,  
i t  w as necessa ry  to  p u t  90 to n s  of w 'eights on th e  
to p  to  c o u n te ra c t  th e  l i f t  w hen  c a s tin g .

T his c a s tin g  was ru n  from  b o th  en ds, w ith  one 
lad le  h o ld in g  8  to n s  o f m e ta l a t  th e  shallow  end 
of th e  c a s tin g  a n d  one c a r ry in g  15 to n s  a t  th e  
deep  end . B o th  lad les  w ere  p o u red  sim ul
tan e o u sly , in g a te s  e n te r in g  a t  th e  b o tto m  of th e  
m ould . By p rev io u s c a lcu la tio n , i t  w as en su red



th a t  th e  slides h a d  been  com plete ly  covered w ith  
m eta l w hen th e  8 -to n  lad le  was em p ty , a n d  th e  
15-ton lad le , w ith  a d d itio n a l in g a te s  h ig h e r  up , 
com pleted  th e  filling  of th e  m ould . T his m ethod  
was ad o p ted  to  re liev e  th e  s t r a in  on  th e  jo b ;  
re lief w as also g iv en  by th e  lo ca tion  of dum m y 
rise rs  off th e  shallow  p a r t  of th e  ca s tin g . A 
steel-m ix iro n  w as necessary  to  g ive  a n  an aly sis 
of T .C , 3 .15 ; S i, 1 .20; M n, 0 .60 ; S, 0.095, an d  
P , 0.40 p er cen t.

A c tually , fo r  all th e  above cas tin g s, a B rin e ll 
num ber of 160 to  180 was in s is ted  upon , and  
d esp ite  th e  la rg e  sections of m e ta l involved th is

F i g . 1 9 .— P i n i o n  H o u s i n g  C a s t i n g .

figure w as in v a r ia b ly  o b ta in e d . I t  was essen
tia l ,  in  view of th e  r ig id  re q u ire m e n ts  re g a rd in g  
cleanliness a n d  soundness of th e  cas tin g s, t h a t  all 
th e  m eta l used  should  be m elted  a t  th e  h ig h es t 
possible te m p e ra tu re  from  th e  cupo las a n d  cas t 
as h o t as possible, t h a t  is, above 1,300 deg. 
C. I n  o rd e r to  ach ieve th is , no tim e  w as lost 
in  sk im m ing  off a n d  convey ing  th e  m eta l to  th e  
jobs to  enab le  th em  to  be c a s t w ith  th e  m in im u m  
delay. T his ap p lies  to  a ll h igh-class cas tin g s 
on w hich  a g r e a t  deal of m ac h in in g  is to  be 
done. Som e people w ould p o in t o u t th a t ,  by 
follow ing th is  p ro ced u re , th e  re fra c to ry  m a te ria ls  
of th e  m oulds w ould suffer. T h ere fo re , h igh -

q u a lity  re fra c to r ie s  m u st be em ployed in  o rd e r 
to  c a te r  fo r th e  h ig h -te m p e ra tu re  m e ta l, w hich is 
of p r im a ry  im p o rtan ce .

R o llin g -M ill C astings
As m en tio n ed  a t  th e  b eg in n in g  of th e  P a p e r , 

th e  fo u n d ry  w ith  w hich th e  a u th o r  is associated  
is called  u p o n  to  m a n u fa c tu re  m an y  ty p es of 
cas tin g s , la rg e  an d  sm all, in  connection  w ith  
ro llin g -m ill p la n t, an d  he is only able to  consider 
a few  exam ples of such  cas tin g s.

A n u m b er of th e  cas tin g s can  be m ade from  
o rd in a ry  en g in e erin g  iro n , w ith  th e  ap p ro x im a te  
analysis o f : — T .C , 3 .30; S i, 1 .8 ; M n ,0 .7 ;  S ,0 .0 7 ; 
an d  P > 0.7 n e r  c e n t.,  w here  th e  s tre n g th  and  
s tru c tu re  of th e  m eta l a re  a d eq u a te  fo r th e  service  
cond itions. A n ex am p le  of a ca s tin g  m ade  from  
such  m a te ria l  is  a re d u c tio n  d riv e  fram e , w eigh
in g  6  to n s, w hich  is shown in  F ig . 16. The

F i g .  20.— P i n i o n  H o u s i n g  a n d  C a p .

m ain  fe a tu re  o f th is  c a s tin g , from- th e  m ou ld ing  
p o in t of view , is th e  a cc u ra te  lo ca tion  of th e  
b e a rin g  a n d  o th e r  cores.

On th e  o th e r  h an d , w ith  a co n tin u o u s h o t s tr ip  
an d  sh ee t m ill, th e re  a re  m an y  a p p lic a tio n s  
w here  h ig h -d u ty  cas t irons a-re e ssen tia l. F o r 
in s tan c e  a considerab le  n u m b er of ta b le  ro lle rs 
w ere m a n u fa c tu re d , 10 in . d ia . an d  4 f t .  8  in . 
long, th e  m e ta l th ick n ess b e in g  1  in .,  an d  each 
w eigh ing  5 cw ts. A B rin e ll h a rd n ess n u m b er of 
275 to  300 was dem anded  of th e  n o n -h e a t- tre a te d  
cas tin g s, and  to  o b ta in  th is  figu re  a n  alloy cas t 
iro n  w as em ployed, h a v in g  th e  follow ing com
p o sition  :— T-C, 2.8 to  3 .0 ; S i, 1.6 to  2 .0 ; M n,
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0 .7 ; S, 0 .0 8 ; P , 0 .1 5 ; N i, 1 .75 ; C r, 0 .4 , a n d  Mo, 
0.35 p e r  cen t.

As these  ro lle rs w ere c a s t v e rtic a lly , th e  m o u ld 
in g  tech n iq u e  involved  th e  use of only  tw o  f  in. 
d ia . to p  ru n n e rs ,  covered  w ith  p e r fo ra te d  p la te s , 
an d  a 9 -in . ta p e re d  h ead  on th e  cas tin g s. Subse
q u e n tly  th e  c a s tin g s  w ere  m ach in ed  a n d  g ro u n d  
on th e  b a rre l  a n d  f itte d  w ith  sh a f ts , a n d  F ig . 17 
shows some of th e  ro lle rs in  p o sition  in  th e  tab le .

R o lle rs  fo r  H o t  Reel C o ile rs
I n  co n n ec tio n  w ith  th e  coalers fo r  th e  h o t reels 

(F ig . 18) c e r ta in  ro lle rs  15 in . d ia . ,  6  f t .  long, 
1 |  in . th ic k , an d  w e igh ing  1 2  cw ts. w ere called 
fo r, an d  a B rin e ll h a rd n ess  ra n g e  of from  450

F i g . 2 1 .— A  2 0 - T o n  S l a g  L a d l e .

to  500 w as d em anded . To o b ta in  th is  a h ea t-  
t r e a tm e n t  of th e  cas tin g s was c a r r ie d  o u t, by 
h e a t in g  a t  850 to  900 deg. C ., q u en ch in g  in  oil 
an d  te m p e rin g  a t  180 to  260 deg. C. in  o rd e r  to  
re liev e  stresses . T he m e ta l used gave a n  an alysis 
o f ; — T .C , 2.8 to  3 .0 ; Si, 1.5 to  1 .8 ; M n, 0 .7 ; 
S, 0 .08 ; P ,  0 .1 5 ; N i, 2.5 to  3.5, an d  C r, 0.4 
p e r  cen t.

T he cas tin g s w ere m ach ined  a ll over and  
g ro u n d . I n  th e  fo u n d ry  th e y  w ere c a s t v e r tic 
ally , w ith  1  f t .  of ta p e re d  h ead , an d  tw o to p  
r u n n e rs  § in . d ia . ,  covered w ith  p e rfo ra te d  
p la te s , w ere used . E x ce llen t re su lts  w ere o b ta in ed  
in  b o th  ty p es of ro lle rs d escribed , by to p  ru n n in g

w ith  th e  tw o sm all ru n n e rs , a n d  by p o u rin g  th e  
m e ta l a t  th e  h ig h es t possible te m p e ra tu re .

P in io n  H ou sin g
O th e r ty p es  o f c a s tin g s , ow ing to  th e i r  size 

a n d  th e  serv ice  re q u ire d  of th em , n ecess ita te  
th e  use  of steel-m ix  iro n s. S uch  a  ca s tin g , shown 
in  F ig . 19, is a p in io n  hou sin g , 3 6  to n s  in  w eigh t, 
c a s t  in  one p iece  a n d  w ith  th e  b e d p la te  a t  th e  
to p . I t  is a job  re q u ir in g  ve ry  g r e a t  sk ill in 
m o u ld in g  a n d  co rem ak in g . T he ch ief cores a re  
ttie  m a in  body core, l ig h te n in g  cores in  th e  arm s 
a n d  th e  cores fo r  th e  b e d p la te  p o rtio n . I t  is 
q u ite  u n n ecessa ry , fo r  a ll th e  la rg e  cas tin g s  men-

F i g . 2 2 .— L i f t i n g  t h e  T o p  P l a t e  a n d  C o r e

FROM  THE C a ST-ITP M o ULD.

tio n e d  in  th is  P a p e r ,  to  em p h asise  th e  im por
ta n c e  of th e  a t te n t io n  w hich  sh o u ld  be p a id  to 
all d e ta ils  of m a n u fa c tu re  a n d  to  th e  s tren g th  
of a n y  ta c k le  used  on th e  jobs. A u su a l analysis 
fo r th is  ty p e  of c a s tin g  is T . C ,  3 . 2 5 ;  S i, 1 .2 0 ;  
M n, 0 .7  ; S , 0 .0 9 ,  a n d  P ,  0 .4  p e r  c e n t.,  while 
a 2 5  p e r  cen t, s tee l a d d it io n  is c u s to m ary .

A n o th e r  ty p e  of p in io n  h o u sin g , co n sis tin g  of 
tw o halves bo lted  to g e th e r , is show n in  F ig . 20, 
as is also th e  h o u sin g  cap . T he p in io n  housing 
w eighs 4 6  to n s  a n d  th e  c ap  1 3  to n s . E ac h  half 
of th e  h o u sin g  is m o u ld ed  s e p a ra te ly , jo in t-flan g e  
dow n, a n d  th e  cores in  th e  a rm  h av e  to  be held



down w ith  chaplets, su itab ly packed, to  avoid 
liftin g . The housing cap was m oulded in  the  
position as shown w ith  th e  jo int-flange down, 
n ecessitating drawbacks a t  each side. F or these  
castings a sim ilar steel-m ix iron w as em ployed. 
In  large castings particu larly, the question of 
“ feed in g  ”  is  very im portant and, a lthough a 
great deal depends on th e  skill of the m oulder, 
the first consideration is th e  provision o f hot 
m etal for feed in g ,” which la tter  th e  author  
supplies in  his foundry from  a cupolette, specially  
operated for th is  purpose.

Slag Ladles
Other typ es of castings are m anufactured for  

steelworks, and F ig . 21 shows a 20-ton slag ladle, 
in halves, which presents an in terestin g  m ould
in g  job, as a num ber o f these castings have  
been m ade from  a sem i-perm anent m ould and core. 
A skeleton pattern was provided w ith  a sp littin g

F i g . 2 3 .— C o r e  f o r  S l a g  L a d l e .

core print, and for  th e  first- castin g  th e  mould 
was bricked to  th e  pattern , th e  th ickness made 
up and th e  core b u ilt up  inside w ith  specially  
designed tack le and bolted to  a strong top plate, 
w eighing itse lf 18 tons. A t  a su itab le  tim e after  
casting, th e  top  p late  and core are lifte d  out 
(F ig . 22) ana for all subsequent castings it  is 
only necessary to  redaub both th e  m ould and the  
core w ith  loam , all th e  brickwork in  both cases 
being retained. The only parts o f th e  m ould to  
be remade each tim e  are th e  tw o  drawbacks over 
the trunnions. F ig . 23 illu stra tes th e  c o re ; when  
redaubing it , th e  skeleton pattern  is sim ply  
lowered over th e  brickwork so th a t  th e  core is 
dead accurate in  shape. This castin g  is made 
from a hem atite  m ixture, analysing usually  as 
T.C, 3.60; S i, 1 .60; M n, 0.65; S , 0.07, and P  
0.07 per cent.

S te a m -H a m m e r  C y lin d e r
A final exam ple, F ig . 24, is th a t  of a steam - 

hammer cylinder, w eighing 6 tons, which is

m oulded horizontally  in  special boxparts and  
then  cast vertically . A 2 -ft. head w as incorpo
rated on th is  casting , which was run com pletely  
from th e  bottom , a runner en tering  th e  bottom  
flange. A  cylinder m eta l was em ployed, the  
actual analysis of th e  castings being T.C, 3 .15; 
Si, 1 .22; Mn, 0 .65; S , 0.115, and P  0.38 per cent. 
A special fea tu re  of the job is th e  port cores, 
which are very slender and surrounded by bulky 
m etal ; they  require to  be m ade from  a special 
refractory in  order th a t  th ey  m ay be removed 
w ith ou t difficulty. The chief constituents of the  
refractory m aterial are steel m oulder's composi
tion , blacking and plumbago, and loose low-

F i g . 24.— -St e a m - H a m m e r  Cy l i n d e r .

carbon iron rods are used for reinforcing the  
cores, thus fa c ilita tin g  th e ir  removal.

In  conclusion, th e  author would take the  
opportunity o f than k ing  his directors, and par
ticu larly M r. W . R eid , for their  kind perm ission  
to  publish th is  Paper.

D IS C U S S IO N

C o m p o s itio n  and S ection
M r . A. E . M cR ae S m i t h  com m ented first on 

th e  com position of th e  m eta l used, and said it  
had occurred to  him th a t in  m ost cases the  
aggregate  o f to ta l carbon content plus silicon  
was rather higher than  he would have expected  
in  cast irons used for castings of heavy section
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in  som e cases a p p a re n tly  7 in . a n d  over. H e  
w ondered  w h e th e r th e  figures, especially  those  
fo r silicon, w ere a v e ra g e  figures, o r  w ere m in im a  
o r m ax im a .

A fa c to r  w hich  a p p ea led  to  h im  w as t h a t  in  
m ost of th e  cases q u o ted  th e  su lp h u r  c o n te n t 
was re m a rk a b ly  low, a n d  he  asked  w h e th e r  t h a t  
re s u l t  w as ach ieved  by th e  se lec tio n  of low- 
su lp h u r  ra w  m a te r ia ls  o r by  a n y  d e -su lp h u ris in g  
process.

B rin e d  H a rd n ess  o f A llo y e d  C as t Iro n s
R e fe r r in g  to  tw o alloy  c a s t iro n s m en tio n ed  

in  M r. R o x b u rg h ’s P a p e r ,  in  th e  sec tions d e a lin g  
w ith  ro llin g -m ill c a s tin g s  a n d  ro lle rs fo r  h o t reel 
co d ers, he  h a d  n o ted  t h a t  in  th e  iro n  w hich  h ad  
a t ta in e d  a  B rin e ll h a rd n ess  n u m b er of 275 to  
300, p a r t  of th e  ch ro m iu m  w as rep laced  by m olyb
d en u m  ; t h a t  h a rd n ess  w as a t ta in e d  in  th e  n o n 
h e a t- tr e a te d  cas tin g s . I n  th e  second iro n , how 
ev er, w hich  w as h e a t- tr e a te d ,  th e re  w as no m olyb
d enum , acco rd in g  to  th e  figures g iven . H e  asked 
if  t h a t  w ere re a lly  so.

F u r th e r ,  he  w as r a th e r  d o u b tfu l t h a t ,  in  sec
tio n s  such  as th o se  re fe r re d  to , one w ould be 
ab le  to  achieve re g u la r ly  th e  h ig h  h a rd n ess  figure  
of 300 B rin e ll. H e  knew  th a t ,  w ith  1-in . or 2-in. 
sec tions in  th e  com position  m en tio n ed , one m ig h t 
e x p ec t to  a t t a in  a  B rin e ll h a rd n ess  of 260 to  280, 
b u t  he  d id  n o t w ish i t  to  be assum ed, p a r tic u la r ly  
by th o se  who b o u g h t cas tin g s, t h a t  one could 
a lw ays ach ieve a  m in im u m  B rin e ll h a rd n ess  of 
300 w ith  t h a t  com position .

R u n n in g  M e th o d s
M r . A. J .  S h o r e , d e a lin g  w ith  M r. R o x b u rg h ’s 

d esc i'ip tio n  of th e  c a s tin g  of ro lle rs, l^ - in . th ic k , 
fo r  h o t ree l coilers, a sked  w h e th er, if  th e  ro lle rs 
h a d  been , say , 4 in . th ic k , M r. R o x b u i'g h  w ould 
s till have  used  th e  tw o  r a th e r  sm all to p  ru n n e rs  
of f - in . d iam e te r , w ith  1 2  in . of ta p e re d  h e ad ?  
W ould  he, in  m ak in g  w h a t a m o u n ted  to  a  cy lin 
d e r  on end , lean  to w a rd s  th e  sm all p en cil ty p e  
of ru n n e r ,  o r  w ould he  use  a m uch  la rg e r  
d ia m e te r  ru n n e r ,  in  c a s tin g  a th ic k  sec tion  cy lin 
d e r?  P re su m a b ly , th e  job  w as a  d ry  san d  job .

A U T H O R ’S R E P L Y
M r . R o x b u r g h , l-eplying to  M r. M cR ae  S m ith , 

sa id  t h a t  th e  p ra c tic e  a t  h is w orks w as a lw ays 
to  tim e  th e  ru n n in g  of th e  b ig g e r jobs, an d  in 
t h a t  re sp ec t th e y  w ere able to  b u ild  u p  d a ta  
w hich  th e y  h a d  fo u n d  to  be v e ry  use fu l in deed .

H ea lin g  w ith  th e  q u e stio n  c o n ce rn in g  th e  
an a ly sis  of th e  m e ta l u sed  in  som e of th e  b ig g er 
c a s tin g s , w here  th e  to ta l  cai'bon p lus silicon 
figu res seem ed to  be h ig h , he  sa id  t h a t  th e  
figu res g iven  w ere a v erag e  figures. W h en  deal
in g  how ever w ith  very  la rg e  q u a n ti t ie s  of m eta l, 
of a n y th in g  fro m  20 to  40 to n s , a lth o u g h  in  his 
o p in io n  i t  was p e rfe c tly  r ig h t  in  th eo ry  to  aim  
a t  v ery  low carb o n s a n d  silicons, y e t in  p rac tice  
i t  c re a te d  a lo t of d ifficu lties in  th e  a c tu a l  cast
in g  o p e ra tio n s . T h ere fo re , he  h a d  selected  very 
c a re fu lly  th e  m a te ria ls  u sed  in  th e  m ix tu re s , in  
o rd e r to  g e t a  c lo se-g ra ined  m a te r i a l ; in  some 
cases th e  ca rb o n  w as fro m  2.92 to  3.2 p e r cent, 
in  th e  final c a s tin g s , a n d  w ith  th e  silicon a t  1 . 1  

or 1 . 2  p e r  c e n t .,  th e  s t ru c tu re s  o b ta in e d , an d  the  
c a s tin g s  w hen m ach in ed , cam e o u t ve ry  well 
in deed .

As to  th e  fa ir ly  low su lp h u r  c o n te n t of the  
irons, he  sa id  t h a t  in  t h a t  co n n ec tio n  a g a in  th e  
se lec tion  of th e  m a te r ia ls  w as im p o r ta n t,  and  in 
some of th e  re fined  ii-ons he  h a d  used  he  had 
specified low su lp h u r  c o n te n t— 0.03 to  0.04 per 
c e n t.— in  o rd e r to  allow fo r  th e  p ick -up  in  the  
cu p o la  m eltin g .

W ith  re g a rd  to  th e  alloy  c a s t  iro n  i-ollers which 
h ad  a t ta in e d  a  B rin e ll h a rd n ess  of fro m  275 to 
300, he  sa id  t h a t  in  th e  m a in  th e y  w ere w ith in  
those  l im i ts ; som e w ere 280, som e 290 a n d  some 
h ad  B rin e ll h a rd n ess  figures u p  to  300. The 
m e ta l fo r  th e  sm a lle r ro lle rs  h a d  a n ick e l co n ten t 
of 1.75, w h ereas in  th e  laTger l'o llers th e  nickel 
c o n te n t  w as 2.5 to  3.5, a n d  t h a t  w as why the  
m olybdenum  w as o m itte d  in  th e  l a t te r .

D ea lin g  w ith  M r. S h o re ’s q u estio n  as to  the 
ty p e  of ru n n e rs  he  w ould hav e  ad o p te d  if  the  
ro lle rs h a d  been  4-in . th ic k  in s te a d  of l i - in .  
th ic k , he sa id  he w ould s till  r u n  th e  castings 
from  th e  to p . Qxiite a n u m b e r of cas tin g s of 
t h a t  n a tu re ,  4-in . th ic k , w ere  m ad e  a t  h is works, 
a n d  he w ould sim ply  in c rease  th e  n u m b er of top 
g a te s , h a v in g  4 o r 3 in s te a d  of 2, a n d  he would 
keep th em  as sm all as possible. I n  th e  casting  
of all th e  spec ia l ii'ons he  h a d  fo u n d  t h a t  the 
head  w as a  ve ry  im p o r ta n t  fa c to r . One m ight 
find t h a t  fo r o rd in a ry  iro n s  1 - f t .  of head  was 
q u ite  sufficient, w h ereas fo r  som e of th e  special 
iro n s a h e ad  of 18-in. o r 2 -f t .  m ig h t  be necessary. 
So th a t ,  fo r  th e  c a s tin g s  u n d e r  c o n sid e ra tio n , if 
th ey  w ere 4 -in . th ic k , he  m ig h t m an a g e  w ith  a 
h e ad  of 1 2 - in ., because  th e  sec tion  w as fa irly  
vxniform, or, on  th e  o th e r  h a n d , he  m ig h t in
crease  th e  h ead .
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Paper No. 664

Position of the Development of Centrifugal 
Casting in Germany

By W . A. GEISLER (M em ber)

H is to r ic a l
In  G erm any, c e n tr ifu g a l  c a s tin g  is, as else

where, s t i ll  a  re ce n t a r t  w hich only reach ed  its  
p resen t s ta te  of d ev elopm en t a f te r  th e  G re a t 
W ar. N o o th e r  b ra n ch  of fo u n d ry  p ra c tic e , n o t 
even if  m ou ld ing  m achines a re  in c lu d ed , h as 
undergone in  th e  la s t 2 0  y ears  such a n  in ten siv e  
an d  e x h au s tiv e  t r e a tm e n t  as c e n tr ifu g a l  cas tin g , 
which, u n lik e  th e  w ork on th e  im p ro v em en t of 
steel and  cas t iro n — a p rov ince  reserv ed  r a th e r  
for th e  sc ien tis ts—h a s  been p r im a r ily  a m a t te r

B r itish  p a te n t  of 1809 included  a ll possible con
s tru c tio n s  re g a rd in g  th e  sp in d le  a rra n g e m e n t, 
a n d  all th e  su b seq u en t p a te n ts  re la te  m ere ly  to  
c o n stru c tio n a l d e ta ils  o r  specia l purposes. A 
c o n sid e ra tio n  of these  e a rly  G erm an p a te n ts  
shows t h a t  developm en t o ften  goes in  circles w ith  
fre q u e n t re p e tit io n . T hus, in  1899,1 G. H o p e r 
took  o u t a  p a te n t  fo r  a process of c e n tr ifu g a l 
c a s tin g  fo r  m ak in g  slabs o r b ille ts  to  be w orked 
up in to  w ire or sheet. F ro m  tim e  to  tim e , th is  
process is to  be fo u n d  a g a in  in  la te r  p a te n ts ,

F i g . 1 a .— C e n t r i f u g a l  C a s t i n g  P r o c e s s  o f  W a l z . G e r m a n  P a t e n t  7 2 ,4 7 8 .

for th e  p ra c tic a l m an . The f irs t ex p erim en ts  on 
c en trifu g a l c a s tin g  w hich w ere m ade in  G er
many d a te  back  to  th e  m idd le  of th e  la s t  cen 
tu ry , a lth o u g h  n o t so fa r  back as th e  e x p e r i
m ents of th e  E ng lish m en , A. C. E c k h a rd t  (1809) 
and A. Shanks (1849).

Up to  th e  y e a r 1894, th e re  w ere n in e  G erm an 
p a te n ts  re la tin g  to  c e n tr ifu g a l  c a s tin g , b u t  these  
a re  n o t a ll of G erm an  o rig in . A. C. E c k h a rd t’s

b u t w ith  s lig h t m odifications. T o-day, th e  p ro 
cess is a g a in  be ing  successfully  ap p lied  to  th e  
m a n u fa c tu re  of b ro n ze  w ire. The process of 
G. W alz 2 of 1893 h as also been  re p ea te d . In  
th is  process (F ig s  1 a  a n d  1 b ) ,  th e  tu b u la r  body 
is fo rm ed by first in tro d u c in g  th e  m olten  m eta l 
in to  th e  v e r tic a l o r in c lined  m ould , which is set 
in  ro ta t io n  befo re  th e  m e ta l is p o u red , so t h a t  
a fu n n e l-sh ap ed  depression  is form ed on th e  sur-
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face  of th e  m e ta l. T he m o u ld  is  th e n  slowly 
b ro u g h t  in to  a  h o r iz o n ta l p o sitio n , th e  fu n n e l-  
sh ap ed  d ep ress io n  e x te n d in g  d eep e r in to  th e  in 
g o t u n t i l  a  tu b e  o r p ip e  h a s  been  fo rm ed , th e  
w all th ick n ess  of w hich  becom es m ore u n ifo rm  
w ith  in c re a s in g  h o riz o n ta l p o sitio n  of th e  m ould , 
u n t i l  finally , w hen th e  p o sitio n  is q u ite  h o rizo n 
ta l ,  a  p e rfe c tly  c y lin d rica l c av ity  is p ro d u ced .

A process of th e  V e re in ig te  S ta h lw erk e  A .-G ., 
D ü sse ld o rf , 3 is b ased  on th is  id ea , fo r  in  th is  
p rocess, also, p re lim in a ry  c e n tr ifu g in g  is effected  
w ith  th e  m ou ld  v e r tic a l,  final c e n tr ifu g in g  b e in g  
effected  w ith  th e  m ould  h o rizo n ta l.

The m ach in e  p a te n te d  by  H u n d t  & W eb e r4 

fo r  p ro d u c in g  tu b u la r  bodies by  c e n tr ifu g a l  cast-

F i g . 1 b .— C e n t r i f u g a l  C a s t i n g  M a c h i n e . 
G e r m a n  P a t e n t  5 8 9 ,3 5 0 .

F ig . 2 shows exam ples of a  t r a c k  wheel and  
shell. I n  th e  case of th e  t r a c k  w heel (F ig . 2 a ) ,  
th e  h a rd e r  m e ta l fo rm in g  th e  c ircu m fe ren ce  is 
po u red  in  w hile  th e  m ould  is b e in g  su itab ly  
ro ta te d .  T he so f te r  m e ta l p o u red  in  a f te rw a rd s  
fo rm s th e  u n d e rn e a th  p a r t  of th e  ty re ,  th e  
spokes o r disc a n d  th e  hu b .

I n  th e  case of th e  shell (F ig . 2 b )  th e  h a rd e r  
m e ta l is p o u red  in  w hile  th e  v e r tic a l m ould is

" r
F i g . 2 a . — T r a c k  W h e e l .  G e r m a n  P a t e n t  

7 8 ,5 3 2 .

in g  is also v e ry  re m in isc en t of th e  c e n tr ifu g a l  
c a s tin g  m ach in e  p a te n te d  40 y ears  p rev iously , 
e x ce p t t h a t  in  th e  m ore  re ce n t m ach in e, th e  tw o 
m oulds can  be d isconnec ted  in d ep e n d en tly  from  
th e  com m on d r iv in g  m eans.

P .  H u th , 5 in  1894, w as th e  f irs t to  secu re  a 
p a te n t  fo r a process of c e n tr ifu g a l  c a s tin g  fo r 
p ro d u c in g  com pound cas tin g s. I n  th e  in v e n to r ’s 
words,* th e  process is in te n d e d  to  p ro v id e  c e r ta in  
m ach in e  p a r ts , such  as t r a c k  wheels, ro lls , g e a r
w heels an d  h a rd -n o sed  shells an d  so fo r th ,  w ith  
co rresp o n d in g ly  h a rd  a n d  so ft p a r ts  in  one c a s t
in g  o p e ra tio n .

F i g . 2 b .— S h e l l . G e r m a n

P a t e n t  78,532.

r o ta t in g .  I n  th is  case, a  su rfa c e  h a v in g  a  p a ra 
boloid co n cav ity  is fo rm ed , on w hich  su itab le  
m e ta l fo r  th e  re m a in d e r  of th e  shell is cas t.

I n  a  la te r  p u b lic a tio n , 7 th e  in v e n to r  shows 
th e  in t im a te  u n io n  be tw een  th e  tw o m eta ls , and 
co nsiders h is p rocess to  be su ita b le , in te r  alia, 
also fo r  th e  p ro d u c tio n  of c ru sh e r  r in g s , arm our 
p la t in g  h a v in g  a h a rd  su rfa ce  of a n y  desired



d e p th  on  one side, g u id e  rolls, c u tt in g  tools, 
roil co llars an d  so fo r th . Now, 45 y ea rs  a f te r  
th e  g r a n t  of H u th ’s p a te n t ,  th is  sp h e re  of w ork 
is ag a in  being  g iven  specia l a t te n tio n  an d  de
ta ile d  t r e a tm e n t.

I n  a  P a p e r  re a d  in  1898 in  D resd en , E .
Lew ieki8 s ta te d  t h a t  a lth o u g h  c e n tr ifu g a l  c a s t
ing  had  been in  th e  course  of d ev elo p m en t for
ha lf a c en tu ry , i t  h ad  n o t  le f t  th e  e x p e rim e n ta l 
stage. H e  re fe r re d  to  P .  H u th ’s p a te n t 6 of
M ay 10, 1894, a n d  believed t h a t  th is  process 
would p ro v ide  really  u sefu l re su lts . E v en  th o u g h  
th is  hope, like  those of m any  in v en to rs  in  th is  
field, was n o t realised , th e  g en era l p rin c ip les  as 
se t fo r th  by Lew ieki show ed t h a t  th e  th eo ry  of 
v e rtica l an d  h o rizo n ta l c e n tr ifu g a l  c a s tin g  p ro 
cesses h ad  a lre ad y  been th o ro u g h ly  m as te red . 
The fa c t  t h a t  c e n tr ifu g a l c a s tin g  h as become 
estab lished  only  in  th e  la s t  tw e n ty  y ears  is based 
on tech n ica l a n d  econom ic g ro u n d s. I n  th e  ea rly  
years, th e  problem  of th e  m eans fo r d r iv in g  th e  
rap id ly  ro ta t in g  m oulds w as by no m eans sim ple, 
and  only th e  in tro d u c tio n  of th e  e lec tr ic  m oto r 
enabled i t  to  be solved* sa tis fac to r ily . T hus, C. 
I r re sb e rg e r9 w rite s  t h a t  th e  ea rly  m ach ines fa iled  
on accoun t of th e  cost of ro ta tio n . T he p u rch ase  
of expensive c e n tr ifu g a l ca s tin g  m ach ines can 
only be econom ical when th ey  a re  em ployed for 
m ass-p roduction . I n  th e  d ev elopm en t years 
th e  s tro n g est m otive  fo r any  tech n ica l develop
m en t was lack in g , nam ely , th e  d em and .

C e n tr ifu g a l C asting  o f Iro n  and Iro n  A llo ys
A lthough  la rg e  q u a n ti t ie s  of bushes, g e a r

wheels, rin g s, b rak e-d ru m s an d  th e  like  a re  m ade 
to-day by th e  c e n tr ifu g a l c a s tin g  process, some 
years ago th e  o b jec t of c e n tr ifu g a l ca s tin g  was 
m ain ly  fo r c a s tin g  long p ipes. As a  m a t te r  of 
fac t, th e  ev er-in creas in g  d em an d  fo r  w a te r  and 
gas pipes s tim u la te d  en d eav o u rs  to  sim p lify  th e  
process of m a n u fa c tu re , especially  since i t  was 
possible to  e lim in a te  th e  m ak in g  of th e  core, 
p ouring  g a te s , ru n n e rs  a n d  in g a te s .

T h e  B ried e -d e  Lavaud Process
The d evelopm en t of th e  processes fo r  th e  cen 

tr ifu g a l c a s tin g  of long p ipes has a lre ad y  been 
d ea lt w ith  in  a la rg e  n u m b er of p u b lic a tio n s . 18 

In  th e  early  years , th ese  processes w ere faced 
w ith  a lm ost in su rm o u n ta b le  difficulties, such as 
the  problem  of th e  m eans fo r d r iv in g  th e  ra p id ly  
ro ta tin g  m oulds an d  th e  m a te ria l  fo r  th e  dies. 
In  th e  ea rly  stages, an  E n g lish m an , W h itle y , 11 

was p robably  th e  m ost successful. H is  t i l t in g  
spout, which he in tro d u c ed  in  co llab o ra tio n  w ith  
S. F o x 1* in  1881 form ed th e  basis fo r  th e  sub 
sequent successful a p p lic a tio n  of th e  process by 
de L av au d  since 1912. A fte r  len g th y  e x p e ri
m ents in  B razil, de L av a u d  succeeded in  e s ta b 
lishing th e  c e n tr ifu g a l  c a s tin g  of p ipes on  a 
large scale in  A m erica  d u r in g  th e  W orld  W ar.

W h itley ’s t i l t in g  sp o u t, w hich  was a t  f irs t also 
used  by de L av a u d  in  A m erica  an d  by o th ers , 
h ad , how ever, d isad v an tag es . I t  is n o t suffi
c ien tly  well know n t h a t  th e  p ioneer in v en tio n  
w hich firs t s e t  th e  c e n tr ifu g a l  c a s tin g  process 
fo r pipes p ro p e rly  on its  fe e t should  be ascribed 
to  th e  G erm an , O tto  B rie d e , 18 nam ely , th e  in 
tro d u c tio n  of th e  m oving  sp o u t in  1910 (F ig . 3). 
A t th e  com m encem ent of th e  o p e ra tio n , th e  
p o u rin g  sp o u t b is in tro d u c ed  in to  th e  ro ta t in g  
m ould a, so t h a t  i ts  o u tle t  end  reaches close 
up to  th e  socket p a r t .  M eta l is th e n  allowed 
to  flow th ro u g h  th e  sp o u t from  th e  lad le  c of 
m easu red  co n ten ts  a rra n g e d  a t  th e  opposite  end 
of th e  sp ou t, th e  s to p p e r of th e  lad le  b e in g  lif ted  
fo r th is  purpose. As soon as th e  socket p a r t  
is filled w ith  m eta l, th e  sp o u t is w ith d raw n  from  
th e  m ould  a t  a  c e r ta in  speed in  th e  d irec tio n  
of th e  a rrow . As a re su lt  of th e  tw o move
m en ts , ro ta tio n  of th e  m ould an d  b ack w ard  move-

F i g . 3 .— O t t o  B r i e d e ’s  P r o c e s s .  G e r m a n  
P a t e n t  2 4 2 ,3 0 7 .

m en t of th e  sp o u t, th e  s tream  of m eta l issu ing  
from  th e  o u tle t  end  of th e  sp o u t is app lied  
helically  to  th e  in n e r  su rfa ce  of th e  m ould. 
B ried e  effected  h is in v en tio n  in  a  p u re ly  th eo 
re tic a l m an n e r, an d  n o t u n til  a f te r  th e  G re a t 
W ar, a f te r  len g th y  a n d  costly ex p erim en ts , was 
th e  in v en tio n  em bodied in  th e  fo rm  of a ser
v iceable m achine. B ried e  h im self, how ever, was 
n o t to  live  to  see th e  conversion of h is process 
in to  m odern  fo u n d ry  p ro d u c tio n . As de  L av au d  
also u tilise d  B ried e ’s id ea  of th e  lo n g itu d in a l 
m ovem ent of m ould  an d  feed  device, th e  process 
is know n in  G erm any  as th e  B riede-de  L av au d  
process.

Process o f th e  V e re in ig te  S ta h lw e rk e  
and B uderus

In  G erm any , cas t- iro n  p ipes a re  m ade by th e  
B riede-de  L av a u d  process, t h a t  is to  say  in  
w ater-coo led  m oulds, in  tw o la rg e  p lan ts , in  th e  
V e re in ig te  S tah lw erk e  a t  G elsenk irchen  an d  a t  
B u d eru s, W e tz la r . The stress on th e  steel 
m oulds caused by th e  h e a t  an d  o x id a tio n  of 
th e  su rface  is considerab le . O rig inally , n ickel- 
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ch rom ium  steel w as em ployed fo r  th e  m ould , 
b u t  la te r  th is  w as rep laced  by ch ro m iu m - 
m olybdenum  steel, th e  su rfa ce  of w hich  w as 
fo u n d  to  be m uch  m ore r e s is ta n t .  S tee l m oulds 
fo r m ak in g  p ip es a n d  o th e r  tu b u la r  bodies by 
th e  c e n tr ifu g a l  c a s tin g  process a re  su b je c ted  to  
c o n sid erab le  s t r a in  on  a cco u n t of th e rm a l 
s tresses. W h en  th e  cas tin g s  a re  b e in g  ta k e n  
o u t  of th e  m oulds, grooves an d  fine no tches 
a re  fo rm ed  on th e  in n e r  su rfa c e  of th e  m oulds. 
These grooves an d  no tches p ro m o te  th e  fo rm a 
t io n  of c rack s a n d  fissures a t  th e  h ig h  th e rm a l 
s tresses a n d  hence re d u ce  th e  life  of th e  m oulds. 
I n  a  process p a te n te d  by F r ie d . K ru p p  A .-G .14, 
th e  fo rm a tio n  of th e rm a l s tre ss  cracks on c e n tr i 
fu g a l c a s tin g  m oulds is red u ced  by  su b je c tin g  
th e  in n o r su rfa ce  of th e  m oulds to  t r e a tm e n t  
by n i tr id in g .

M a k in g  G r e y - Iro n  Pipes in  W a te r -C o o le d  
M oulds

C a st-iro n  p ipes m ad e  in  w ater-coo led  m oulds 
have  to  be su b jec ted  to  a  h e a t- tr e a tm e n t  w ith  
th e  o b jec t of e lim in a tin g  s tresses an d  rem ov ing  
h a rd  o u te r  zones. T h is t r e a tm e n t  is effected 
im m ed ia te ly  a f te r  w ith d raw a l from  th e  m ould , 
th e  te m p e ra tu re  of th e  p ip e  be in g  s ti ll  700 to  
750 deg. C. I n  th e  la s t  few  y ears  a  n u m b er 
of p a te n ts  have  been g ra n te d  re la t in g  to  p ro 
cesses fo r p ro d u c in g  u n ch illed  cas tin g s  in  w a te r-  
cooled c e n tr ifu g a l  c a s tin g  m oulds. T he con
s id e rab le  n u m b er of th ese  p a te n ts  leads one to  
believe, how ever, t h a t  th is  problem  has n o t y e t 
been solved com pletely .

F o r  p ro d u c in g  so f t  p ip es , th e  m oulds w ere 
a t  f irs t lin ed  w ith  pow dered  g ra p h ite ,  a lu 
m in iu m , fe rro -s ilico n , fe rro -p h o sp h o ru s, zinc 
d u s t  o r pow dered  fac in g s  m ade  fro m  s im ila r 
m e ta l alloys. These lin in g s , how ever, h a d  th e  
d isa d v a n ta g e  t h a t  w hen th e  m o lten  m e ta l was 
p o u red  in to  th e  m ould , th e  m e ta l slid  on th em  
a n d  w as n o t c a rr ie d  ro u n d  by th e  ro ta t in g  
m ould . Once such s lip p in g  occurs, th e  m olten  
m e ta l is in ad e q u a te ly  acce le ra ted  in  th e  d irec tio n  
of ro ta t io n  ; i t  does n o t th e re fo re  ro ta te  a t  th e  
sam e speed as th e  m ould  a n d  th e  p ip es p ro 
duced  a re  d e fec tiv e . B y em ploying  lin in g  
m a te ria ls  of d iffe re n t degrees of fineness , 15 i t  is 
sa id  t h a t  th e  te n d e n cy  fo r  th e  m o lten  m eta l 
to  slip  on th e  su rfa ce  of th e  lin in g  is red u ced . 
The D eu tsche  E isen w erk e 15 p roposed  to  secure  
a re d u c tio n  in  th e  flow of h e a t , t h a t  is to  say, 
effect a  lo n g er r a te  of cooling  a n d  hence av o id 
ance of h a rd  o u te r  zones, by th e  f a c t  t h a t  th e  
lin in g  lay e r is n o t ap p lied  d irec tly  to  th e  in n e r  
su rfa ce  of th e  m ould, b u t  is spaced  aw ay  s lig h tly  
from  th e  l a t te r ,  fo r ex am ple  by  m ean s of a 
w ire  gau ze  o r th e  like  ap p lied  to  th e  su rfa ce  
of th e  m ould . A ccord ing  to  a n o th e r  process of 
th e  sam e firm , 17 fo r p ro d u c in g  c e n tr ifu g a lly  cas t 
p ipes h a v in g  a so ft o u te r  sk in  in  chill m oulds,

th e  lin in g  m a te r ia l  w hich is to  r e ta r d  th e  flow 
of h e a t  a n d  is to  be a p p lie d  in  liq u id  fo rm  
to  th e  in n e r  su rfa ce  of th e  m ould , is m ad e  of 
su b stan ces , m ix tu re s  of su b s tan ces  and  alloys 
w hich, w hen th e  m o lten  c a s t iro n  im pinges on 
th em , a re  com plete ly  absorbed  by th e  o u te r  layer 
of th e  p ip e  in  course  of fo rm a tio n , have  a 
g ra p h it is in g  effect on  th e  c e n tr ifu g a lly  cas t iron 
a n d  im p ed e  th e  flow of h e a t .  I n  th is  case also, 
th e  liq u id  l in in g  m a te ria l  m ay  be ap p lied  to  a 
su p p o r t co v erin g  th e  in n e r  su rfa ce  of th e  m ould 
a n d  m a in ta in in g  th e  l in in g  lay e r a t  such a 
d is tan c e  from  th e  in n e r  su rfa ce  of th e  m ould 
t h a t  th e  flow of h e a t  fro m  th e  so lid ify ing  lin 
ing  la y e r  a n d  from  th e  c e n tr ifu g a lly -c a s t iro n  
is d im in ish ed . A cco rd in g  to  a n o th e r  process,”  
in o rd e r  to  p ro d u ce  u n ch illed  c a s tin g s  in  cooled 
c e n tr ifu g a l  c a s tin g  m oulds, th e  p o rtio n  of the  
in n e r su rfa ce  of th e  m ould  to  w hich  th e  m olten 
m eta l is ap p lied  is su b jec ted  to  local lim ited  
h e a t in g  in  such  a m a n n e r  as to  p re v e n t or a t  
lea s t co n sid erab ly  d im in ish  th e  fo rm a tio n  of 
h a rd  o u te r  lay e rs . T h is  process has been ex
ten d e d  by th e  f a c t  t h a t  th e  local, lim ite d  h e a t
in g  of th e  m ould  is p ro d u ced  by th e  ra d ia tio n  
of an  e le c tr ica lly -h e a te d  re s is ta n c e . 19

An a p p a ra tu s  h as been  p a te n te d  fo r  lin ing  
c e n tr ifu g a l  c a s tin g  m o u ld s . 20 A sp o u t or 
t ro u g h  com bined  w ith  th e  p o u rin g  sp o u t is 
p ro v id ed  fo r  feed in g  th e  l in in g  m a te ria ls , the  
l a t t e r  b e in g  m oved fo rw a rd  in  th e  tro u g h  by 
sw in g in g , sh a k in g  o r  ro ta r y  m ovem en ts of the  
tro u g h . A process21 re c e n tly  d isclosed for 
m ak in g  c e n tr ifu g a lly  c a s t  p ipes w ith  a so ft o u te r 
sk in  in  m oulds, em ploys c ru sh ed  slag  in  powder 
o r g ra n u la r  fo rm . C upo la  o r  b la s t- fu rn a c e  slag 
is sa id  to  be e m in e n tly  su itab le . On accoun t 
of i ts  w e ig h t b e in g  less th a n  t h a t  of th e  m a te ria l 
of th e  p ip e , th e  pow dered  slag  passes in to  the  
o u te rm o st su rfa ce  of th e  p ip e  in  course  of fo rm a
tio n , a n d  p roduces th e re  a  ro u g h , sligh tly  
porous su rfa ce , to  w hich  su b seq u e n t co a tin g s of 
p a in t  a d h e re  m o st in tim a te ly ,  a n d  w hich form s 
an  ex ce llen t c o rro s io n -re s is ta n t o u te r  layer, 
acco rd in g  to  th e  com p o sitio n  of th e  slag . In  
a d d itio n  to  th e  m a n u fa c tu re  of c a s t- iro n  pipes, 
th e  in v e n tio n  is sa id  to  be  ad v an tag eo u sly  
ap p licab le  to  th e  p ro d u c tio n  of c en trifu g a lly  
c a s t tu b u la r  m em bers of steel o r  o th e r  m etals.

H a lb e r g e r h i i t te  Process
T he necessity  to  a n n e a l th e  p ip es is obviated  

a lto g e th e r  in  th e  c e n tr ifu g a l  c a s tin g  process em
ploy ing  sa n d  m oulds. I n  G erm an y , th e  H a lb er
g e rh i i t te 22 of B reb ach  a .d . S a a r  a re  em ploying 
th is  process. B riefly , th e  o p e ra tio n  is as 
follows : —

C irc u la r  m ould  boxes w ith  even ly  d is tr ib u te d  
a x ia l an d  ra d ia l  v e n ts  a n d  fu lly  b a lan ced  masses 
a re  p laced  in  a  v e r tic a l p o s itio n  a n d  m ounted  
on ro ta ry  se a ts . A f te r  in se r tio n  of an  iro n  pa t-



te rn  co rresp o n d in g  to  th e  e x te rn a l d iam e te r  of 
th e  p ipe, an  au to m a tic , a cc u ra te ly  re g u la te d  
san d-feed ing  device is s ta r te d ,  an d  th e  sand  
ru n n in g  in  is ram m ed  by lon g -sh afted  ram m ers. 
A fter ram m in g , th e  m oulds a re  b lacked  w ith  
g ra p h ite , se t  h o rizo n ta l by t i l t in g  tab le s , and  
tak e n  aw ay on ro lle r conveyors to  be d ried , 
which is effected by m eans of h o t gases. A fte r  
th e  in se rtio n  of th e  so cket core a t  th e  socket 
end, th e  m ould is read y  fo r th e  c a s tin g  m achine. 
F o r en su rin g  u n ifo rm  wall fo rm a tio n  of th e

pipe, th e  m ould boxes have  to  be ro ta te d  w ith  
absolu te u n ifo rm ity . C a stin g  is c a r r ie d  o u t  as 
follows : —

T he m ould boxes com ing from  th e  d ry in g  p la n t  
a re  se t down by m eans of a j ib  c ran e  by th e  
side of th e  ca s tin g  m ach ine, an d  a f te r  rem oval 
of th e  cover of th e  m ach ine  a re  p laced in  th e  
la t te r .  The necessary  w e ig h t of m o lten  iro n  is 
poured  in to  a t i l t in g  ladle an d  th e  m ould box is 
se t in  p re lim in a ry  slow ro ta t io n . T he t i l t in g  
lad le  is th e n  tip p e d  so as to  d isch arg e  i ts  con
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t e n ts  in to  th e  r o ta t in g  m ould , th e  iro n  being  
evenly  d is tr ib u te d  over th e  e n tire  len g th  of th e  
bo ttom  of th e  m ould . R a p id  ro ta t io n  of th e  
m ould  im m ed ia te ly  com m ences, th e  m olten  iron  
u n d e r  th e  ac tio n  of th e  c e n tr ifu g a l  force being  
p ro jec te d  a g a in s t  th e  ram m ed  sand  w all and  
being a p p lied  w ith  ab so lu te  u n ifo rm ity  a g a in s t 
th e  cy lin d rica l su rface . T he ra p id  ro ta ry  m otion  
is c o n tin u ed  u n t i l  th e  iro n  is solidified. A fte r  
l if t in g  off th e  cover of th e  c a s tin g  m ach ine, th e  
m ould  is ta k e n  o u t a n d  is la id  on a  ro lle r con
veyor by m eans of th e  jib  c ran e . As in  th e  
e a r lie r  c a s tin g  process, th e  c a s t p ipe  can  now 
cool slowly in  th e  san d  m ould . T he re su lt  of th is  
g ra d u a l  cooling is t h a t  th e  iro n  of th e  finished 
p ip e  rem a in s  so ft an d  th e re fo re  does n o t re q u ire  
any  su b seq u en t h e a t- tre a tm e n t.

A r d e lt  Process
T he com bined ram m in g  an d  c e n tr ifu g a l cast- * 

in g  process know n as th e  “  A rd e lt ” system 2’ 
likew ise em ploys sand  m oulds fo r m ak in g  long 
p ipes.

F i g . 5 .— P r o c e s s  f o r  M a n u f a c t u r e  o f  
P i p e s  o f  A n y  D e s i r e d  L e n g t h . G e r m a n  
P a t e n t  4 1 7 ,2 2 7 .

B illa n d  Process
In  G erm any , a tte m p ts  have  also been m ade to  

effect th e  c e n tr ifu g a l c a s tin g  of socket p ipes in 
th e  v e rtica l position . The p rin c ip le  of th e  
B illan d  process w ill be im m ed ia te ly  g a th e red  
from  F ig . 4 . 24 The m o lten  iro n  is in tro d u ced  
in to  a v e r tic a l m ould  th ro u g h  a m ovable pour- 
in g  p ipe  w hich  is m oved u p w a rd  in  th e  m ould 
d u r in g  c a s tin g . A t th e  com m encem ent of p o u r
in g , th e  socket core is p laced  on th e  fu lly  
re tra c te d  coupling an d  th e  tiltin g  ladle is then 
filled w ith  iro n . The coup ling  is th e n  moved 
u p w ard  by sw itch ing  on th e  m o to r a n d  when th e  
coup ling  h as eng ag ed  th e  m ould , th e  l a t t e r  com
m ences to  ro ta te .  The lad le  is th e n  ti l te d .  The 
p o u rin g  tu b e  rem a in s s ta tio n a ry  u n t il  th e  socket 
has been com pletely  filled, w hereupon  th e  p o u r
in g  sp o u t is m oved u p w ard  in  a u n ifo rm  m an n e r, 
th e  p ip e  b e in g  form ed by th e  c e n tr ifu g a l action  
e x ac tly  as in  th e  B riede-de  L av au d  process. The
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excess of iro n  is th e n  ta k e n  u p  by th e  feedeT 
h ead . F o r  rem o v in g  th e  p ip e  from  th e  m ould , 
th e  l a t t e r  is se t a t  a n  in c lin a tio n . T he d iffe r
ence fro m  th e  e a r lie r  c e n tr ifu g a l  p rocess in  a 
v e r tic a l m ould  is t h a t  th e  iro n  is no longer 
ob liged  to  ascend  th e  w alls of th e  m ou ld  by th e  
ac tio n  of th e  c e n tr ifu g a l  fo rce  b u t  is in tro d u c ed  
sp ira lly  by th e  p o u rin g  sp o u t.

Process fo r  M a k in g  Pipes o f A n y  D e s ired  Leng th
T he A re n sro b re n  A.-G. in  1924 p a te n te d  a 

process fo r  p ro d u c in g  p ipes of an y  d esired  len g th  
by c e n tr ifu g a l  c a s tin g . 25 A ccord ing  to  th e  in v en 
t io n , fo r  m ak in g  p ipes of an y  d esired  leng th , 
th e  m o lten  m e ta l is fed  fro m  a  s ta tio n a ry  c a s t
in g  dev ice. T he m e ta l flows d ire c tly  in to  th e

T a b l e  I .— Properties of Various Centrifugally Cast Alloys.'

some firm s p re fe r  to  c a s t  c e n tr ifu g a lly  in  sand  
m oulds in  o rd e r to  secu re  th e  d esired  s tru c tu re ,  
by f a r  th e  g re a te r  n u m b er of c en tr ifu g a lly -c a s t  
lin e rs  a re  c a s t  in  iro n  m oulds. T he w ell-know n 
H u rs t-S to k e s  process is em ployed , a  process 
w hich, o r ig in a t in g  in  E n g la n d , has become 
estab lish ed  n o t only in  G erm an y  b u t  also in 
I ta ly  a n d  F ra n c e . T he m oulds a re  air-cooled 
an d  in  o rd e r  to  en su re  a  suffic iently  slow ra te  
of cooling fo r  th e  fo rm a tio n  of a fine grey  
s tru c tu re ,  th e  m oulds a re  m a in ta in e d  a t  su itab ly  
e lev a ted  te m p e ra tu re s . S o ft a n n e a lin g  of these  
lin e rs  is th e re fo re  unn ecessa ry .

A p a r t  fro m  c o n s tru c tio n a l d e ta ils , th e  H u rs t-  
S tokes p rocess,2“ 27 w hich  h as a lre a d y  been fre 
q u e n tly  d esc rib ed , h a s n o t u n d e rg o n e  any  fu r th e r

Strength according to  B 
test (B.S.I.).

ritish ring Strength of tensile stress 
specimens made from the 

liners.

Material. Ring 
strength,* 
1.87 P.D 

b . d*. 
Tons per 

sq. in.

Perm anent 
deforma

tion. 
Per cent.

Modulus of 
elasti
city. 

Tons per 
sq. in.

Tensile 
strength. 
Tons per 

sq. in.

Modulus of 
elasticity 
(range of 

stress, 
2-14). 

Tons per 
sq. in.

Brinell 
hardness 

in the 
bore. 

Kg. per 
sq. mm.

Unalloyed centrifugal casting 
Alloyed centrifugal casting 

(1 per cent. Mo, 0 .4  per

2 1 . 0 7.5 7,260 17.1 7,300 240-285

cent. Cr)
Hardened, unalloyed centri

2 2 . 2 6 .5 8,255 19.0 7,937 260-300

fugal casting 2 1 . 6 4.0 7,620 16.5-19.0 7,620 350-500
Nitrided casting 25.4 2 . 0 10,795 26.0 10,950 280-320

(Surface
700-900
Vickers).

* P  =  Force in kilograms, D =  External diameter o f  ring, 6 =  W idth o f  ring, d =  Thickness o f ring, 1 .8 7  
=  Conversion factor.

m ould  an d  is  co n tin u o u sly  rem oved in  th e  fo rm  
of a  p ip e  from  th e  o th e r  e n d  of th e  m ould  (F ig . 
5.) I t  is s ta te d  t h a t  by th is  m eans a  s u b s ta n ti
ally  sim p le r c o n stru c tio n  of th e  m ach ine  is 
possible, an d  t h a t  th e  feed in g  of th e  m eta l can  
be co n tin u o u sly  su p erv ised  an d  consequently  
m ad e  u n ifo rm . As f a r  as th e  w r i te r  is aw are , 
how ever, th e  la s t  tw o processes have  n o t y e t 
a cq u ired  any  p a r tic u la r  in d u s tr ia l  significance.

L in ers
A fte r  th e  c a s tin g  of long p ipes from  cas t iro n , 

th e  c e n tr ifu g a l  c a s tin g  process h as acq u ired  
c o n sid erab le  im p o rta n ce  in  G erm any  fo r th e  p ro 
d u c tio n  o f cy lin d e r lin e rs  of in te rn a l-co m b u s tio n  
eng ines, com pressors an d  pum ps. S uch  lin e rs  
a re  re la tiv e ly  sh o r t  p a r ts ,  ra re ly  lo n g er th a n  
50 cm. (20 in s .) , w hich, u n lik e  th e  socket p ipes 
r e fe r re d  to  above, have  to  be n o t  only  com pact 
b u t also ex trem e ly  re s is ta n t  to  w ear. A lth o u g h

d evelopm en t, b u t  p ro g ress  h a s  been  m ad e  m ore 
in  th e  m e ta llu rg ic a l field . 28 T ab le  I  g ives th e  
m ech an ica l p ro p e rtie s  of th e  alloys m ost fre- 
q u o n tly  em ployed in  G erm an y  fo r  lin e rs , and 
F ig . 6  shows a  p o rtio n  of th e  c e n tr ifu g a l  cas tin g  
fo u n d ry  of F r ie d .  K ru p p  A .-G ., of E ssen .

V a lv e  S eats
A la rg e  n u m b er of bushes fo r  va lve  se a ts  a re  

also be in g  m ad e  by th e  c e n tr ifu g a l  c a s tin g  pro
cess. C a s tin g  alloys h a v in g  a h ig h  c o n te n t of 
c h ro m iu m  or m o lybdenum  a re  g en era lly  em
ployed. I n  some alloys, th e  ch ro m iu m  co n ten t 
a t t a in s  28 p e r  c e n t.,  a n d  th e  m olybdenum  con
t e n t  a  m ax im u m  of 5 p e r  c en t. On a cco u n t of 
th e  coefficient of e x p an s io n , t h a t  is to  say  for 
in se r tio n  in  l ig h t-m e ta l cy lin d e rs , F r ie d .  K ru p p  
A.-G. have  developed  a n  a u s te n it ic  alloy  w ith  
only 5 p e r  cen t, n icke l a n d  w ith o u t  ad d ed  copper. 
T h is alloy h as been  fo u n d  to  be v e ry  efficient.
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B ra k e -D ru m s
T he c e n tr ifu g a l c a s tin g  process has fo u n d  nil 

in te re s t in g  d ev elopm en t in  G erm any  in  th e  
m a n u fa c tu re  of b ra k e -d ru m s2“ fo r m oto r vehicles. 
The o u ts ta n d in g  su ita b il ity  of cas t- iro n  b rak e- 
d rum s in  resp ec t of r ig id i ty  an d  w ear is suffi
c ien tly  well know n. C ast d ru m s, how ever, have 
th e  g re a t  d isa d v a n ta g e  th a t  if  sufficient s tre n g th  
is to  be a tta in e d , th ey  m u s t be m ade co n sid er
ably h e av ie r  th a n  shee t-s teel d ru m s of th e  sam e 
size. C e r ta in  ty p es of b rake-d rum s*  com bine th e  
a d v an tag es  of sh ee t steel w ith  those  of c a s t iron .

h e a tin g  of th e  l a t te r  be ing  en su red  by th e  
s tre am  of h o t cas t iro n . T his s tre a m  is d irec ted  
^o as to  sweep co n tin u o u sly  th e  edge of th e  r o ta t 
in g  sh ee t m e ta l back.

C o m p o s ite  C astings
As s ta te d  a t  th e  com m encem ent of th is  P a p e r , 

P . H u th 5 as long ago as 1894 took  o u t a  p a te n t  
fo r a “  c e n tr ifu g a l  ca s tin g  process fo r ca s tin g  
to g e th e r  tw o d iffe re n t m eta ls , m e ta l alloys, or a 
m eta l of d iffe re n t hardnesses, in  which a se p a ra te  
d eposition  of th e  m eta ls  in  th e  m ould is effected

F i g . 6 .— P o r t i o n  o f  t h e  C e n t r i f u g a l  C a s t i n g  F o u n d r y  o f  F r i e d . K r u p p  A.-G., E § s e n .

S u b s ta n tia lly , th e  d ru m  com prises tw o p a r ts ,  th e  
sheet steel back, th e  flange of w hich is p ro v ided  
w ith  dove-ta il recesses fo r f a c i l i ta t in g  in tim a te  
w elding an d  fo r in c reas in g  th e  sec u rity , a n d  also 
a c e n tr ifu g a lly  cast-on  iro n  rim . The u n io n  be
tw een th e  c a s t iro n  an d  steel is d e fin ite ly  in t i 
m ate '; fusion  w eld ing  ta k in g  p lace as has been 
previously  sh o w n ,!  th e  carb o n  of th e  c a s t iron  
p e n e tra te s  to  a considerab le  d e p th  in to  th e  steel. 
I t  is n o tew o rth y  t h a t  th is  w eld ing  occurs w ith 
ou t p re -h e a tin g  of th e  sh ee t steel, th e  necessary

• See Illustration on page 307, Proc. In s t. B rit. F ., 1934-5.
t  See Illustration  on page 306, loc. cit.

by r o ta t in g  th e  l a t t e r . ”  In  a p u b lica tio n  m ade 
in  1897,7 i l lu s tra tio n s  of f ra c tu re d  pieces show 
th e  in tim a te  u n io n  of th e  d iffe re n t m eta ls 
a tta in e d  a t  t h a t  tim e .

I n  1928, W . R ay m 80 o b ta in ed  a p a te n t  fo r a 
process of p ro d u c in g  solid  in g o ts  m ade  of tw o 
or m ore k in d s  of m eta l. A ccording to  th e  in 
v en tio n , th e  c e n tr ifu g a l c a s tin g  m ould  is 
m o u n ted  fo r t i l t in g  a b o u t a  p ivo t, so t h a t  p o u r
in g  can  be effected a t  first w ith  th e  ro ta t in g  
s h a f t  h o rizo n ta l a n d  la te r  w ith  th e  ro ta t in g  
s h a f t  v e r tic a l  (F ig . 7). The process is c a rried  
o u t by firs t p o u rin g  th e  m eta l fo rm in g  th e  shell 
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in to  th e  h o rizo n ta l ro ta t in g  m ould  a n d  th e n  
e re c tin g  th e  e n ti re  m ould  so t h a t  i ts  s h a f t  is 
now v e r tic a l. T he m a te r ia l  fo rm in g  th e  core is 
th e n  p o u red  in , w hile  th e  m ould  co n tin u e s  to  be 
ro ta te d , th e  ro ta ry  m o tio n  b e in g  g ra d u a lly  re 
ta rd e d  u n t i l  i t  finally  ceases, in  o rd e r to  en su re  
a  co m p act s t ru c tu re  of th e  core.

T he firm  of H u n d t  & W eb e r31 in  1932 w orked 
o u t  a  process fo r  m ak in g  tu b u la r  bodies c o n sist
in g  of one o r m ore m eta ls , o r solid  bodies, m ore 
especially  so lid  rolls, co n sis tin g  of d iffe re n t so rts  
of m e ta l, in  c e n tr ifu g a l  c a s tin g  m oulds ro ta t in g  
a b o u t th e  v e r tic a l ax is . W h en  em ploy ing  tw o 
d iffe re n t m a te r ia ls  in  a  ro ll, th e  o u te r  shell 
(F ig . 8) is f irs t c as t c e n tr ifu g a lly  in  a  specia lly

F i g . 7 .— P r o c e s s  f o r  M a n u f a c t u r e  o f  
A r t i c l e s  f r o m  T w o  o r  M o r e  K i n d s  
o f  M e t a l  b y  C e n t r i f u g a l  C a s t i n g .  
G e r m a n  P a t e n t  4 5 9 ,9 6 5 .

su itab le  com position , th e  shell b e in g  c a s t in  any  
th ick n ess acco rd in g  to  th e  q u a n ti ty  p o u red  in to  
th e  m ould . T he m ach ine  co n tin u es to  ro ta te  in 
th e  sam e p o sitio n . B y m eans of a  second p o u r
ing  lad le , held  in  read in ess , th e  in n e r  core of 
so f te r  m a te r ia l  is p o u red  in  an d  c e n tr ifu g e d  a t  
th e  in s ta n t  th e  in n e r  su rfa ce  of th e  shell p re 
viously c a s t  an d  a lre ad y  solidified on its  o u te r  
su rfa ce  is s till  so liq u id  or p a s ty  as to  en su re  a 
p e rfe c tly  hom ogeneous u n io n  be tw een  th e  h a rd  
o u te r  shell a n d  th e  so ft in n e r  core.

To e lim in a te  th e  d isa d v a n ta g e  of th e  in n e r  
p a r t  of th e  tu b u la r  body firs t c a s t h a v in g  a su r 
face  of a  p a rab o lo id  of re v o lu tio n , acco rd in g  to

th e  in v en tio n , by a spec ia l m eth o d  of re g u la tin g  
th e  speed in  acco rdance  w ith  th e  d im ensions of 
th e  c e n tr ifu g a l  c a s tin g  m ould , a n d  ta k in g  in to  
c o n sid e ra tio n  th e  p ro p e rtie s  of th e  k in d  of m eta l 
c as t, a p ra c tic a lly  re c t i l in e a r  b o u n d a ry  of th e  
in n e r  w all is e n su red , a n d  as d esired  th is  wall 
m ay  be “  c y lin d rica l ”  o r even  conical. This 
p rob lem  is solved by p o u rin g  th e  m eta l of th e  
shell a t  th e  m ax im u m  speed of ro ta t io n , which 
is d e te rm in e d  by c a lcu la tio n , an d  th e re u p o n , 
ta k in g  in to  acc o u n t th e  r a te  of so lid ification  and 
th e  o th e r  p hysical p ro p e rtie s  of th e  cas t m eta l 
w hich e n te r  in to  co n s id e ra tio n , th e  speed is re-

I

F i g . 8 . — C e n t r i f u g a l  C a s t i n g  P r o c e s s .
G e r m a n  P a t e n t  6 0 3 ,2 4 3 .

duced by a c e r ta in  am o u n t. F o r  ex am p le , in  the  
case of a ro ll of 600 m m . d ia m e te r  a n d  a leng th  
of body of 1,000 m m ., a  speed  of 800 r.p .m . 
would be n ecessary . U p o n  p o u rin g  th e  core, the 
speed is re d u ce d  in  p ro p o rtio n , a n d  in  th is  case 
is b ro u g h t to  a final speed of 200 r .p .m .

B y m ean s of th is  process, i t  is possib le to  cast 
c e n tr ifu g a lly  e ith e r  chill ro lls o r  steel rolls, or, 
of course, ro lls m ade  of n o n -fe rro u s  m eta ls , of 
one o r m ore d iffe re n t m a te ria ls . I n  th e  case of 
th e  firs t-m en tio n ed , th e  o u te r  shell p re fe rab ly  
has th e  h a rd e s t  possib le co m p o sitio n , w hile  in 
th e  case of th e  n e x t-m en tio n ed  (stee l rolls) i t  
p re fe ra b ly  consists of ch ro m iu m -n ick e l steel, 
w hile  th e  in n e r  core, as a  sa fe g u a rd  a g a in s t  the



F i g . 9 b .— C e n t r i f u g a l  C a s t i n g . x  1 0 0 . 
B r a s s .

F i g .  9 a . — S a n d  C a s t i n g ,  x  1 0 0 .
00/10

I(’ i c .  1 0 a .— S a n d  C a s t i n g ,  x  1 0 0 .

8 0 / 1 0 / 4

$

F i g .  1 0 b .— C e n t r i f u g a l  C a s t i n g ,  x  1 0 0 . 
B e d  B r a s s .

I ' i g . 1 1 a . S a n d  C a s t i n g , x  1 0 0  F i g . 1 1 b .— C e n t r i f u g a l  C a s t i n g . x  1 0 0 .
9 0 / 1 0  A l u m i n i u m  B r o n z e .
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d a n g e r  of f r a c tu re ,  in  th e  case of ch ill ro lls  con
sis ts  of a  so f te r  g re y  iro n , o r b e t te r  s ti ll  c a s t 
s teel, an d  in  th e  case of s tee l rolls, th e  core  con
sists  of a so ft to u g h  c a s t steel.

C e n tr ifu g a l C a s tin g  o f N o n -F e rro u s  M e ta ls
T he successfu l in tro d u c tio n  of th e  c e n tr ifu g a l  

c a s tin g  process in  th e  case of c a s t- iro n  p ip es also 
led n o n -fe rro u s  fo u n d rie s  to  m ak e  e x h au s tiv e  ex 
p e rim en ts  w ith  th is  process. I t  w as v ery  soon 
fo u n d  t h a t  q u ite  co n siderab le  im p ro v em en ts  in  
q u a lity  w ere possible, as co m p ared  w ith  sand  
cas tin g . T hese im p ro v em en ts  a re  a ll d ue  to  th e  
ex ce p tio n a l re fin em en t of s t ru c tu re  w hich th e  
m a te r ia l  u n d erg o es th ro u g h  th e  tw ofo ld  effect 
of th e  c e n tr ifu g a l  fo rce  a n d  th e  ra p id ,  u n ifo rm  
cooling (F ig s . 9, 10 a n d  11). T his re fin em en t of 
s tru c tu re ,  in  th e  f irs t  p lace, re su lts  in  a  con
sid e rab le  in crease  in  th e  ten s ile  s t r e n g th  and  
h a rd n ess .

T able  I I  gives a su m m ary  of th e  physical p ro 
p e r tie s  of v a rio u s red  b ra ss  a n d  bronze  alloys, 
th e  m ean  va lu es a n d  th e  m in im u m  values fo r

c a s tin g  is o f te n  p e rm e a te d  by  blow -holes. A t 
th e  o p tim u m  speed, how ever, th e  in n e r  su rface  
is sm ooth  a n d  less m ac h in in g  is su b sequen tly  
re q u ire d .

I n  th e  case of alloys h a v in g  com ponen ts of a 
w idely d iffe re n t c h a ra c te r ,  as soon as th e  m olten  
m a te r ia l  h a s assum ed th e  speed of th e  m ould, 
th e  specifically  h e a v ie r  com ponen ts a re  forced 
o u tw a rd ly  a g a in s t  th e  w all of th e  m ould  on 
a cc o u n t of th e i r  g re a te r  c e n tr ifu g a l  force , and 
th u s  th e  specifically l ig h te r  com ponen ts a re  s i tu 
a te d  m ore in  th e  in n e r  p a r ts .  Such  liq u a tio n  
becom es m ore p ro n o u n ced , th e  g re a te r  th e  soli
d ifica tio n  ra n g e  of a n  a lloy , th e  m ore d issim ilar 
a re  its  co m ponen ts, th e  low er th e  r a te  of cool
in g , th e  g re a te r  th e  c e n tr ifu g a l  p re ssu re  and  th e  
th ic k e r  th e  w all of th e  cas tin g s. B y re g u la tin g  
th ese  w o rk in g  co n d itio n s, i .e .,  th e re fo re  by 
m a in ta in in g  su itab le  speeds of th e  m oulds, a 
su itab le  p o u rin g  te m p e ra tu re ,  re g u la tin g  th e  
cooling an d  so fo r th ,  how ever, l iq u a tio n  can  in 
m ost cases be k e p t  w ith in  such  lim its  t h a t  i t  
does n o t cause  an y  tro u b le .

T a b l e  I I .— Properties of Various Non-ferrous Metals Centrifugally Cast compared with Standard Specification
Requirements for Sand Castings.36

M aterial

Centrifuga 1 casting. D.I.N .
sa

requirements for

Mean value s. Minimum valetes. na castingrs.

to Tensile Elonga Brinell Tensile Elonga Brinell Tensile Elonga Brinell
D.I.N . 1705. strength. tion. hardness. strength. tion. hardness. strength. tion. hardness.

Tons per Per Kg. per Tons per Per Kg. per Tons per Per Kg. per
sq .in . cent. sq. mm. sq. in. cent. sq. mm. sq. in. cent. sq. mm.

Rg 5 16.5 13 80 15.9 12 75 10.5 10 60
Rg 9 17.1 9 90 15.9 7 85 12.7 12 60
Rg 10 19.0 9 95 17.1 8 90 12.7 10 65
GBz 10 19.6 12 90 17.8 8 80 12.7 15 60
GBz I f 20.3 3 115 17.8 2 105 12.7 3 90
GBz 20 21.6 0 220 19.0 0 190 10.5 0 180
B I B z 10 .. 19.0 12 80 17.8 8 75 11.4 15 70

c e n tr ifu g a lly  cas t alloys be ing  com pared  w ith  th e  
D IN  (G erm an  In d u s t r ia l  S ta n d a rd )  va lues fo r 
san d  c a s t alloys. I n  o rd e r to  secu re  th e  b e s t 
possible m ech an ica l p ro p e rtie s  in  th e  case of 
n o n -fe rro u s  m eta ls , u su a lly  cold or s lig h tly  p re 
h e a te d  o r even w ater-coo led  m eta l m oulds a re  
em ployed. T he ra p id  cooling in  th e  c e n tr ifu g a l  
m ould has a s u b s ta n tia l  in fluence on th e  a t t a in 
m e n t of a  fine-g ra in ed  a n d  com pact s t ru c tu re  
w hich is co n sequen tly  re s is ta n t  to  corrosion  and  
w ear.

I n  th e  case of n o n -fe rro u s  m eta ls , c e n tr ifu g a l 
c a s tin g  in  san d  m oulds re su lts  in  a  m uch  coarser 
g ra in  an d  hence a  d e te r io ra t io n  in  th e  physical 
p ro p e rtie s . I n  th e  c e n tr ifu g a l  ca s tin g  of non- 
fe rro u s  m eta ls , m a in ten a n ce  of th e  c o rre c t speed 
is of g re a t  im p o rta n ce . I f  th e  m ou ld  is r o ta t in g  
too  slowly, th e  in n e r  su rfa ce  of hollow cy lin d ers  
is v e ry  ro u g h  a n d  th e  e n tire  cross-section  of th e

N O N -F E R R O U S  P IP ES

O s n a b riic k e r  K u p fe r - und D r a h tw e r k  Process

I n  G erm an y , p ip es of co n sid erab le  size are 
m ade of n o n -fe rro u s  m eta ls . T he w orks ap p lica 
t io n  of th e  c e n tr ifu g a l  c a s tin g  process fo r  the  
m a n u fa c tu re  of n o n -fe rro u s  p ip es w as first 
c a r r ie d  o u t in  G erm an y  in  1926/27 by th e  
C ologne firm  of O s te rm an n  & F liis . T he chief 
reaso n  fo r th is  w as th e  sev e re r d em an d s m ade  on 
th e  m ech an ica l p ro p e r tie s  of n o n -fe rro u s  m etal 
alloys in  co n n ec tio n  w ith  th e  in c re ased  section 
th ic k n e ss .32 T he c e n tr ifu g a l  p rocess employed 
was v ery  sim ple . T he m ou ld  w as m o u n ted  h o ri
zo n ta lly  a n d  th e re  w as no  m o v em en t betw een 
th e  p o u rin g  sp o u t a n d  m ould  d u r in g  th e  cas tin g  
o p e ra tio n . T he process w as la te r  ta k e n  over 
a n d  developed  by th e  O sn ab riick e r K u p fe r-  und 
D ra b tw e rk .
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I n  O snabriick , a t  f irs t only alloys of special 
b rasses w ere c a s t c en tr ifu g a lly . These w ere b rass 
alloys c o n ta in in g  54 to  62 p e r cen t, copper, an d  
som etim es m ore. I n  a d d itio n  to  z inc, such alloys 
also c o n ta in  m ain ly  n icke l, m an g an ese , a lu 
m in ium  an d  iro n , w hich  to g e th e r  m ay  a m o u n t 
to  a b o u t 7 p er cen t. T he m echan ical p ro p e rtie s  
a tta in e d  w ith  th is  alloy by c e n tr ifu g a l  ca s tin g  
c learly  showed th e  fu n d a m e n ta l su p e rio r ity  of 
th is  process o ver san d  cas tin g . T ab le  I I I  shows 
an  in crease  in  ten s ile  s t re n g th  of ab o u t 20 per 
c en t., an d  a n  increase  in  e lo n g a tio n  of a b o u t 
25 to  50 p e r  c en t., as co m pared  w ith  n o rm al sand  
cas tin g . I n  a d d itio n  to  th is  in crease  in  th e  
ten s ile  s tre n g th ,  th e  p e rfe c t hom ogeneity  an d  
freedom  from  poro sity  a re  of p a r t ic u la r  an d  even 
g re a te r  im p o rtan ce .

S u bsequen t developm en t of th e  c en tr ifu g a l 
c as tin g  process w as effected  by  th e  sam e firm  in 
connection  w ith  red  brass an d  bronze  alloys. 
C e n trifu g a l cas tin g s  of th ese  alloys ex h ib ited  
over th e  g re a te r  p a r t  of th e ir  p e rip h e ry  c r a te r 
like cav itie s re n d e r in g  th e  p ipes useless. The 
cause of th is  phenom enon w as q u ite  a p p a re n t

re la tiv e ly  th in  copper sh ee ts of 1 to  3 m m . in  
th ic k n e ss .33 F o r  th is  purpose , th e  copper sheets 
a re  b e n t a p p ro x im a te ly  to  th e  re q u is ite  d iam e te r  
a n d  pushed  in to  th e  m ould . Close ap p lic a tio n  
of th e  copper shee ts to  th e  w all of th e  m ould  is 
effected  au to m a tica lly  by m eans of th e  c e n tr i
fu g a l fo rce  as soon as th e  m ou ld  h as been 
b ro u g h t to  th e  h ig h  speed u sua l fo r c e n tr ifu g a l 
c a s tin g . In  th is  w ay, i t  is possible to  c a s t c e n tr i
fu g a lly  a ll th e  m eta l alloys used  to -d ay  for 
v a rio u s  purposes, such as b ronze, red  brass, 
n ickel-copper, M onel m eta l, e tc ., in  a sa tis fac to ry  
m an n e r, q u ite  fre e  from  p o rosity , because all 
c o n ta c t of th e  m olten  m eta l w ith  th e  cas t-iro n  
or steel m ould  is avoided.

F ig s . 12 an d  13 show some of th e  cen trifu g a lly -  
c a s t p ipes m ade by th e  O sn ab ru ck er K u p fe rw erk . 
The fin ished cas tin g s  w eigh u p  to  6 to ns, and  
fo r such cas tin g s m elts of ab o u t 10 tons, t h a t  is 
to  say , considerab le  w eights, a re  c en trifu g a lly  
cas t. F ro m  th e  p o in t of view of size, th e  c e n tr i
fu g a l cas tin g s  of th e  O sn ab ru ck er K u p fe rw e rk  
a re  n o t su rp assed  in  any  c o u n try . The pipes 
show n in  F ig . 12 a re  10,050 m m . long w ith  an

T a b l e  I I I .— Showing the Superior Properties of Centrifugally Cast Brass.™

Special brass no. I. II . I I I .

Tensile strength. Tons per sq. in .. . Centrifugal casting 24.0 31.1 45.9
Sand casting 20.3 25.6 39.0

Elongation. Per cent. Centrifugal casting 40.2 29.0 13.3
Sand casting 33.3 22.0 8.5

Brinell hardness Centrifugal casting 105.0 138.0 175.0
Sand casting 91.0 115.0 150.0

to  th e  fo u n d ry m an , as i t  w as well know n th a t  
“  sp lash ing  ”  of th e  w alls of th e  m ould in  o rd i
n a ry  m eta l m ould  c a s tin g  re su lte d  in  s im ila r 
phenom ena caused by ev o lu tion  of gas on so lid i
fication.

Of th e  v a rio u s possible m ethods of avo id ing  
these  d e fec ts , tw o w ere m ain ly  fo u n d  to  be 
feasib le a f te r  len g th y  ex p erim en ts . _ I n  th e  f irs t 
place, c o n ta c t of th e  m eta l w ith  th e  m a te ria l  
of th e  m ould could be p re v en ted  by a lin in g  of 
sand , as em ployed in  A m erica. T his, how ever, 
would re su lt  in  a  d e te r io ra t io n  of th e  physical 
p ro p erties  on acco u n t of th e  chan g ed  cond itions 
of so lid ification . T he second m eth o d  finally 
adop ted  consisted  in  se lec tin g  th e  m a te ria l  of 
th e  m ould in  such a m a n n e r  t h a t  th e  d an g ero u s 
ab so rp tion  of gas u p o n  th e  e n try  of th e  m eta l, 
i.e ., upon  splashing:, d id  n o t occur. Such a m ould 
m a te ria l w as fo u n d  in  copper a n d  v a rio u s copper 
alloys.

F o r  econom ic reasons, how ever, i t  w as o u t of 
th e  q u estion  to  m ake  th e  m oulds of solid cop p er 
o r copper alloys, since all d im ensions up  to  1,500 
mm. d ia m e te r  an d  10 m etres  in  len g th  occur. 
An a p p ro p r ia te  so lu tio n  to  th e  problem  w as 
found by lin in g  th e  a c tu a l cas t-iro n  m ould w ith

e x te rn a l  d ia m e te r  of 500 m m. and  a wall th ic k 
ness of 25 m m . T he c e n tr ifu g a l c a s tin g  w ith  
cast-on  flange shown in  F ig . 13 has a len g th  
of 3,620 m m ., a n  e x te rn a l d ia m e te r  of 1,500 m m. 
an d  an  in te rn a l  d iam e te r  of 1,460 m m .

I n  th e  c e n tr ifu g a l c a s tin g  of such tu b u la r  
bodies, th e re  is fo rm ed  on th e  in n e r  su rface  of 
th e  m a te ria l  a fissured an d  s tro n g ly  oxidised 
zone w hich, even th o u g h  re la tiv e ly  th in ,  has 
g en era lly  to  be  rem oved m echan ically  before  th e  
p ipe  can  be used  o r t r e a te d  fu r th e r .  T he fol
low ing is th e  e x p la n a tio n  of th e  fo rm a tio n  of 
th is  in n e r  zone : —

W hen  th e  m olten  m eta l is p o u red  in to  th e  
m ould , th e  a ir  p re se n t in  th e  m ould is stro n g ly  
h e a ted , so t h a t  i t  escapes a t  a  considerab le  
velocity , w hile  cold a ir  co n tin u o u sly  flows in , 
cooling th e  m e ta l from  th e  in te r io r . T he m eta l 
solidified on th e  in n e r  su rface  can n o t, of course, 
p a r tic ip a te  wholly in  th e  re d u c tio n  in  volum e 
w hich occurs u p o n  th e  com ple te  cooling of th e  
cas tin g . T he consequence is t h a t  th e  m eta l 
c racks. T he e n tra n c e  of cooler a ir  n a tu ra lly  
exercises a s tro n g  o x id is in g  ac tio n  on th e  
m a te ria l,  p a r tic u la r ly  a t  th e  fissured places.



The new  sm all fissures w hich  a re  c o n tin u a lly  
be ing  fo rm ed  a re  im m ed ia te ly  ox id ised .

T he O sn ab ru ck er K u p fe rw e rk  e lim in a te s  th ese  
h a rm fu l  effects34 by p ro v id in g  a c u r ta in  of h o t 
gas in  f i 'o n t of th e  a p e r tu re  of th e  m ould . T his 
c u r ta in  of h o t gas p re v en ts  th e  escape of h o t a ir  
from  th e  m ould  a n d  co rre sp o n d in g  e n tra n c e  of

p ipes p ro d u ced  in  th is  w ay have  a  p e rfec tly  
sm ooth , m eta llica lly  c lean  in n e r  su rfa ce  w ith o u t 
ap p rec ia b le  o x id a tio n .

T h e  S c h w ie tz k e  Process
T he firm  of I .G . S chw ie tzke, of D üsseldorf, 

ad o p te d  th e  m a n u fa c tu re  of c e n tr ifu g a l  cas tin g s

F i g . 1 2 .— C e n t r i f u g a l l y - C a s t  P i p e s  b y  t h e  O s n a b r u c k e r  
K u p f e r w e r k , 1 0 ,0 5 0  m m . L o n g , a n d  2 5  m m . W a l l  T h i c k n e s s .

F i g .  13.— C e n t r i f u g a l  C a s t i n g  w i t h  C a s t - o n  F l a n g e  ( O s n a b r u c k e r  
K u p f e r w e r k ) ,  3 ,6 2 0  m m . L o n g ,  a n d  1,500 m m . E x t e r n a l  D i a m e t e r .

cold a ir  in to  th e  m ould , a n d  d isplaces a ll th e  
oxygen  of th e  a ir ,  so t h a t ,  even if  gases a re  
d raw n  in to  th e  m ould , only n e u tra l  or re d u c in g  
gases come in to  c o n ta c t w ith  th e  m eta l, an d  on 
a cco u n t of th e ir  h ig h  te m p e ra tu re ,  th ese  gases 
do n o t p ro d u ce  an y  u n d e sirab le  ch illin g . The

ea rly  in  1930,35 th e  B ried e -d e  L a v a u d  system  
be in g  em ployed. F o r  e n su r in g  u n ifo rm ly  good 
p ro p e rtie s  in  th e  c e n tr ifu g a lly -c a s t p ro d u c ts , i t  
is co n sid ered  t h a t  u n ifo rm  cooling  cond itions 
a re  e ssen tia l, a n d  in te n se ly  w a ter-coo led  m oulds 
a re  th e re fo re  em ployed. T he c a s tin g  process



corresponds to  th e  c a s tin g  of sew er p ipes. The 
ca s tin g  m ach ine  is m ovable by m eans of a 
m echanical c o n triv an ce . T he q u a n ti ty  of m eta l 
co rresp o n d in g  e x ac tly  to  th e  w e ig h t of th e  p ipe  
to  be cas t is ru n  in to  th e  t i l t in g  lad le  a n d  from  
th e  l a t t e r  i t  is p o u red  th ro u g h  th e  p o u rin g  
sp o u t in to  th e  m ould . A t th e  in s ta n t  th e  issu in g  
m eta l comes in to  c o n ta c t w ith  th e  w all of th e  
m ould, th e  m ach ine  c a r ry in g  th e  m ould  is se t in  
m ovem ent. The s tre a m  of m eta l is now ap p lied  
helically  to  th e  m ould , b e in g  p ressed  u n ifo rm ly  
ag a in s t th e  in n e r  su rfa ce  of th e  l a t t e r  by  th e  
c e n tr ifu g a l fo rce  a n d  th u s  fo rm in g  th e  p ipe. 
A p p aren tly , th e  helical a p p lic a tio n  of th e  m eta l 
e lim inates th e  above-m en tioned  difficulties con
nected  w ith  “ sp la sh in g .”

The p rov isional m a n u fa c tu r in g  in s ta lla tio n s  of 
I.G . Schw ietzke p e rm it  th e  p ro d u c tio n  of pipes 
h av in g  e x te rn a l d iam e te rs  of 50 to  160 m m . w ith  
in te rn a l  d iam e te rs  of a t  le a s t 30 to  50 m m . in  
leng ths of 1 to  1.25 m etres , a n d  p ip es w ith  ex
te rn a l  d iam e te rs  150 to  270 m m . an d  w all th ic k 
nesses up  to  60 m m . in  len g th s  of 3 m etres . 
Special m achines a re  a c tu a lly  p ro v id ed  fo r  th e  
c en tr ifu g a l c a s tin g  of worm  wheels an d  sp u r 
wheels. I n  th ese  m achines, r in g s  of u p  to  540 
mm. e x te rn a l d ia m e te r  an d  h e ig h ts  of up  to  
200 m m. can  be m ade. T he follow ing m a te ria ls  
are  being  cas t successfu lly  by th e  c e n tr ifu g a l 
p ro cess :— C opper, b ronze, red  b rass, b rass, 
special b rass, n ickel b ronze, a lu m in iu m  b ronze, 
Monel m eta l, S ilu m in  an d  o th e r  alloys.

In  a d d itio n  to  ten s ile  s t re n g th , hard n ess , 
e longation , soundness and  u n ifo rm ity , re sis tan ce  
to  w ear an d  th e  b e a r in g  an d  ru n n in g  p ro p e rtie s  
of a m a te ria l a re  of considerab le  im p o rtan ce  in 
m any  fields o f a p p lic a tio n . C e n tr ifu g a l cas tin g s 
m ade in  cooled m oulds possess these  p ro p e rtie s  to  
such a  deg ree  t h a t  th is  process m u s t be con
sidered  as b e in g  of re v o lu tio n a ry  sign ificance in 
connection  w ith  th e  p ro d u c tio n  of p la in  b e a r
ings. W ear te s ts  c a r r ie d  o u t in  th e  K a ise r-  
W ilhelm  I n s t i tu te  in  D üsse ldo rf showed t h a t  
cen trifu g a lly  c a s t red  b rass  5 h as a p p ro x im ate ly  
th ree  tim es th e  re sis tan ce  to  w ear of san d -cast 
red  brass 5.

V e r t ic a l C e n tr ifu g a l C asting

(For rings, plates, double-walled tubular bodies, etc.)

The firm  of H u n d t  & W eber, of Geisweid, have 
m ade a sp ec ia lity  of c e n tr ifu g a l  c a s tin g  w ith  a 
v e rtica l ax is  of ro ta t io n  an d  hav e  developed 
th e ir  own c e n tr ifu g a l  m ach ines fo r  v e r tic a l c a s t
in g .4 55 In  c e n tr ifu g a l  c a s tin g  w ith  v e r tic a l 
ax is of ro ta t io n , th e  m o lten  m eta l is  p oured  
d irec tly  in to  th e  ro ta t in g  m ould . I t  th e n  
ascends, b e in g  d r iv en  u p  by th e  c e n tr ifu g a l 
force. A u n ifo rm ly  th ic k  p ipe, how ever, is n o t 
form ed, b u t  th e  w all th ick n ess d im in ishes u p 
w ard ly  in  th e  fo rm  of a  p a rab o la . T he in n e r

sh ap e  o f th e  c a s tin g  is th e re fo re  fo rm ed by a 
parab o lo id  of rev o lu tio n . T his is  s teep e r, th e  
h ig h e r  th e  p e r ip h e ra l speed. C a lcu la tio n s of th e  
speed necessary  fo r  v e r tic a l c e n tr ifu g a l c a s tin g  
m oulds w ere g iv en  as long ago as 1898 by E . 
L ew icki, as m en tio n ed  e a r lie r  in  th is  P a p e r . '

I n  v e r tic a l c e n tr ifu g a l  c a s tin g , g ra v ity  acts 
a g a in s t  th e  a scen t of th e  m eta l, a n d  as com pared  
w ith  h o rizo n ta l c e n tr ifu g a l c as tin g , a h ig h er 
c e n tr ifu g a l  p re ssu re  an d  hence also a  h ig h e r 
speed a re  necessary . V e rtic a l c e n tr ifu g a l c a s t
ing  is th e re fo re  g en era lly  em ployed fo r cas tin g s 
of sm all h e ig h t re la tiv e ly  to  th e ir  d iam e te r , for 
in s tan c e  th e  rim s of w orm -wheels, s p u r  wheels 
a n d  bevel wheels.

F i g . 14.— C e n t r i f u g a l l y -C a s t  T u y e r e , 
b y  H u n d t  &  W e b e r , G e i s w e i d .

An exce llen t ap p lic a tio n  of v e rtica l c e n tr i
fuga l c a s tin g  is  th e  process developed by th e  
firm of H u n d t  & W eber fo r  th e  p ro d u c tio n  of 
double-w alled tu b u la r  b o d ie s ,'7 m ore  p a r tic u la r ly  
b las t-fu rn ace  tu y e re s  (F ig . 14). These a re  
conical tu b u la r  bodies w ith  double, closed side 
walls, th ro u g h  w hich  cooling w a te r  is passed 
w hen in  use  fo r  p ro te c tin g  th e  tu y e re s  a g a in s t 
th e  a t ta c k  of th e  h o t b la s t-fu rn a ce  gases. 
F o rm erly , th ese  h ig h ly -stressed  e lem en ts w ere 
m ade  by fo rg in g  from  e lec tro ly tic  cop p er. P ro 
d u c tio n  is  m uch  q u ick e r to -d ay  in  h e ig h ts  of up  
to  1,000 m m . a n d  in d iv id u a l w e igh ts of u p  to  
300 k ilog ram s. I n  ad d itio n , i t  is s ta te d  t h a t  
th e  m ech an ica l p ro p e rtie s  a tta in e d  in  c e n tr i
fu g a l c a s tin g  a re  su b s ta n tia lly  b e t te r  th a n  those 
a tta in e d  by fo rg in g .
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I n  re c e n t  y e a rs , a n  e x tra o rd in a r i ly  la rg e  n u m 
ber o f p a te n ts  h a v e  been g ra n te d  fo r  c e n tr ifu g a l  
c a s tin g , a n d  to  d iscu ss th e m  w ould be to  go f a r  
beyond th e  scope of th is  P a p e r .  R e fe re n ce  m ay  
be m ade , how ever, to  a f u r th e r  process of th e  
firm  of H u n d t  & W eb e r38 fo r th e  p ro d u c tio n  of 
hollow cy lin d e rs  h a v in g  in te rn a l  an d  e x te rn a l 
flanges, a s  well a s  bodies of an y  sh ap e  by  c e n tr i 
fu g a l c a s tin g . T he process, w hich, of course , also 
co n cerns th e  c e n tr ifu g a l  c a s tin g  of iro n  an d  
stee l, a lth o u g h  u p  to  th e  p re se n t i t  h a s  only

c as tin g . C ooling of th e  c a s tin g s  p rogressively  
fro m  th e  o u ts id e  to  th e  in te r io r  on ly  occurs in 
th e  case  of t r u e  c e n tr ifu g a l  c a s tin g . In  th e  case 
of profiled c e n tr ifu g a l  c a s tin g s , w here  cooling 
m u s t occur in  d iffe re n t d irec tio n s , th e  re su ltin g  
sh r in k a g e , c a v ity  fo rm a tio n  a n d  p o ro sity  m ake 
th e i r  a p p ea ran c e . T he re a l pu rp o se  of c e n tr i
fu g a l c a s tin g , nam ely , th e  ab so lu te  g u a ra n te e  of 
soundness a n d  freedom  from  cav itie s  is, how
ever, n o t a t ta in e d  in  profiled  c e n tr ifu g a l  cas tin g . 
T he c e n tr ifu g a l  c a s tin g  o f b ille ts  o r  b a rs  (F ig . 
16) in  san d  m oulds w ith  c e n tra l  p o u rin g  g a te  
m ay  p roduce  good, so u n d  c a s tin g s , b u t  th is  can 
also be  d one  in  sim ple  m e ta l m oulds w hich also 
e n su re  a  b e t te r  y ie ld . I f  com p lica ted  m oulds 
w ith  cores a re  u sed , i t  is to  be expec ted  th a t  
bo th  th e  m ould  a n d  also th e  cores w ill be 
d am ag ed  an d  th e  consequence will be m uch 
w aste.

F i g . 1 5 .— P r o c e s s  f o r  M a n u f a c t u r e  
o f  H o l l o w  C y l i n d e r s  w i t h  
I n n e r  F l a n g e s . G e r m a n

P a t e n t  5 7 8 ,9 2 8 .

been used  fo r c a s tin g  n o n -fe rro u s  m eta ls , in  th e  
p ro d u c tio n  of hollow cy lin d ers  h a v in g  in te rn a l  
flanges, em ploys a core fo r fo rm in g  th e  in n e r  
su rfa ce  of th e  c a s tin g  (F ig . 15).

T his m ethod  of c e n tr ifu g a l c a s tin g , as well as 
c e n tr ifu g a l  c a s tin g  in  m ould  boxes, w here  th e  
in n e r  su rfaces  of th e  cas tin g s  a re  n o t fo rm ed  by 
c e n tr ifu g a l  fo rce  a lone an d  th e  speeds em ployed 
a re  low, c a n n o t be  re g a rd e d  as t r u e  c e n tr ifu g a l

F i g . 1 6 .— C e n t r i f u g a l  C a s t i n g  
o f  B i l l e t s  o r  B a r s ,  a c c o r d 
i n g  t o  G e r m a n  P a t e n t  
578,928.

T he p ro d u c tio n  of b lan k s  in  th e  fo rm  of p lates 
o r  r in g s  of n o n -fe rro u s  m eta ls  by  c e n tr ifu g a l 
c a s tin g  is a co n sid e rab le  field of a p p lic a tio n  for 
th is  process. F o r  ex am p le, m e ta l w ire  p la tes 
a re  m ad e  in  d im en sio n s of a b o u t 450 mm. 
d ia m e te r  an d  20 to  40 m m . th ic k n e ss  (G. S ch m ad t 
& C om pany, L e tm a th e ) . T h e  m e ta l is poured 
slowly in to  th e  m ould  a n d  is su d d en ly  chilled, 
p ro d u c in g  a  fin e-g ra in ed  s t ru c tu re .  T he p la te  
is a n n ea le d  a n d  fo rm ed  in to  w ire s .39 Besides 
th ese  th ic k  p la te s  o r  slabs, th in  p la te s  a re  also 
c a s t  w ith  a th ic k n e ss  of on ly  8 m m . an d  a 
d ia m e te r  of 700 m m .40 T h e  c a s tin g  of th ese  th in  
p la te s  e lim in a te s  a n n e a lin g  an d  ro llin g  w ork.

I t  is n ow adays possible, w ith o u t  d ifficu lty , to  
c a s t  c e n tr ifu g a lly  r in g s , fo r  exam p le , fo r  worm 
r in g s , w eig h in g  4 to  5 to n s , s a tis fa c to r ily  in 
a lu m in iu m  b ronze. To c a s t such a la rg e  worm 
r in g  in  san d , i t  w ould be necessa ry  to  employ
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a  m e t a l  c h a r g e  o f  a b o u t  1 0  t o n s  a n d  t o  e l i m i n a t e  
s h r in k a g e  e f f e c t s  b y  m e a n s  o f  e x t e n s i v e  r i s e r s .  
T h e  c e n t r i f u g a l l y  c a s t  r i n g  i s  s a t i s f a c t o r i l y  
s o u n d  a n d ,  in  a d d i t i o n ,  h a s  a  h i g h  t e n s i l e  
s t r e n g t h . 41

C astin g  and L in in g  o f B earings

B ronzes a n d  red  b rasses c e n tr ifu g a lly  c a s t  in  
tu b u la r  fo rm  in cooled m oulds fo rm  exce llen t 
b earin g  m eta ls . A n exam ple  of th e  ad v an tag eo u s  
ap p lica tio n  of l iq u a tio n  phenom ena is o b ta in ed  
in  th e  c e n tr ifu g a l  c a s tin g  of b e a rin g  m e ta l on 
a lead  basis. T he h a rd , specifically  l ig h te r  zinc 
c ry sta ls  a re  fo rced  on to  th e  in n e r  su rface , and  
as su p p o rtin g  e lem en ts a re  em bedded in  th e  lead. 
The b e a r in g  p ro p e rtie s  o f a  b e a rin g  m ade  in 
such a  w ay, a n d  h ence  i ts  life , a re  considerab ly  
increased . I n  p ra c tic e , such b e a rin g s  have  been 
cas t c e n tr ifu g a lly  in  w e ig h ts of u p  to  500 kilo
gram s an d  have  g iv en  ex ce llen t se rv ice .43

The lin in g  of b e a rin g s  by c e n tr ifu g a l  c as tin g  
has now adays become c u sto m ary  in  m ost fac to rie s  
em ploying th e  m ass p ro d u c tio n  of b ea rin g s, such 
as, fo r exam ple, in  m o to r-ca r fac to rie s . F u n d a 
m en ta lly , th e  processes resem ble th e  c e n tr ifu g a l 
cas tin g  processes described . N u m ero u s m achines 
have been c o n stru c ted  fo r th is  pu rp o se  a n d  th ey  
a re  c o n tin u a lly  be in g  im proved  w ith  th e  o b jec t 
of re n d erin g  a u to m a tic  th e  o p e ra tio n s  of h e a tin g  
th e  b earin g s, c lean in g  th e  su rfaces, ap p ly in g  a 
flux and  p o u rin g  in th e  m e ta l to  th e  exclusion  of 
all ox id ising  influences, so t h a t  th e  l in in g  of th e  
b earings can  proceed on th e  tra v e llin g  ban d .
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D IS C U S S IO N

O pening  th e  D iscussion , th e  C h a i r m a n  (M ajo r 
R . M iles) asked  if M r. G eisler would confirm  th e  
len g th s an d  d iam e te rs  of th e  la rg e s t cas t-iro n  
p ip e s  m ade i n  G erm any.

M it .  W . A . G e i s l e r  s a id  t h e  l a r g e s t  i r o n  p ip e  
in  G e r m a n y  c a s t  c e n t r i f u g a l l y  h a d  t h e  s t a n d a r d  
l e n g t h  o f  5 m e t r e s  a n d  a d i a m e t e r  o f  500 m m.

In fluence o f Speed o f R o ta tio n

M r . M a l c o l m  B r o w n , a f te r  com plim en ting  
M r. G eisler on his P a p e r , re fe rre d  to  th e  speed 
of ro ta tio n . I f  ro ta te d  too slowly, M r. G eisler 
sa id , th e  in n e r  su rfaces of th e  cas tings w ere 
rough , th e  cross-section was ir re g u la r , an d  th e  
cas tin g s w ere o f ten  p e rm eated  w ith  blow
holes. I t  was in te re s tin g  to  h e a r  of c en trifu g a l 
c as tin g s e x h ib itin g  blowholes. W as th e re  a 
reason  fo r  t h a t  w hich th e  a u th o r  could g ive?

L a te r  in  th e  P a p e r  th e  in tro d u c tio n  of a 
c u r ta in  of h o t gas to  p re v en t th e  fo rm a tio n  of 
o x id a tio n  cracks in  th e  finished ca s tin g  was 
m en tioned . H a d  th e  a u th o r  any experience  of 
p o u rin g  in  finely g ro u n d  charcoal to  g e n e ra te  a 
carbonaceous a tm o sp h ere  a f te r  cas tin g , an d  th u s  
p re v en t th e  cold a ir  e n te r in g  th e  ro to r  d u rin g  
cooling ?

R e p ly in g  to  th is  questio n , M r . G e i s l e r  in v ite d  
h is h e a re rs  to  s t a r t  c e n tr ifu g a l cas tin g . They 
w ould find t h a t  th e  f irs t th in g  th ey  w ould p ro 
duce w ould be, n o t dense  cas tin g s b u t  som eth ing  
like  G ru y ere  cheese— fu ll of blowholes. I n  c e n tr i
fu g a l c a s tin g  th ey  used m ain ly  steel or cast- 
iron  m oulds. I n  sand  m oulds th e  gases alw ays 
h ad  a n  o p p o r tu n ity  of leav in g  th e  iro n  th ro u g h  
th e  sand . I n  a n  iro n  m ould  i t  was n o t so easy  
to  g e t  r id  of th e  gases because th ey  h ad  to  pass 
th ro u g h  th e  liq u id  m eta l.

I f  th e  speed of ro ta t io n  w as too  slow w hen 
th ey  w ere ca s tin g , th e  iro n  would n o t rem a in  
on th e  o u ts id e  of th e  m ould , b u t  w ould c o n tra c t



in w a rd s  on itse lf , an d  th e y  w ould g e t  a  lam i
n a te d  s t ru c tu re  in  th e  fin ished c a s tin g . On th e  
o th e r  h a n d , if  th e  speed w as too  h ig h , th e n  th e y  
m ig h t ap p ly  too  m u ch  p re ssu re . T h en  th e  c a s t
in g  could  n o t  c o n tra c t  a n d  th e  c e n tr ifu g a l  force 
would b re ak  i t  w hile  i t  w as in  th e  so f t  s ta te .  
I t  w as im p o r ta n t  a lw ays to  have  th e  c o rre c t 
speed, w hich  cou ld  ve ry  easily  be d e te rm in e d  
e x p e rim e n ta lly .

R e fe r r in g  to  ch arco al in  o rd e r to  g e t  a sm ooth  
o u tsid e  su rface , fo r o rd in a ry  cas tin g s , such as 
cy lin d e r lin e rs , i t  w as v e ry  im p o r ta n t  to  g e t  th e  
c o rre c t k in d  of ch arco al or g ra p h ite  to  g e t a 
sm ooth  su rface . I f  th e re  w as n one  used , th ey  
w ould a lw ays g e t  blowholes. I t  seem ed th a t  
ch arco al w ould ta k e  c a re  of some of th e  gas, 
or a t  an y  r a te  lead  i t  aw ay  from  th e  in sid e  of 
th e  m ould .

M anganese in A u s te n it ic  Iro n s
M r. T .  R . T w i g g e r  asked , co n cern in g  a n  a u s

te n i t ic  iro n  w ith  only 5 p e r cen t, n icke l a n d  no 
ad d ed  co p p er m en tio n ed  in  th e  P a p e r ,  how i t  
could  be a u s te n itic . W as th e re  n o t an  ap p rec iab le  
am o u n t of some o th e r  e lem en t, such  as m an 
g an ese?  A n i l lu s tra tio n  w as g iv en  of a  la rg e  
ro ll m ad e  c e n tr ifu g a lly  an d  w hich ro ta te d  a t  800 
r .p .m . F ro m  a ro u g h  ca lcu la tio n  th e  w e igh t 
a p p e a re d  to  be a t  le a s t  tw o to n s, to  say  n o th in g  
of th e  w e ig h t of th e  m ould . T h a t  w as r a th e r  a 
la rg e  lum p  to  s t a r t  r o ta t in g  a t  800 r .p .m . even 
th o u g h , as w as m en tio n ed , th e  speed was la te r  
reduced  as th e  core m e ta l w as p o u red  in . W ere  
such c a s tin g s  m ade  c e n tr ifu g a lly  on a p ro d u c tio n  
scale ?

W ith  re g a rd  to  m oulds lin ed  w ith  co p p er fo r 
n o n -fe rro u s  w ork  i t  w ould be in te re s t in g  to  
know  if  M r. G eisler h a d  t r ie d  t h a t  fo r c a s t irons, 
a n d  if  an y  success h a d  been o b ta in e d ; fo r ex 
am ple, w ould co p p er-lined  m oulds m in im ise  th e  
d ifficulty  of k eep in g  th e  c a s tin g  free  fro m  th e  
blowholes w hich  h a d  a lre ad y  b een  m en tio n ed , 
a n d  w ould th e  m oulds be m ore d u ra b le ?

C o p p e r-L in e d  M oulds
M r . G e i s l e r  sa id  th e y  h a d  to  use  m an g an ese  

to  rep lace  th e  cop p er in  th e i r  c a s t iro n  a n d  th e  
n icke l c o n te n t w as ab o u t 5 p e r  cen t. N ickel 
was scarce  in  G erm any  a n d  th e y  m ade  up  fo r 
i t  w ith  12 p e r cen t, m an g an ese . T hey  m ade , 
in  t h a t  w ay, a  v e ry  good a u s te n it ic  iro n , which 
w as a  v ery  m uch  ch eap er iro n  th a n  one w ith  
12 to  14 p e r  cen t, n ickel a n d  5 to  6 p e r cen t, 
copper.

As to  th e  rolls, i t  w as a  fa c t  t h a t  th ey  w en t 
to  2 to n s  in  w e ig h t. V ery  o f te n  th e y  h a d  gone 
u p  to  15 to n s  a n d  m o re ; i t  was only a m a t te r  
of b u ild in g  th e  m ach in ery  sufficiently  heavy .

W ith  re fe re n ce  to  m oulds lin ed  w ith  copper, 
t h a t  only  a p p lied  to  n o n -fe rro u s  w ork . No

a tte m p t  h a d  been m ade  to  use cop p er in  cas t-iro n  
m oulds since  th e re  seem ed to  be no necessity  for 
i t .  T hey  used  o rd in a ry  b lac k in g  a n d  secu red  a 
very  sm ooth  c a s tin g  w ith o u t p in h o les or o th e r 
d e le te rio u s  d e fec t. A c tu a lly  th e y  ach ieved  a 
sm ooth  su rface .

T u y e re  Castings
M r. J .  B l a k i s t o n  asked  a b o u t th e  advances 

t h a t  had  been m ad e  in  th e  c e n tr ifu g a l  c as tin g  
of copper, p a r tic u la r ly  in  re fe re n ce  to  th e  
tu y e re s  a n d  coolers. They h a d  to  be c a s t from  
a m e ta l w hich  h a d - to  be as n e a r  100 p e r cen t, 
p u r i ty  as possible on acc o u n t of th e  c o n d u c tiv ity  
p ro p e rtie s  w hich  w ere re q u ire d  of th em . C ast 
co p p er, w hen p assin g  th ro u g h  its  free z in g  ran g e , 
was v ery  f r iab le , a n d , on a cco u n t of th is , p re 
se n ted  co n sid erab le  d ifficu lties to  o b ta in  a sound 
cas tin g . H e  w ondered  if  th e  a u th o r  could en
lig h te n  h im  a t  a ll as to  w h e th e r  th e  c e n tr ifu g a l 
c a s tin g  of co p p er h a d  becom e a d e fin ite  com
m erc ia l p ro p o sitio n  a n d  was b e in g  ad o p te d  w here 
ap p licab le .

M r . G e i s l e r  sa id  tu y e re s  used  to  be m ade  by 
fo rg in g  fo r th ey  h a d  to  be v ery  dense. They 
w ere now be in g  m ad e  by th e  c e n tr ifu g a l  process 
as a m a t te r  of e v e ry d a y ' p ro d u c tio n  a n d  th ey  
w ere a t  le a s t  as good as th e  fo rg ed  ones, and 
v ery  m uch  c h eap er. T he fo rg in g  p la n t  h a d  been 
sc rap p ed . T h a t  w as a  re a l  dev elo p m en t.

On th is  p o in t th e  C h a i r m a n  (M a jo r M iles) 
m en tio n ed  t h a t  some tim e  ago h is firm  h ad  pro
duced  in  th is  c o u n try  co p p er tu y e re s  by th e  
c e n tr ifu g a l  c a s tin g  process m en tio n ed  in  th e  
P a p e r ,  b u t  th e  d ifficu lty  w as t h a t  one h ad  to  
have  c o n tin u o u s  p ro d u c tio n . I n  th is  co u n try  
th e  dem an d  had  n o t been  fo u n d  suffic ien t to  keep 
such  a p la n t  go ing .

B lo w h o le s  in  C e n tr ifu g a l C asting s
M r . S . E . D a w s o n  su g g ested  t h a t  blowholes 

in  cas tin g s  w ere d u e  to  a chem ica l re ac tio n  be
tw een  th e  g ra p h ite  in  th e  iro n  a n d  a n  oxide. 
T his w as su p p o rte d  by th e  f a c t  t h a t  if  a m ould 
was co a ted  w ith  au  easily  red u cib le  ox ide  such 
as lead  ox ide, a la rg e  n u m b er of blowholes were 
p roduced  a n d  a d ep o sit of lead  p e lle ts  resu lted . 
D issolved gases w hich m ay  be sev era l tim es  th e  
volum e of m o lten  iro n  w ere  e lim in a te d  by the  
c e n tr ifu g a l  a c tio n  a t  an  e a rly  s ta g e , b u t gases 
p roduced  on th e  o u ts id e  of th e  c a s tin g  m ay be 
tra p p e d  if  fo rm ed  a f te r  th e  m e ta l solidified.

W ith  re g a rd  to  th e  q u estio n  of a u s te n it ic  cast 
iron  ra ised  by  M r. T w ig g er, i t  w as necessary  t-o 
have  a  m an g an ese  e q u iv a le n t of ab o u t 12 per 
c e n t.,  o b ta in a b le  by th e  use p a r t ly  of m anganese  
itse lf  to g e th e r  w ith  suffic ien t n ick e l to  produce 
su ita b le  so ftness. I n  stee l w here  re la tiv e ly  l i t t le  
carb o n  w as p re se n t, th e  e q u iv a le n t m an g an ese  re
q u ired  to  r e ta in  th e  a u s te n it ic  c o n d itio n  was 
a b o u t 16 p er c en t. C o pper w hich  h a rd e n e d  cast 
iro n  could  be used  in  p lace  of n ick e l to  a  lim ited



am oun t, say 5 p e r cen t, m ax im u m . T his was 
th e  basis of h is o r ig in a l p a te n t  fo r non-m ag- 
netic  cas t iro n  ta k e n  o u t in  1920.

M r. G e i s l e r  sa id  th e  causes of p inholes a n d  
blowholes w ere so n u m erous t h a t  th ey  could ta lk  
abou t th em  fo r hours. As to  th e  a u s te n itic  iro n , 
i t  was a fa c t t h a t  w ith  a b o u t 3 p er cen t, carbon  
in iron  fro m  12 to  14 p e r cen t, m an g an ese  was 
needed to  g o t th e  d esired  re su lt.

M r. D a w s o n  fu r th e r  am plified  h is p o in t ab o u t 
blowholes by say in g  t h a t  th e  a m o u n t of gas 
dissolved in  cas t iro n  w as very  g r e a t ; one could 
have foui- or five tim es  th e  volum e of gas to  
th a t  of th e  m eta l dissolved in  i t .  I f  blow
holes w ere d u e  to  t h a t  gas th ey  would n ev er be 
able to  c a s t a p ipe. T he gas in  so lu tio n , he 
claim ed, was e lim in a ted  by th e  c e n tr ifu g a l p ro 
cess, an d  th e  fo rm atio n  of blowholes was due to  
th e  chem ical re ac tio n  he h ad  m en tio n ed .

Speed p layed an  im p o r ta n t  p a r t ,  an d  th e  in 
creased speed to  which re fe ren ce  h a d  been m ade 
gave a  th in n e r  lay e r of m e ta l w hich se t  q u icker, 
and, th e re fo re , ten d e d  to  cause  blowholes from  
th e  fa c t  t h a t  th e  m eta l s e t t in g  tra p p e d  th e  
chem ically-produced gases, an d  gave th em  less 
chance of being  b ro u g h t to  th e  inside.

M ould  D ressings and B lo w h o le  E lim in a tio n
M r. F . C. P e a r c e , sp eak in g  on th e  sam e su b 

jec t, suggested  M r. D aw son’s co n ten tio n  could

he d isp roved . One could alw ays g e t r id  of blow
holes by m ak in g  th e  ca s tin g  th ic k e r. M r. G eisler 
had  le f t  speeds w here  th e y  were— he un d ersto o d  
th e  b e s t 'sp e e d  was s ti ll  a b o u t 1,800 f t .  a m in .— 
an d  he also le f t  d ressings w here th ey  w ere. H ad  
he no in fo rm a tio n  ab o u t b e tte r  dressings, 
ch eap er a n d  eas ie r to  ap p ly ?  W h a t w as th e  
h ig h e s t speed he  h ad  user] ? W h a t also was th e  
m in im u m  section  th ick n ess of cy lin d er lin e rs  in 
G erm any, an d  w h a t w as th e  m in im um  phos
phorus c o n te n t of th e  c a s tin g  which should  be 
n o t m ore th a n  0.3 in . in  section  th ick n ess?

M r . G e i s l e r  rep lied  t h a t  th e  ch ea p es t co a t
in g  th ey  h a d  w as o rd in a ry  b lack ing , and  th a t  
w orked v ery  nicely. As a  m a t te r  of fa c t i t  was 
n o t necessary  to  ap p ly  a c o a tin g  a f te r  every 
ca s tin g , since th e re  was alw ays some m a te ria l  
le f t  w hen th e  m ould w as s tr ip p ed . As g ra p h ite  
was ve ry  cheap an d  sa tis fa c to ry  th ey  h a d  n o t 
tro u b led  to  t r y  a n y th in g  else.

As to  e lim in a tin g  blowholes by m ak in g  cas tin g s 
th ic k e r, t h a t  w as possibly th e  case, h u t cus
tom ers would n o t alw ays be satisfied  w ith  such a 
rem edy. They d id  n o t w a n t cas tin g s  h eav ie r 
th a n  th ey  need  he. The th in n e s t  c as tin g s  m ade 
h ad  been  from  -fc in . to  \  in . th ick , and  th ey  had  
m ade iro n  cas tin g s, to  be h a rd en e d  subsequen tly  
by th e  n itro g e n  process, w ith  below 0.1 p er cen t, 
of phosphorus.
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M a rte n s it ic  w h ite  c a s t iro n  is w idely used in  
a p p lica tio n s in v o lv in g  re s is tan c e  to  ab rasio n , 
p a r ticu la r ly  in  such severe  serv ice  as in  g r in d in g  
and  cru sh in g  e q u ip m e n t o r fo r p a r ts  of p la n t  
h an d lin g  ab rasiv e  solids. C ast irons of th is  ty p e  
have fo u n d  w ide a p p lic a tio n  in  th e  m in in g  an d  
m eta llu rg ica l in d u s tr ie s  a n d  in  public  u t i l i ty  
com panies, o ffering  m ark ed  increases in  serv ice 
in  n early  a ll cases w here  a p la in  w h ite  o r chilled  
iro n  was prev iously  used . These ap p lica tio n s  
cover a  w ide v a r ie ty  of cas tin g s, from  sm all 
p a r ts  such as S an d slin g er cups up to  cas tin g s 
w eighing sev era l to n s, such as ro lls fo r m e ta l
w orking or fo r c ru sh in g  a p p lica tio n s .

The q u estio n  of a lloyed ch illed  c a s t iro n  is an  
ex trem ely  w ide one. C h a ra c te r is tic s  of some of 
the  alloyed iro n s fo r chilled  cas tin g s  such as rolls 
have a lread y  been discussed.* I n  th e  p re sen t 
P ap e r, how ever, a t te n tio n  is g iven  r a th e r  to  th e  
sm aller ty p es of c a s tin g s  w hich  w ould be m ade 
in a  sand  m ould  a n d  w hich a re  of such section  
th a t  th ey  would cool qu ick ly  to  room  te m p e ra 
tu re .

In  th e  case of ch illed  rolls, i t  is necessary  
t h a t  th e  d e p th  of ch ill should  be c a re fu lly  con
tro lled , and  to  effect th is  a b a lan ce  m u s t be 
m ain ta in ed  betw een  e lem en ts p ro m o tin g  th e  
fo rm ation  of g ra p h ite  a n d  th ose  fo rm in g  stab le  
carbides. The m a r te n s i tic  w h ite  c a s t iro n  know n 
as N i-H a rd  u su a lly  c o n ta in s , fo r  roll p ro d u c tio n , 
ab o u t 3 p e r cen t, carbon , 4^ p e r cen t, n ickel, 
and  1 to  1 |  p e r cen t, ch rom ium , d e p en d in g  on 
th e  silicon c o n ten t.

C hilling  is ap p lied  m ain ly  fo r  th e  pu rp o se  of 
developing a w h ite  iro n  s t ru c tu re  a t  le a s t fo r 
p a r t  of th e  section  th ick n ess of heav y  cas tin g s, 
w here n o rm ally , d u e  to  th e  slow cooling of such 
castings, i t  would be im possible o r d ifficult to  
ob ta in  th e  w h ite  iro n  s t ru c tu re .  S an d  cas tin g , 
however, m ay  successfu lly  be em ployed fo r l ig h te r  
cas tings in  w h ite  iro n . D ue  to  th e  m ore ra p id  
cooling of such cas tin g s, c e r ta in  changes in  th e  
alloy c o n te n t m ay  be d esirab le  to  o b ta in  th e  b est 
resu lts . F u r th e rm o re , i t  is n o t necessary  to  
m a in ta in  th e  s t r ic t  ba lan ce  betw een  g ra p h it is in g  
and  c a rb id e -fo rm in g  e lem en ts in  th e  case of sand  
c as tin g s, as th ese  a re  m ere ly  re q u ire d  to  solid ify

* W . T. Griffiths. “  The Production  o f Specially-Hard Cast 
Irons by  Alloying and H eat-T reatm ent.” Proc. In s t. B rit. 
F oundrym en, 1933-34. Vol. X X V II, pp. 563-587.
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w ith  a s t ru c tu re  as com plete ly  w h ite  as possible. 
T he pu rp o se  of th e  p re se n t P a p e r  is to  deal w ith  
th e  c h a ra c te ris tic s  of w h ite  iro n  san d  cas tin g s in  
o rd e r to  o b ta in  a  c le a re r  p ic tu re  of th e  fac to rs  
g o v ern in g  th e  choice of c o rre c t com position .

F ig . 1 shows th e  m ic ro s tru c tu re  of an  u n 
alloyed w h ite  c a s t  iro n  ; i t  is seen to  consist of 
tw o m ajo r c o n s titu e n ts , iron  carb id e  o r cem en tite  
show ing as th e  l ig h t  com ponen t an d  th e  dup lex  
c o n s titu e n t— p e a rlite . T he carb id e  is of course 
h a rd , w hereas th e  p e a r lite  is co m p ara tiv e ly  soft. 
The h a rd n ess  of th e  final c a s tin g  can  be ra ised  
by in c reas in g  th e  carb o n  c o n te n t of th e  iron , th u s  
in c reas in g  th e  p ro p o rtio n  of th e  h a rd  carb id e . 
I n  p rac tice , such a n  increase  c an n o t be ca rried  
very  fa r ,  as th e  carb id e  te n d s  to  be b r i t t le  and  
th e  p ro p e rtie s  of th e  iron  suffer accord ing ly . 
N or is i t  possible to  a lte r  th e  h a rd n ess  of th e  
carb id e  very  g re a tly  by m eans of alloy add itio n s. 
I n  o rd e r to  ra is e  th e  h a rd n ess of th e  whole m ass 
and  th e re b y  to  secure th e  m ax im um  re sis tan ce  to 
ab rasio n , a t te n tio n  m u s t be c o n ce n tra ted  on th e  
p e a r lite  c o n s titu e n t.

B y m eans of su itab le  alloy ad d itio n s , th e  h a rd  
c o n s titu e n t, m a rte n s ite , m ay  be su b s titu te d  for 
th e  p e a r lite . The s tru c tu re  of N i-H a rd  “  as 
cas t ” is i llu s tra te d  in  F ig . 2, w here th e  m a r te n 
s ite  is shown as a  need le-like  c o n s titu e n t. I f  th e  
a lloy  c o n te n t is on th e  low side, a b lack -etch ing  
p ro d u c t of in te rm e d ia te  h a rd n ess  know n as 
t ro o s tite  is  liab le  to  a p p ea r. T his is shown in 
F ig . 3, w here  th e  b lack  nodules of tro o s t ite  m ay 
be seen, a p p a re n tly  g row ing  from  th e  carb id e  
phase. I f ,  on  th e  o th e r  h an d , th e  alloy c o n te n t 
is too h ig h , th e  p ro p o rtio n  of m a r te n s ite  will 
decrease  an d  a l ig h t  e tch in g  so ft c o n s titu e n t, 
a u s te n ite , w ill ta k e  its  p lace, as seen in  F ig . 4. 
T he o b jec t of th e  fo u n d ry m an  p ro d u c in g  cas tin g s 
fo r re sis tan ce  to  ab rasio n  is, th e re fo re , to o b ta in  
a  w ell-balanced s t ru c tu re  e n tire ly  com posed of 
th e  h a rd  c o n s titu e n ts  m a r te n s ite  an d  carb id e .

I t  w ill be c o n v en ien t f irs t to  consider th e  
changes which m ay occur in  a  w h ite  iron  c a s tin g  
d u r in g  so lid ification  an d  su b seq u en t cooling, and , 
secondly, to  discuss th e  effect of alloy e lem en ts 
on th ese  changes. T he changes them selves m ay 
be d iv id ed  as o ccu rrin g  in  th re e  s tag es : —

(1) S o lid ification  of th e  m olten  m eta l. H e re
th e  iro n  se p a ra te s  itse lf  in to  tw o m ain  con-



s t i tu e n ts ,  th e  ca rb id e  a n d  th e  solid  so lu tio n  of 
o th e r  e lem en ts  in  iro n  know n as a u s te n ite .

(2) C h anges in  com position  of th e  a u s te n ite . 
C e r ta in  e lem en ts a re  less soluble in  a u s te n ite  
a t  low te m p e ra tu re s  th a n  a t  h ig h , a n d  m ay, 
th e re fo re , be p re c ip ita te d  from  th e  a u s te n ite  
d u r in g  cooling.

F i g . 1 . — U n a l l o y e d  AVh i t e  C a s t  I k o n . 
x 500.

F i g . 3 .— L o w - A l l o y  N i - H a r d  s h o w i n g  
T r o o s t it e  a n d  M a r t e n s i t e . x  500.

te m p e ra tu re ,  say , above 600 deg. C ., or a t  a 
low te m p e ra tu re ,  say  below 250 deg . C. I f  
th e  decom position  is allowed to  proceed a t  a 
h ig h  te m p e ra tu re ,  th e n  th e  r e s u l t  of th e  b re ak 
dow n w ill be th e  c o m p a ra tiv e ly  so ft p ro d u c t, 
p e a r lite , i l lu s tra te d  in  F ig . 1, w hereas if  th e  
re a c tio n  occurs a t  a low te m p e ra tu re ,  th e n  th e

F i g . 2 . — S a n d -C a s t  N i - H a r d . 
x 500.

F i g . 4 . — H i g h - A l l o y  N i - H a r d  s h o w i n g  
M a r t e n s i t e  a n d  A u s t e n i t e . x  5 0 0 .

(3) D ecom position  of th e  a u s te n ite . Below a p ro d u c t w ill be th e  h a rd  n eed le-like  con-
te m p e ra tu re  of ab o u t 700 deg. C ., th e  a u s te n ite  s t i tu e n t ,  m a r te n s i te ,  show n in  F ig . 2 .
in  a  w h ite  iro n  becom es u n s ta b le  an d  te n d s  to  I t  shou ld  be b o rn e  in  m in d  t h a t  th ese  changes
b re ak  dow n. B riefly , i t  m ay  be s ta te d  t h a t  th e  will be m odified by th e  speed of cooling  and  by
d ecom position  m ay proceed a t  a  re la tiv e ly  h ig h  th e  com position . Of all th e  c o n tro llin g  e lem ents,
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carbon  itse lf  is p ro bab ly  th e  m ost im p o r ta n t, 
an d  in  th e  d e ta ile d  d esc rip tio n  of th e  changes 
to  follow, th e  effect of carbon  w ill be considered  
along  w ith  th e  d iscussion of th e  phenom ena, as 
the tw o a re  so closely in te r - re la te d  as to  m ake i t  
Inconvenien t to  consider th em  a p a r t .  I t  is 
pe rhaps desirab le  to  stress  he re  t h a t  th e  p o in t 
u n d e r co n sid e ra tio n  is n o t th e  to ta l  carbon  con
te n t  of th e  iro n , n o r even th e  com bined carbon 
co n ten t, b u t  th e  carbon  in  so lu tio n  in  th e  aus- 
te n itic  m a tr ix .

C o n s id e ra tio n  o f Changes D u r in g  C o o lin g
On cooling a m olten  alloy iro n , so lid ification  

commences by th e  fo rm atio n  an d  g ro w th  of d en 
d rite s  of a u s te n ite  in  th e  m elt. W hen a c e r ta in  
Jefin ite  te m p e ra tu re  has been reach ed , th e  re 
m ain ing  liq u id , which h as now a tta in e d  e u tec tic

th e  com position  of th e  iro n . As th e  te m p e ra 
tu re  fa lls, th e  so lu b ility  of carbon  in  th e  m a tr ix  
decreases, an d  th e  carb id e  th ro w n  o u t of so lu
tio n  is deposited  n o t only p re fe re n tia lly  on th e  
p re -ex is tin g  eu te c tic  carb id e  m asses (p a rtic u la r ly  
a t  h ig h  te m p e ra tu re s ) , b u t  also an d  especially  
a t  th e  lower te m p e ra tu re s , as need les o r nodules 
w ith in  th e  a u s te n ite . T he in o cu la tin g  effect of 
th e  carb id e  m asses on w ith d raw al of carbon  from  
so lu tion  a t  h ig h e r te m p e ra tu re s  is sufficiently 
h igh  to  p e rm it th e  ra p id  d eposition  of carb id e . 
I t  is necessary  to  n o te  h e re  th a t ,  in  th e  alloyed 
irons u n d e r  co n sid era tio n , th e  a u s te n itic  m a tr ix  
will n o t n o rm ally  u n d erg o  a tra n s fo rm a tio n  a t  
te m p e ra tu re s  in  th e  reg io n  of 700 deg. C., as 
would h a p p en  in  th e  case of unalloyed cas t iro n . 
The presence of a lloy ing  e lem en ts slows down 
th e  r a te  a t  which a u s te n ite  decom poses in  th is

F i g . 5.— 5 p e r  c e n t . C h r o m i u m  I r o n , F i g . 6.— N i - H a r d  a f t e r  R e t a r d e d

CAST IN  f - I N .  DIA. B .\R . X 1,000. COOLING AT 550 DEG. C . X 500.

(A ll specim ens e tched  in  alcoholic n i tr ic  p icric acid.)

com position, solidifies a ro u n d  th e  g row ing  d en
drite s . A t th is  p o in t th e  s t ru c tu re  of th e  cast
ing will consist of a m ix tu re  of a u s te n ite  den
d rite s  su rro u n d ed  by eu te c tic . T he eu te c tic  
itself consists of a  fine m ix tu re  of carb id e  an d  
a u s ten ite . In  iro n s of r a th e r  low carb o n  con
te n t, th e  a u s te n ite  p a r tic le s  com posing one phase 
of th e  eu te c tic  te n d  to  d eposit on th e  p re -e x is t
ing  a u s te n ite  d e n d rite s , and  th e  carb id e  is le f t  
in a m assive fo rm , so t h a t  w hen ex am in ed  u n d e r  
the  m icroscope, th e  c h a ra c te ris tic  a p p ea ran c e  of 
a e u tec tic  is n o t  ev id en t.

A t th e  e u te c tic  te m p e ra tu re , th e  carbon  con
te n t  of th e  a u s te n ite  is in  th e  o rd e r of 1.7 p e r 
cen t., v a ry in g  to  some e x te n t ,  of course, w ith

te m p e ra tu re  ra n g e  an d , as has been c learly  de
m o n s tra te d  in  th e  case of steels, w hen sufficient 
a lloy ing  e lem ents a re  p re sen t, a u s te n ite  m ay  be 
cooled a t  slow ra te s  down to  te m p e ra tu re s  in  th e  
o rd e r of 250 deg. C. w ith o u t tra n s fo rm a tio n  
s e t tin g  in .

W hen th e  a u s te n ite  m a tr ix  of iron  is re ta in e d  
undecom posed dow n to  te m p e ra tu re s  in  th e  
o rd e r of 250 deg. C ., f u r th e r  cooling leads to  i ts  
tra n s fo rm a tio n  in to  h a rd  m a rte n s ite . T he te m 
p e ra tu re  a t  w hich th e  tra n s fo rm a tio n  se ts in 
d u r in g  cooling is p r im a r ily  d e te rm in ed  by th e  
am o u n t of carb o n  in  so lu tion  in  th e  a u s ten ite . 
The m ore carbon  in  so lu tio n  in  th e  a u s te n ite , th e  
lower is th e  te m p e ra tu re  a t  w hich th e  change
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se ts  in  an d  th e  less com ple te  th e  re ac tio n . E ach  
s te p  in  th e  cooling  leads to  th e  in s ta n ta n e o u s  
fo rm a tio n  of a c e r ta in  q u a n ti ty  of m a r te n s ite . 
T he m a te r ia l  m ay  be held  a t  a c o n s ta n t  te m 
p e ra tu re  w ith o u t th e  re a c tio n  c o n tin u in g  
a p p rec ia b ly , a n d  f u r th e r  cooling is necessary  to  
cause  a f u r th e r  s te p  in  th e  decom position .*  
E v en  by th e  tim e  room  te m p e ra tu re  is reach ed , 
th e  b reak d o w n  of th e  a u s te n it ic  m a t r ix  to  
m a r te n s i te  is seldom  com plete , an d  th e  e n d  p ro 
d u c t is  g en era lly  a m ix tu re  of m a r te n s i te  an d  
r e ta in e d  a u s te n ite .

I n  o rd e r  to  o b ta in  m ax im u m  h a rd n ess , con
d itio n s  m u s t he so a d ju s te d  t h a t  th e  whole of

h ig h - te m p e ra tu re  tra n s fo rm a tio n s  so slow t h a t  
th e y  a re  fo r p ra c tic a l pu rp o ses e lim in a ted .

S u m m aris in g , th e  p ro p e rtie s  of a w h ite  iron  
c a s tin g  w ill be  d e te rm in e d  m ain ly  by th e  follow
in g  f a c to r s :—

(1) T he q u a n ti ty  of m assive  ca rb id e , w hich is, 
of course, d e te rm in e d  by th e  carbon
c o n te n t  of th e  iro n  a n d  its  ch illin g
c h a ra c te ris tic s .

(2) T h e  d eg ree  to  w hich  th e  h ig h e r te m p e ra 
tu r e  tra n s fo rm a tio n s  p ro d u c in g  so ft 
p e a r l it ic  a n d  s im ila r  p ro d u c ts  a re
e lim in a ted . T h is d epends on r a te  of cool
in g  a n d  alloy c o n te n t.

T a b l e  I . — Relation between Composition, Size of Section, and Hardness.

M ark .

Composition. Per cent.

T.C. Si. N i. Cr.

Vickers diamond hardness values.

Size of section.

1 in. 2 in.

A
B
C
D
E

3.20
to

3.23

0.55
to

0.61

2.21
2.47
2.68
2.96
3.33

0.97
to

1.01

724
707
689
707

576
650
710
627

581
595
640
740
772

F
G
H
I
J
K
L
M
N
O
P
Q

3.23
to

3.34

0.48
to

0.53

1.10
1.76
2.24
2.51 
2.75 
2.93 
3.09 
3.29 
3.46 
3.79 
4.27
4.51

1.80
to

1.85

650
720
681
686
693
653 
627
654 
640 
681 
650 
627

599
650
715
759 
743 
746
760 
743 
743 
733 
678 
710

560
596
627
662
765
759
792
772
762
727
697
700

R
S
T
U

0.40
to

0.45

2.34
2.49
2.83
3.05

733
762
654

670
750
762
724

558
616
762

3.30 0.55 Nil 4.91 620 585 560

th e  m a tr ix  decom poses to  m a rte n s ite , an d  th is  
involves th e  ta k in g  of steps to  co n tro l th e  a m o u n t 
of carbon  in  so lu tio n  in  th e  a u s te n ite . One such 
s tep  is to  a d ju s t  th e  r a te  of cooling. B y do ing  
th is , th e  c o rre c t degree  of ca rb id e  deposition  
m ay  be caused to  occur a t  e levated  te m p e ra tu re s . 
I n  g e n e ra l, th is  w ill n ecess ita te  d e lay in g  th e  
n a tu r a l  r a te  of cooling of a ll b u t  th e  la rg e s t 
c as tin g s. I t  is n ecessary , how ever, to  g u a rd  
a g a in s t  th e  decom position  of th e  a u s te n ite  in to  
p e a r lite , t ro o s tite ,  an d  s im ila r p ro d u c ts  fo rm ed 
a t  th e  h ig h e r  te m p e ra tu re s . T h is is d one  by so 
a d ju s tin g  th e  alloy c o n te n t as to  re n d e r  th e

* There is  evidence to  show th a t  in h igh-carbon  alloy m a te ria ls  
b reakdow n o f th e  au s te n ite  m ay  co n tinue  to  some e x te n t du ring  
holding a t  room  te m p era tu re , b u t th e  effect can n o t be d etec ted  
above ab o u t 50 deg. C.

(3) T he re la tiv e  p ro p o rtio n s  of m a r te n s i te  and  
r e ta in e d  a u s te n ite  in  th e  m a tr ix  of the  
iro n . T hese a re  d e te rm in e d  by th e  carbon 
c o n te n t  o f th e  a u s te n ite ,  w hich  in  tu r n  
d epends on  th e  r a te  of cooling  th ro u g h  
th e  in te rm e d ia te  te m p e ra tu re  ra n g e  of 
650 deg. C. to  400 deg. C.

E ffec t o f A llo y  E le m e n ts

E ac h  of th e  alloy  e lem en ts  h as a n  effect on 
th e  phen o m en a  desc rib ed  above a n d  req u ire s  
in d iv id u a l c o n sid e ra tio n .

N ick el is th e  m ost im p o r ta n t  of th e  alloy 
e lem en ts ad d ed  to  su p p re ss  th e  h ig h - te m p e ra tu re  
t ra n s it io n s  of th e  a u s te n ite ,  a n d  i t  is essen tia l 
t h a t  sufficient should  be p re se n t to  e n su re  com
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plete  sup p ress io n  w ith  th e  re su lt  th a t  th e  a u sten - 
ite  b reak s  dow n only a t  low te m p e ra tu re s  to  fo rm  
h a rd  m a rte n s ite . T he a m o u n t of nickel req u ired  
will dep en d  on th e  r a te  of cooling, o r, in  o th e r 
words, on th e  size of th e  cas t sec tion . I n  T able 
I a re  show n th e  h a rd n ess  values of sections | ,
1 and  2 in . in  d ia m e te r , c a s t  in  sand  and  
cooled in  th e  m ould  to  room  te m p e ra tu re ,  and  
some of th e  re su lts  a re  i llu s tra te d  in  F ig . 7. In  
th e  Table th e  iro n s a re  a r ra n g e d  in  th re e  m ain  
groups. T he f irs t g ro u p  is of m ed iu m  carbon  
c o n ten t an d  a  low ch rom ium  c o n te n t, w hile  th e  
second co n ta in s  th e  sam e a m o u n t of carb o n  a t  a 
high chrom ium  level. T he th i r d  g ro u p  covers 
low carbon  irons.

I t  w ill be seen th a t ,  in  th e  case of th e  first 
g roup , m ax im um  h a rd n ess  is a lre ad y  a tta in e d  
a t  2.2 p e r cen t, n ickel in  th e  section  |  in . th ick , 
while 2.7 p er cen t, a n d  3 p e r cen t, n icke l a re  
requ ired  fo r 1-in. a n d  2-in. sections respectively . 
These n ickel c o n te n ts  a re  low ered by ab o u t 0.2 
per cen t, if  th e  ch rom ium  is ra ised  by 0.8 per 
cent, (com pare  th e  f irs t a n d  second g ro u p s), b u t 
a re  n o t ap p rec iab ly  affected  by ch an g es in  c a r
bon c o n te n t over th e  ra n g e  2.8 to  3.3 p e r cen t. 
The m ic ro s tru c tu re s  of th e  iro n s in  th is  tab le  
confirm  th e  h a rd n ess  values. T hus, in  th e  first 
m a te ria l q uo ted , A, th e  f- in . b a r  w as m a rte n s itic  
like th e  iron  i llu s tra te d  in  F ig . 2, a n d  th e  1-in. 
b a r was so rb itic . W ith  fu r th e r  ad d itio n s  of
nickel, B, th e  1-in. b a r  show ed a  m ix tu re  of 
tro o s tite  and  m a r te n s ite  as in  F ig . 3 an d
became fu lly  m a r te n s itic  w ith  2.7 pe r cen t, 
nickel, C.

The hard n ess re su lts  of th e  series co n ta in in g  
3.25 per cen t, carb o n  an d  1.8 p e r cen t, chrom ium  
fall on curves of th e  ty p e  show n in  F ig . 7. The 
m axim um  h a rd n ess o b ta in e d  is g re a te r , th e
la rg e r th e  section  of th e  c a s tin g . I n  th e  la rg e
section, due to  th e  slow er r a te  of cooling, m ore 
tim e is sp en t in  th e  te m p e ra tu re  ra n g e  in  which 
deposition  of ca rb id e  from  th e  a u s te n ite  occurs. 
C onsequently  m ore carb id e  is p re c ip ita te d  and  
th e  a u s ten ite  re n d e re d  poorer in  carbon . As 
shown e a rlie r , th e  im poverished  a u s te n ite  is 
able to  decom pose m ore com plete ly  to  m a r te n 
site  on f u r th e r  cooling. Sm all c as tin g s ten d  
to  be so ft on a cco u n t of h ig h  p ro p o rtio n s  of re 
ta in e d  au s ten ite . I t  should  also be no ted  th a t  
th e  decrease in  h a rd n ess  w hen th e  n ickel c o n te n t 
is ra ised  beyond t h a t  re q u ire d  fo r m axim um  
hardness is n o t as ra p id  as th e  in crease  in  h a rd 
ness on a p p ro ach in g  th e  m ax im um  from  lower 
nickel co n ten ts .

T he p re d o m in a n t effect of carbon  on th e  low- 
te m p e ra tu re  t ra n s it io n  to  m a r te n s ite  h as a lread y  
been described , a n d  no te  has been ta k e n  of th e  
effect of ca rb id e  m asses in  im p o v erish in g  th e  
n e ig h b o u rin g  a u s te n ite , by a cc e le ra tin g  th e  w ith 
d raw al from  i t  a t  h ig lie r te m p e ra tu re s  of carbon

in  so lu tio n . The re su lt  of th is  is show n in  F ig . 
3, w here  a  h ig h - te m p e ra tu re  re ac tio n  p ro d u c t, 
ti'o o s tite , h as  s ta r te d  to  fo rm  in  th e  a u s te n ite  
im m ed ia te ly  a d ja c e n t  to  th e  carb id e  m asses. 
G ra p h ite  is som etim es p re sen t in  cas tin g s which 
a re  nom in a lly  w h ite  a n d  will have  a n  in o cu la t
ing  effect d iffe rin g  s lig h tly  from  t h a t  of carb id e . 
C arbon  w ill s im ilarly  be w ith d raw n  from  solid 
so lu tion  in  th e  n e ig h b o u rin g  a u s te n ite  b u t will 
d eposit as g ra p h ite .

C arb id e  req u ire s  fo r i ts  fo rm a tio n  bo th  carbon  
a n d  iro n , b u t  g ra p h ite , of course, does no t. 
H ence , w hen g ra p h ite  p re c ip ita te s , th e  iro n  
which m ig h t have  been req u ired  is le f t  beh ind  to  
d ilu te  th e  a u s te n ite  so lu tio n , an d  th e  im pover
ish m en t of th e  a u s te n ite  in  carbon  m ay  be m ore 
m ark ed  n e a r  a  g ra p h ite  flake th a n  n e a r  m assive 
c arb id e . I t  m ig h t be added  t h a t  carb o n  also 
has a p ow erfu l effect in  su p p ress in g  breakdow n

F i g . 7 .— E f f e c t  o f  N ic k e l  C o n t e n t  a n d  
S e c t i o n  T h i c k n e s s  o n  H a b d n e s s  o f  
W h i t e  C a s t  I r o n  c o n t a i n i n g  T .C  3 .2
AND CR 1.8 PER CENT.

of a u s te n ite  a t  te m p e ra tu re s  n e a r  500 deg. C. 
B reakdow n of th is  ty p e  to  fo rm  a n  in te rm e d ia te  
p ro d u c t is fre q u e n tly  e n co u n te red  in  alloy 
steels,*  b u t,  on acco u n t of th e  h ig h  carbon  con
te n t ,  is n o t likely  to  be m et w ith  in  con tinuously- 
cooled alloy w h ite  iro n  san d  cas tin g s.

S ilicon  d irec tly  acce le ra tes  th e  ten d en cy  to  
fo rm  so ft p e a r lite  a n d  also has a  p ow erfu l in 
d ire c t effect, in  t h a t  i t  lowers th e  so lu b ility  of 
carb o n  in  a u s te n ite . I t  m ay  th e re fo re  usefu lly  
be ad d ed  to  cas tin g s w ith  a w ide ra n g e  of wall- 
th ick n ess, in  w hich th e  alloy c o n te n t is neces
sa rily  h ig h  enough  to  en su re  th e  fo rm a tio n  of 
m a r te n s ite  in  th e  th ic k  sections. U n d e r these  
co n d itio n s, th e  th in  sections w ill r e ta in  m uch 
a u s te n ite , b u t  silicon reduces th e  am o u n t of re 
ta in e d  a u s te n ite  by p re c ip ita tin g  carbon  from  i t  
a t  h ig h  te m p e ra tu re s , hence p e rm it tin g  i t  to  
in v e r t  m ore re ad ily  a t  low te m p e ra tu re s . G re a t

* This has recently  been studied  by  W . T. Griffiths, L. B . Pfeil 
and  N. P. Allen, “  Second R eport of the  Alloy Steels Research 
Com m ittee.” Section X II , p. 343. Iron  and Steel In s titu te , 1939. 
Special R epo rt No. 24.



care  m u s t be ta k e n  n o t  to  add  too  m uch  silicon , 
a n d , a t  th e  sam e tim e , to  m a in ta in  a  h ig h  ch ro 
m iu m  c o n te n t,  or g ra p h ite  w ill be fo rm ed  an d  
th e  h a rd n ess  of th e  c a s tin g  suffer.

C h ro m iu m  m ark ed ly  decreases th e  speed  of 
d iffusion  of ca rb o n  in  iro n  an d  th e re b y  stab ilises  
th e  a u s te n ite , p re v e n tin g  its  t r a n s fo rm a tio n  a t  
h ig h  te m p e ra tu re .  As th e  ch ro m iu m  te n d s  to  
e n te r  in to  c o m b in a tio n  w ith  th e  ca rb id e , i t  will 
be fo u n d  c o n c e n tra te d  in  th e  m assive carb id es , 
a n d  a re la tiv e ly  sm all p ro p o rtio n  of i t  w ill be 
p re se n t in  th e  a u s te n ite . I t s  effect on th e  b re a k 
dow n of th e  a u s te n ite  in  w h ite  iro n  is m uch  less 
th a n  its  effect on th e  b reak d o w n  of a u s te n ite  in 
steel. An exam ple  is fu rn ish e d  by th e  c a s t iro n , 
V , in  T able  I .  T h is c o n ta in ed  4.91 p er cen t, 
ch ro m iu m  w ith  no n icke l, a n d  w as co m p ara tiv e ly  
so ft in  a ll sections. E v en  th e  f - in . b a r  h a d  a 
so rb itic  s tru c tu re ,  w hich  is i l lu s tra te d  in  F ig . 5 
a t  a  m ag n ifica tio n  of 1,000 d iam e te rs . I t  will 
also be reca lled  t h a t  th e  am o u n t of n icke l re-

by h e a t- tre a tm e n t.  A u se fu l pu rp o se  m ay  be 
served  by su m m aris in g  th e  effects of such h ea t-  
t r e a tm e n t ,  w hich i t  will be c o n v en ien t to  con
sid e r u n d e r  th re e  h e ad in g s  : —

(a) T em p erin g  a t  low te m p e ra tu re s  iu th e  
o rd e r  of 250 deg . C.

(b) T em p erin g  a t  in te rm e d ia te  te m p e ra tu re s  
in  th e  ra n g e  400 to  G50 deg. C.

(c) R e h e a tin g  to  te m p e ra tu re s  above 750 
deg. C ., follow ed by cooling  a t  co n tro lled  ra tes  
a n d  possibly by a  final te m p e rin g .

T he f irs t ty p e  of h e a t- tr e a tm e n t ,  v iz .,  tem p er
ing  a t  a b o u t 250 deg. C ., is p a r tic u la r ly  useful 
in re d u c in g  in te r n a l  s tre sses w hich  a re  likely to 
be cau sed  by th e  ex p an s io n  w hich accom panies 
th e  t r a n s fo rm a tio n  of a u s te n ite  to  m arten s ite . 
A te m p e rin g  o p e ra tio n  te n d s  to  increase  th e  
to u g h n ess of th e  m a te r ia l  by p e rm it tin g  release 
of th e  s tresses. As th e  te m p e ra tu re  is low, th e  
h a rd n ess of th e  iro n  w ill n o t be affected .

T a b l e  I I .— Typical Compositions of N i-Hard Sand Castings.

Ref.
letter.

Section.
Ins.

A
B
C

D
E
F

1 - i  
1-2
2-4

i r i
1-2
2-4

Properties
required.

^ Maximum 
hardnessI

Maximum 
toughness

Composition. Per cent.

T.C.

3 .3 -3 .6
3 .3 -3 .6
3 .3 -3 .6

2 .7 -3 .2
2 .7 -3 .2
2 .7 -3 .2

Si.

0 .8
0.6
0 .5

0 .5
0 .5
0 .5

Ni.

3.2
4 .5

3.0
4.0
5.0

Cr.

1.5
1.7
2.0

1.5 
1.7 
2.0

In  all cases manganese 
should be between 
0 .3  and 0 .5  per cent., 
sulphur about 0.1 per 
cent., phosphorus 0.4 
per cent, maximum. 
Molybdenum may 
also be present, if 
desired.

q u ired  to  fo rm  m a r te n s i te  was only slig h tly  
affected  by th e  ch rom ium  c o n te n t of th e  
m a te ria l.

M an g an ese  prom otes th e  s ta b ili ty  of a u s te n ite  
a n d , th e re fo re , assists  in  su p p re ss in g  its  t r a n s 
fo rm a tio n  a t  h ig h  t e m p e r a tu r e ; b u t ,  as in  th e  
case of ch rom ium , i t  form s s ta b le  carb id es and  
its  efficacy in  re ta rd in g  decom position  of au s
te n i te  is th u s  red u ced . F u r th e rm o re , i ts  use is 
l im ited , as, a p a r t  from  fo u n d ry  difficulties, th e  
m a n g a n ese -c o n ta in in g  c a rb id e  is so fte r  th a n  iron  
c a rb id e , w ith  th e  re su lt  t h a t  th e  h a rd n ess  of th e  
c a s tin g  is lower.

M olybdenum  behaves in a m an n e r  s im ila r  to  
t h a t  of ch ro m iu m  in  t h a t  i t  form s stab le  carb ides 
a n d  r e ta rd s  d iffusion . I t  does n o t a p p e a r  to  
fo rm  such stab le  ca rb id es  as does chrom ium , and  
p ro b ab ly  m ore of i t  e n te rs  in to  so lu tio n  in  th e  
a u s te n ite  w ith  th e  re su lt  t h a t  i t  is ap p ro x im a te ly  
as e ffective  as. n icke l in  p ro m o tin g  th e  fo rm atio n  
of m a r te n s ite .

H e a t -T  re a tm e n t

In  some cases, im p ro v em en ts  in  th e  p ro p e rtie s  
of ch illed  alloy iro n  c a s tin g s  m ay  be effected

T em p erin g  be tw een  400 a n d  650 deg. C. has 
m ore p ro fo u n d  effects th a n  lo w -tem p era tu re  tem 
p erin g . T he h a rd  m a r te n s i te  w ill be softened 
som ew hat an d  som e of th e  r e ta in e d  a u s te n ite  m ay 
decom pose to  fo rm  a c o m p a ra t iv e ^  so ft con
s t i tu e n t .  T he ch ief re s u lt  of th e  o p e ra tio n , how
ever, is to  b r in g  th e  a u s te n ite  to  a te m p e ra tu re  
a t  w hich  i t  can  re je c t  c a rb id e  re ta in e d  in  su p er
s a tu r a te d  so lu tio n  d u r in g  th e  f irs t cooling in  the 
m ould . T he a u s te n ite  is th e re b y  im poverished 
and  en ab led  to  in v e r t  to  h a rd  m a r te n s i te  d u rin g  
th e  cooling from  th e  te m p e rin g  te m p e ra tu re .  I t  
should  be n o ted  t h a t  a u s te n ite  c a n n o t in v ert 
d irec tly  to  m a r te n s i te  d u r in g  th e  h e a tin g  to  or 
soak in g  a t  th e  te m p e rin g  te m p e ra tu re .  This 
ty p e  of in v ers io n  occurs on ly  d u r in g  cooling 
below a b o u t 200 deg. C. A ny d ire c t  in v ers io n  of 
a u s te n ite  d u r in g  te m p e rin g  w ould be to  a  com
p a ra tiv e ly  so ft c o n s t itu e n t.  I n  fa c t,  i t  is fre 
q u e n tly  th e  case t h a t ,  a f te r  te m p e rin g  a t  500 
deg. C ., th e  h a rd n ess  of th e  iro n  is  g re a te r  th an  
in th e  “ a s-ca s t ”  co n d itio n , as suffic ien t fresh 
m a r te n s i te  m ay  be fo rm ed  d u r in g  cooling to 
c o u n te rb a la n ce  th e  d ro p  in  h a rd n ess  d u e  to  tem 
p e rin g  of th e  o r ig in a l m a r te n s i te .
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R e h e a tin g  to  te m p e ra tu re s  above 750 deg. C. 
resto res th e  iro n  to  th e  a u s te n itic  co n d ition . 
B reakdow n of th e  a u s te n ite  d u rin g  cooling will 
be con tro lled , as before , by th e  a m o u n t of carbon  
redissolved in  th e  a u s te n ite , th e  alloy c o n te n t 
and th e  r a te  of cooling. A t h igh  te m p e ra tu re s , 
g ra p h itis a tio n  m ay  occur lead in g  to  p e rm a n en t 
so ften ing . B oth  a f te r  h ig h -te m p e ra tu re  and 
in te rm e d ia te - te m p e ra tu re  re h ea tin g , a final low- 
te m p e ra tu re  tem p e rin g  is desirab le  to  re lieve 
stresses.

re h e a t to  550 deg. C ., b u t  c a re  m u s t be tak e n  
n o t to  allow th e  te m p e ra tu re  to  fa ll below 
250 deg. C ., o r m a r te n s ite  w ill be fo rm ed  and  
will su b sequen tly  so ften  d u r in g  h e a tin g  a t  550 
deg. C. The tim e  req u ired  a t  550 deg. C. m u st 
be d e te rm in ed  by d ire c t e x p e rim e n t, b u t 
no rm ally  w ill v a ry  from  1 to  12 lnrs.

As an  ex am ple  of th e  in crease  in  h a rd n ess 
which can  be induced  by re ta rd e d  cooling m ay 
be quo ted  th e  case of a cas t co n ta in in g  2.97 per 
cen t, carbon , 0.56 p er cen t, silicon, 0.34 per

T a b l e  I I I .— Typical Applications of Ni-Hard Sand Castings with Recommended Compositions, as Shown in Table I I
Where alternative recommendations are made, they are to cover varying conditions of service, the maximum 

toughness grades, for instance, being required where shock loading or high stresses are imposed, and the maximum 
hardness grades being available where abrasion is the prime consideration. In  other cases, alternatives are given 
to cover a wide range of section thickness, and the composition of iron must be selected from Table I I  in accordance 
with the general dimensions of the casting under consideration.

Application. Composition. Application. Composition.

Ash discharge doors B Gravel pipes B
Ash pump bodies D or E Grinding machine rests D
Ash pump impellers A Grinding mill balls C or F
Ash troughs E Grinding pan bottom 

Grinding plates
E
E

Ball-mill trunnions C Grizzley discs B or E
Brakeblocks 
Brick mould liners

F*
B Mill guides 

Mixer arms
E

E or F
Cable car pulleys 
Centreless grinder blades

E
D

Muller tyre 
Muller wheel

C o r F 
C*

Chute plates B Plough points and shares D or E
Clay pipe dies C Pug knives D
Coal-breeze pit pumps B or E Pulveriser bull rings F
Coffee grinder plates A or D Pulveriser hammers and plates E or F
Coke-quenching car sides and bottoms . . E Pump rams F*
Concrete pump liners 
Concrete pump plungers 
Conveyor plates 
Conveyor skidder bars 
Conveyor sprockets 
Crusher roll shell
Crusher roll, small (for brickmaking, etc.)

E
F*

B or E 
B or E 

E 
B 
B

Sand-blast nozzle 
Sand-blast table segments 
Sand ploughs 
Sandslinger cups 
Sandslinger wear plates 
Shot-slinger baffles 
Shot-slinger vanes

A
E

A or B 
A or D 
A or D 

D 
D

Dredger pump bodies and impellers E or F Stamp mill heads and shoes F*
Dust-collecting valves B or E Tractor shoes 

Tumbler barrel ends
E
E

Fan blades for pulverised coal D
Feed screws D W ater nozzles B

* Castings may also be made in chills.

The precise h e a t- tre a tm e n t  app lied  will
requ ire  a d ap tio n  to  each p a r tic u la r  case. F o r
m axim um  re sis tan ce  to  ab rasio n , th e  r a te  of 
cooling of th e  o rig in a l c a s tin g  should be a d ju s te d  
so th a t  th e  m a tr ix  w ill have  decom posed e n tire ly  
to  m a rte n s ite  by th e  tim e  room  te m p e ra tu re  is 
reached. In  th e  case of sm all c as tin g s, which 
ten d  to  cool too ra p id ly , th is  w ill e n ta il  check
ing  th e  cooling fo r an  h o u r  or so a t  ab o u t 550 
deg. C., to  allow com plete p re c ip ita tio n  of 
carb ide  from  th e  a u s te n ite  to  occur. I t  m ay be 
m ore co n v en ien t to  allow th e  cas tin g s to  cool in  
th e  m ould to  ab o u t 250 deg. C. a n d  th e n  to

c en t, m an g an ese , 4.89 p e r  cen t, n ickel, an d  1.13 
p er cen t, chromium .. B a rs  f  in . d ia . w ere cas t 
in  sand  m oulds an d  cooled to  a te m p e ra tu re  of 
a b o u t 600 deg. C ., w hen th e y  w ere ra p id ly  
s tr ip p e d  an d  tra n s fe r re d  to  a fu rn a c e  a t  550 
deg. C. A fte r  so ak in g  a t  t h a t  te m p e ra tu re  for 
p rogressively  in c reas in g  len g th s of tim e , th e  
b a rs  w ere rem oved an d  cooled slowly to  room  
te m p e ra tu re . The co n tro l b a r  cooled in  th e  
m ould h ad  a  V ickers d iam ond  h a rd n ess of 678. 
A fte r  2 h rs .’ soak ing  a t  550 deg. C. befo re  cool
ing , th e  h a rd n ess  rose to  739, an d  a f te r  6 to  
24 h r s . ’ soak ing  i t  was 782, an  increase  of over



100 V ick ers  h a rd n ess  p o in ts  over th e  b a r  cooled 
n o rm ally  in  th e  san d  m ould . T he m ic ro sb ru c tu re  
of th e  h a rd  b a r  is show n in  F ig . 6 a t  a m a g n i
fica tio n  of 500 d iam e te rs . W h en  com p ared  w ith  
th e  n o rm al s t ru c tu re  of a san d -cas t b a r  (F ig . 2), 
i t  is c le a r t h a t  th e re  is a m uch  g re a te r  a m o u n t 
of m a r te n s i te  p re se n t,  a n d  t h a t  th e  re ta in e d  
a u s te n ite  lias a lm ost d isa p p ea red .

I t  is d e s irab le  to  ap p ly  a stress-irelief te m p e r
in g  o p e ra tio n  a f te r  all ty p es  of h e a t- tr e a tm e n t  
of co m p lica ted  cas tin g s.

C h o ic e  o f C o r re c t  C o m p o s itio n
T he above c o n sid e ra tio n s  in d ic a te  t h a t  th e  

com position  of a n y  c a s tin g  should  be chosen 
b e a r in g  in  m in d  b o th  th e  r a te  of cooling an d  
th e  serv ice  in  w hich  th e  final c a s tin g  is to  be 
p laced . I t  m ay  be re q u ire d  to  possess th e  m a x i
m um  re s is tan c e  to  ab ras io n  or g re a t  to u g h n ess 
coupled  w ith  h ig h  a b ra s io n  re s is tan ce . I t  is 
o ften  d ifficult to  a d ju s t  th e  alloy  c o n te n t so as to  
h i t  th e  m ax im u m  on th e  h a rd n ess  p eak , p a r t i 
c u la r ly  w hen a  v a r ie ty  of cas tin g s  is be in g  
p o u red . The b est p ro ced u re  is to  w ork  w ith  a 
s lig h t excess of n icke l a n d  to  de lay  th e  cooling 
a t  a  te m p e ra tu re  of 500 to  550 deg. C. T h ere  is 
th e n  no d a n g e r  of h a v in g  too  low an  alloy con
te n t  w ith  a co n seq u en t m ark ed  decrease  in  h a r d 
ness a n d , fu r th e rm o re , p ro v id ed  a c e r ta in  m in i
m um  is p re sen t, th e re  is no n ecessity  to  con tro l 
th e  com position  w ith in  fine lim its , as s lig h t 
v a r ia tio n s  w ill n o t cause  g re a t  changes in  h a rd 
ness even if  no delayed  cooling t r e a tm e n t  is 
ad o p te d , th o u g h  th e  l a t t e r  t r e a tm e n t  ensu res 
th e  m ax im u m  h a rd n ess . T he alloy  c o n te n t m u s t 
a lw ays be a d ju s te d  in  te rm s  of th e  la rg e s t  sec
tio n  involved , o therw ise  in  these  m ore  slowly 
cooled p a r ts ,  so f te r  p ro d u c ts  such as p e a r lite  an d  
tro o s t i te  w ill te n d  to  fo rm . A delayed  cooling 
of h ig h e r  alloy  iro n  en su res t h a t  all sections 
h a rd e n  equally .

O ften  m ax im u m  h a rd n ess  is n o t  desired  so 
m uch as a co m b in a tio n  of h a rd n ess  an d  to u g h 
ness. T h is is b e st reach ed  by w o rk in g  a t  a 
h ig h e r n ick e l c o n te n t so as to  r e ta in  some aus- 
te n i te  in  th e  s tru c tu re .  T he to u g h n ess o f th e  
c a s tin g  w ill be  en h an ced  an d  th e  w ear re sis tan ce  
m ay  su ffer l i t t le  as th e  a u s te n ite  te n d s  to  de
compose u n d e r  severely  ab ras iv e  co n d itio n s an d  
will fo rm  h a rd  m a rte n s ite .

I n  T able I I  a re  g iven  alloy com positions s u i t 
ab le  fo r  v a rio u s ty p es of cas tin g s, a n d  in 
T ab le  I I I  a re  e n u m e ra te d  a n u m b er of a p p lic a 
tio n s  of N i-H a rd  san d  cas tin g s. T he com posi
tio n s  q u o ted  shou ld  be re g a rd e d  as a p p ro x im a te  
sug g estio n s r a th e r  th a n  as p recise  com positions 
ca lcu la te d  to  g ive th e  o p tim u m  re su lts . I n  a 
n u m b er of cases, such  as c ru sh e r ro lls fo r  coal, 
cem en t o r  rock, c a r  wheels a n d  b a ll m ill lin e rs , 
th e  c a s tin g s  w ill no rm ally  be m ade in  chills, and  
h e re  i t  is d ifficult to  m ake  g en era l recom m enda

tio n s , as th e  w e ig h t a n d  te m p e ra tu re  of th e  
chills a n d  th e  th ick n ess  of th e  c o a tin g  w ill v a ry  
g re a tly  from  case to  case a n d  co rresp o n d in g ly  
a ffec t th e  cooling  r a te .  I n  g e n e ra l, ch ill cas t
ings re q u ire  a low er ch ro m iu m  c o n te n t  th a n  sand  
cas tin g s  to  m a in ta in  a w h ite  s t ru c tu re ,  b u t  each 
case re q u ire s  in d iv id u a l c o n sid e ra tio n .

H e a t - t r e a tm e n t,  such  as delayed  cooling a t  
550 deg. O., is  som etim es d es irab le , as in d ica ted  
above. I t  should  p e rh ap s  be em phasised  t h a t  
th e  d e la y in g  of th e  cooling  should  n o t  occur a t  
te m p e ra tu re s  h ig h e r  th a n  550 deg . C. I f  soli
d ifica tio n  is  slowed u p , th e re  is a lw ays d an g er 
of g ra p h ite  fo rm in g , a n d  fa ir ly  q u ick  cooling 
from  700 to  550 deg. C. is d e s irab le  to  suppress 
an y  h ig h - te m p e ra tu re  in v ers io n  of th e  au s ten ite . 
I n  p ra c tic e , i t  is b e st to  allow th e  c a s tin g  to  cool 
in  th e  m ould u n t i l  i t  is d e fin ite ly  below red- 
h e a t, say , 400 to  550 deg. C ., a n d  th e n  to  s tr ip  
i t  a n d  ra p id ly  t r a n s f e r  to  a fu rn a c e  a t  500 to  
550 deg. C ., so ak in g  a t  t h a t  te m p e ra tu re  and  
cooling in  th e  fu rn a c e . I f  only a sim ple  t r e a t 
m en t such  as slow cooling  in  th e  m ould  is pos
sible, th e  alloy  c o n te n t m u s t  be k e p t h igh .

D IS C U S S IO N

M r . R . Chavy  sa id  th e  a u th o rs  h a d  d raw n  
a t te n tio n  to  th e  im p o rta n ce  of th e  ca rb o n  con
t e n t  of th e  a u s te n ite  in  d e te rm in in g  th e  s tru c 
tu r e  of w h ite  iro n s  of th e  N i-H a rd  ty p e . This 
fa c to r  w as w ith o u t  d o u b t ve ry  im p o r ta n t,  and 
should  be co n sid ered  in  c o n ju n c tio n  w ith  th e  
effect of to ta l  c a rb o n  c o n te n t, to  w hich a t te n 
tio n  h a d  been  d raw n  in  a P a p e r  p re sen te d  to  th e  
I n te rn a t io n a l  C ongress in  1935.1

T he e x p e rim e n ts  re p o rte d  in t h a t  P a p e r  led 
to  th e  conclusion  t h a t  if  i t  cou ld  be assum ed 
th a t  th e  c o n s t itu e n t  (a u s te n ite ,  m a r te n s i te  or 
tro o s tite )  w hich  acco m p an ied  th e  ca rb id es  con
ta in e d  a p p ro x im a te ly  th e  w hole of th e  nickel, 
th e n  th e  c o n c e n tra tio n  of n icke l in  th is  con
s t i tu e n t  w as p rogressiv e ly  h ig h e r  as th e  am o u n t 
of com bined ca rb o n  w as in c reased . T hus, i f  for 
a  c e r ta in  sec tion  th ic k n e ss  of c a s tin g  in  a  w hite  
iro n  c o n ta in in g  a b o u t 2.5 p e r cen t, carb o n  th e  
n ickel c o n te n t necessa ry  to  o b ta in  m a r te n s i te  was 
of th e  o rd e r  of 4.5 to  5 .0  p e r c e n t .,  th e n  th e  
n icke l necessary  w ould o n ly  be 3.5 to  4.0 per 
cen t, if th e  c a rb o n  c o n te n t  w as ra ised  to  4.0 per 
cen t. U n d e r  c e r ta in  c irc u m stan c es  i t  m igh t, 
th e re fo re , be d e s irab le  in  a  c a s tin g  of given 
sec tio n  to  ta k e  th is  fa c to r  in to  acc o u n t and  to 
a d ju s t  th e  c o n te n t  of n ick e l in  p ro p o rtio n  to 
th e  c a rb o n  p re sen t.

I t  w as also> in te re s t in g  to  n o te  t h a t  on e  could 
h a rd e n  som e n ick e l-ch ro m iu m  w h ite  iro n s  by a ir- 
q u e n ch in g  fro m  850 to  900 d eg . C. in  th e  sam e 
way as in  q u e n ch in g  g rey  iro n s  o r a ir -h a rd e n in g

1 B allay  and  C havy. “ Special W h ite  C ast I ro n s .” Bull 
Assoc. Tech. F o n d ., 1935, ix , D ecem ber, 366-380.



nickel-ch rom ium  steels. I n  th is  case th e  c o n te n t 
of n icke l a n d  ch rom ium  was m a in ta in e d  a t  a  
lower level th a n  t h a t  necessary  fo r o b ta in in g  
m a r te n s i te  in  th e  “  a s-cast ”  s ta te ,  an d  th e  
m ax im um  h a rd n ess  (750 to  850 V ickers) w as ob
ta in e d  by q u en ch in g  in  a ir .  These iro n s  should  
be in te re s t in g  fo r  c a s tin g s  w hich  w ere req u ired  
to  be lig h tly  m ach in ed , b u t  w hich in  serv ice  m u st 
possess th e  g re a te s t  possible h a rdness.

H e  h ad  s im ila rly  s tu d ied , in  a ssoc ia tion  w ith  
D r. M. B allay , th e  oxy-ace ty lene  h a rd  su rfa c in g  
of s teel o r iro n  specim ens w ith  a th in  lay e r (0.08- 
0.2 in . th ic k ) of w h ite  iro n . A P a p e r  on th is  
su b jec t was p re sen te d  to  th e  F o u n d ry  C ongress 
in  P a r is  in  J u n e , 1937.2 C e r ta in  n ickel- 
chrom ium  w h ite  irons le n t  them selves p a r tic u 
larly  well to  d eposition . T he ad h eren ce  was 
exce llen t a n d  th e  h a rd n ess  w as eq u al o r  even 
sup erio r to  t h a t  of c e r ta in  m ore expensive  alloys 
actu a lly  used  fo r th is  a p p lic a tio n . T hus th e  su r
face deposited  cou ld  a t t a in  a h a rd n ess  of 650 to  
750 V ickers B rin e ll, an d  som etim es one could 
increase th is  h a rd n ess  by a ir-coo ling  from  850 
to  900 deg. C. up  to  values of 800 to  850 
V ickers.

F o r irons re q u ire d  fo r su rface  re p a irs , th e  
nickel and  ch rom ium  c o n te n ts  shou ld  be k e p t 
q u ite  low (2 to  3 p e r c en t., acco rd in g  to  th e  
carbon co n ten t), on acco u n t of th e  v e ry  h igh  
speed of cooling of th e  d ep o sited  m eta l.

F in a lly , d u r in g  th e  course  of th ese  s tu d ies 
i t  had  been found  t h a t  w ith  re la tiv e ly  low nickel 
con ten ts (6 to  10 p e r c en t.)  and  chrom ium  
conten ts of 4 to  6 p e r  c en t., one could o b ta in  
w hite irons w ith  a c e m en tite -a u s ten ite  s tru c tu re  
th e  hardness of w hich was a p p ro x im a te ly  th e  
same as those  of th e  base iro n s of th e  sam e 
carbon c o n ten t, b u t  which h ad  n um erous a d 
v an tages in  re la tio n  to  o rd in a ry  w h ite  iro n s : — 
(1) H ig h  re sis tan ce  to  shock, a b o u t th re e  tim es 
h igher th a n  th a t  of th e  o rd in a ry  base i r o n ; (2) 
high resis tan ce  to  corrosion  by c e r ta in  acids, 
in p a r tic u la r  hydroch loric  acid , an d  (3) re s is t
ance to  h e a t  and  especially  low se n s itiv ity  to  
th e rm al shock. T his la s t  p ro p e rty  re n d e re d  i t  
possible to  env isage  th e  use of th ese  w h ite  
a u s ten itic  irons fo r a p p lic a tio n s  re q u ir in g  re s is t
ance to  w ear a t  v ery  h ig h  te m p e ra tu re , such 
as th e  cooling e lem ents fo r cem en t c lin k er for 
exam ple, w here  th e  m eta l m u st re s is t  a t  th e  
same tim e  b o th  h ig h  te m p e ra tu re  an d  erosion.

A llo y  R e q u ire m e n ts  to  F o rm  M a rte n s ite
In  rep ly  th e  A u t h o r s  s t a t e d  t h a t  th e y  w ere 

a w a T e  o f  th e  in te re s t in g  w ork c a r r i e d  o u t on 
w hite cas t irons by  M r. O havy a n d  D r. B allay , 
in  w hich  i t  w as concluded  t h a t  t h e  carbon  
c o n t e n t  affected  th e  alloy c o n te n t re q u ire d  t o

'  “  Sppcial W hite  C ast Irons  and  Cupro-Jiirkels C onta in ing  Tin 
for B uilding U p by T orch W elding ,” M. B allay  and  R. Chavy, 
In te rn a tio n a l F ou n d ry  Congress, P a ris , 1937. P ap er C.I. 28.

fo rm  m a rte n s ite . T his w ork  was, how ever, 
c a rried  o u t over a m uch  w ider ra n g e  of carbon 
th a n  t h a t  s tu d ie d  in  th e  p re sen t P a p e r . In  
t h e i r  ow n w ork  over th e  re s tr ic te d  carb o n  ra n g e  
of 2.8 to  3.2 p e r c en t., th e  a u th o rs  d id  n o t find 
any  evidence of th is  effect.

They w ere ve ry  in te re s te d  in  M r. C h avy’s ex 
p e rim en ts  w ith  w h ite  a u s te n itic  oast iro n . F ro m  
th e ir  own ex p erien ce  w ith  irons of th is  ty p e , 
such  as N i-R esis t w ith  5 p e r cen t, chrom ium , 
th e y  could confirm  th e  v a lu ab le  co m b in a tio n  of 
h a rd n ess , corrosion  an d  h e a t  re s is tan c e  which 
th ey  possessed.

T he a u th o rs  w ere aw are  of th e  em ploym ent 
of th ese  alloy w h ite  iro n s fo r  h a rd  su rfa c in g , 
an d  of th e  u se fu l c o n tr ib u tio n  to  th is  su b jec t 
m ade by M r. C havy. W hile  th e re  w ere cases 
w here  a  low alloy c o n te n t was adv isab le, th ey  
believed t h a t  th e re  w ere o th ers w here  i t  would 
he ad v an tag eo u s  to  keep th e  n ickel c o n te n t som e
w h a t h ig h er, th u s  e n su rin g  th e  presence of a 
sm all q u a n ti ty  of a u s te n ite  w hich m ig h t assist 
in  connection  w ith  toughness an d  w ear re s is t
ance.

M r. P . A. R u s s e l l , B .S c ., fo u n d  th e  fa c t t h a t  
th ic k e r  cas tin g s could hav e  a  low er alloy con
t e n t  to  o b ta in  o p tim u m  p ro p e rtie s  m ost in te re s t
in g , fo r he  had  a lw ays assum ed th a t  a t  lea s t 
4 p e r  cen t, n ickel w as needed  to  p roduce  m a r
te n s ite  in  a cas tin g .

D id  those  p ro p e rtie s  e x te n d  to  g rey  cas t iron , 
because th e re  w ere a  la rg e  n u m b er of castings 
m ade w ith  ab o u t 2{ p e r cen t, nickel which w ere 
p roduced  n o t to  be m a rte n s itic  as cas t, b u t  fo r 
h e a t- tre a ta b le  iron , a n d  if  2{ p e r cen t, would 
p roduce m a rte n s ite , i t  was ra th e r  su rp r is in g , 
because in  h is ex p erience  such  irons w ere freely  
m achinab le.

Mass and A llo y  A d d itio n s
T he A u t h o r s  ag reed  th a t  i t  w as n o t a n  u n 

fa m ilia r  id ea  t h a t  one req u ired  a low er alloy 
c o n te n t w hen th e  cas tin g s w ere sm all. The fo r
m atio n  of m a r te n s ite  was d e p en d e n t on th e  alloy 
c o n te n t an d  r a te  of cooling. The im p o rtan ce  of 
th e  r a te  of cooling was well i llu s tra te d  by a case 
in  w hich ex trem e ly  sm all sing le  c a s t p is to n  rin g s 
w ere m ade. These n a tu ra lly  cooled v ery  quick ly  
an d  showed ap p rec iab le  co n ten ts  of m a r te n s ite  
even w ith  4 p e r cen t, of n ickel. W ith  1 pe r 
cen t, of n icke l th e y  w ere a lm ost fu lly  m a r te n 
s itic . T h is c learly  show ed t h a t  as th e  ra te  of 
cooling rose, th e  alloy c o n te n t necessary  was 
low ered. T he p o in t was possibly ra th e r  
academ ic, as such ve ry  sm all c as tin g s w ere n o t 
o ften  produced  in  th e  fo u n d ry . As re g a rd s  th e  
n icke l c o n te n t re q u ire d  to  p roduce  m a rte n s ite  
in  g rey  cas t iro n , t h a t  a g a in  dep en d ed  p a r tly  
on th e  th ick n ess of sec tion , o r, in  o th e r  words, 
on th e  r a te  of cooling. W ith  th e  n ickel con
t e n t  of 4 p e r  c en t., { -in . a n d  {-in . sections 
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w ould be m a r te n s i tic  as c a s t, b u t  sec tions of 
J- in . o r th ic k e r  w ould  n o t be m a r te n s itic .  A 
3 p e r  cen t, n ick e l g rey  iro n  w as n o t  m a r te n s i tic  
in  an y  sec tion  dow n to  £ in . These o bserva
tio n  confirm ed those  of M r. R ussell. T he reason  
w hy a  h ig h e r  n ick e l c o n te n t  was re q u ire d  in  
g rey  iro n  w as p a r t ly  d u e  to  th e  h ig h e r  silicon 
c o n te n t of th e  g rey  iro n  as com p ared  w ith  t h a t  
of a w h ite  iro n , th o u g h  i t  was possib le t h a t  th e  
effect of c o n c e n tra tio n  of alloys in  th e  d e n d rite s  
m en tio n ed  by M r. C havy  m ig h t p lay  a p a r t .

T u b e  M il l  L in ers
M r. A. H . G u t  (P re s id e n t, S .A . B ran ch ) 

m en tio n ed  t h a t  h is firm  w ere la rg e  m a n u fa c 
tu r e r s  of w h ite  iro n , p r in c ip a lly  tu b e -m ill lin e rs . 
T hey  h a d  to  w ear dow n to  \  in . b e fo re  be ing  
ta k e n  o u t, h a v in g  s ta r te d  a t  4 in . T hey  used  a 
m ix tu re  of w h ite  iro n  a n d  steel, an d  ad d ed  0.5 
p e r  cen t, m an g an ese  m ere ly  as a  flux w hich 
h ad  no effect on th e  q u a lity  of th e  iro n . P ro m
0.4 to  0.7 p e r cen t, of silicon was ad d ed  to  m ake  
th e  m e ta l flow, a n d  th e y  fo u n d  t h a t  if  th e  a d d i
t io n  w en t any  h ig h e r  th a n  th a t ,  th e  m e ta l be
cam e g rey  o r m o ttled  a n d  th e  B rin e ll h a rd n ess  
d ro p p ed  fro m  410 to  280. T hey  also ad d ed  0.3 
to  0.4 p e r  cen t, of ch rom ium , a n d  th e  re su l t  
was t h a t  th e y  g o t a B rin e ll h a rd n ess  of 410. 
H e  m en tio n ed  th ese  fac ts , because  h is firm  h ad  
fo u n d  t h a t  a n y  w h ite  iro n  su p p lied  from  E n g 
lan d  fo r tu b e  m ill lin e rs  d id  n o t g ive  th e  sam e 
life .

I n  r e p l y  t o  q u e s t i o n s  b y  t h e  c h a ir m a n ,  M r . 
G u y  m e n t i o n e d  s e v e r a l  o t h e r  i r o n s  a n d  s t e e l s  
w h i c h  h a d  b e e n  t r i e d ,  b u t  a s  c o s t  w a s  a  r u l i n g  
f a c t o r ,  m a n y  h a d  f a i l e d  o n  t h a t  a c c o u n t  i n  c o m 
p a r i s o n  w i t h  t h e  i r o n  m e n t i o n e d .

T he A u t h o r s  expressed  them selves as very  
in te re s te d  in  M r. G u y ’s re m a rk s  con cern in g  
tu b e  m ill lin e rs . M r. G uy h a d  s ta te d ,  how ever, 
t h a t  h is re su lts  w ere based  p r in c ip a lly  on one 
te s t  co n ducted  a t  h is w orks w ith  a n  e x p e ri
m e n ta l se t of N i-H a rd  lin e rs . M r. G uy w ould, 
no d o u b t, be th e  f irs t to  a d m it t h a t  w ith  a 
com p lica ted  alloy such as N i-H a rd  one could 
n o t ex p ec t to  g e t th e  b e s t re su lts  from  a first 
t r ia l ,  and  no d o u b t th e  reco rd  of 60 p e r cen t, 
in c rease  in  life  could be f u r th e r  ra ised . In  
fa c t,  in  service of th is  ty p e  N i-H a rd  h ad  in 
m an y  cases proved  an  econom ical p ro p o sitio n , 
g iv in g  a g re a te r  life  th a n  necessary  to  com
p e n sa te  fo r th e  increased  cost.

M r . G u y  ad d ed  t h a t  co n d itio n s in  tu b e  m ills 
w ere v ery  severe, fo r l in e rs  h a d  to  s ta n d  u p  
to  a t t r i t io n  as well as im p a c t, co n seq u en tly  if  
th e  m e ta l w as too h a rd  i t  w ould c rack  before  
i t  w as w orn  o u t.

R e la tiv e  C o n v e rs io n  P o w e r o f E lem en ts
M r . S. E . D a w s o n  asked  w h e th e r n icke l w a s  

the  p r in c ip a l e lem en t in  p re v e n tin g  th e  con
version  of a u s te n ite  to  m a r te n s i te  as s ta te d  by 
D r. E v e re s t ,  since m an g an ese  w as tw ice  as stro n g  
as n ick e l, w hile  ch ro m iu m  w as one an d  a h a lf 
tim es as effective in  th is  re sp ec t. I n  steel one 
could use m an g an ese , n icke l o r  ch rom ium  in 
v a ry in g  p ro p o rtio n s , d ep en d in g  on th e  physical 
p ro p e r t ie s  re q u ire d , such  as m alleab ility , 
m ac h in ab ility  a n d  re s is tan c e  to  corrosion . This 
fo rm ed th e  basis of h is p a te n t  ta k e n  o u t in  1928. 
In  c a s t iro n  th e  h ig h e r  ca rb o n  lim ited  th e  
am o u n t of ch ro m iu m  perm issib le .

A p p lic a t io n  to  G re y  and W h i t e  Irons
T he A u t h o r s  th o u g h t  t h a t  M r. D aw son was 

n eg lec tin g  th e  d ifference  be tw een  w hite  iron 
a n d  g rey  iro n . I n  a  g re y  iro n  ca rb o n  was 
p re se n t as g ra p h ite .  I n  th e  w h ite  iro n , i t  was 
th e re  as ca rb id e , a n d  w hen one h a d  carbides 
p re sen t th e  ca rb id e -fo rm in g  e lem en ts w ere con
c e n tra te d  in  th o se  carb id es . T h a t  ap p lied  p a r
tic u la r ly  to  ch ro m iu m  an d  to  a lesser e x te n t  to  
m an g an ese . T h ere fo re , as th e  e lem en ts in  ques
tio n  w ere  in  th e  c a rb id e  th e y  could n o t he 
p re s e n t  in  th e  a u s te n ite  as well, an d  so had 
v ery  l i t t le  effect on  th e  b reak d o w n  of th e  
a u s te n ite . T he effect of ch ro m iu m  m ig h t be seen 
in  T able  I  of th e  P a p e r  w here  i t  was shown 
t h a t  in c re a s in g  th e  ch ro m iu m  c o n te n t  from 
ab o u t 1 to  1.8 p e r  cen t, (m a in ta in in g  all con
d itio n s  th e  sam e) h a d  v e ry  l i t t le  effect on the  
am o u n t of n icke l re q u ire d  to  fo rm  m arten s ite . 
A tte n tio n  m ig h t also be d raw n  to  th e  iron  con
ta in in g  4.91 p e r  cen t, of ch ro m iu m  a n d  no 
n ickel. T h is m a te r ia l  was so rb itic  even  in  th e  
sm all § in . d ia . ro d , a n d  th e  h a rd n ess  of th e  
2-iin. sec tion  w as h a rd ly  a n y  h ig h e r  th a n  t h a t  of 
a  p la in  iro n . I t  w as c le a r  t h a t  c o n tra ry  to  the  
r a t io  of 1^ to  1 w hich  M r. D aw son quo ted  as 
th e  re la tiv e  p o ten cy  of ch ro m iu m  an d  of nickel, 
ch ro m iu m  w as a c tu a lly  less t h a n  a  q u a r te r  as 
p o w erfu l as n icke l in  p ro m o tin g  th e  fo rm atio n  
of m a r te n s i te  in  w h ite  iro n . S im ila r  reaso n in g  
could  be ap p lied  in  th e  case of m an g an ese .
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Paper No. 666

The Thermal Conductivity of High-Duty and 
Alloy Cast Irons

By J. W . D O N A LD S O N , D.Sc. (Associate Member)

I . In tro d u c tio n
The th e rm a l co n d u c tiv ity  of g rey  cas t iro n  was 

d e te rm in ed  by th e  a u th o r1 some te n  y ears ago 
in a series of in v es tig a tio n s  covering  a w ide 
range  of cas t irons. E x p e rim e n ts  w ere also 
m ade to  d e te rm in e  th e  in fluence on th e  th e rm a l 
con d u ctiv ity  of g rey  c a s t iro n  of c e r ta in  alloy 
ad d itions. A ll th e  d e te rm in a tio n s  w ere c a rried

T able  I.— Composition of Plain and Alloy Cast Irons

Cast
iron. Plain 1. Copper. Plain 2.

Chromium
molyb
denum

Per cent. Per cent. Per cent. Per cent.
T.C .. 3.20 3.18 3.11 3.12
Si 1.56 1.58 2.26 2.31
Mn . . 0.72 0.69 0.39 0.38
Cr — — — 0.54
Cu .. — 1.58 — —
Mo .. — — — 0.77

out over a ra n g e  of te m p e ra tu re  from  50 to  500 
deg. C. As a re su lt  of these  in v es tig a tio n s , i t  
was shown t h a t  th e  th e rm a l co n d u c tiv ity  of g rey  
cast iron  v a rie d  from  0.110 to  0.137 cal. p e r  cm. 
per sec. an d  decreased  as th e  te m p e ra tu re  in 
creased. The values o b ta in ed  fo r th e rm a l con
du c tiv ity  depended  n o t only on th e  com position  
bu t also, a lth o u g h  to  a m uch sm alle r e x te n t, on 
s tru c tu re , free  f e r r i te  be in g  a m uch  b e tte r  con
ducto r of h e a t  th a n  e u tec to id  p e a rlite . The 
influence of silicon w as to  lower th e  c o n d u c tiv ity  
considerably, b u t  w ith  o ver 2 p er cen t, of silicon 
th e  falling-off in  co n d u c tiv ity  w as red u ced , owing 
to  th e  fo rm a tio n  of a fe r r i te  s tru c tu re .  P h o s
phorus ten d ed  to  p roduce  a s lig h t decrease  in  
th erm al c o n d u c tiv ity , an d  m an g an ese  h a d  a 
som ew hat s im ila r  effect. As re g a rd s  alloy a d d i
tions, n ickel p roduced  a s im ila r  effect to  silicon. 
Vanadium , had  l i t t le  influence, w hile chrom ium  
and  tu n g s te n  ten d e d  to  ra ise  th e  c o n d u c tiv ity . 
H e a t- tre a tm e n t  a t  550 deg. C. a t  f irs t increased  
th e  th e rm a l co n d u c tiv ity  due to  p e a r lite  decom 
posing to  fo rm  f e r r i te  an d  g ra p h ite , a f te r  which 
ox id a tio n  of iro n  in  th e  v ic in ity  of th e  g ra p h ite  
flakes caused a  s lig h t decrease.

Since th ese  in v e s tig a tio n s  w ere c a rried  ou t, 
considerab le  advances have  ta k e n  p lace in  th e  
m e ta llu rg y  of c a s t iro n , an d  have  re su lte d  in  th e

developm en t of th e  h ig h -d u ty  and  alloy cas t 
irons. As i t  h a d  been fo u n d  t h a t  alloy a d d i
tio n s e x e rted  an  im p o r ta n t  in fluence on th e  
h e a t-co n d u c tiv ity  p ro p e rty  of c a s t iro n , i t  was 
considered  of in te re s t  to  in v es tig a te  th is  p ro p e rty  
in  those  new ly developed irons w ith  a view  n o t 
only of d e te rm in in g  th e  effect of th e  com bination  
of a lloy ing  e lem en ts a lre ad y  ex p erim en ted  w ith , 
b u t also to  d e te rm in e  th e  effect of new  alloying 
elem ents, while a t  th e  sam e tim e  o b ta in in g  re 
liab le  d a ta  on th e  th e rm a l c o n d u c tiv ity  of such 
irons.

2. C o m p o s itio n  o f C ast Iron s Tested
The first series of c a s t  irons te s te d  consisted 

of tw o unalloyed  or p la in  cas t irons and  tw o alloy 
eas t irons. T he fo rm er w ere cas t from  two 
h e m a tite  an d  steel base m ix tu re s  a n d  co n ta in ed  
v a ry in g  am o u n ts  of silicon and  m an g an ese . To 
th e  lower silicon iro n  copper w as added , an d  to  
th e  h ig h er silicon iron  a d d itio n s  of chrom ium  
an d  m olybdenum  w ere m ade. T he com positions 
of th e  fo u r irons a re  g iven  in  Table I .  All 
th e  irons w ere cas t in  b a rs  20 in . long by 0.875 in . 
d ia . and  w ere p o u red  in  g reen -sand  m oulds.

T a b l e  II .— Composition of High-Duty Cast Irons.

Cast
iron. Plain. Molyb

denum.
Ni-

Tensyl.
Man

ganese
nickel.

Nickel
chro

mium.

Per Per Per Per Per
cent. cent. cent. cent. cent.

T.C 2.61 2.56 2.80 3.10 3.41
Si 2.46 2.20 2.51 2.51 1.03
Mn 0.45 0.63 0.68 3.11 0.65
Ni — — 1.71 1.00 1.49
Cr — — 0.54 — 0.54
Mo — 0.58 •—. — —
Tensile 

strength 
tons per 
sq .in . .. 22.7 25.4 25.0 24.7 21.5

The second series of cas t irons te s te d  a re  com
m erc ia l h ig h -d u ty  cas t irons, an d  include  an  u n 
alloyed cas t iro n , a  m olybdenum  iron , a m an- 
ganese-n ickel iro n , a n icke l-chrom ium  iro n , and  
a N i-T ensyl iron . The com positions of th ese  
irons, w hich w ere cas t in  1 .2-in . d ia . b a rs  in  d ry - 
sand  m oulds, a re  g iv en  in  T able  I I ,  to g e th e r  
w ith  th e ir  ten s ile  s tre n g th s .



T he h e a t- re s is tin g  o ast iro n s N i-R e s is t a n d  
N io rosila l, to g e th e r  w ith  an  a lu m in iu m -ch ro m iu m  
o ast iro n , fo rm ed  th e  th i r d  series of iro n s te s te d , 
a n d  th e i r  com positions a re  g iv en  in  T ab le  I I I .

3. A p p a ra tu s  U sed and M e th o d  o f M a n ip u la t io n
T h e  a p p a ra tu s  used  in  d e te rm in in g  th e  th e rm a l 

co n d u c tiv ity , a ske tch  of w hich is g iven  in  F ig . 1, 
h as a lread y  been  described  in  v a rio u s P a p e rs , so 
t h a t  only a b r ie f  d e sc rip tio n  is now necessary . I t

T a b l e  I I I .— Composition of Heat-Resisting Cast Irons.

Cast iron. Ni-Resist. Aluminium-
chromium. Nicrosilal.

Per cent. Per cent. Per cent.
T.C 2.41 2.70 1.81
Si 1.80 0.96 6.42
Mn .. 0.62 0.58 —

Ni . . 13.70 — 18.65
Cr . . 3.37 0.95 2.02
Cu .. 6.41 — —
A1 .. — 7.00 —

is an  a p p a ra tu s  based  on th e  fa m il ia r  g u a rd -r in g  
m ethod  of d e te rm in in g  co n d u c tiv ity , designed  for 
u se  in  a com m ercial lab o ra to ry , a n d  com bines 
f a ir  accu racy  w ith  fa ir ly  ra p id  m an ip u la tio n . 
The flow of h e a t  is m easu red  by th re e  th e rm o 
couples, p laced  4 in . a p a r t  in  a te s t-b a r  15.5 in . 
long by 0.75 in . in  d iam e te r. T he te s t-b a r  is 
h e a te d  by m eans of a n  e lec tric  h e a te r ,  a n d  th e  
a m o u n t of h e a t  flow ing th ro u g h  th e  b a r  is 
m easu red  by m ean s of a c o n tin u o u s  flow ca lo ri
m ete r. L a te ra l  loss of h e a t  is com p en sa ted  fo r 
by a n  in su la te d  g u a rd -r in g  h e a te d  an d  cooled in  
a  s im ila r  m a n n e r  to  th e  te s t-b a r . D e te rm in a 
tio n s  w ere  m ad e  over a  ra n g e  of te m p e ra tu re  
v a ry in g  fro m  40 to  530 deg . C ., copper-con- 
s ta n ta n  therm o co u p les  be ing  used  fo r th e  lower 
te m p e ra tu re  m easu rem en ts  a n d  p la tin u m - 
rh o d iu m  fo r  th e  h ig h e r  te m p e ra tu re s . The 
th e rm o m ete rs  used  w ere s ta n d a rd  ones re a d in g  to  
0.05 deg. C.

T he th e rm a l co n d u c tiv ity  K  w as ca lcu la ted  by 
th e  fo rm u la  :

Y  W (L -  h )  I 

( T i  -  T 2) a
Where

W =  weight of water in grm. flowing through calori
meter C ;

tx =  tem perature of outlet water from C in deg. C. ;
ia =  tem perature of inlet water to C in deg. C .;
T t =  tem perature of the hotter thermocouple in 

deg. C. ;
T s =  tem perature of the colder thermocouple in 

deg. C. ;
I =  distance between the thermocouples in cm s.;
a =  cross-sectional area of the bar in sq. cms.

D e te rm in a tio n s  fo r  each iro n  w ere m ad e  over 
five v a ry in g  te m p e ra tu re  ran g es , an d  a period  of 
s ix  h o u rs  was allow ed a t  each  ra n g e  to  o b ta in  a

h e a t  b a la n ce  an d  to  estab lish  e q u ilib r iu m  con
d itio n s . T h ree  se ts of re a d in g s  w ere ta k e n , and  
th e  a v erag e  va lu es o b ta in e d  w ere used  in  calcu 
la t in g  th e  th e rm a l c o n d u c tiv itie s  fo r  th e  two 
d iffe re n t te m p e ra tu re  ra n g e s  m easu red .

T he v a rio u s  sources of e r ro r  w hich  m ay  occur 
in  u s in g  th is  a p p a ra tu s  h av e  been  ve ry  fu lly  
co n sid ered  a n d  a  d e ta ile d  d e sc rip tio n  of th e

F ig .  1.— A p p a r a t u s  f o r  D e t e r m i n i n g  
T h e r m a l  C o n d u c t i v i t i e s .

m ethods ad o p te d  to  check th e m  h as been  pub
lish ed .2 W hen  such sources of e r ro r  a re  con
sid e red , th e y  show th a t ,  p ro v id ed  th e  te s t-b a r  is 
m ade  to  a c c u ra te  d im ensions a n d  th e  a p p a ra tu s  
is p ro p e rly  m a n ip u la te d , th e  re su lts  o b ta ined  
c a n n o t v a ry  by m ore th a n  2 p e r  c en t. As an 
a d d itio n a l check on th e  a p p a ra tu s  a n d  th e  accu
racy  of th e  th e rm o co u p les  an d  th e rm o m ete rs , a



co m m erc ia lly -pure  a lu m in iu m  te s t-b a r , k e p t 
specially  fo r  c a lib ra tio n  p u rposes, w as te s te d  
before a n d  a f te r  th e  d e te rm in a tio n s  of each 
series of irons.

4. C o n s id e ra tio n  o f  Results

The re su lts  of th e  d e te rm in a tio n s  fo r  th e  
various c a s t irons a re  g iven  in  T ab les IV  to  X V . 
C urves p lo tte d  from  th ese  d e te rm in a tio n s  show-

T a bl e  IV.— Plain Cast Iron. I.

Test.
Temperature 

range. 
Deg. C.

Mean 
tem perature. 

Deg. C.
K.

, / 5 1 -1 1 8 8 4 .5 0 .1 2 2
1 \ 1 1 8 -1 8 7 1 5 2 .5 0 .1 1 8

7 4 - 1 5 4 1 1 4 .0 0 .1 2 1
2 \ 1 5 4 -2 3 7 1 9 5 .5 0 .1 1 7

3 <f 1 3 0 -2 5 2 1 9 1 .0 0 .1 1 7
3 \ 2 5 2 -3 8 2 3 1 7 .0 0.111

4  / 1 4 4 -3 0 6 2 2 5 .0 0 .1 1 5
4  \ 3 0 6 -4 8 0 3 9 3 .0 0 .1 0 7

5 1 6 0 -3  4 2 4 7 .0 0 .1 1 5
X 3 3 4 -5  0 4 2 7 .0 0 .1 0 7

ing th e  v a r ia tio n  of th e rm a l co n d u c tiv ity  w ith  
the  m ean te m p e ra tu re  fo r each of th e  th re e  series 
of cas t irons a re  g iven  in  F ig s. 2 to  4. In  
Table X V I a re  g iv en  th e  th e rm a l co n d u c tiv ity  
values a t  100 an d  400 deg. C. of unalloyed and  
alloyed cas t irons d e te rm in e d  in  a p rev ious inves-

50* «0* 150* Î00* 250* 300* 350* 400* *!»'

N r  an T c m p c r a tu rc  °C .

F i g .  2 .— T h e r m a l  C o n d u c t i v i t i e s  o r 
P l a i n  a n d  A l l o t  C a s t  I r o n s .

t ig a t io n 1 and  in  T able  X V II  th e  th e rm a l con
d u c tiv ity  values a t  s im ila r  te m p e ra tu re s  of all 
the  irons e x p e rim e n ted  w ith  in  th e  p re sen t 
in v es tig a tio n .

C o n sid e ra tio n  of th e  d a ta  in  th ese  tw o  tab le s  
and  of th e  cu rves in  F ig s. 2  to  4 shows th e  u n 
alloyed iro n  P I  to  h a v e  a som ew hat s im ila r  h e a t-

co n d u c tin g  va lue  to  th e  u nalloyed  iro n  S8 p re 
viously d e te rm in e d  w hich  c o n ta in ed  a p p ro x i
m ate ly  th e  sam e a m o u n t o f silicon. The a d d i
tio n  of 1.58 p e r cen t, of co p p er low ers th e  con
d u c tiv ity  of th e  fo rm er iro n  from  0.121 to  0.112 
a t  100 deg. C. w ith  a p ro p o rtio n a l decrease  a t  
400 deg. C. T he p la in  iro n  P , w hich is of low er 
ca rb o n  c o n te n t  an d  h ig h e r silicon c o n te n t th a n  
P I ,  h as a  th e rm a l c o n d u c tiv ity  of 0.110 a t  100 
deg. C ., d ue  to  i ts  h ig h e r silicon c o n te n t, a value

F i g . 3 .— T h e r m a l  C o n d u c t i v i t i e s  o e  
H i g h - D u t y  C a s t  I r o n s .

som ew hat s im ila r  to  t h a t  o b ta in e d  w ith  th e  p la in  
iro n  P 2 , w hich co n ta in s  s lig h tly  lower silicon 
b u t  a h ig h er carb o n  c o n te n t. T he th e rm a l con
d u c tiv ity  of P  is increased  to  0.118 by a n  a d d i
tio n  of 0.58 p er cen t, of m olybdenum , an d  th a t  
of P2  is ra ised  to  ap p ro x im ate ly  th e  sam e value

F i g . 4 . — T h e r m a l  C o n d u c t i v i t i e s  o p  
H e a t - R e s i s t i n g  C a s t  I r o n s .

by a n  a d d itio n  of 0.54 p e r  cen t, of ch rom ium  and  
0.77 p e r  c en t, of m olybdenum .

The r e su lts  o b ta in e d  from  th ese  five cas t 
iro n s show t h a t  copper low ers th e  th e rm a l con
d u c tiv i ty  of c a s t  iron  in  a s im ila r  m a n n e r  to  
silicon  an d  n ickel. I t s  influence, how ever, is n o t 
so m ark ed  as t h a t  of silicon o r n ickel. I n
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Fi<r. 5  is  show n th e  in fluence  o f silicon  in  lower-D „
in g  th e  th e rm a l c o n d u c tiv ity  of c a s t  iro n , as 
d e te rm in e d  by th e  a u th o r3 in  a p rev io u s in v e s ti
g a tio n , w here  e x p e rim e n ts  w ere m ade  on a series 
of cas t iro n s c o n ta in in g  0.65 to  6.49 p e r cen t, 
silicon. F ro m  th is  cu rv e  i t  a p p e a rs  t h a t  0 .8  p e r 
c en t, of silicon low ers th e  th e rm a l c o n d u c tiv ity

F i g . 5 . — V a r i a t i o n  o f  T h e r m a l  
C o n d u c t i v i t y  w i t h  S i l i c o n .

a p p ro x im a te ly  0.01, w hile th e  p re sen t d e te rm in a 
tio n  w ith  copiper shows t h a t  tw ice  th e  a m o u n t 
of th is  e lem en t is re q u ire d  to  p ro duce  th e  sam e 
effect. As re g a rd s  th e  in fluence  of n icke l, r e fe r 
ence to  T able X V I shows t h a t  a n icke l a d d itio n  
of 0.75 p e r cen t, p roduces a fa ll in  th e rm a l con-

T a b l e  V.— Copper Cast Iron.

Teat.
Temperature 

range. 
Deg. C.

Mean 
tem perature. 

Deg. C.
K.

, / 47-120 83.5 0.113
1 I 120-195 157.5 0.109

.-> r 80-189 134.5 0.112
2 \ 189-302 245.5 0.108

a / 107-236 171.5 0.110
3 \ 236-368 302.0 0.105

a r 136-304 220.0 0.108
4 \ 304-478 391.0 0.104

152-331 241.5 0.105
5 \ 331-518 424.5 0.100

d u c tiv i ty  of 0.013 or a p p ro x im a te ly  10.5 p e r 
cen t. T he in fluence  of copper in  low ering  th e  
h e a t-co n d u c tin g  p ro p e rtie s  of c a s t  iro n  w ould 
th e re fo re  a p p e a r  to  be less th a n  h a lf  t h a t  of 
silicon, w hile th e  in fluence of n icke l is p robab ly  
30 p e r cen t, m ore th a n  th a t  of silicon.

T he in fluence  of m olybdenum  is to  ra ise  th e  
th e rm a l co n d u c tiv ity  of c a s t  iro n  in  a  sim ilar 
m an n e r  to  ch rom ium  a n d  tu n g s te n .  I t s  in 
fluence, how ever, is n o t so m ark e d  as in  th e  case 
of th ese  e lem en ts, fo r w hen th e  va lu es given 
in  T ab les X V I an d  X V II  a re  considered  i t  is 
observed t h a t  a  s im ila r  rise  in  th e rm a l con-

T a b l e  V I .— Plain Cast Iron. 2.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

' { 51-122
122-196

86.5
159.0

0.110
0.106

3 { 85-192
192-303

138.5
247.5

0.109
0.105

3 { 114-242
242-375

178.0
308.5

0.108
0.104

‘ {
133-302
302-478

217.5
390.0

0.108
0.103

5 { 143-327
327-518

235.0
422.5

0.105
0.100

d u c tiv i ty  of a p p ro x im a te ly  7.3 p er cen t, is 
p ro d u ced  by 0.4 p e r cen t, of ch rom ium , 0.5 per 
cen t, of tu n g s te n ,  o r  0 .6  p e r  cen t, of molyb
den u m . A lloying of th e  tw o e lem en ts, chrom ium  
an d  m olybdenum , in  c a s t  iro n  in  p ro p o rtio n s of 
0.54 a n d  0.77 p e r  cen t, does n o t  a p p e a r  to 
p ro duce  a ve ry  m uch  g r e a te r  in crease  in  con
d u c tiv ity , as th e  v a lu e  o b ta in e d  fo r the 
ch rom ium -m olybdenum  iro n  a t  100 deg. C. is only

T a b l e  V II.—Chromium-Molybdenum Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
tem perature. 

Deg. C.
K.

, / 43-115 79.0 0.121
1 \ 115-189 152.0 0.118

2 f 87-197 142.0 0.118
2 \ 197-309 253.0 0.115

3 / 115-242 178.5 0.116
3 \ 242-374 308.0 0.112

4 / 139-307 223.0 0.114
4 \ 307-483 395.0 0.110

5 / 159-339 249.0 0.113
5 \ 339-528 433-5 0-108

8.2 per cen t, h ig h e r  th a n  in  th e  correspond ing  
u n a llo y ed  iro n .

The th e rm a l c o n d u c tiv ity  v a lu es fo r th e  high 
d u ty  irons, N i-T ensy l, m an g an ese-n ick e l, and 
n ic lte l-ch rom ium  in d ic a te  th e  in flu en ce  w hich the 
special e lem en t a d d itio n s  in  co m b in a tio n  w ith



silicon have  on th e  h e a t-co n d u c tin g  p ro p e rty  of 
these  m a te ria ls . T he N i-T ensy l a n d  th e  m an - 
ganese-nickel c a s t iro n s h a v e  s im ila r  silicon con
ten ts  to  th e  p la in  iro n  P .  T he th e rm a l con-

T abl e  V III.—Low-Carbon Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

40-111 75.5 0.110
1 \ 111-185 148.0 0.106

2 I 80-186 133.0 0.109
2 \ 186-296 241.0 0.105

117-246 181.5 0.107
3 \ 246-380 313.0 0.102

4 / 126-294 210.0 0.104
4 \ 294-468 381.0 0.101

146-330 238.0 0.103
5 \ 330-520 425.0 0.099

T able  IX .—-Molybdenum Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

, f 47-118 82.5 0.118
1 \ 118-191 154.5 0.115

2 / 84r-191 137.5 0.118
2 \ 191-302 246.5 0.114

122-248 185.0 0.115
3 \ 248-380 314.0 0.110

4 / 134-302 218.0 0.114
4 \ 302-478 390.0 0.108

5 / 162-341 251.5 0.112
5 \ 341-530 435.5 0.107

T able  X.—N i-Tensyl Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

1 / 38-114 76.0 0.103
1 \ 114-192 153.0 0.100

2 / 87-196 141.5 0.099
2 \ 196-308 252.0 0.096

3 / 120-254 187.0 0.098
3 \ 254-392 323.0 0.093

4 / 129-300 214.5 0.096
4 \ 300-476 388.0 0.093

5 / 133-324 228.5 0.095
5 \ 324-521 422.5 0.091

d u c tiv ity  va lues o f th e  th re e  iro n s a t  100 deg. C. 
a re  0.101, 0.106, 0.110. The decrease  in  con
d u c tiv ity  in  th e  N i-T ensy l iro n  is p roduced  by 
th e  a d d itio n  of 1.71 p e r cen t, of n icke l and  in

T a bl e  X I.—Manganese-Nickel Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

1 / 45-120 82.5 0.107
1 \ 120-197 158.5 0.104

2 / 86-194 140.0 0.105
\ 194r-305 249.5 0.102

3 / 116-248 182.0 0.104
3 \ 248-385 316.5 0.099

4 / 132-302 217.0 0.102
4 \ 302-477 389.5 0.098

5 / 146-335 240.5 0.101
5 \ 335-531 433.0 0.096

T a ble  X II.—Nickel-Chromium Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

1 { 44^119
119-190

81.5
154.5

0.118
0.115

2 { 81-188
188-298

134.5
243.0

0.114
0.111

3 { 110-241
241-376

175.5
308.5

0.112
0.108

4 { 141-308
308-481

224.5
394.5

0.110
0.106

5 { 153-340
340-534

246.5
437.0

0.109
0.105

T a bl e  X III .—N i-Resist Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
temperature. 

Deg. C.
K.

* { 35-113
113-194

74.0
153.5

0.082
0.079

2 { 76-186
186-299

131.0
242.5

0.081
0.079

2 { 104-239
239-379

171.5
309.0

0.079
0.076

* ( 120-297
297-471

213.0
384.0

0.079
0.075

5 { 149-333
333-524

241.0
428.5

0.078
0.074



th e  m an g an ese-n iek e l iro n  by th e  1.0 p e r cen t, of 
n icke l. I n  v iew  of w h a t has been  in d ic a te d  of 
th e  in flu en ce  of n icke l in  lo w erin g  th e  th e rm a l 
c o n d u c tiv ity  of c a s t iro n  a la rg e r  d ecrease  m ig h t 
h av e  been  e x p ec ted  in  b o th  irons. T h e  a d d itio n  
of ch rom ium  in  th e  one iro n  an d  of m an g an ese  
in  th e  o th e r  a p p e a rs  to  hav e  h ad  a beneficia l

T a b l e  X IV .—Aluminium-Chromium Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
tem perature. 

Deg. C.
K.

■ { 44-123
123-205

83.5
164.0

0.080
0.078

2 { 80-193
193-307

136.5
250.0

0.078
0.077

3 { 106-242
242-382

174.0
312.0

0.078
0.075

* ( 127-298
298-474

212.5
386.0

0.077
0.074

• { 144-333
333-527

238.5
430.0

0.075
0.072

v alue  fo r an  u n a llo y ed  iro n  c o n ta in in g  1 per 
cen t, of silicon is d e riv ed  from  F ig . 5 an d  is 
ta k e n  as 0.127, th e  in fluence  of th e  n icke l addi
tio n  of 1.49 p e r  cen t, in  lo w erin g  th e  conduc
t iv i ty  an d  th e  c o u n te ra c t in g  effect of th e  0.54 p.er 
c en t, of ch rom ium  a re  seen  in  th e  v a lu e  of 0.116 
o b ta in e d  a t  100 deg . C.

T a bl e  XV.—Nicrosilal Cast Iron.

Test.
Temperature 

range. 
Deg. C.

Mean 
tem perature. 

Deg. C.
K.

1 { 40-119
119-199

79.5
159.0

0.071
0.070

2 { 82-195
195-310

138.5
252.5

0.069
0.068

3 { 107-244
244-385

175.5
314.5

0.068'
0.065

4 { 132-303
303-479

217.5
391.0

0.066
0.064

5 { 143-333
333-528

238.0
430.5

0.066
0.063

T a ble  XVI.—-Thermal Conductivities of Plain and Alloy Cast Irons at 100 and 400 deg, C.

Mark.
Composition. K.

T.C. Si. Mn. Ni. Cr. V. W. 100 deg. C. 400 deg. C.

S.8 ............................ 3.16 1.48 0.97 _ _ — — 0.122 0.108
S.9 ............................ 3.25 1.91 0.97 — — — — 0.110 0.103
Mn 3.32 1.52 2.43 — — — — 0.118 0.101
Ni ............................ 3.16 1.56 0.94 0.75 — •— — 0.108 0.101
Cr ............................ 3.17 1.40 0.97 —. 0.39 — — 0.131 0.114
V ............................ 3.19 1.45 0.99 — — 0.124 — 0.122 0.103
W ............................ 3.02 1.89 0.76 — — — 0.475 0.118 0.105

T a bl e  X V II.— Thermal Conductivities of Plain and Alloy High-Duty Cast Irons and Heat-Resisting Cast Irons
at 100 and 400 deg. C.

Composition. K.

Mark. T.C. Si. Mn. Ni. Cr. Mo. Cu. Al. 100 deg. C. 400 deg. C.

P .l . . 3.20 1.56 0.72 __ __ _ _ _ 0.121 0.108
Cu . . 3.18 1.58 0.69 — — — 1.58 •—. 0.112 0.101
P.2 . . 3.11 2.26 0.39 — — — — — 0.111 0.101
Cr-Mo 3.12 2.31 0.39 — 0.54 0.77 — — 0.119 0.109
P .. 2.61 2.46 0.45 — — — — — 0.110 0.100
Mo .. 2.56 2.20 0.63 — — 0.58 — — 0.118 0.108
Ni-Tensyl .. 2.80 2.51 0.68 1.71 0.54 — — — 0.101 0.092
Mn-Ni 3.10 2.51 3.11 1.00 — — — — 0.106 0.097
Ni-Cr 3.41 1.03 0.65 1.49 0.54 — — — 0.116 0.106
Ni-Resist . . 2.41 1.80 0.62 13.70 3.37 — 6.41 — 0.081 0.075
Al-Cr 2.70 0.96 0.58 — 0.95 — — 7.00 0.079 0.072
Nicrosilal . . 1.81 6.42 — 18.65 2.02 — — — 0.070 0.063

effect in  c o u n te ra c tin g  th e  fu ll in fluence of th e  
n icke l. A som ew hat s im ila r  re su lt  is o b ta in e d  
w ith  th e  n icke l-ch rom ium  iron . T h is iro n  on 
a cco u n t of its  lower s ilicon  c o n te n t c a n n o t be 
co m pared  w ith  th e  u n alloyed  iro n  P , b u t  if th e

T he in fluence  of specia l e lem en ts  in  lowering 
th e  th e rm a l c o n d u c tiv ity  o f c a s t  iro n  is also seen 
to  a m ore  m ark e d  d eg ree  w hen  th e  values 
o b ta in e d  fo r  th e  th re e  iro n s  in  th e  th i r d  series 
a re  considered . T h e  N ic ro s ila l c o n ta in in g  ap-



p ro x im ate ly  18.5 p e r  cen t, of n ickel an d  6.5 per 
cent, of silicon has a v a lu e  of 0.070 a t  100 
deg. C. R ep lac in g  p a r t  of th e  n icke l by copper 
and red u c in g  th e  silicon c o n te n t, as is done in 
th e  N i-R esist, ra ises  th e  h e a t-co n d u c tin g  v a lu e  of 
th e  iron  by 15 p er c en t., a co n d u c tiv ity  of 0.081 
being o b ta in ed  a t  100 deg. C. A som ew hat 
sim ilar v a lu e  of 0.079 a t  100 deg. C. is o b ta ined  
w ith th e  a lu m in iu m -ch ro m iu m  iro n . T h is low 
value is produced  in  an  iro n  c o n ta in in g  a  low 
percen tage  of silicon by th e  ad d itio n  of 7.0 p er 
cent, of a lu m in iu m , w'hich would a p p e a r  to  
ind icate  th a t  a lu m in iu m  has a v ery  m ark ed  
effect on th e  th e rm a l c o n d u c tiv ity  of cas t iron , 
an  effect w hich is m uch  g re a te r  th a n  th a t  
produced by n ickel.

5. C onclusions
The gen era l conclusions to  be fo rm ed from  th e  

above d a ta  m ay  be sum m arised  as fo llow : —
(1) The th e rm a l c o n d u c tiv ity  of g rey  cas t 

iron  is low ered by copper in  a s im ila r  m an n e r  
to  w hich i t  is low ered by silicon and  
nickel. The in fluence of copper, how ever, is 
ap p ro x im ate ly  h a lf  t h a t  of silicon.

(2) M olybdenum  ten d s  to  ra ise  th e  th e rm a l 
con d u ctiv ity  of g rey  c a s t iro n , an d  in  th is  
respect acts in  a s im ila r  m an n e r to  chrom ium  
and  tu n g s te n , a lth o u g h  its  in fluence is n o t so 
pronounced.

(3) W here  n ickel and  ch rom ium  or nickel 
and m anganese  a re  alloyed to g e th e r  in  cast

• iron , th e  in fluence of n ickel in  low ering  th e  
th erm al co n d u c tiv ity  is c o u n te rac ted  to  a 
sligh t degree by th e  chrom ium  or m an ganese.

(4) A la rg e  p ro p o rtio n  of n ick e l has a p ro 
nounced in fluence in  low ering  th e  th e rm a l 
con d u ctiv ity  of c a s t iro n , b u t  w here  p a r t  of 
th e  nickel is rep laced  by copper, th e  in fluence 
is n o t so m ark ed .

(5) A lum in ium , even in  th e  presence of 
chrom ium , has a v ery  pronounced  in fluence in 
low ering th e  th e rm a l co n d u c tiv ity  of grey  
cast iron .

The a u th o r ’s th a n k s  a re  due to  M r. J .  B row n, 
C .B .E ., and th e  o th e r  d irec to rs  of S c o tts ’ S h ip 
bu ild ing  & E n g in e e r in g  C om pany, L im ite d , of 
Greenock, fo r  perm ission  to  c a r ry  o u t th e  above 
in v es tig a tio n s. H e  also wishes to  th a n k  M r. J .  
A rno tt, F .I .C . ,  of G. & J .  W eir, C a th c a r t ;  D r. 
A. B. E v ere s t, of th e  M ond N ickel C om pany, 
L im ited , L o n d o n ; an d  M r. J .  G. P e a rce , M .Sc., 
of th e  B ritish  C ast I ro n  R esearch  A ssocia tion , 
for th e  sam ples of th e  va rio u s c a s t irons te s te d .
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D IS C U S S IO N

M r . F .  J .  C ook (B irm in g h am ) sa id  every  
fo u n d ry m an  was in d eb te d  to  D r. D onaldson  fo r 
h is w ork  in  t h a t  p a r t ic u la r  field. D id  D r. 
D onaldson  ag ree  t h a t  th e  a m o u n t of com bined 
ca rb o n — also th e  a d d itio n  of g ra p h ite —h ad  an 
effect on th e  re su lts  he had  o b ta in e d  of th e rm al 
co n d u c tiv ity , a n d  would he include  w ith  his 
P a p e r , when i t  was p r in te d , some p a r tic u la rs  
of th ese  fe a tu re s ?

D r . J .  W . D o n a e d s o n  rep lied  t h a t  such in 
fo rm a tio n  h ad  been g iv en  in  p rev ious P a p e rs . 
G ra p h ite  d id  n o t a p p ea r  to  e x e r t  a m ark ed  in 
fluence ex cep t w here i t  affected  th e  denseness 
of th e  iro n . C om bined carb o n  c e r ta in ly  h ad  an  
in fluence, as i t  h ad  been p rev iously  shown th a t  
free  f e r r i te  was a m uch b e tte r  co n d u cto r of h e a t 
th a n  eu te c to id  p e a r lite ,  ow ing to  th e  re la tiv e  
c o n d u c tiv itie s  of fe r r i te  a n d  cem en tite  w hich 
h ad  been d e te rm in ed  as 0.174 an d  0.017 respec
tive ly .

T h e  L o re n z  C o n sta n t

M r . M. M . H a l l e t t  sa id  th a t ,  ta k e n  in  con
ju n c tio n  w ith  h is e a r lie r  p u b lica tio n s, th e  
p re se n t P a p e r  gave a  c lear id ea  of th e  effect of 
com position  on th e  th e rm a l co n d u c tiv ity  of cast 
iro n , a field of in v es tig a tio n  w hich D r. D onald 
son had  m ade h is own. T he va lue  of th e  P a p e r  
would have  been en h an ced  if  m easu rem en ts  of 
th e  e lec trica l c o n d u c tiv ity  of th e  b a rs  u n d e r  te s t  
h ad  also been m ade, even  if  only a t  room  te m 
p e ra tu re ,  as in  m ost lab o ra to rie s  th is  p ro p e rty  
was m uch  m ore con v en ien t to  d e te rm in e , and  
re liab le  d a ta  re g a rd in g  th e  L orenz  c o n s ta n t 
would enab le  a reaso n ab ly  close e s tim a te  of th e  
th e rm a l co n d u c tiv ity  to  be m ade. D r. D o n a ld 
son m ig h t a c tu a lly  have  some d a ta  on th is  p o in t 
which he had  n o t  in co rp o ra te d  in  th e  P a p e r. 
The va lues of th e  L o ren z  c o n s ta n t availab le  in 
th e  l i te r a tu r e  could n o t be re g a rd e d  as ad eq u a te .

One m ig h t com m ent on th e  p resence of 0.54 
per cen t, ch rom ium  in  th e  sam ple  of N i-Tensyl 
iron . This m a te r ia l  d id  n o t no rm ally  c o n ta in  
chrom ium  in any  ap p rec iab le  am o u n t.

T h e  R e la tio n sh ip  w ith  C arb o n  A ffin ity

A n o u ts ta n d in g  p o in t, w hich m u st have  s tru c k  
all m e ta llu rg is ts  fa m ilia r  w ith  th e  c o n s titu tio n  
of cas t iro n , w as th e  m an n e r  in which th e  effect 
of alloy e lem en ts on th e rm a l co n d u c tiv ity  was 
re la te d  to  th e i r  a ffin ity  fo r  carbon . T hus ch ro 
m ium , tu n g s te n  an d  m an g an ese  ra ised  th e  con
d u c tiv i ty  in  a lm ost e x ac t p ro p o rtio n  to  th e  
s ta b ili ty  of th e ir  carb ides, w hile th e  g ra p h itis -  
in g  e lem ents, n ickel an d  silicon, low ered th e  con
d u c tiv ity . I n  th e  P a p e r  p re sen ted  by  D r. 
E v e re s t an d  th e  speak er, an  en d eav o u r h ad  been 
m ade to  show th e  im p o rtan ce  of th e  ca rb o n  con- 
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t e n t  of th e  a u s te n ite  on th e  p ro p e rtie s  of m ar- 
te n s it ic  w h ite  iro n . M ig h t i t  be t h a t  those 
e lem en ts  fo rm in g  sta b le  carb id es ra is e d  th e  con
d u c tiv i ty  of a n  iro n  by  c au s in g  th e  w ith 
d ra w a l of c a rb o n  fro m  so lu tio n  in  th e  fe r 
r i te  lamellae of th e  p e a r l ite , th e  f e r r i te  p re su m 
ab ly  b e in g  th e  ch ief c o n d u c tin g  s t ru c tu ra l  
phase , a n d  th e re fo re  th e  p hase  in  w hich  one 
m u st look fo r ch an g es to  a cco u n t fo r v a r ia tio n s  
in  c o n d u c tiv ity ?  T h e  re la tiv e  effects of n ick e l 
a n d  silicon , u n e x p ec te d  in  view  of th e  co n sid er
ab ly  g re a te r  g ra p h it is in g  pow er of silicon, 
m ig h t be e x p la in ed  by re fe re n ce  to  th e  g re a te r  
effect of silicon  in  p re c ip ita tin g  ca rb o n  from  
so lu tio n  in  f e r r i te .  T h is w ould ra ise  th e  co nduc
t iv i ty  in  op p o sitio n  to  th e  d ire c t  in fluence  of 
silicon in  d ec reas in g  c o n d u c tiv ity  as i t  e n te re d  
in to  so lu tio n . L ig h t  m ig h t be  th ro w n  on  th is  
su g g estio n  by  a n  e x a m in a tio n  of o il-quenched  
sam ples w here  th e  deg ree  of d isp e rsio n  of th e  
carb o n  w ould be th e  sam e in  b o th  cases. U n d er 
th ese  c o n d itio n s  th e  ch rom ium  m ig h t even lower 
th e  co n d u c tiv ity .

I n  conclusion , he  w ould lik e  to  c o n g ra tu la te  
D r. D onaldson  on a d d in g  a n o th e r  lin k  to  h is 
in te re s t in g  c h a in  of in v e s tig a tio n s  on  th e  th e r 
m al co n d u c tiv ity  of c a s t iro n , a  s tu d y  w hich  was 
y ie ld in g  re su lts  b o th  of p ra c tic a l an d  th e o re ti
cal in te re s t .

D k. D o n a l d s o n  sa id  th e  d e te rm in a tio n  of th e  
L orenz  coefficient fo r c a s t  iro n  was c e r ta in ly  
v ery  im p o r ta n t. H e  h a d  n o t m ad e  an y  e le c tr ica l 
r e s is tiv ity  d e te rm in a tio n s  on th e  v a rio u s  c a s t 
iro n s , b u t  he  a p p re c ia te d  th e  v a lu e  t h a t  w ould 
be o b ta in e d  fro m  such  w ork. T h e  te m p e ra tu re  
ra n g e  o ver w hich th e rm a l c o n d u c tiv ity  va lues 
could be d e te rm in e d  w as lim ite d  d u e  to  h e a tin g  
co n d itio n s, b u t  such  lim ita tio n s  w ere n o t im 
posed on e le c tr ica l re s is tiv ity  d e te rm in a tio n s . I f  
th e  L o ren z  coefficient could  be show n to  hold

fo r  c a s t  iro n  b o th  a t  h ig h  a n d  low te m p e ra tu re s , 
i t  w ould be possible to  o b ta in  th e  th e rm a l con
d u c tiv i ty  a t  h ig h  te m p e ra tu re s  by  d e te rm in in g  
th e  e le c tr ica l re s is tiv ity . S uch  w ork  h a d  still 
to  be c a r r ie d  o u t  on  c a s t  iro n , a n d  he hoped  i t  
would be done in  th e  n e a r  fu tu re .

H e  a g ree d  w ith  M r. H a lle tt-’s re m a rk s  on th e  
a ffin ity  of c a rb o n  fo r  such  e lem en ts as chrom ium , 
m olybdenum  a n d  tu n g s te n ,  a n d  th e i r  influence 
on th e rm a l c o n d u c tiv ity . H e  w as also in te re s ted  
in  w h a t M r. H a l le t t  h a d  sa id  w ith  re g a rd  to  
th e rm a l c o n d u c tiv ity  d e te rm in a tio n s  a t  low tem 
p e ra tu re s , a n d  th o u g h t  t h a t  i t  w as possible such 
re su lts  m ig h t be o b ta in e d .

In d u s tr ia l A p p lic a t io n  o f  R esults
T he C h a i r m a n  (M a jo r  M iles) asked D r. 

D on a ld so n  if  he  cou ld  e x p la in  in  g e n e ra l te rm s 
th e  d es irab le  p ro p e rtie s  in  th e rm a l co n d u ctiv ity  
due  to  th e  ad v an c e  fro m  low -pressu re  steam  to 
h ig h -p ressu re  s te am  an d  su p e rh e a te d  steam  and 
th e  in te rn a l-c o m b u s tio n  en g in e .

D r . D o n a l d s o n  sa id  th e  in v e s tig a tio n s  were 
in i t ia te d  m an y  y e a rs  ago in  co n n ec tio n  w ith  the  
c o n s tru c tio n  of la rg e  in te rn a i-c o m b u s tio n  en
g in es in  o rd e r  to  d e te rm in e  w hich  c a s t irons were 
m o st su i ta b le  fo r c y lin d e r  lin e rs  an d  piston  
heads. A lu m in iu m  alloys, w hich  h ad  high 
th e rm a l c o n d u c tiv itie s  a n d  w hich w ere used in  
m o to r vehicle a n d  a i r c r a f t  en g in es , w ere no t 
used  in  th is  ty p e  of c o n s tru c tio n  to  any  m arked  
e x te n t .  I t  w as e sse n tia l to  use  c a s t  iro n  hav ing  
good m ech an ica l p ro p e rtie s , h ig h  re s is tan c e  to  
g ro w th  a t  e lev a ted  te m p e ra tu re s  an d  a s  h igh  a. 
th e rm a l c o n d u c tiv ity  as possib le c o n s is te n t w ith 
th e  o th e r  p ro p e rtie s . T h ere  w ere  a lso  ce rta in  
o th e r  ap p lic a tio n s , p a r tic u la r ly  in  tu rb in e  and 
valve c o n s tru c tio n  a n d  in  fu rn a c e  c o n s tru c tio n , 
w here  th e  v a lu e  of th is  c o n s ta n t  fo r  c a s t iron, 
an d  p a r tic u la r ly  fo r  h ig h -d u tv  a n d  h e a t-re s is tin g  
c a s t iro n s, w as of im p o rta n ce .
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The Effect of Melting Conditions on Light Alloys
By A. J. MURPHY, M.Sc. (M em ber), S. A. E. W ELLS and R. J. M. PAYNE, B.Sc.

T here  is a  g en era l re co g n itio n  now adays of 
the  im p o r ta n t rôle  p lay ed  by th e  co n d itio n s p re 
vailing  d u r in g  m e ltin g  in  th e  p ro d u c tio n  of 
a lum in ium  a n d  m ag n esiu m  alloy cas tin g s of h igh  
qua lity . The p re se n t co m m u n ica tio n  describes 
some o b se rvations on th is  a sp ec t of m e ta llu rg ic a l 
contro l which have  come u n d e r  th e  a u th o rs ’ 
notice an d  w hich i t  is hoped m ay  be of in te re s t  
in a d iscussion of m e ltin g  co n d itio n s as th ey  
affect fo u n d ry  processes.

E q u ip m e n t
Ou co m paring  no tes  of th e  ex p erien ce  of d if 

fe re n t fou n d ries , i t  is fo u n d  t h a t  sa tis fa c to ry  
resu lts  a re  o b ta in e d  from  a la rg e  v a r ie ty  of 
fuels, fu rn aces  a n d  crucib les, an d  th e  u ltim a te  
choice from  am ong th ese  is o f te n  governed  by 
local cond itions, such as th e  re la tiv e  costs of oil, 
gas and  coke or th e  m ax im um  and  m in im um  
weights of c a s tin g s  to  be p roduced . The p la n t 
w ith which th e  a u th o rs  a re  concerned  com prises 
sep ara te  fo u n d ries  fo r sa n d -ca s tin g  an d  die- 
casting  a n d  fo r a lu m in iu m  alloys an d  m agnesium  
alloys. O il-b u rn in g  c ru cib le  fu rn ac e s  a re  used 
th ro u g h o u t ; fo r a lu m in iu m  alloys th e  crucibles 
in th e  s ta tio n a ry  b a le -o u t fu rn ac e s  a re  of 
g rap h ite-c lay , an d  those  in  t i l t in g  fu rn ac e s  a re  
of cast iro n  ; pressed  steel c rucib les a re  used  fo r 
m agnesium  alloys b o th  in  t i l t in g  an d  s ta tio n a ry  
furnaces.

E FF E C T O F  M E L T IN G  C O N D IT IO N S  
O N  C O M P O S IT IO N

(a ) .— C o n ta m in a tio n
The ab so rp tio n  of gases by m olten  m eta ls  is a 

form  of c o n ta m in a tio n , b u t  in  o rd in a ry  fo u n d ry  
usage th e  te rm  is lim ite d  to  th e  e n try  in to  th e  
m etal of non-gaseous im p u ritie s . A n obvious 
p o ten tia l source of such im p u ritie s  is th e  c ru 
cible. S ince b o th  a lu m in iu m  a n d  m agnesium  
are  s tro n g  re d u c in g  a g en ts  a t  e lev a ted  te m p e ra 
tu res , th ey  p re sen t th e  p o ss ib ility  of c o n ta m in a 
tio n  by re d u c tio n  of o x y g en -co n ta in in g  re fra c 
to ry  m a te ria ls  a n d  th e  a lloy ing  of th e  reduced  
e lem ent, e.g ., silicon, w ith  th e  l ig h t  m e ta l. In  
the  case of cas t- iro n  an d  steel c rucib les, th e  
d a n g er of c o n ta m in a tio n  by iro n  th ro u g h  d irec t

a lloy ing  w ith  th e  m a te r ia l  of th e  c rucib le  has 
also to  be considered . I n  b o th  th ese  respects 
th e re  is a sh a rp  d is tin c tio n  be tw een  a lu m in iu m  
an d  m agnesium -base  alloys.

( I ) . — A lum in ium  Alloys

As f a r  as th e  a u th o rs  a re  aw are , no case of 
c o n ta m in a tio n  of th e  no rm al in d u s tr ia l  a lum i
n ium  alloys th ro u g h  re ac tio n  w ith  g ra p h ite  o r 
silicon-carb ide  crucib les h as been reco rded , an d  
c e r ta in ly  no in s ta n c e  of such  co n ta m in a tio n  has 
o ccu rred  w ith in  th e i r  own experience . T his is 
t ru e  b o th  in  th e  p resence a n d  absence of fluxes 
d u r in g  th e  m e ltin g  o p e ra tio n .

C ast iro n  p re sen ts  a d v an tag e s  in  c e r ta in  re 
spects over re fra c to ry  clays as a m a te ria l  fo r 
crucib les in  th e  a lu m in iu m  fo u n d ry , n o tab ly  in  
b e tte r  th e rm a l c o n d u c tiv ity , su p e rio r s tre n g th , 
low er cost a n d  g re a te r  fa c ili ty  of p ro d u c tio n . 
On th e  o th e r  h a n d , p re ca u tio n s  w hich a re  u n 
necessary  in  th e  case of fireclay  crucibles have 
to be observed co n stan tly  w ith  iro n  m eltin g  
vessels, if  c o n ta m in a tio n  of th e  a lu m in iu m  alloy 
w ith  iro n  is to  be avoided. A w ash consisting  
of w h iten in g  10 lbs., w a te r  5 galls, an d  sodium  
s ilic a te  0 ozs., ap p lied  by  b ru sh in g  to  th e  inside 
of th e  c rucib le , is fo u n d  to  be effective fo r  f u r 
naces w hich a re  com plete ly  em p tied  a f te r  each 
m elt. I t  is necessary  to  renew  th e  w ash daily , 
a n d  if  th is  is c a r r ie d  o u t conscientiously  no 
ap p rec iab le  p ick -up  of iro n  occurs.

I t  is a n  u n d en iab le  c ritic ism  o f th e  use of iro n  
m eltin g  p o ts  t h a t  th e  avo idance  of th is  co n tam i
n a tio n  is d e p en d e n t u p o n  th e  p ro tec tiv e  wash 
be in g  ap p lied  a n d  renew ed  w ith  care  by  th e  fire
m an  or o th e r  o p e ra to r  charg ed  w ith  th is  re sp o n 
sib ility . Two in stan ces m ay be c ited  to  illus
t r a t e  th e  serious consequences w hich m ay  re su lt 
from  c o n ta m in a tio n  of a lu m in iu m  alloys by iron .

A fte r  su itab le  m odification , a lum in ium -silicon  
alloy c o n ta in in g  silicon 12 p e r cen t, a n d  iro n  
0.3 p e r c en t., w hen cas t in to  th e  u su a l 1-in. 
d ia . d ry -san d  m ould , shows a fine-gra ined  f ra c 
tu r e  a n d  m ech an ica l propertie.s of w hich th e  
follow ing a re  ty p ic a l : m ax im u m  stress 11 to  12 
to n s  p e r sq. in . a n d  e lo n g a tio n  on 4v^A 10 to  15 
p e r cen t. I f  m elted  in  a  c ru c ib le  o f g rey  c a s t
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iro n  w ith o u t a su ita b le  p ro tec tiv e  c o a tin g , th e  
iro n  c o n te n t  m ay  re a d ily  in c rease  to  1 p e r cen t. 
W ith  th is  p ro p o rtio n  of iro n  th e  alloy  shows 
a b r ig h t  “  c ry s ta llin e  ”  f r a c tu re ,  w ith  la rg e  
lu s tro u s  face ts , an d  th e  m ech an ica l p ro p e rtie s  
of a  sa n d -ca s t te s t-b a r  b eco m e : m ax im u m  stre ss  
9 to  10 to n s  p e r  sq. in .,  a n d  e lo n g a tio n  on 
4,\/A  2 p e r  cen t. T he loss of d u c ti l i ty  is a 
p a r tic u la r ly  u n d e s irab le  fe a tu re .

T he second case in  w hich re fe re n ce  m ay  be 
m ad e  to  th e  effect of iro n  c o n ta m in a tio n  is t h a t  
of th e  a lu m in iu m  alloy c o n ta in in g  co p p er 4 
p e r  c en t., w ith  t i ta n iu m  u p  to  0.2 p e r cen t. 
T his h a s  been in tro d u c e d  recen tly  fo r  a i r c r a f t  
ap p lic a tio n s  u n d e r  th e  p rov isions of specification  
D .T .D . 304. I n  o rd e r  to  a t t a in  th e  m echan ical 
p ro p e rtie s  specified, nam ely , a m ax im um  stress  
o f n o t  less th a n  18 to n s  p e r sq. in . a n d  e lo n g a 
t io n  n o  e s s  th a n  4 p e r c e n t.,  i t  is im p o r ta n t  
t h a t  th e  iro n  c o n te n t of th e  alloy sha ll n o t 
exceed ab o u t 0.2 p e r  cen t. T h is  alloy  is th e r e 
fo re  v ery  sen sitiv e  to  c o n ta m in a tio n  from  i r o n  
crucib les, an d  ex p erien ce  in  p ro d u c tio n  has 
show n t h a t  if  from  th is  o r  an y  o th e r  cause  th e  
iro n  c o n te n t rises to  0.35 p e r c en t., th e  d esired  
p ro p e rtie s  c a n n o t be a t ta in e d .

( I I ) . — M a g n e s iu m  Alloys

M olten  m ag n esiu m  re ac ts  re ad ily  w ith  siliceous 
m a te ria ls  such as fireclay , re d u c in g  silica  and  
silica tes , th e  silicon th u s  p roduced  a lloy ing  im 
m ed ia te ly  w ith  th e  m ag n esiu m . N o d a ta  a re  
av a ilab le  re g a rd in g  th e  q u a n ti ty  of silicon which 
can  be  absorbed  in  th is  w ay, since  fireclay 
crucib les a re  n ev er used fo r  m ag n esiu m  alloys, 
b u t  i t  is a w ell-estab lished  f a c t  t h a t  if  a d h e re n t 
m o u ld in g  san d  is n o t th o ro u g h ly  rem oved from  
ru n n e rs  a n d  rise rs  be fo re  th ey  a re  rem e lted , th e  
silicon c o n te n t of th e  re su ltin g  m e ta l w ill in 
crease  in  e x trem e  cases to  as h ig h  as 1 pe r c en t., 
as com pared  w ith  an  o r ig in a l v a lu e  of ab o u t 
0.1 p e r cen t.

In  com plete  c o n tra s t  to  a lu m in iu m , th e  norm al 
m agnesium  alloys a p p e a r  to  be p ra c tic a lly  in e r t  
as re g a rd s  any  ten d e n cy  to  alloy w ith  iro n , a t  
le a s t u p  to  a  te m p e ra tu re  of 900 deg. C. T his 
p e rm its  crucib les of u n lin e d  steel to  be  used  in 
th e  m ag n esiu m  fo u n d ry , an d  th e  sam e m a te ria l  
can  be used  fo r lad les an d  s t ir re r s .  T he fluoride  
an d  ch lo ride  fluxes em ployed do n o t affect th is  
re lu c ta n c e  to  alloy w ith  iro n , an d  even a f te r  
re p e a te d  fu sio n s of th e  sam e ch arg e  in  one steel 
c rucib le  no  increase  of iro n  c o n te n t can  be de
tec ted . T he presence of m an g an ese— a b o u t 0.3 
p e r c e n t.— in  th e  m agnesium  alloy is considered  
to  a ss is t in  p re v e n tin g  a b so rp tio n  of iro n .

(b ).— C hange o f C o m p o s itio n
E v en  w hen c o n ta m in a tio n , i .e .,  in v as io n  of 

th e  m e ta l by fo re ig n  im p u rit ie s , has been  p re 

v e n te d , th e re  rem a in s th e  p o ss ib ility  of th e  com
p o sitio n  of th e  ch arg e  be ing  a lte re d  by th e  loss 
of one or m ore of th e  c o n s t itu e n ts  d u r in g  m elt
in g , j u s t  as phosphorus o r z in c  can  be lost from  
bronzes a n d  brasses. I n  g e n e ra l one does not 
have  to  c o n ten d  w ith  v o la tilisa tio n  in  alloys of 
a lu m in iu m  o r m ag n esiu m , b u t  th e  in v es tig a tio n  
now to  be desc rib ed  briefly  shows how a change 
of co m position  can  occur, fro m  o th e r  causes, in 
c e r ta in  a lu m in iu m  alloys.

T he o b jec t of th e  e x p e rim e n ts  w as to  ascerta in  
if  an y  loss of m ag n esiu m  o ccu rred  e ith e r  when 
flux d eg asifica tio n  t r e a tm e n t  w as ap p lied  to  a 
m elt o r w hen th e  m elt w as su b je c ted  to  o rd in ary  
m e ltin g  on ly  w ith o u t  flu x in g . A lloy C eralum in  
“  B ”  (D .T .D . 287), h a v in g  th e  o rig in a l com
position  : — C opper, 1 .3 ; silicon , 2 .2 ; n ickel, 1.3; 
m agnesium , 0 .1 ; iro n , 1 .0 ; n iob ium , 0.1 per 
c en t., a lu m in iu m  re m a in d e r , w as chosen fo r the  
in v e s tig a tio n , a n d  th e  effect of re p e a te d  applica
tio n  of flux an d  th e  in fluence  of rem eltin g  
several tim es  w ith o u t flux w ere exam ined .

T he flu x in g  e x p e rim e n ts  w ere c a r r ie d  o u t on 
a sing le  20-lb. m elt, w hich  w as tr e a te d  four 
tim es w ith  a  d ry  flux  m ix tu re  of 2 p a r ts  sodium  
ch lo ride  an d  1 p a r t  sod ium  fluo ride , u sing  2 
p er cen t, by w e ig h t of th e  sa lts  m ix tu re  on each 
occasion. A t each  s ta g e  th e  te m p e ra tu re  of 
th e  m e ta l w as ra ised  to  750 deg. C. fo r fluxing, 
a n d  a f te r  f lu x in g  cooled to  700 deg. C. to  enable 
tw o s ta n d a rd  te s t-b a rs  to  be p o u red . The heads 
of th e  te s t-b a rs  w ere c u t  off a n d  re tu rn e d  to 
th e  c ru c ib le  to  m a in ta in  a n  ap p ro x im a te ly  con
s ta n t  a re a  of su rfa ce  of m e ta l exposed to  the  
ac tio n  of th e  flux. T he q u a n ti ty  of th e  m etal 
t r e a te d  th e re fo re  only  v a r ie d  by  a few ounces, 
th e  a m o u n t re q u ire d  fo r  th e  te s t-b a rs .

The re m e ltin g  e x p e rim e n ts  w ith o u t flux were 
also m ade  on a  s ing le  20-lb. m e lt. T he procedure  
w as to  ra ise  th e  te m p e ra tu re  of th e  m elt to 
750 deg. C ., cool to  700 deg. C. a n d  c a s t two 
s ta n d a rd  te s t-b a rs  a n d  th e n  p o u r  off th e  re 
m a in d e r  in to  in g o t m oulds, th e  in g o ts  and  the  
h eads c u t  from  th e  te s t-b a rs  b e in g  rem elted  a t 
each s tag e . T h ree  s ta g es  of re m e ltin g  were 
c a r r ie d  o u t in  all.

S am ples co n sis tin g  of tu r n in g s  from  th e  com
p lete  cross-section  a t  th e  to p  of a  te s t-b a r  rep re 
s e n ta tiv e  of each  s ta g e  of th e  e x p e rim e n ts  were 
ta k e n  fo r  d e te rm in a tio n  of th e  m ag n esiu m  con
te n t  in  b o th  th e  fluxed an d  non-fluxed  series.

T he n o rm a l h e a t- tr e a tm e n t  fo r  C eralum in  
“  B ,”  co n sis tin g  of h e a tin g  fo r  11 h o u rs a t  165 
deg. C ., w as a p p lie d  to  th e  te s t-b a rs  before 
m ak in g  m ech an ica l te s ts . B rin e ll h a rdness 
d e te rm in a tio n s  w ere also m ade  on p ieces in  the 
“  a s-cast ” co n d itio n , as i t  w as th o u g h t  th a t  
some d ifference m ig h t be observed  even a t  th is 
s tag e  if  a n y  m ark e d  loss of m ag n esiu m  had 
occu rred . T he re su lts  of th e  chem ica l analyses,



B rinell h a rd n ess  d e te rm in a tio n s  and  ten s ile  te s ts  
are  g iven  in  T able  I.

Tensile  te s ts  w ere n o t c a rr ie d  o u t on th e  11 re 
m eltin g  series ”  as i t  w as obvious from  th e  
chem ical an aly sis a n d  h a rd n ess te s ts  t h a t  no  loss 
of m agnesium  h ad  occurred .

The first se ries of ex p e rim e n ts  show con
clusively t h a t  a  serious loss of m agnesium  can 
occur from  a  re p e tit io n  of th e  f lu x in g  t r e a t 
m ent, re su ltin g  in  a  so fte n in g  of th e  alloy, 
the  effect b e in g  m ark ed  on all th e  m echanical 
p rop erties  ex am in ed . I t  is c lear, th e re fo re , 
th a t ,  if  fo r an y  reaso n  a  m e lt of a n  a lu m in iu m  
alloy co n ta in in g  m agnesium  is t r e a te d  m ore th a n

chlo rides and  fluorides, th e  fluxes used  fo r m ag 
n esium -rich  alloys a re  n o t of th e  sam e com posi
t io n  as t h a t  ap p lied  to  th e  a lu m in iu m  alloys in 
th e  p re se n t in v es tig a tio n , and  i t  is also conceiv
ab le  t h a t  a  m ore  com plex flux m ig h t be evolved 
w hich w ould n o t e x e r t  a  p re fe re n tia l  ac tio n  on 
the  m agnesium  in  a lu m in iu m -rich  alloys.

E F F E C T  O F  T E M P E R A T U R E  A T T A IN E D  BY  
T H E  M O L T E N  M E T A L

J u s t  as th e  alloys of a lu m in iu m  an d  those  of 
m agnesium  d iffer from  each o th e r  in  th e ir  
re q u ire m e n ts  as re g a rd s  m e ltin g  vessels an d  in  
th e  effect of flux t r e a tm e n t,  so i t  is also neces-

T a b l e  I .— Effect of Repeated Melting— Ceralumin “ B .”
Repeated fluxing.

Mg
per

cent.
by

analy
sis.

“ As 
cast.” Heat-treated.

Mg
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cent.
by

analy
sis.

“ As 
cast.”

Heat-
treated.

Brinell
hard
ness,

10/1000/
15.

Brinell
hard
ness,

10/1000/
15.

0.1
per cent, 

proof 
stress. 

Tons per 
sq. in.

U lti
mate 

stress. 
Tons per 

sq. in.

Elonga
tion 

per cent, 
on 2 in.

Brinell
hard
ness,

10/1000/
15.

Brinell
hard
ness,

10/1000/
15.

1st 0.10 65 82 7.04 12.00 4 Original 0.12 63.5 79
fluxing 7.04 11.80 3.5 melting

2nd 0.08 61.5 78 6.88 11.40 3 1st 0.12 63.5 81
fluxing 6.60 11.40 3 remelt

3rd 0.08 58.5 75 5.92 10.92 4 2nd 0.11 62 80
fluxing 5.24 10.32 4 remelt

4th 0.06 58 67 4.64 10.32 5 3rd 0.12 62 79
fluxing 4.93 10.53 5 remelt

Repeated remelting without flux.

once, or a t  th e  m ost tw ice, w ith  a  flux of th e  
type  described, a n  a d d itio n  of m agnesium  should 
be m ade to  com pensa te  fo r th e  loss d u e  to  th e  
action  of th e  flux. T he sam e co n sid e ra tio n  has 
to be borne in  m in d  if  rem elted  ru n n e rs  and  
risers c o n s titu te  a la rg e  p ro p o rtio n  of th e  
charge, a  con d itio n  w hich is likely  to  a rise  when 
the  m etal r a tio  on a job  is h igh , i .e .,  w hen th e  
weight of th e  u n tr im m ed  ca s tin g  is la rg e  com
pared w ith  th a t  of th e  finished cas tin g .

The re su lts  of th e  second se ries of te s ts  in d i
cate  th a t  in th e  absence of flux, th e re  is no loss 
of m agnesium  on re p e a te d  m eltin g . O bserva tions 
on a lu m in iu m -b ase  alloys of h ig h e r  m agnesium  
con ten t, such a  Y-alloy c o n ta in in g  1.5 p e r cen t, 
m agnesium , show th a t  th ey  behave in  th e  sam e 
way as C era lu m in  “  B ,”  th e  a c tu a l  loss of m ag
nesium  w ith  re p ea te d  flux ing  b e in g  g re a te r , as 
would be expected .

I t  is a  l i t t le  su rp r is in g , in  view  of these  
results on a lu m in ium -base  alloys, to  find th a t ,  
w ith  m agnesium -base alloys c o n ta in in g  8 to  10 
per cen t, of a lu m in iu m , th e re  is no ch an g e  of 
com position even a f te r  m any  re p e tit io n s  of m elt
ing u n d e r fluxes c o n ta in in g  fluorides an d  ch lo r
ides. I t  is t r u e  th a t ,  a lth o u g h  th e y  co n ta in

sa ry  to  deal w ith  them  se p a ra te ly  when consider
ing  th e  effect of th e  m ax im um  te m p e ra tu re  to  
which th e  m elt is h ea ted  before  cas tin g .

(a ) .— A lu m in iu m  A llo ys

I t  is g en era lly  accep ted  t h a t  w hen m eltin g  
a lu m in iu m  alloys in  th e  fo u n d ry , th e  tem p e ra 
tu re  should  n o t be ra ised  u n d u ly  beyond th e  level 
req u ired  to  g iv e  a  reaso n ab le  speed of w ork ing  
an d  to  e n su re  th e  co rrec t c a s tin g  te m p e ra tu re  in 
th e  m e ta l a f te r  i t  h a s  been rem oved from  th e  
fu rn ace . T he p rin c ip a l reasons fo r  avo id ing  
high m eltin g  te m p e ra tu re s  a re  usu a lly  considered  
to  be th e  re d u c tio n  of m e ltin g  losses th ro u g h  ox i
d a tio n  an d  th e  avo idance  of gas ab so rp tio n , th e  
so lu b ility  of hyd ro g en  in  m olten  a lu m in iu m  in 
c reasin g  ra p id ly  w ith  rise  of te m p e ra tu re . F u e l 
co n sum ption  an d  crucib le  life  a re  also adversely  
affected by excessive h e a tin g  of th e  ch arge .

T he a u th o rs  have no ticed  t h a t  th e re  is a n o th e r 
consequence of h ig h  m eltin g  te m p e ra tu re s  which 
m ay be of im p o rta n ce  in  c e r ta in  c ircu m stan ces 
an d  w hich is p e rh ap s  n o t g en era lly  realised . This 
is th e  effect of m e ltin g  te m p e ra tu re  on th e  g ra in  
size of san d  cas tin g s.
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W hereas w ith  c a re fu l  w o rk in g  a lu m in iu m  
alloys m ay  be h e a te d  to  as h ig h  a  te m p e ra tu re  as 
800 deg . C ., even in  fu rn a c e s  b u rn in g  g as o r  oil, 
w ith o u t  ab so rb in g  a h a rm fu l  a m o u n t of h y d ro 
gen , th e r e  is re a so n  to  believe t h a t  in  m an y  
alloys th e  g ra in  size  of sa n d  c a s tin g s  is co n sid er
ably  la rg e r  if  th e  te m p e ra tu re  of th e  m e lt  has 
exceeded 750 deg . C. th a n  if  i t  h a s  been  m a in 
ta in e d  a t  a  low er v a lu e . T h is effect is q u ite  
d is t in c t  from  th e  in flu en ce  o f p o u rin g  te m p e ra 
t u r e :  in  th e  alloys u n d en  c o n sid e ra tio n  a  coarse  
g ra in  is p ro d u ced  i f  th e  te m p e ra tu re  of th e  m elt 
h a s  exceeded  th e  c r it ic a l  v a lu e  of 750 deg. C ., 
even th o u g n  th e  a c tu a l c a s tin g  te m p e ra tu re  is 
a b o u t 720 deg. C.

A c o a rse -g ra in  s t ru c tu re  is u n d e s irab le  fo r 
v a rio u s  reaso n s : i t  shows its  in fluence  f irs t in  
c au s in g  a te n d e n cy  fo r in te ro ry s ta l l in e  c rac k in g

F i g . 1.

A = M a x . tem p , m elt 720 deg. C ., c a s t 720 deg. C. 
B =  ,, ,, 740 ,, ,, ,,
C =  ,, ,, 750 ,, ,, ,,
D  =  ,,. ,, 760 ,, ,, ,,
E =  ,, ,, 800 ,, ,, ,,
F =  ,, ,, 800 deg. C ., in g o tte d , r e 

m elted  730 deg. C ., 
c a s t  720 deg. C.

to  occur d u r in g  th e  cooling of th e  ca s tin g  in  th e  
m ould , an d  possibly befo re  so lid ification  has been 
com pleted . T h is c rac k in g  is n o t to  be  confused  
w ith  th e  w eakness com m only know n as “  h o t- 
sh o rtn e ss .”  H o t-sh o rtn e ss  is m ore  c h a ra c te ris tic  
of a  p a r t ic u la r  com position  of alloy , a n d  is 
p re se n t u n d e r  a ll co n d itio n s of m e ltin g , w hereas 
th e  f e a tu re  now b e in g  described  is avo ided  if th e  
m e ltin g  te m p e ra tu re  is n o t allow ed to  exceed 750 
deg. C.

M e ta l w hich  h as suffered  a co arsen in g  of g ra in  
th ro u g h  o v e rh ea tin g  d u r in g  m e ltin g  c an  be 
c o rre c te d  by c a s tin g  in to  chill m oulds, i .e . ,  by

in g o tt in g  a n d  re m e ltin g  below  th e  c r it ic a l  tem 
p e ra tu re .

F ig . 1 i llu s tra te s  th e  p h enom enon  in  a n  alloy 
h a v in g  th e  c o m p o s itio n : C o p p er 2.5, n icke l 1.5, 
iro n  1.2, silicon  1.2, m ag n esiu m  0.8 iper cen t., 
a n d  a lu m in iu m  re m a in d e r . T he m acro-etched  
sections show n w ere ta k e n  from  sa n d -ca s t p lates 
6 in . by 2 in . by  f  in .,  a ll of w hich w ere cast 
a t  a  te m p e ra tu re  of 720 deg. C. a f te r  h e a tin g  th e  
m elt to  th e  v a r io u s  te m p e ra tu re s  in d ic a te d . The 
su d d en  in c rease  in  g ra in  size w hen th e  m elting  
te m p e ra tu re  passes 750 deg. C. is c learly  seen. 
P rec ise ly  s im ila r  b e h av io u r  has been n o ted  in  the  
case of sim ple  alloys of a lu m in iu m  w ith  8 per 
cen t, of copper, a n d  i t  p ro b a b ly  occurs also in 
o th e r  alloys.

M uch  m ore  e x p e rim e n ta l ev id en ce  would be 
re q u ire d  be fo re  a  sa tis fa c to ry  e x p la n a tio n  of th is  
effect could  be fo rm u la te d , b u t  i t  is difficult to 
avo id  th e  sp e c u la tio n  t h a t  i t  m ay  be connected 
w ith  th e  fo rm a tio n  o f n u c le i in  th e  flu id  m etal 
below a  te m p e ra tu re  of 750 deg . C ., an d  th e ir  
d isa p p e a ra n c e  a t  h ig h e r  te m p e ra tu re s .  I t  is a 
m a t te r  of c o n je c tu re  w h e th e r  th ese  nuc le i are 
p a r tic le s  of a solid  p hase  w hich  liquefies on  h e a t
ing  above 750 deg. C. o r  w h e th e r th ey  are 
m ere ly  c e n tre s  fo rm ed  by th e  g ro u p in g  to g eth e r 
of a to m s in  th e  liq u id  m e ta l, b u t  if  e ith e r  of 
th ese  ideas be c o rre c t i t  s t i l l  re m a in s  to  account 
fo r  th e  fa ilu re  of th e  n u c le i to  re -fo rm  in  the  
m elt w hen  th e  te m p e ra tu re  fa lls  below 750 deg. C. 
once m ore.

I n  an y  in v e s tig a tio n  of th e  re la tio n  between 
m e ltin g  co n d itio n s a n d  g ra in  size, i t  is necessary 
to  g u a rd  a g a in s t  th e  sp u rio u s  effects w hich can 
be in tro d u c e d  by d issolved gas. T he escape of 
gas fro m  th e  cooling  m e ta l as i t  ap p ro ach es the 
free z in g  p o in t an d  d u r in g  so lid ificatio n  causes 
a g ita tio n , w hich  in  its e lf  p roduces a  certa in  
d eg ree  of g r a in  re fin e m e n t. I t  is th ere fo re  
e sse n tia l to  e lim in a te  th is  fa c to r , by  ensu ring  
t h a t  th e  m o lten  m e ta l is  su b s ta n tia l ly  free  from 
dissolved g as, w hen  th e  in fluence  of other 
v a ria b le s  is to  be s tu d ied .

T h ere  a re  m an y  occasions in  th e  a lum in ium  
fo u n d ry  w hen i t  is  n o t  co n v en ien t, o r n o t 
possible, to  o p e ra te  u n d e r  such  co n d itio n s th a t  
th e  te m p e ra tu re  of th e  m o lten  m e ta l does not 
exceed 750 deg. C. One n eed  only  m en tio n  the  
cases w here  a p o u r in g  te m p e ra tu re  above th is 
v a lu e  is re q u ire d  fo r  a c a s tin g  h a v in g  th in  section 
in som e p a r ts .  I t  is c learly  n ecessa ry , th e re fo re , 
to  co n sid er w h a t a l te rn a t iv e  m ean s th e re  are 
of secu rin g  a  fine g ra in  in  c a s tin g s  w ithou t 
seriously  r e s t r ic t in g  th e  m e ltin g  p ro c ed u re .

B enefits  o f F ine  G ra in
I t  m ay  be u se fu l a t  th is  s ta g e  to  rev iew  th e  

benefits  w hich  follow from  a fine g ra in  size. The 
g ra in  r e fe r re d  to  h e re  is th e  g ra in  of th e  m acro- 
s t ru c tu ro .  w hich is rev ea led  by  sim ple  e tc h in g  of
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m achined  su rfaces an d  is v isib le  to  th e  n ak ed  
eye. The fo u n d in g  p ro p e rtie s  of a lu m in iu m  
alloys a re  im proved  w hen th e  m e ta l is in tr in s ic 
ally fine-g ra ined , since th e  r isk  of c rac k in g  in  
the  m ould a n d  th e  te n d e n cy  to w a rd s  sh rin k a g e  
porosity  a re  red u ced . T he l a t t e r  a d v a n ta g e  
ap p ears to  re su lt  fro m  th e  g re a te r  fa c ili ty  w ith  
which m eta l so lid ify in g  w ith  a  fine g ra in  “  feeds 
down ”  from  rise rs  d u r in g  th e  free z in g  of th e  
casting . T h is is especially  im p o r ta n t  in  h igh - 
s tren g th  a lu m in iu m  alloys, w hich  a re  a lw ays 
c h aracte rised  by a la rg e  c o n tra c tio n  of volum e 
in  th e  t r a n s it io n  from  th e  m o lten  to  th e  solid 
s ta te . I n  th e  sam e alloys h e a t- tr e a tm e n t  by 
quenching from  500 to  530 deg. C. is o ften  in 
volved, and  h e re  a g a in  a sm all g ra in  size reduces 
the  d an g er of c rack in g .

F i g . 2.— U n r e f i n e d . C a s t  800 d e g . C.

W hen con sid erin g  th e  m echan ical p ro p e rtie s  
of ac tu a l c as tin g s, th e  m ost im p o r ta n t  effect of 
g ra in  refinem en t is n o t in  c o n fe rrin g  h ig h  values 
of s tre n g th , b u t  in  th e  g re a te r  consistency  of 
p roperties in  th e  d iffe re n t p a r ts  a n d  v a ry in g  
sections.

A lthough a n u m b er of d iffe re n t processes, of a 
more o r less e la b o ra te  n a tu re ,  have  been  p ro 
posed fo r e n su r in g  a  fine g ra in  in  a lu m in iu m - 
alloy cas tin g s, th e re  is no d o u b t t h a t  th e  m ost 
easily ap p lied  m ethod  is t h a t  of in c o rp o ra tin g  in  
the alloy an  e lem en t w hich by its  p resence  p ro 
duces a  sm all size of m ac ro -g ra in . F ro m  am ong 
a dozen e lem en ts which have  been  in v es tig a te d  
from th is  p o in t of view , n iob ium  (or colum bium ) 
and t i ta n iu m  s ta n d  o u t as th e  m o st effective in  
th e ir  g ra in -re fin in g  a c tio n . D u rin g  th e  p a s t 
th ree  or fo u r  y ea rs  th e  a u th o rs  hav e  been  la rg e ly

concerned  w ith  th e  a p p lic a tio n  of n iob ium , and  
th e  n o tes  w hich follow  re fe r  to  th e  g ra in -re fin 
in g  in fluence of th is  e lem en t in  re la tio n  to  m elt
in g  cond itio n s.

The efficiency of an y  g ra in -re fin in g  ad d itio n  in  
a lu m in iu m  alloys can  be te s te d  an d  dem on
s t r a te d  by c a s tin g  th e  m eta l c o n ta in in g  th e  a d d i
tio n  fro m  a  h ig h  te m p e ra tu re  in to  a  m ould  
which ensu res slow so lid ification  ; th ese  a re  th e  
co n d itio n s b est c a lcu la ted  to  p roduce  a  coarse 
g ra in  size if  an y  ten d en cy  in  th is  d irec tio n  exists. 
F o r  m o st a lu m in iu m  alloys, su itab le  cond itions 
fo r th is  t e s t  a re  o b ta in e d  by p o u rin g  th e  m eta l 
a t  a  te m p e ra tu re  of 800 deg . C. in to  a  d ry -san d  
m ould  p ro d u c in g  a  c y lin d rica l block 3 in . d ia . 
a n d  3 in . h ig h . I n  o rd er to  avo id  too  m uch  d is
persed  unsoundness th e  m ould  m ay  be ta p e re d  a t

th e  base  to  h av e  th e  fo rm  show n in  F ig s . 2 to  4. 
T he g ra in  size is  rev ea led  by sec tio n in g  th e  block 
along  its  c e n tra l  ax is , m ach in in g  one of th e  f la t 
su rfaces sm ooth  in  a  la th e  an d  e tch in g  in  a s u i t 
ab le  re ag e n t.

As an  i llu s tra tio n  of th is  g ra in -re fin in g  ac tio n  
th e  e ffect of n iob ium  on a n  alloy h av in g  th e  com
po sitio n  : C opper 2.5, n icke l 1.5, m ag n esiu m  0.8, 
silicon 1.2, iro n  1.2 p e r cen t, an d  a lu m in iu m  re 
m a in d e r, m ay  be c ited .

W hen  a  g a s-free  m e lt  of th is  alloy is c as t in to  
th e  t e s t  m ould  u n d e r  th e  co n d itio n s described 
above, g ra in s  of 2.5 to  5 m m . d ia m e te r  a re  v isible 
in  th e  m ac ro -s tru c tu re . I f ,  how ever, 0.1 p er 
cen t, of n io b iu m  is p re se n t in  th e  alloy, th e  g ra in  
d ia m e te r  is red u ced  to  0 .2  to  1.0 m m . T he effect 
is i llu s tra te d  in  F ig s . 2 an d  3.



S im ila r  re fin em en t re su lts  from  th e  a d d itio n  of 
0.1 p e r cen t, n io b iu m  to  p u re  a lu m in iu m , sim ple  
allo}Ts of a lu m in iu m  c o n ta in in g  u p  to  8 p e r  cen t, 
copper, th e  b in a ry  alloys of a lu m in iu m  w ith  m ag 
nesiu m  c o n te n ts  u p  to  10 p e r  c en t., co p p er-free  
alloys of a lu m in iu m  w ith  m ag n esiu m  a n d  zinc, 
a n d  a w ide ra n g e  of a lu m in iu m  alloys c o n ta in in g  
copper, n icke l a n d  m ag n esiu m  w ith  v a rio u s 
a m o u n ts  of iro n  a n d  silicon.

A g ra in -re f in in g  effect is n o ticeab le  w ith  as 
l i t t le  as 0.02 p e r  c en t, n iob ium , a n d  th e  deg ree  
of re fin em en t increases w ith  in c re as in g  n iob ium  
ad d itio n s  u n t i l  0.10 p er cen t, is p re se n t. R a is in g  
th e  n io b iu m  c o n te n t  above th is  p ro p o rtio n  does

F i g . 4.— R e f i n e d . M a in t a in e d  900 d e g . G.
FOB 4 H RS., CAST 900 DEG. C.

n o t  p roduce  an y  f u r th e r  re fin em en t, so t h a t  in  
p ra c tic e  0.1 p e r cen t, is em ployed.

T he s ta b il i ty  in  re la tio n  to  m e ltin g  te m p e ra 
tu r e  of th e  g ra in  re fin em en t d u e  to  n iob ium  has 
been in v e s tig a te d , an d  i t  has been fo u n d  t h a t  no t 
on ly  can  th e  alloy be h e a ted  to  900 deg. G. w ith 
o u t  im p a ir in g  of th e  g ra in -re f in in g  effect, b u t  i t  
can  also be he ld  a t  th is  te m p e ra tu re  fo r 4 h rs. 
a n d  s ti ll  m a in ta in  th e  fine g ra in -s ize . F ig . 4 
shows a sec tion  of a te s t  block w hich has been 
k e p t  a t  900 deg . C. fo r  4 h rs . befo re  p o u rin g  a t  
th is  te m p e ra tu re .  I t  w ill be seen t h a t  i t  is still 
c h a ra c te ris tic a lly  fine. A f a ir  a m o u n t of d is
p e rsed  sh rin k a g e  is show n in  a d d itio n  to  th e  
m a jo r  cav ity , b u t  th is  is only to  be ex p ec ted  con
s id e r in g  th e  h ig h  p o u rin g  te m p e ra tu re  an d  th e  
fa c t  t h a t  th e  block is e n tire ly  u n fed .

I t  c an  be seen from  th e  fo reg o in g  observ a tio n s 
t h a t  w hen  u s in g  a n  a lu m in iu m  alloy w hich is 
in tr in s ic a lly  fin e-g ra in ed , on acco u n t of th e  p re 

sence of a  spec ia l e lem en t, th e  fo u n d e r  is  re lieved 
of one serious re s tr ic tio n  in  m e ltin g  co nd itions, 
n am ely , th e  n ecessity  fo r m a in ta in in g  th e  tem 
p e ra tu re  of th e  m e lt below th e  c r it ic a l  level above 
w hich g ra in -c o a rsen in g  occurs. T h is is n o t to 
say  t h a t  th e  o th e r  a d v a n ta g e s  of low m eltin g  
te m p e ra tu re s ,  such as d ecreased  g as ab so rp tio n , 
do n o t re m a in , b u t  a  g re a te r  la t i tu d e  in  w ork
in g  c o n d itio n s  is c e r ta in ly  p e rm it te d .

(b) .— M agnes iu m  A llo y s

S till  a n o th e r  d ifference  in  m e ltin g  techn ique  
as betw een  a lu m in iu m  a n d  m ag n esiu m  alloys has 
to  be n o ted  in  d iscussion  of th e  effect of th e  
te m p e ra tu re  a t ta in e d  by th e  m elt. I n  a lu 
m in iu m  alloys th e  p h y sical c h a ra c te ris tic s  of the  
c a s tin g s  a re  ad v erse ly  affec ted  if  th e  m olten  
m eta l is ra is e d  to  a  h ig h  te m p e ra tu re ,  unless 
spec ia l m easu res be ta k e n  to  c o u n te ra c t th is  
effect. As a  com ple te  c o n tra s t ,  in  th e  case of 
a ll th e  n o rm al m ag n esiu m  alloys, i t  is necessary, 
in  o rd e r  to  a t t a in  th e  b est p ro p e rtie s  in  th e  cas t
ings, to  ra ise  th e  te m p e ra tu re  of th e  m eta l, 
sh o rtly  be fo re  c a s tin g , to  a  te m p e ra tu re  of 850 
to  900 deg. 0 .  T h is is a n  e sse n tia l process in 
th e  t r e a tm e n t  of th e  E le k tro n  se ries of m ag
nesium  alloys : i t  h a s  no re la tio n  to  th e  casting  
te m p e ra tu re ,  w hich  is a d ju s te d  a f te r  su p er
h e a tin g  a n d  is u su a lly  co n sid erab ly  lower.

T he p ra c tic a l effect of th e  su p e rh e a tin g  t r e a t 
m e n t is to  p ro d u ce  a  m a rk e d  re fin em en t of th e  
g ra in  size in  th e  c a s tin g s , w ith  a correspond ing  
im p ro v em en t in  m ech an ica l p ro p e rtie s . The 
g ra in  re fin em en t c an  be seen  in  f ra c tu re s , in 
th e  m a c ro -s tru c tu re  of e tch ed  sec tions and  also 
in  th e  m ic ro s tru c tu re . A n in d ic a tio n  of the 
d eg ree  o f re fin em en t is g iv en  by a series of 
o b se rv a tio n s m ade  on sa n d -ca s t E le k tro n  A .Z . 91 
alloy, h a v in g  th e  com position  : A lu m in iu m , 9 .7 ; 
z inc, 0 .6 ; m an g an ese , 0 .3  p e r cen t, an d  m ag
n esium  re m a in d e r .

F o u r  sam ples of th is  alloy  w ere d raw n  from 
a sing le  o r ig in a l m elt. E ac h  of th e  sam ples was 
fluxed in  th e  n o rm a l m a n n e r , b u t  a  d ifferen t 
su p e rh e a tin g  te m p e ra tu re  w as ap p lied  in  each 
case : th e  f irs t w as h e a te d  to  750 deg. C ., the  
second to  800 deg. C ., th e  th i r d  to  850 deg. C., 
an d  th e  fo u r th  to  900 deg. C ., th e  d u ra tio n  of 
s u p e rh e a t in g  b e in g  th e  sam e th ro u g h o u t. 
S ta n d a rd  1 -in . d ia . b a rs  w ere  c a s t a t  680 deg. C. 
in  san d  m oulds from  each  m elt, an d  all th e  
b a rs  w ere finally  h e a t- tr e a te d  to g e th e r  in  th e  
sam e m an n e r . T he h e a t - tr e a tm e n t  consisted  of 
h e a t in g  th e  b a rs  fo r 20 h rs . a t  420 deg. C., 
q u en ch in g  in  w a te r , r e -h e a tin g  fo r  16 h rs . a t  175 
deg. C ., an d  finally  q u en ch in g  a g a in  in  w a te r.

F ig s . 5, 6, 7 an d  8 show th e  m ic ro s tru c tu re s  
of these  b a rs  a t  a m ag n ifica tio n  of 60 d iam ete rs, 
a n d  d e m o n s tra te  th e  re d u c tio n  of c ry s ta l size 
w hich re su lts  from  s u p e rh e a tin g  th e  m o lten  m etal



to  a te m p e ra tu re  of 850 deg. C. or h ig h er. 
Table I I  sum m arises th e  m echan ical p ro p e rtie s , 
each re su lt  g iven  be ing  th e  av erag e  from  fo u r 
tes t-b a rs .

reversion  is no ticeab le , fo r in s tan ce , in  E le k tro n  
A .Z . 91 alloy which has been held fo r 30 m ins. 
betw een 650 and  700 deg. C ., an d  th e re  is a co rre 
sp o n d in g  d e te r io ra tio n  in  m echanical p ro p e rties .

F ig .  5 .— E l e k tr o n  A .Z .91. S u p e r h e a t e d  F i g . 6 .— E l e k t r o n  A .Z .91. S u p e r h e a t e d

750 d e g . C ., c ast  680 d e g . C., h ea t- 800 d e g . C ., cast  680 d e g . C., h e a t -
tr e a t e d . x  60. t r e a t e d , x  60.

F i g .  7 .— E l e k t r o n  A .Z .9 1 . S u p e r h e a t e d  
850 d e g . C., cast  680 d e g . C., h e a t - 
tr e a t e d . x  60.

The m e ta l m u st be cas t w ith o u t u n d u e  delay  
a f te r  su p e rh ea tin g , as th e  g ra in  size becomes 
coarse ag a in  if th e  m elt is allowed to  re m a in  fo r 
an  excessive period  a t  a  low te m p e ra tu re . This

F i g .  8 .— E l e k t r o n  A .Z .9 1 . S u p e r h e a t e d  
9 0 0  d e g .  C., c a s t  6 8 0  d e g .  0 . ,  h e a t -  
t r e a t e d .  x  6 0 .

A n o th er fa c to r  w hich has to  be tak e n  in to  
a cco u n t is th e  g ra in  size of th e  m eta l o rig in a lly  
ch arg ed  in to  th e  crucib le . A fine g ra in  a t  th is  
s ta g e  fa c ili ta te s  th e  p ro d u c tio n  of th e  finest



possible g ra in  a f te r  re m e ltin g  a n d  e a s tin g . T his 
is a n  in te re s t in g  exam ple  of th e  p e rs is ten ce  of 
a  g ra in  c h a ra c te r is tic  th ro u g h  a  m e ltin g  
o p e ra tio n .

T a b l e  I I .— Influence of Superheating on the Mechanical 
Properties of an Elektron Alloy.

Super
heating 
temp. 

Deg. C.

0.1
per cent, 

proof 
stress. 

Tons per 
sq. in.

Max. 
stress. 

Tons per 
sq. in.

Elongation 
per cent, 
on 4 ^ / Â.

750 8.9 15.6 1.2
800 9 .4 16.35 1.0
850 9.68 18.6 1.9
900 9.3 17.5 1.3

The a u th o rs  hav e  been concerned  in  th e  
p re se n t P a p e r  w ith  th e  in fluence w hich  m eltin g  
c o n d itio n s  in  th e  lig h t-a llo y  fo u n d ry  c an  have  
on th e  com position  a n d  p u r i ty  of th e  m e ta l an d

o n  th e  physical c h a ra c te r is tic s  of th e  castings. 
T he exam ples an d  d a ta  w hich  hav e  been quoted  
have  been d ra w n  fro m  ex p erien ce  in  th e  
tec h n ica l c o n tro l of a lu m in iu m  a n d  m agnesium  
fo u n d r ie s ; i t  is h o ped  th a t ,  fo r  th is  reason , the  
P a p e r  m ay  be of som e in te re s t  to  o th e rs  con
c e rn ed  w ith  th e  in d u s tr ia l  p ro d u c tio n  of ligh t- 
alloy c a s tin g s . A t th e  sam e tim e , th e  in te r 
re la tio n  be tw een  th e  th e rm a l h is to ry  of the  
m o lten  m e ta l a n d  th e  g ra in  size in  th e  solid 
s ta te  ra ises  q u estio n s  w hich  seem  to  call for 
fu n d a m e n ta l  m e ta llu rg ic a l re sea rch . The 
a u th o rs  w ould feel t h a t  th e i r  co m m u n ica tio n  had 
served  a  u se fu l p u rp o se  if  i t  could  p rov ide  some 
s tim u lu s  in  th is  d irec tio n .

A c k n o w le d g m e n t

T he th a n k s  of th e  a u th o rs  a re  d u e  to  the  
d irec to rs  of J .  S to n e  & C om pany , L im ited , for 
p e rm ission  to  p u b lish  th e  re su lts  of th e  in
v e s tig a tio n s  re p o rte d  in  th is  P a p e r .
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The Effect of Melting Conditions on Gas 
Unsoundness in Metals

By G. L. BAILEY, M.Sc. (Member)

U nsoundness in  c a s t m e ta l, i .e . ,  th e  p resence  
of cav ities, la rg e  o r sm all, m ay  be du e  to  several 
causes, in c lu d in g  c o n tra c tio n  of th e  m e ta l d u r 
ing so lid ification , m echan ical e n tra p p in g  of ex 
tran eo u s gases a n d  gases evolved on solid ifica
tion . The p re se n t P a p e r  is concerned  only  w ith  
the  la s t of th ese  w ith  p a r tic u la r  re fe ren ce  to  th e  
influence of m e ltin g  co n d itio n s on gas ab so rp 
tion. T h a t serious unsoundness can  be caused 
by th e  l ib e ra tio n  of gases from  th e  m olten  m eta l 
d u rin g  cooling an d  so lid ification  is a  w ell-know n 
fact of w hich i l lu s tra tio n  is u n necessa ry . The 
gas-holes form ed by th e  t r a p p in g  of th e  evolved 
gas in  th e  c a s tin g  m ay  be spherica l cav itie s  of 
fa ir  size o r fine in te rd e n d r i t ic  films, d ep en d in g  
to a  g re a t  e x te n t  on th e  free z in g  ra n g e  of th e  
alloy. The in fluence of such d efec ts on a p p e a r
ance, m echanical p ro p e rtie s  an d  tig h tn e ss  u n d e r  
hydrau lic  p ressu re  is obvious, a n d  in  th e  m elt
ing  and  ca s tin g  of m ost of th e  com m on alloys 
precau tions a re  necessary  to  m in im ise  u n so u n d 
ness of th is  ty p e .

In  considering  th e  p ossib ility  of co n tro llin g  
gas co n tam in a tio n  d u r in g  th e  m eltin g  o p e ra tio n  
i t  is im p o r ta n t to  know  w h a t gases a re  re sp o n 
sible for th e  tro u b le  an d  to  u n d e rs ta n d  th e  
m echanism  of gas a b so rp tio n  a n d  ev o lu tio n  in  
d ifferen t m a te ria ls . I t  is proposed , th e re fo re , 
to  re fe r briefly  to  th e  evidence availab le  on gas 
solubility  a n d  th e  v a r ia tio n s  in  so lu b ility  w hich 
resu lt in  gas unsoundness. Sources of gas con
tam in a tio n  w ill th e n  be d iscussed, a n d  some 
suggestions fo r m in im is in g  gas ab so rp tio n  d u r 
ing m eltin g  w ill be ex p la in ed . T he p rin c ip les  
of various m ethods of rem ov ing  dissolved gases 
from  co n ta m in a te d  m eta l p r io r  to  ca s tin g  will 
be discussed briefly , b u t  d e ta ile d  co n sid e ra tio n  
of such m ethods is o u tsid e  th e  m ain  su b jec t.

Gas S o lu b ility  in M e ta ls
The so lub ility  of gases in  m eta ls  h a s been 

stud ied  by a  v a r ie ty  of m eth o d s, th e  m ost im 
p o r ta n t an d  f r u i t f u l  of w hich  has been th e  
m easu rem en t of th e  am o u n t of gas abso rbed  by 
a m eta l w hen h e a te d  in  an  enclosed system  a t  a 
known te m p e ra tu re  an d  p ressu re . T he e x p e ri
m en ta l tech n iq u e  needs g re a t  c are  an d  a  n u m b er 
of possible d is tu rb in g  fa c to rs  m u st be con tro lled .

M uch effo rt has been  devoted  to  th e  e x tra c 
tio n  of gases from  a sam ple  of m e ta l h e a ted  in

vacuo, follow ed by analyses of th e  gases evolved. 
W idely  v a ry in g  re su lts  have  been o b ta in ed  by 
th is  m eth o d , w hich is open to  serious ob jec tions 
on v a rio u s g ro u n d s, an d  th e  m ost re liab le  d a ta  
a re  those  o b ta in ed  by th e  f irs t m ethod , one of 
th e  p io neers in  th e  use of w hich was S ie v e r ts .1 
T he m ost s ig n ifican t fe a tu re  of th e  re su lts  is 
t h a t  in  g en era l th e  so lu b ility  of gases is g re a te r  
in  liq u id  th a n  in  solid m eta ls , a n d  th e re  is th e re 
fo re, w ith  r is in g  te m p e ra tu re , a  su d d en  increase  
in  so lu b ility  a t  th e  m e ltin g  p o in t. S o lu b ility  
in  th e  liq u id  m eta l also increases as th e  tem 
p e ra tu re  is ra ised  s till  f u r th e r ,  u n t i l  a  tem 
p e ra tu re  is reached  a t  w hich th e  v ap o u r pres-

F io .  1 .— S o l u b i l i t y  o f  H y d r o g e n  i n  
N i c k e l ,  I k o n ,  A l u m i n i u m  a n d  
C o p p e r .

su re  of th e  m e ta l itse lf  becom es sig n ifican t. 
S iev erts  showed t h a t  th e  so lu b ility  of an  e lem en
ta r y  gas in  a m o lten  m eta l a t  a  g iven  te m p e ra 
tu r e  w as p ro p o rtio n a l to  th e  sq u a re  ro o t of th e  
p a r t ia l  p re ssu re  of th e  gas in  th e  a tm osphere  
in  c o n ta c t w ith  th e  m eta l, a re su lt  to  be ex 
p ected , since i t  is know n t h a t  gas m olecules 
d issoc iate  on so lu tion .

H y d ro g e n  is • th e  com m on gas m ost read ily  
soluble in  a  la rg e  n u m b er of m eta ls , a n d  h a s  con
seq u en tly  been  th e  gas w ith  w hich m ost of th e  
e x p e rim e n ta l w ork on so lu b ility  has been done. 
F ig . 1 shows ty p ic a l re su lts  fo r  th e  so lub ility  
of h y d ro g en  in  iro n , copper, n ickel a n d  a lu 
m in iu m . I t  w ill he seen from  th is  t h a t  while



iii a ll cases th e re  is a n  in c rease  in  so lu b ility  
w ith  in c re as in g  te m p e ra tu re  in  th e  liq u id  m eta l, 
so lu b ilitie s  v a ry  co n sid erab ly , p a r tic u la r ly  in  
th e  solid s ta te  in  w hich , fo r  in s ta n c e , so lu b ility  
of h y d ro g en  in  a lu m in iu m  is to o  sm all to  
m easu re . T he p resence  of h y d ro g en  in  th ese  
m eta ls  can  be re g a rd e d  as a  t r u e  so lu tio n , th e  
e q u ilib riu m  co n d itio n s ch an g in g  w ith  te m 
p e ra tu re  a n d  p re ssu re  acco rd in g  to  know n law s.

O xygen (or th e  m e ta l oxide) is soluble to  a 
consid erab le  e x te n t  in  some m o lten  m eta ls , such 
as iro n , n icke l a n d  co p p er, b u t  in  o th ers , e.g ., 
t in ,  z inc  an d  a lu m in iu m , th e  oxygen so lu b ility , 
if  an y , is v ery  low a n d  a c c u ra te  d a ta  in  th ese  
in s tan ces  a re  lack in g . N itro g e n  a p p ea rs  to  be 
insoluble ex cep t in  those  m eta ls  w hich a re  c ap 
able of fo rm in g  n itr id e s .

These a re  th e  th re e  e le m en ta ry  gases w hich  
a re  th e  m ost im p o r ta n t  in  th is  co n n ec tio n , b u t  
so lu b ility  o r o therw ise  of com pound gases is

OXYGEN CONTENT %

F i g . 2 . —  O x y g e n - H y d r o g e n  E q u i 
l i b r i u m  i n  M o l t e n  C o p p e r  a t  
D i f f e r e n t  T e m p e r a t u r e s .

equally  im p o r ta n t.  Such  gases as su lp h u r  
d io x id e  an d  ox ides of carb o n  c an n o t, acco rd ing  
to  S m ith e lls ,2 be dissolved as such a n d  can  only 
d iffuse in to  m e ta ls  a f te r  d isso c ia tio n . In  
g e n e ra l th e  tw o  c o n s titu e n ts  of a soluble com 
p o u n d  gas can  co-ex ist up  to  a  c e r ta in  l im it  in 
e q u ilib riu m  in  th e  liq u id  m eta l. In te re s t in g  
exam ples of th is  ty p e  of so lu tio n  of com pound 
gases a re  su lp h u r  d iox ide  a n d  w a te r  v a p o u r  in  
liq u id  copper. B o th  copper su lp h id e  an d  copper 
ox ide  a re  soluble in  m olten  copper, a n d  in  th is  
case th e  “  so lu b ility  ”  of su lp h u r  d io x id e  in 
creases w ith  te m p e ra tu re  v ery  m uch  like  a 
sim ple  so lu tio n .3 T he re ac tio n  be tw een  w a te r  
v a p o u r an d  m o lten  copper has been  w orked  o u t 
in  g r e a t  d e ta i l  by  A llen an d  h is collaborators.*  
T he w a te r  v a p o u r  is decom posed a n d  th e  h y d ro 
gen  a n d  oxygen  pass in to  so lu tion  in  th e  m elt 
in  eq u ilib riu m . A llen a n d  H e w itt4 have  w orked 
o u t th is  eq u ilib riu m  re la tio n sh ip  (see F ig . 2)

from  w hich  i t  is a p p a re n t  t h a t  th e  so lub ility  
of h y d ro g en  in  co p p er is red u ced  by th e  presence 
of oxygen  a n d  vice versa . - In c re a s in g  th e  tem 
p e ra tu re  o r th e  w a te r  v a p o u r  c o n c e n tra tio n  in 
creases th e  a m o u n t of b o th  h y d ro g en  an d  oxy
gen  w hich  can  be r e ta in e d  b u t  does n o t affect 
th e  g e n e ra l re la tio n sh ip .

I t  w ill be obvious t h a t  th e  c o n stitu e n t 
e lem en ts  of a  com pound gas m ay  be p re sen t in 
a m o lten  m e ta l o r  alloy in  p ro p o rtio n s  widely 
d iffe re n t from  those  of th e  com pound  gas, and 
t h a t  th e i r  source  m ay n o t h av e  been th e  com
po u n d  g as a t  a ll. A n ex am p le  of th is  is m olten 
s teel c o n ta in in g  b o th  ca rb o n  a n d  oxygen, the  
source  of th e  c a rb o n  b e in g  th e  p ig -iro n  charged 
a n d  t h a t  of th e  oxygen  b e in g  a n  o x id is in g  slag.

T he v a rio u s  g a s-m eta l e q u ilib r ia  w hich a re  of 
im p o rta n ce  in  th is  co n n ec tio n  c an n o t be d e a lt 
w ith  e x h au s tiv e ly  h e re , a n d  th ese  exam ples have 
been se lected  as i llu s tra tio n s  of th e  reac tions 
w ith  w hich  th is  d iscussion  is concerned .

F o rm a tio n  o f U nsoundness by Gas E vo lu tio n
T he v a r ia tio n s  in  so lu b ility  of a n  e lem entary  

g as w ith  te m p e ra tu re  (see F ig . 1) a re  reversib le, 
an d  if  a m o lten  m e ta l s a tu ra te d  w ith  gas a t  a 
h ig h  te m p e ra tu re  is allow ed to  cool, gas is 
evolved s te a d ily  as th e  liq u id u s  te m p e ra tu re  is 
a p p ro ach ed , an d  th e re  is a  f u r th e r  ev o lu tion  of 
g as d u r in g  so lid ification . G as evolved on solidi
fica tion  is in ev itab ly  la rg e ly  t ra p p e d  in  th e  c a s t
in g , b u t  th e  g a s evolved on coo ling  to  the 
liq u id u s m ay  o r m ay  n o t escape, d ep en d in g  on 
th e  c o n d itio n s . T h ere  is, in  fa c t,  some d o u b t as 
to  w h e th er th is  gas does escape  in  p ra c tic e . W ith  
slow cooling  a n d  ex p o su re  of a  la rg e  su rfa ce  area 
i t  does so, b u t  u n d e r  o rd in a ry  c a s tin g  conditions 
i t  is possible t h a t  th is  g as is e i th e r  tr a p p e d  in 
th e  cas tin g , ow ing to  th e  r a p id i ty  of solidifica
tio n , or he ld  in  th e  liq u id  m e ta l in  su p er
s a tu ra te d  so lu tio n  an d  evolved on solid ification .

E x am p les of sim ple  h y d ro g en  un so u n d n ess are 
afforded  by a lu m in iu m  alloys a n d  t i n  bronzes, to 
b o th  of w hich n itro g e n  is in e r t  fro m  th e  po in t 
of view  of th e  p ro d u c tio n  of un so u n d n ess . For 
in s ta n c e , th e  re su lts  g iv en  in  T ables I 5 a n d  II* 
have  been o b ta in e d  d u r in g  th e  course  of re 
searches by  th e  B r i t ish  N o n -F e rro u s  M etals 
R esea rch  A ssocia tion  on a lu m in iu m  alloys and 
t in  b ronzes re sp ec tiv e ly . T he u n so u n d n ess ob
ta in e d  a f te r  n i tro g e n - t re a tm e n t  can  be assum ed 
in  each  case to  be  d u e  to  sh r in k a g e  only, the  
increased  u n so u n d n ess a f te r  h y d ro g e n -tre a tm e n t 
be ing  d ue  to  ev o lu tio n  of h y d ro g en  d u r in g  solidi
fication .

A p o in t  on w hich th e re  is d o u b t  is w hether 
ra p id  cooling  causes th e  re te n tio n  o f g as in  th e  
solid m e ta l o ver a n d  above th e  e q u ilib riu m  con
d itio n . I t  is  know n, fo r  in s ta n c e , t h a t  a  chill 
c a s tin g  m ad e  from  a  gassy  m e lt of b ronze  or 
a lu m in iu m  alloy w ill c o n ta in  fa r  few er gas voids



th an  a  san d  c a s tin g . R e feren ce  to  Table 11 
shows th is  effect c learly , h y d ro g e n -tre a tm en t 
hav ing  increased  th e  voids by 1.3 p e r cen t, in 
the ch ill-cast b a r a n d  by 5.9 p e r cen t, in  th e  
sand cas tin g . I t  is d ifficult to  see how th is  can 
be ex p la in ed  o th e r  th a n  by th e  re te n tio n  of m ore 
gas in  solid so lu tio n  in  th e  case of th e  chill 
casting .

The m echan ism  by w hich a  sing le  soluble gas 
causes unso u n d n ess is th u s  fa ir ly  s t r a ig h t
forw ard, b u t  th e  p a r t  p layed  by com pound  gases 
in causing  u n soundness is m ore  com plex and  
difficult to  ev a lu a te . T he s im u ltan eo u s so lub ility  
of oxygen and  hyd ro g en  an d  oxygen a n d  su lp h u r 
in copper have  a lre ad y  been m en tio n ed . In  
both cases th e  oxygen, h a v in g  a  very  low solid 
so lubility , is re je c te d  from  so lu tion  on solidifi
cation  an d  re ac ts , fo rm in g  w a te r  v a p o u r an d  sul-

T able I.— Effect on Soundness of Bubbling (a) Nitrogen 
and (b) Hydrogen through Molten 93 : 7 Aluminium- 
Copper Alloy. Sand-cast Bars.

Gas.
Treatment. Total voids. 

Per cent.

Time. Temp. 
Deg. C.

B.S.I.
test-bar.

3 in. dia. 
cylinder.

Nitrogen
Hydrogen

1 hr. 
1 hr

750 to 770 
740 to 770

0.1
2-3

0.7
3 1

T able II .—Effect on Soundness of Bubbling (a) Nitrogen 
and (b) Hydrogen through Molten 5 per cent. 2 in 
Bronze. 1J in. dia. Bars.

Gas.
Treatment. Total voids. 

Per cent.

Time. Temp. 
Deg. C.

Chill-
cast.

Sand-
cast.

Nitrogen
Hydrogen

1 hr. 
ł  hr.

1,200
1,190

1.2
2.5

3.8
9.7

phur d iox ide respec tive ly . All know n reac tio n s  
of th is  ty p e  a p p e a r  to  involve oxygen as one 
of th e  re a c ta n ts , an d  th e  so lu b ility  of oxygen in 
various m eta ls  is th e re fo re  a  g o v e rn in g  co n sid era 
tion . W here  oxygen so lu b ility  is low, d e fin ite  
values for th e  so lu b ility  a re  ra re ly  know n, an d  it  
is o ften  assum ed t h a t  oxygen  is inso lub le  in  such 
alloys as t in  bronzes in  th e  m o lten  s ta te .  I t  
m ust be rea lised , how ever, t h a t  th e  a m o u n t of 
oxygen re q u ire d  to  p roduce  gross re ac tio n  u n 
soundness is v ery  low. F o r  in s tan c e , in  a  copper- 
base alloy, oxygen of th e  o rd e r of 0.0001 p er cen t, 
by w eigh t would suffice to  p roduce  sufficient 
steam  a t  th e  m eltin g  p o in t to  cause 5 p e r cen t, 
by volum e of cav itie s  if  enough  h y drogen  were 
available.

I t  was sugg ested  by D an ie ls ' t h a t  th e  solu
bility  of oxygen  in  t in  bronzes was sufficiently 
high to  cause  u n so u n d n ess by steam  evolu tion

re su ltin g  from  re ac tio n  betw een  hyd ro g en  and  
oxygen in  e q u ilib riu m  in  th e  m elt. The evi
dence D an iels ad vanced  w as in sufficien t to  ju s t ify  
th is  conclusion , b u t  la te r  w ork , s till  in  progress, 
does su g g est t h a t  th is  reac tio n  can  and  does 
occur in  t in  bronzes.

Sm ithells* s ta te s  t h a t  in  th e  m a jo r ity  of cases 
gas unsoundness in  n o n -fe rro u s  m eta ls  is d ue  to  
re ac tio n  be tw een  h y d ro g en  in  so lu tio n  and  
oxygen, an d  t h a t  hyd ro g en  alone diffuses so 
rap id ly  th ro u g h  m ost m eta ls  n e a r  th e ir  m e ltin g  
p o in ts  t h a t  i t  c an  seldom  develop as bubbles. 
W hile re ac tio n  un so u n d n ess is e x trem e ly  im p o r
t a n t ,  th e  a u th o r  c an n o t ag ree  t h a t  sim ple h y d ro 
gen  unsoundness is  so r a re  as S m ithe lls  suggests. 
F o r  in s tan ce , in  th e  case of a lu m in iu m  i t  seems 
t h a t  oxygen so lub ility  is sufficiently  low to  p re 
c lude re ac tio n  gas unsoundness an d  th e  a u th o r ’s 
colleague, M r. W . A. B ak er, h as fo u n d  t h a t  no 
m ore  th a n  m in u te  tra c e s  of steam  could be de
veloped by t r e a t in g  m olten  o x id e-bearing  a lu 
m in iu m  w ith  hydrogen .

R e ac tio n  unsoundness is th e  basis of th e  pro
d u c tio n  of rim m in g  steels. A lthough  th e  re 
ac tio n s o ccu rrin g  in  th is  case a re  n o t  fu lly  
u n d ersto o d  in  a ll po in ts , th e re  seems no  d o u b t 
t h a t  in  g en era l M cC ance’ is r ig h t  in  a t t r ib u tin g  
the  un so u n d n ess to  a re ac tio n  be tw een  carbon 
an d  oxygen co-ex isting  in  so lu tion  in  th e  m olten  
steel an d  evolv ing  carbon  m onoxide on solidifi
c a tio n . M cC ance suggests t h a t  th e  evo lu tion  
of ca rb o n  m onoxide is d ue  to  th e  re je c tio n  of 
oxygen from  so lu tio n  from  th e  ad v an c in g  face  of 
th e  rim . T his local c o n ce n tra tio n  of one con
s t i tu e n t  d is tu rb s  th e  e q u ilib riu m  an d  leads to  
th e  evo lu tio n  of carbon  m onoxide. In  p rac tice  
th e  rim m in g  a c tio n  is con tro lled  by m a in ta in in g  
a co rrec t b a lan ce  of carbon , oxygen an d  m an 
ganese. I f  th e  oxide c o n te n t of th e  liq u id  steel 
is reduced  below th e  solid so lu b ility  p o in t, no 
r im m in g  re ac tio n  can  occur. The p ra c tic e  of 
deo x id isin g  o r k illin g  steel w ith  silicon o r a lu 
m in iu m  is effective because such ad d itio n s  rem ove 
th e  oxygen  from  th e  b a th , a n d  n o t because, as 
w as a t  one tim e  suggested , th ey  serve th e  p u r 
pose of in c reas in g  th e  solid so lu b ility  of th e  gas 
in  th e  steel. T he sam e re ac tio n  occurs in  n ickel, 
carb o n  an d  oxygen b e in g  soluble in  m olten  n ickel 
and  excess of oxygen above th e  solid so lub ility  
l im it  re a c tin g  w ith  carb o n  (if enough  is p re sen t) 
to  evolve carb o n  m onoxide on so lid ification . As 
in  th e  case of steel, sound  cas tin g s can  gen era lly  
be en su red  in  n icke l a n d  h ig h -n ick e l alloys by 
su itab le  d eo x id a tio n .

S im ila rly , in  th e  case of copper, th e  hydrogen- 
oxygen re ac tio n , w hich  is  a d ju s te d  in  to u g h  
p itc h  copper to  fo rm  sufficient s team  to  n e u tra lis e  
th e  sh rin k ag e  of th e  m e ta l a n d  g ive a level se t, 
c an  he sup p ressed  by th e  use of deoxid isers, an d



th e  rem oval of m ost of th e  oxygen  by m ean s of 
phosphorus, z inc, e tc ., from  to u g h  p itc h  cop p er 
g ives sound  m e ta l w hich  solidifies w ith  a  deep 
pipe.

These c o n sid e ra tio n s  em phasise  th e  im p o rta n ce  
of c o rre c t d e o x id a tio n  of m o lten  m e ta ls  befo re  
c a s tin g  in  cases in  w hich  re m a in in g  oxygen  can  
g ive r ise  to  in ju r io u s  re a c tio n  unso u n d n ess . F o r  
d e o x id a tio n  to  be e ffective  in  a n y  p a r t ic u la r  
alloy, th e  oxygen  m u s t be rem oved to  below th e  
solid  so lu b ility  l im it, ab o u t w hich  l i t t le  re liab le  
in fo rm a tio n  ex ists .

T h ere  is, how ever, a n o th e r  a sp ec t of re a c tio n  
un so u n d n ess w hich  is e x trem e ly  im p o r ta n t  w hen 
co n sid e rin g  th e  e ffect of m e ltin g  co n d itio n s. T he 
re a c ta n ts  in  so lu tio n  in  th e  liq u id  m e ta l a re  
in  eq u ilib riu m , a n d  an  increase  in  th e  concen
t r a t io n  of one r e a c ta n t  re su lts  in  a d ecrease  
in  th e  c o n c e n tra tio n  of th e  o th e r . T h u s over- 
o x id a tio n  of a  to u g h  p itc h  c o p p e r ’ w ill red u ce  
th e  h y d ro g en  c o n te n t  to  such an  e x te n t  t h a t  th e  
co p p er w ill p ip e  to  some deg ree  on ca s tin g . 
W h ere  th e re  is a n y  so lu b ility  of oxygen, th e re -

posed u n d e r  d iffe re n t co n d itio n s  a n d  subsequently  
used fo r m ak in g  up  3L11 san d  cas tin g s .

A lu m in iu m  w hich h a d  n o t  been exposed and 
was n o t co rro d ed  gave, u n d e r  th e  c o n d itio n s  of 
te s t ,  sound  c as tin g s  (d e n sity  2.79 g . /c c .) ,  b u t  a lu 
m in iu m  exposed  o u td o o rs  fo r 6 m o n th s o r in 
w a te r  fo r  2 m o n th s gave  bad ly  p inholed  cas tings 
a f te r  re m e ltin g  (d en sitie s  2.77 a n d  2.76 g ./c c . 
re sp ec tiv e ly ). T h is u u so u n d n ess is du e  to  some 
e x te n t  to  th e  corrosion  p ro d u c t, a lum in ium  
h y d ro x id e , h o ld in g  m o is tu re  w hich  re ac ts  w ith 
th e  a lu m in iu m  on h e a tin g , fo rm in g  hydrogen, 
w hich is d issolved by th e  m o lten  a lu m in iu m . I t  
has also been su g g ested  t h a t  d u r in g  th e  course of 
corrosion  a t  room  te m p e ra tu re s  a to m ic  hydrogen 
diffuses in to  th e  m eta l, w here  i t  collects in  any 
in te rn a l  c av itie s  t h a t  m ay  be p re sen t.

Fu rn ace  A tm o s p h e re s

R eliab le  analyses of th e  com position  of the 
a tm o sp h e re  in  c o n ta c t w ith  th e  m eta l in  d if 
fe re n t  ty p es  of m e ltin g  fu rn a c e s  a re  n o t  easy to 
come by. C o n sid e rab le  n u m b ers  of analyses of

T a b l e  I I I .— Composition of Furnace. Oases. (Anderson and Capps.11)

Composition per cent, by volume.

Type of furnace.
Oxygen. Carbon

dioxide.
Carbon

monoxide. Hydrogen. Hydro
carbons.

S tationary gas-fired crucible 
furnace

Stationary oil-fired crucible 
furnace

Open-flame oil-fired reverbera- 
to ry  furnace

Indirect - arc rocking electric 
furnace

0 .0  to 4 .5  

2 .0  to  12.6 

2 .9  to 20.8 

0 .0  to  7 .6

6.7 to  10.8 

6 .4  to  14.5 

0.1 to 12.1 

0 .0  to  8 .4

1.9 to 6 .3  

Nil 

0 .0  to  0 .7  

16.0 to  42.8

0 .7  to  6 .2  

0 .0  to 0 .4  

0 .0  to  0 .1  

0 .0  to  28.6

0 .3  to 5.4 

0 .0  to 0 .5  

0.1  to 0.4 

0 .0  to 3.0

fo re , m e ltin g  u n d e r  o x id is in g  c o n d itio n s  a n d  th u s  
m a in ta in in g  o r in c re a s in g  th e  oxygen c o n ce n tra 
t io n  te n d s  to  low er th e  c o n c e n tra tio n  of th e  re 
d u c in g  e lem en t (i.e ., h y d rogen , carb o n  o r su l
p h u r) in  th e  m elt, u n t il  th is  u ltim a te ly  reaches 
a v a lu e  a t  w hich i t  does n o t cause  unsoundness. 
C onversely , m e ltin g  u n d e r  re d u c in g  co n d itio n s 
m ay  effectively  en su re  th e  absence of oxygen and  
th u s  e lim in a te  th e  re a c tio n , a lth o u g h  p e rh ap s  
in tro d u c in g  in creased  d ifficu lties d ue  to  sim ple 
gaB so lu tio n .

S ources o f Gas C o n ta m in a tio n

R a w  M a te r ia ls .— T he inclusion  in  th e  ch arg e  
of m a te ria ls  w hich  c o n ta in  gas, o r w hich  c a rry  
hygroscopic  corrosion  p ro d u c ts , obviously con
s t i tu te s  a  p o te n tia l  source  of tro u b le . T h is a p 
plies p a r tic u la r ly  to  a lu m in iu m  alloys, a n d  th e  
w ork  of H an so n  an d  S la te r10 h a s  c learly  show n 
t h a t  p r io r  exp o su re  of a lu m in iu m  o r a lu m in iu m  
alloys to  corrosive  co n d itio n s leads to  serious 
u n so u n d n ess in  c a s tin g s  m ad e  from  such  m eta l. 
F o r  in s tan c e , v irg in  a lu m in iu m  in g o ts  w ere ex 

fu rn a c e  a n d  flue gases a re  p u b lish ed , b u t  com 
m only o m it w a te r  v a p o u r , c lea rly  m ost im p o r
t a n t  in  th e  p re se n t co n n ec tio n . R . J .  A nder
son a n d  J .  H . C a p p s"  an a ly sed  th e  gases in 
c o n ta c t w ith  a lu m in iu m  alloys in  v a rio u s  types 
of m e ltin g  fu rn ac e s  w ith o u t  in c lu d in g  w ater 
v ap o u r. The re su lts  th e y  g ive , how ever, a re  of 
in te re s t  a n d  th e i r  an a lyses fo r fo u r  ty p es  of fu r 
nace a re  re p ro d u c e d  in  T ab le  I I I .  T he balance 
was assum ed  to  be n itro g e n .

A llen an d  H e w it t ,  in  th e  course  of A llen’s 
w ell-know n w ork  on u n so u n d n ess in  copper, 
c a r r ie d  o u t  fo r  th e  B .N .F .M .R .A .,  m ad e  a  large 
n u m b er of analyses of th e  com position  of the 
fu rn a c e  a tm o sp h e re  in  d if fe re n t ty p es  of copper- 
re fin in g  fu rn a c e s . T he re su lts  v a rie d  widely 
acco rd in g  to  th e  p o sitio n  an d  tim e  of w ith d raw al 
of th e  sam ple , b u t  th e  v a r ia tio n s  in  com position 
o b ta in e d  a re  show n in  T able  IV , th e  balance 
a g a in  b e in g  n itro g e n .

These analyses in c lu d e  w a te r  v a p o u r , which 
in  fuel-fired  fu rn a c e s  g e n e ra lly  c o n s t itu te s  the 
h ig h e s t p ro p o rtio n  of re a c tiv e  gas. A n in te res t-



ing fe a tu re  is th e  very  sm all p ro p o rtio n  of free  
hydrogen o r of hy d ro carb o n s found  u n d e r  th e  
conditions of th ese  d e te rm in a tio n s . A ssum ing 
access of th e  gas to  th e  m eta l, an y  considerab le  
am o u n t of free  h y d ro g en  is b o u n d  to  lead  to  
hydrogen so lu tio n  in  a lm o st an y  m eta l. F ro m  
these analyses l i t t le  hyd ro g en  would be p icked

holing . Some of th e i r  re su lts  on th e  effect of 
t r e a t in g  a lu m in iu m  an d  a lu m in iu m  alloys w ith  
steam  a re  rep ro d u ced  in  T able  V.

T he o th e r  com pound gases w hich a re  likely  
to  g ive tro u b le  a re  th e  oxides of carbon  and  
su lp h u r d iox ide. C arbon  d iox ide a t  m eltin g  
te m p e ra tu re s  can  be re g a rd e d  as an  ox id ising

T a b l e  IV.—Composition of Furnace Gases. (Allen a n d  Hewitt.)

Furnace. Fuel.
Co mposition of furnace gases. Per cent.

0 2 C 0 2 CO h 2 Hydro
carbons. s o 2 H.O

Bailey Electric resist
ance (car
bon gran
ules).

0 .0  to 
0 .4

4.1 to 
19.3

0.1 to 
41.5

0 .0  to 
1.4

0 .0  to 
0 .9

0.25 to 
0.8

Reverbera- Coal, forced- 0 .0  to 0 .3  to 0 .0  to 0 .0  to — 0.0  to 0.0 to
tory. draught. 22.4 13.5 7.0 2.2 1.7 12.6

» Coal, natural- 
draught.

0 .2  to 
20.9

1.1 to 
16.3

0.0  to 
15.3

0.0  to 
0.2

— 0.0  to 
3.0

0 .0  to 
20.7

” Oil 0 .0  to 
5.8

8.7 to 
12.8

0 .0  to 
7.2

0 .0  to 
0 .2

— 0.3  to 
1.4

7.5 to 
16.4

Crucible Oii : outside 
crucible.

2 .9  to 
4 .4

10.8 to 
11.6

0 0 0 0 .4  to 
2.1

8.0 to 
13.5

Oil : 2 in. 
above metal 
surface.

0 .2  to 
3 .9

7.7 to 
11.3

0 .4  to 
4 .4

0 0 0 .4  to 
3.0

11.8 to 
12.3

up in  th is  w ay, a n d  i t  w ould a p p e a r  t h a t  th e  
most im p o r ta n t source  of in tro d u c tio n  of hy d ro 
gen is reac tio n  w ith  w a te r  v ap o u r. T he d iscus
sion of th e  “  so lu b ility  ”  of w a te r  v a p o u r in  
m etals in  a n  e a r lie r  section  w as p a r tic u la r ly  
concerned w ith  cases in  w hich bo th  th e  hydrogen  
and oxygen w ere soluble to  some e x te n t .  A p a rt 
from  th e  p ro d u c tio n  of re ac tio n  unsoundness

gas to w ard s  m ost m eta ls , th e  f irs t re ac tio n  being 
p ro d u c tio n  of th e  m eta llic  ox ide and  carbon 
m onoxide. T he rô le p layed  by carb o n  m onoxide 
itse lf  is som ew hat u n c e rta in . T here  a p p e a r  to  
be cases in  which carbon  m onoxide can  cause 
unsoundness by w h a t a p p ea rs  to  be a sim ple 
so lu tio n  an d  consequen t evo lu tion  on solidifica
tio n  w ith o u t d issociation  fo rm in g  carb id e  and

T a b l e  V.—Effect of Treating A lum inium  and A lum inium  Alloys with Steam. (Hanson and Slater.12)

Ingot
No. Material. Treatm ent of molten metal. Density. Appearance.

5 U. “ 3L11 ” None. Standard test casting 2.771 Moderate.
6 ,, . . Atmosphere of steam for 1 hr. 2.728 Very bad.
7 ,, Brisk stream of steam bubbled in for 1 hr. 2.221
8 ” Brisk stream of steam bubbled in for 3 

min.
2.690 »»

12 Virgin aluminium 
ingot.

None. Standard test casting 2.673 Practically sound.

13 ” Brisk stream  of steam bubbled in for 3 
min.

2.469 Very bad.

14 “ 2L5 ” None. Standard tes t casting 2.934 Moderate.
15 >» • • • • Brisk stream of steam bubbled in for 3 

min.
2.788 Very bad.

under such co nd itions, w a te r  v ap o u r re ac ts  w ith  
m etals such as a lu m in iu m , fo rm in g  h ydrogen  
which is dissolved in  th e  m eta l, an d  a lu m in iu m  
oxide w hich accu m u la tes  on th e  su rface . H a n 
son an d  S la te r i2 f irs t called  a t te n tio n  to  th e  
g re a t  im p o rta n ce  of w a te r  v a p o u r as. th e  source 
of h y drogen  dissolved in  m olten  a lu m in iu m , th is  
hydrogen  a lone be in g  th e  m ain  cause  of p in-

oxide. L ep p 13 s ta te s  t h a t  carbon  m onoxide is 
soluble in  m olten  copper.

The effect of su lp h u r d iox ide has been m uch 
discussed , an d  d e fin ite  evidence th a t  th is  gas 
causes unsoundness in  a n y th in g  o th e r th a n  p u re  
copper is lack in g . T here  is no d o u b t th a t  con
ta c t  w ith  su lp h u r  d iox ide is h a rm fu l in  t h a t  i t  
causes ab so rp tio n  of su lp h u r which m ay be



so lub le  in  th e  liq u id  a n d  th u s  fo rm  su lp h id es 
w hich  a re  t ra p p e d  on so lid ification . S u lp h u r  
d iox ide , fo r  in s tan c e , is an  u n d e s irab le  con
s t i tu e n t  in  a fu rn a c e  a tm o sp h e re  in  th e  m e lt
in g  of n icke l a n d  n icke l alloys in  w hich  excess 
o f su lp h id e  causes e m b rittle m e n t. I n  t in  
b ronzes, th e re  is no c lear ev idence t h a t  th e  
oxygen  so lu b ility  is h ig h  en o u g h  to  cause  
m ark e d  re ac tio n  u n so u n d n ess w ith  dissolved 
su lp h u r , b u t  i t  does a p p e a r  t h a t  th e  so lu b ility  
o f su lp h u r  in  th e  m o lten  m e ta l is sufficiently  
g r e a t  to  cause  serious c o n ta m in a tio n  of th e  
so lid  m e ta l w ith  su lp h id e  p a rtic le s . These n o t 
only  a c t as d isc o n tin u itie s  be tw een  th e  m eta l 
c ry s ta ls  b u t  also te n d  to  in crease  sh r in k a g e  u n 
soundness by m ech an ica l o b s tru c tio n  of th e  
feed in g  o f so lid ification  sh rin k a g e  th ro u g h  th e  
in te rd e n d r i t ic  ch annels .

M in im is in g  Gas Unsoundness
T his d iscussion  lead s to  c e r ta in  suggestions 

c o n ce rn in g  d esirab le  m e ltin g  p ra c tic e  fo r  th e  
1-eduction  of g as u n so u n d n ess to  a  m in im um , 
w hich can  be sum m arised  as fo llo w s: —

(а) E n su re  th e  use of c lean  m e ta l free  from  
g as c o n ta m in a tio n  o r corrosion  p ro d u c t. 
S im ila rly  avoid  c h a rg in g  in to  th e  p o t dam p  
fluxes o r  an y  m a te r ia ls  w hich, on h e a tin g , 
evolve d e tr im e n ta l  gases w hich  a re  liab le  to  be 
abso rbed  by th e  m elt.

(б) In  g en era l, m e ltin g  in  a s lig h tly  o x id is
in g  a tm o sp h e re  is to  be recom m ended . T his 
en su res th e  absence of free  re d u c in g  gases in  th e  
fu rn ac e  a tm o sp h e re  a n d  also reduces th e  a m o u n t 
of d e tr im e n ta l  re d u c in g  c o n s titu e n ts  such as 
hyd ro g en  in  th e  m elt. On th e  o th e r  h a n d , o x id a 
tio n  m u st, of course, n o t be overdone, o r th e  
re su lt  w ill be a c a s tin g  bad ly  c o n ta m in a te d  w ith  
no n -m eta llic  ox ide  inclusions a n d  h ig h  o x id a tio n  
m e ltin g  losses. I t  is  sugg ested , how ever, t h a t  in  
o ld e r p ra c tic e  o x id a tio n  m e ltin g  losses h a v e  been 
g iv en  an  u n d u e  im p o rtan ce , a n d  th e i r  e lim in a 
t io n  by m e ltin g  u n d e r  re d u c in g  co n d itio n s is 
liab le  to  in tro d u c e  m ore  serious d e fec ts  in  some 
m a te ria ls .

(c) As f a r  as possib le th e  w a te r-v a p o u r  con
te n t  of th e  a tm o sp h ere  should  be k e p t dow n to  
a  m in im u m . F o r  in s tan ce , coke should  be d ry . 
Tt m u s t be a d m itte d  t h a t  i t  is n o t possible to  
e lim in a te  w a te r  v a p o u r from  th e  a tm o sp h e re  of 
a n y  fue l-fired  fu rn ac e , as th e  a ir  u sed  fo r com
b u stio n  c o n ta in s  from  1 to  2 p er cen t, of w a te r  
v ap o u r, a n d  m o st fue ls used  c o n ta in  h y d ro 
carbons, th e  com bustion  of w hich form s w a te r  
v ap o u r.

(d) T he m e ta l should  be p ro tec te d  as f a r  as 
possible from  d ire c t  c o n ta c t w ith  th e  flam e or 
w ith  p ro d u c ts  of com bustion . In  c ru cib le  m elt- 
in g , p o ro sity  of th e  c ru c ib le  itse lf  is a  fa c to r
w hich should  be co nsidered , a n d  a  crucib le  w hich 
g lazes over on th e  su rfa ce  has obvious a d v a n 

tag e s . A n in e r t  slag  is f re q u e n tly  d es irab le  to  
p ro te c t th e  exposed  su rfa ce  of th e  m eta l. G lass 
is v ery  effective in  th is  w ay, b u t  such slags a re  in 
g e n e ra l r a th e r  co rrosive  to w ard s  crucib les and  
fu rn a c e  lin in g s . C harco a l is v ery  la rg e ly  used 
as a  cover in  m e ltin g , i ts  use  o r ig in a tin g  m ain ly  
w ith  th e  o b jec t of p re v e n tin g  o x id a tio n  losses. 
F ro m  th is  p o in t  of view  i t  is v e ry  effective , b u t 
th e  use o f ch arco al as a  cover m ay  have  a  h a rm fu l 
effect e ith e r  on a cc o u n t of a n  increase  in  th e  
carb o n -m o n o x id e  c o n te n t  of th e  a tm o sp h e re  a d ja 
c e n t to  th e  m e ta l su rfaces  o r  because i t  ten d s  
to  rem ove excess oxygen from  th e  fu rn a c e  gases 
a n d  th u s  f a c i li ta te  h y d ro g en  a b so rp tio n  (or a l te r 
n a tiv e ly  d ecrease  h y d ro g en  e lim in a tio n ) .

(e) R a p id  m e ltin g  is im p o r ta n t.  T he longer 
th e  m eta l is exposed to  a  d e le te rio u s  a tm osphere  
th e  m ore  o p p o r tu n ity  is p ro v id ed  fo r  absorb ing  
d e tr im e n ta l  gases, p a r tic u la r ly  if  th e  m eta l is 
allow ed to  ru n  dow n exposed to  th e  fu rn a c e  a tm o 
sp h ere  in s te a d  of b e in g  ch arg e d  in to  a  pool of 
m o lten  m e ta l. R o w e,11 m e ltin g  10 p e r  cen t, t in  
bronze c o n ta in in g  0.3 p e r c en t, p h o sphorus in  a 
coke-fired p i t  fu rn a c e , fo u n d  a loss of 4 tons 
p e r sq. in . in  ten s ile  s t r e n g th  a n d  10 p er cen t, in 
e lo n g a tio n  w hen m e ltin g  t im e  w as ex te n d ed  from  
45 to  145 m in .

( /)  O v e r-h ea tin g  should  be avo ided . I t  is 
a p p a re n t  from  w h a t h a s been  sa id  e a r l ie r  abou t 
increase  in  so lu b ility  of gases in  m eta ls  as the  
te m p e ra tu re  is ra is e d  t h a t  h e a tin g  to  a h ig h er 
te m p e ra tu re  th a n  is necessary  in  th e  fu rn a c e  will 
en co u rag e  excessive gas so lu tio n , an d  i t  is n o t 
a t  a ll c e r ta in  t h a t  su b seq u en t cooling  to  th e  
c o rre c t c a s tin g  te m p e ra tu re  causes th is  excess 
gas to  be evolved. T his w ould  only  be expected  
to  be  th e  case if  th e  m e ta l w ere s a tu ra te d  w ith  
gas a t  th e  h ig h  te m p e ra tu re .  W h a t is m ore 
likely  is t h a t  e q u ilib r iu m  is n o t  reach ed  in  o rd i
n a ry  p ra c tic e , a n d  th e  a d d it io n a l  a m o u n t of gas 
dissolved d u r in g  th e  o v e r-h e a tin g  p e rio d  is still 
w ith in  th e  eq u ilib riu m  am o u n t a t  th e  c a s tin g  
te m p e ra tu re .

R em o va l o f Gases

T h ere  a re  some cases in  w hich  com ple te  avo id
ance of g as c o n ta m in a tio n  is d ifficu lt a n d  costly, 
an d  in  such cases, as well as w ith  acc id en ta lly  
c o n ta m in a te d  m elts, th e  use of a  d eg assin g  t r e a t 
m e n t p r io r  to  p o u rin g  is th e  b e s t p ra c tic a l course. 
I t  is n o t p roposed  h e re  to  d ea l in  a n y  d e ta il  w ith  
th e  m an y  a n d  v a r ie d  m ethods w hich  have  been 
proposed fo r th e  rem oval of d issolved gases, b u t 
only to  call a t te n t io n  to  th e  g e n e ra l p rin c ip les  
invo lved  in  th ese  m eth o d s. T he m ost im p o r ta n t  
of th ese  is b ased  on S ie v e r ts ’1 o b se rv a tio n  th a t  
th e  so lu b ility  of a  gas in  a  m o lten  m e ta l varies 
w ith  th e  sq u a re  ro o t of th e  p re ssu re  of th e  gas 
in  th e  a tm o sp h e re  in  c o n ta c t  w ith  th e  m eta l. 
I t  follows t h a t  a d ec rease  in  th e  p a r t i a l  p res



sure  of a  p a r t ic u la r  gas will re su lt  in  th e  r e 
moval of a co rre sp o n d in g  a m o u n t of th is  gas 
from  so lu tio n . T hus hyd ro g en , fo r in s tan ce , in  
so lu tion  in  a  m eta l can  be rem oved if  th e  h y d ro 
gen an d  h y d ro g e n -c o n ta in in g  gases a re  rem oved 
com pletely from  th e  a tm o sp h ere  by d isp lacem en t 
w ith  some in e r t  inso lub le  gas, such  as n itro g e n . 
This is th e  basis of A rc h b u t t ’s 13 n i tro g e n - tre a t-  
m ent m ethod  fo r  d egassing  a lu m in iu m  alloys 
and  of a n u m b er of s im ila r  m ethods in  w hich th e  
co n tam in a ted  a tm o sp h e re  is sw ep t aw ay a n d  re 
placed by a n  in e r t  one in to  w hich th e  dissolved 
gas will diffuse. W h ere  fre e  diffusion  is 
m echanically  o b s tru c te d  by an  inso lub le  oxide 
skin, th is  c an  be b ro k en  u p  by a g ita tio n  o r re 
moved chem ically , as fo r in s ta n c e  in  th e  t i t a 
nium  te tra c h lo r id e 16 an d  n itro g e n  p lus c h lo rin e12 
trea tm e n ts  of a lu m in iu m .

A second m eth o d  of e lim in a tin g  easily  re d u 
cible gases like  hyd ro g en  lies, as is a p p a re n t  
from  w h a t has been said  b efo re , in  o x id a tio n  of 
the  m etal. The d ifficulties in  th is  case lie  in 
oxidising to  ju s t  th e  r ig h t  e x te n t  to  e lim in a te  th e  
hydrogen w ith o u t cau s in g  tro u b le  by over-ox ida- 
tion  and  in  in tro d u c in g  sufficient oxygen w here 
oxygen so lu b ility  is low. R e itm e is te r17 proposed 
a m ethod of o x id a tio n  by th e  a d d itio n  of a 
m etallic oxide follow ed by re d u c tio n  by m eans 
of carbon, b u t  th is  n ecessita te s  s tr ik in g  th e  
r ig h t ba lance  be tw een  o x id a tio n  a n d  “  c a rb u ri-  
sa tio n .” L e p p 13 18 has ta k e n  th e  a p p lic a tio n  of 
th is  p rincip le  a g re a t  deal fu r th e r ,  p a r tic u la r ly  
in  th e  case of bronzes, by p ro v id in g  co n tro lled  
o x idation  by m eans of an  o x id is in g  slag. E x 
cess o x id a tio n  is avo ided  by in tro d u c in g  in to  th e  
alloy some re ad ily  ox id isab le  m eta l such as zinc, 
the  oxide of w hich, fo rm ed in  p re fe ren ce  to  
o ther m eta llic  oxides, is re ad ily  e lim in a ted  from  
th e  m elt.

The avo idance  of u n soundness due to  re ac tio n  
between oxygen an d  some re ad ily  red u cib le  
elem ent, like  h y d ro g en  o r carb o n , h a s been d is
cussed a t  some len g th , an d  th e  success which 
can be achieved in  th is  d irec tio n  by d eo x id a tio n  
of th e  m elt p r io r  to  p o u rin g  d epends e n tire ly  on 
the  efficacy of th e  d e o x id a n t em ployed. In  th is  
connection i t  m u s t be rem em b ered  t h a t  th e  
choice of d eo x id an ts  in  n o n -fe rro u s  w ork in  p a r 
tic u la r  is lim ited  to  those  w hich form  deo x id a
tion  p ro d u c ts  w hich can  re ad ily  be e lim in a ted  
from  th e  m elt. I t  has p rev iously  been su g g ested 13 
th a t  th is  ap p lies a lm ost e n tire ly  to  e lem ents 
which form  fluid oxides o r oxide slags, of w hich 
phosphorus, silicon an d  m an g an ese  a re  th e  m ost 
common. These have  n o t a n y th in g  like  so h ig h  
an  affin ity  fo r  oxygen as, fo r  in s tan c e , a lu m i
n ium , b u t  a lu m in a  inclusions a re  in  them selves 
seriously d e tr im e n ta l  from  m an y  p o in ts  of view. 
W here these  e lem en ts th e re fo re  have  n o t a suffi
c ien tly  h ig h  affin ity  fo r oxygen, or a sufficiently  
low so lu b ility  of th e i r  oxides in  th e  m e lt in  ques

tio n , o th e r  an d  m ore com plex deoxid isers have 
som etim es been em ployed, as fo r in s tan c e  th e  
a lk a li an d  a lk a lin e  e a r th  elem ents.

M ost of th e  m ethods of degasifica tion  which 
a re  in  in d u s tr ia l  use, w ith  in  some cases h igh ly  
successfu l re su lts , dep en d  on one or o th e r  of 
th ese  p rinc ip les , th e  a p p lic a tio n  of which will, 
i t  is hoped , be c lear from  th e  b rie f  o u tlin e  of 
th e  su b je c t g iven  in  th is  P a p e r .
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JOINT DISCUSSION ON PAPERS 
NOS. 667 and 668

Gas H oles and Mass E ffect

M r. J .  A. R e y n o l d s  opened th e  discussion by 
r e fe r r in g  to  de-gasification  and  m odification . H e 
sa id  h e  h ad  fo u n d  in  th e  case of sm all m elts of 
ab o u t 25 lbs. in  a  coke-fired crucib le , w hen a 
p ro p r ie ta ry  de-gasser or one of th e  sodium  
ch lo ride  an d  sodium  fluo ride  ty p e  was used, th a t  
w hen a t te m p tin g  to  m odify  a fte rw a rd s  th e re  
w ere in v a r ia b ly  t in y  gas holes (n o t p inholes) le f t  
in  th e  th in  cas tin g s. H e  w ondered  w h e th er th a t  
was due to  th e  fa c t  t h a t  one could n o t leave 
sm all m elts  such  as those of 25 lbs. s ta n d in g  
a f te r  m odification  fo r th e  sam e len g th  of tim e  
as one could leave a m e lt o f, say , from  100 to  
300 lbs.

R evers ib le  R eactions

M r . H . G. W a r r i n g t o n , com m enting  on M r. 
B a iley ’s a p p a re n t  view  t h a t  a ll th e  reac tio n s 
of gases w ith  a lu m in iu m  alloys w ere  reversib le, 
sa id  th e re  w as considerab le  ev idence t h a t  t h a t  
w as n o t  so. The obvious exam ple  w as t h a t  of 
oxygen, w hich  im m ed ia te ly  fo rm ed  A120 3, and  
t h a t  d id  n o t a p p e a r  to  be  rev ersib le  on solid i
fica tion  of th e  m eta l. T h ere  w as fu r th e r  
evidence in , fo r exam ple, th e  ca s tin g  of ingo ts . 
They w ere a p p a re n tly  soundly  c as t, b u t a f te r  
be in g  su b jec ted  to  a  c e r ta in  a m o u n t of cold
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w ork, such  as by ro llin g , th e re  w as ev idence of 
g a s , by b lis te rs , in  q u a n ti t ie s  w hich w ere  n o t 
obviously  p re se n t  in  th e  o r ig in a l in g o t.

A sk in g  fo r  M r. B a ile y ’s o p in io n  w ith  re g a rd  
to  in te r -d e n d r i t ic  p o ro sity , he  sa id  t h a t  a  good 
m an y  a lu m in iu m  alloys w ere  su b je c t to  such 
po ro sity  u n d e r  c e r ta in  co n d itio n s  of c a s tin g  
w hen th e  e u te c tic  w as n o t suffic ien t to  fill th e  
spaces be tw een  th e  p r im a ry  g ra in s  on solidifica
tio n  ; i t  w as g e n e ra lly  assum ed  t h a t  th e  p resence  
of a  l i t t le  g as in  th e  m e ta l w ould te n d  to  ba lan ce  
t h a t  ty p e  of p o ro sity  by  in h ib i t in g  to  a  c e r ta in  
e x te n t  th e  c o n tra c tio n  a t  th e  m o m en t of so lid i
fica tio n . W ere  th e re  re a l  g ro u n d s fo r  a ssum ing  
t h a t  t h a t  was of a d v a n ta g e , o r  w as th e  com plete  
d e -g asifica tio n  o f th e  m e ta l beneficia l in  all 
cases?

A d m is s ib le  Gas C o n te n t
M r. A. J .  S h o r e , e n la rg in g  u p o n  M r. W a r

r in g to n ’s re m a rk s , sa id  t h a t  recen tly  a t  h is 
w orks som e tro u b le  h a d  been  e x p erien ced  w ith  
sh r in k a g e  in  a  12 p e r  cen t, m odified silicon alloy, 
a n d  th e  m a t te r  h a d  been  d iscussed w ith  th e  su p 
p lie rs . T h e  l a t t e r  h a d  sa id  t h a t  th e  m e ta l was 
too  free  from  gas a n d  t h a t  th e y  w ould su p p ly  
m e ta l w hich  h a d  a  s lig h t gas c o n te n t. T h a t  w as 
done, a n d  th e  sh r in k a g e  tro u b le s  w ere overcom e.

H e  asked  M r. M u rp h y  w h e th e r a' 12 p e r  cen t, 
m odified silicon a lloy  w as m ore a c tiv e  w ith  
re g a rd  to  iro n  p ick -u p  th a n , say , a 6 p e r  cen t, 
alloy. D id  th e  silicon in  th e  12 p e r  c en t, alloy 
a t ta c k  th e  iro n  a t  a  g re a te r  r a te ?  A t h is w orks 
some tro u b le  h a d  been exp erien ced  d u e  to  spoil
in g  th e  m o d ification  an d  o b ta in in g  th e  la rg e  
c ry s ta ls  r e fe r re d  to  in  th e  P a p e r  by  M essrs. 
M u rp h y , W ells a n d  P a y n e . T he iro n  c o n te n t 
was c e r ta in ly  r a th e r  h ig h — i t  w as, how ever, less 
th a n  1 p e r  c e n t .— a n d  i t  w as decided to  sc rap  
th e  c a s t- iro n  m e ltin g  p o ts  a n d  to  use  p lum bago  
po ts in  consequence. H e  asked  fo r  an  op in io n  as 
to  w h e th e r t h a t  ch an g e-o v er w as th e  r ig h t  
policy.
M agnesiu m  an d  A lu m in iu m  P ra c tic e  C o m p a re d

M r. G. L u t o s ł a w s k i  (W arsaw ) sa id  i t  h ad  
been  th e  belief t h a t  th e  in flu en ce  of g as upon  
m ag n esiu m  alloys could  be neg lected  ; b u t  re ce n t 
ex p erien ce  h a d  show n t h a t  th e  effect of gas upon  
m ag n esiu m  alloys, a n d  especially  th e  effect of 
h y d ro g en , seem ed to  be v e ry  im p o r ta n t  from  th e  
p o in t of view  of th e  soundness of th e  c a s tin g s  
m ad e  in  th o se  alloys. H y d ro g e n  p ick -up  d u r in g  
th e  m e ltin g  of m ag n esiu m  alloys seem ed to  be 
due  to  th e  m o is tu re  in  th e  ch arg ed  m e ta l, a n d  
in  m an y  cases i t  seem ed p ra c tic a b le  to  d ry  th e  
m e ta l to  be  ch arg e d , in  o rd e r  to  avo id  t h a t  
h y d ro g en  c o n ta m in a tio n . T he problem  w as n o t 
y e t q u ite  solved. N o t only  d id  th e  hyd ro g en  
g ive  r ise  to  po ro sity , b u t  one cou ld  also observe 
th e  g ro w th  of th e  g ra in s  in  th e  m ag n esiu m  c a s t
ings w hen h y d ro g en  p o ro sity  w as p re sen t. I t

m ig h t  be, a s M r. M u rp h y  h a d  sa id , t h a t  in  
som e a lu m in iu m  alloys a  sm all g as c o n te n t  was 
beneficia l fo r  re fin in g  th e  g ra in  d u r in g  solid i
fica tio n  ; b u t  t h a t  d id  n o t a p p e a r  to  be  th e  case 
in  th e  m ag n esiu m  alloys. In d e e d , in  th e  m ag
n esiu m  alloys th e  p o sitio n  seem ed to  be  ju s t  th e  
rev erse  in  t h a t  re sp ec t, j u s t  as in  m an y  o th e r 
re sp ec ts  th e  b e h av io u r of th e  m ag n esiu m  alloys 
was th e  re v erse  of t h a t  of th e  a lu m in iu m  alloys.

D ra w in g  a  p a ra lle l  b e tw een  th e  b eh av io u r of 
m ag n esiu m  alloys a n d  fe rro u s  alloys such as 
g rey  iro n  a n d  som e k in d s  of s tee l, M r. L u to 
sław ski sa id  t h a t  in  m e ltin g  steel w hich  con
ta in e d  ch ro m iu m , fo r  in s ta n c e , i f  h y d ro g en  were 
p re se n t  i t  g e n e ra te d  a  v e ry  coarse  s t r u c tu r e  and  
som etim es g a v e  rise  to  co n sid erab le  tro u b le . The 
effect of t h a t  p henom enon  a p p e a re d  to  be very 
s im ila r  in  m ag n esiu m , th o u g h  p e rh ap s  fo r d if
fe re n t  reasons.

H e  drew  a n o th e r  p a ra lle l  be tw een  m agnesium  
an d  fe rro u s  alloys in  re g a rd  to  th e  effect of 
su p e rh e a tin g . B y su p e rh e a t in g  th e  m agnesium  
alloys one o b ta in e d  a  f in e -g ra in ed  s t ru c tu re ,  ju s t  
as one o b ta in e d  a  f in e -g ra in ed  s t ru c tu re  in  grey 
iro n  by su p e rh e a tin g . A g a in  th e  reasonsi m igh t 
be d if fe re n t in  th e  tw o cases, b u t  th e  effect was 
s im ila r .

M ag n es iu m  C o n te n t an d  H ard n ess
M r. A. L o g a n , c o n g ra tu la t in g  th e  au tho rs , 

sa id  t h a t  th e  tw o P a p e rs  fo rm ed  a  v ery  ad m ir
ab le  g ro u n d w o rk  fo r  an y o n e  e n te r in g  th e  field of 
l ig h t alloys. As th e  in d u s try  p rogressed , tech 
n ica l know ledge g rew  ; th o se  who h a d  e n te re d  th e  
field of a lu m in iu m  alloys y e a rs  ag o  w ould have 
been in  a v ery  fo r tu n a te  p o sitio n  h a d  th e  in fo r
m a tio n  o b ta in a b le  from  such P a p e rs  a s these 
been  a v a ilab le  in  th e  e a rly  d ays.

T he P a p e r  by M essrs. M u rp h y , W ells and 
P a y n e  e x p la in ed  q u ite  a  n u m b e r  o f phenom ena 
w hich only  in te l l ig e n t  p re-know ledge  could  e ith e r 
c a te r  fo r  a d eq u a te ly  o r c irc u m v e n t. V a rio u s  p i t
fa lls  w ere m en tio n ed , such as g a s  ab so rp tio n , 
a n d  c o n ta m in a tio n  in  a lu m in iu m  an d  in  m ag
nesiu m  a lloys, as w ell as c h an g e  of com position 
in  alloys c o n ta in in g  sm all a m o u n ts  of m agne
sium . T he l a t t e r  effect cou ld  be very  tro u b le 
som e, especially  in  alloys w here  only, say , 0.3 
p e r cen t, o f  m agnesium ' w as th e  m axim um  
a m o u n t p re se n t. T h e  e ffect w as a  considerab le  
re d u c tio n  of h a rd n ess  if  th e  m ag n esiu m  c o n te n t 
fell. I n  a n  alloy  c o n ta in in g , say , 10 p e r  cen t, of 
copper, 1 p e r  c en t, of iro n  a n d  0.3 p e r  cen t, of 
m ag n esiu m , a  re d u c tio n  o f 0.1 p e r  c e n t, in  th e  
m ag n esiu m  c o n te n t  w as su ffic ien t to  red u ce  th e  
B rin e ll h a rd n ess  fro m  150 to  120 in  th e  hea t- 
t r e a te d  c o n d itio n . T h a t  re n d e re d  th e  alloy  qu ite  
u n su ita b le  fo r  th e  p u rp o se  fo r  w hich i t  w as re
q u ired . T he sam e  effect o ccu rred  in  alloys of 
h ig h e r  m ag n e siu m  c o n te n t  also, a n d  Y -alloy  was 
m en tio n ed  in  th e  P a p e r  in  t h a t  re sp ec t. H e



asked w h e th er th e  a u th o rs  h a d  fo u n d  th e  sam e 
red u c tio n  of m ag n esiu m  c o n te n t  w hen ch lo rine  
fluxes w ere  used.

A n o th er m a t te r  to  w hich  he  re fe r re d  w as th e  
co arsen in g  of th e  g ra in  w hen th e  m e ta l w as held  
for a  long tim e  a t  a  te m p e ra tu re  below th e  
c r itic a l va lue  of a b o u t 750 deg. C. G ra in  
coarsen ing  in  some cases seem ed to  be due to  a 
t im e -te m p e ra tu re  re ac tio n . As to  th e  sugges
tio n  th a t  g ra in -co arsen ed  m a te r ia l  p ro duced  by 
h e a tin g  a t  750 deg. C. could  be re s to red  to  th e  
fine-grained  co n d itio n  by c a s tin g  in  chills a n d  re- 
m elting , he sa id  t h a t  t h a t  m ig h t be accep ted  
w ith a  l i t t le  reserv e , fo r  he  could  p rov ide  ex
am ples of m a te r ia l  w hich h ad  n o t  re ac te d  in  
th a t  w ay, th e  coarse  g ra in  h a v in g  p e rs is ted  even 
a f te r  re -m e ltin g . T he u n d e s ira b ility  of la rg e  
g ra in  size w as well know n to  a lu m in iu m  
founders, an d  w as r ig h tly  s tressed  in  th e  P a p e r .

A very  re m a rk ab le  f e a tu re  m en tio n ed  in  th e  
P ap e r was th e  d ifference in  th e  feed in g  pro
perties as betw een  co arse -g ra in ed  a n d  fine
g ra in ed  m a te r ia l.  T he v e ry  m u ch  im proved  
“ feed ing  ”  of f in e-g ra in ed  m a te r ia l  w as q u ite  
e x tra o rd in a ry , -and i t  h ad  to  be  exp erien ced  in  
o rder to  be a p p re c ia te d  fu lly , b u t  i t  was a 
valuable fo u n d ry  asse t.

C om m enting  on th e  a u th o rs ’ re fe re n ce  to  
niobium  a n d  t i ta n iu m  as g ra in -re f in in g  e lem ents, 
he sa id  t h a t  possibly th ey  h a d  n o t covered  th e  
whole g ro u n d  th e re . H e  d id  n o t  su g g est t h a t  
they w ere n o t aw are  of o th e r  such e le m e n ts ; b u t 
he personally  h a d  o b ta in e d  re m a rk ab le  re su lts  
w ith  boron, w hich h a d  been  know n fo r  y e a rs  an d  
was a very  pow erfu l g ra in -re fin e r.

F in a lly , he  p a id  a  t r ib u te  to  M r. B ailey  fo r 
the  valuable  n a tu re  of h is P a p e r .

P ro te c tio n  fo r  C a s t-Iro n  Sheaths
M e. E . N .  N o b l e , d e a lin g  w ith  a  re fe ren ce  to  

a p ro tec tiv e  m a te ria l  fo r  cas t- iro n  po ts used  for 
m elting  m ag n esiu m  alloys, m en tio n ed  his e x p e ri
ence on cas t-iro n  p y ro m ete r tu b es , w hen a  piece 
of tu b e  h ad  m elted  im m ed ia te ly  a t  th e  su rface  of 
th e  m eta l an d  h a d  d ro p p ed  in . H e  asked , th e re 
fore, w h e th er one could  use c a s t iron  fo r th a t  
purpose w ith  a p ro tec tiv e  m a te ria l,  an d , if  so, 
w hether M r. B ailey  could recom m end such a 
m ate ria l.

G ra in  S ize  and N u c le i
M e . G . L .  B a i l e y , d iscu ssin g  th e  P a p e r  by 

Messrs. M u rp h y , W ells a n d  P a y n e , ag reed  th a t  
the  fac to rs  in flu en c in g  g ra in  size should  be 
stu d ied  m ore th o ro u g h ly , as too l i t t le  know ledge 
was av a ilab le  a b o u t th e  co n tro l of g ra in  size 
and  th e  fa c to rs  in flu en cin g  i t ,  a lth o u g h  we knew 
th a t  such th in g s  as t i ta n iu m  an d  n io b iu m  would 
solve th e  p ra c tic a l problem  in  a lu m in iu m  alloys.

D iscussing  th e  th e o re tic a l side  of th e  q u estio n , 
he sa id  t h a t ,  so f a r  as we knew , th e  g ra in  size 
of th e  m e ta l d e p en d ed  on th e  n u m b er of nuc le i

in  th e  m elt a t  th e  m o m en t so lid ification  com 
m enced. Those nucle i m ig h t be of tw o  ty p es , 
f irs t th e  ty p e  to  w hich  M r. M u rp h y  an d  his 
colleagues h a d  re fe r re d , i.e .,  th e  n uc le i w hich 
ex is ted  in  th e  flu id  m eta l, a n d  secondly, th e  ty p e  
of nuc le i form ed sp o n tan eo u sly  a t  th e  m o m en t of 
c ry s ta llis a tio n . I t  w as v ery  d ifficult to  d e te rm in e  
th e  e x te n t  to  w hich one o r th e  o th e r  ty p e  was 
responsib le  fo r  th e  u l tim a te  g ra in  size of a p a r 
tic u la r  c a s tin g . T he nucle i fo rm ed  sp o n ta n e 
ously on so lid ification  w ere fo rm ed in  g re a te r  
nu m b ers  th e  g re a te r  th e  deg ree  of super-cooling . 
On th e  o th e r  h a n d , th e  g re a te r  th e  n u m b er of 
nuc le i w hich  ex is te d  in  th e  m ould  to  s t a r t  w ith — 
by w hich  he  m e a n t th e  ty p e  of nuc le i which 
m ig h t o r m ig h t n o t  be  a  slag  cloud o r  so m eth in g  
of t h a t  so rt, a n d  w hich ac ted  as c en tre s  of 
c ry s ta llis a tio n — th e  less th e  d eg ree  of su p e r
cooling. T h e  cu rve  in  F ig . A illu s tra te d  roughly  
th e  effect of th e  n u m b er of nuc le i p re sen t in  
th e  m e lt (N ) on th e  d eg ree  of super-cooling 
o b ta in e d  (S).
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In  th e  absence of n u c le i in it ia lly  in  th e  m ould 
th e re  m ig h t be severe  super-cooling , w hereas in 
th e  presence of la rg e  nu m b ers  of nucle i, su p e r
cooling m ig h t be avo ided  a lto g e th e r . Severe 
super-coo ling  gave  m ore sp o n taneously  form ed 
nucle i a t  th e  m om ent of so lid ification . T h ere 
fo re , i t  seem ed to  h im  t h a t  if  th e re  w ere no 
nucle i of th e  ty p e  m en tio n ed  by M r. M u rp h y  an d  
h is colleagues, i .e .,  th o se  w hich  ex isted  in it ia lly  
in  th e  flu id  m eta l, th e re  m ig h t be severe su p e r
cooling a n d  a  very  fine g ra in , an d  w ith  a large  
n u m b er of sp o n tan eo u sly  fo rm ed  n u c le i p re sen t, 
one m ig h t also g e t  a  very  fine g ra in . B u t 
be tw een  th e  tw o th e re  w as a  m o d era te  deg ree  of 
super-cooling  a n d  a  m o d era te  n u m b er of nuclei, 
an d  one m ig h t  o b ta in  a co arse r g ra in . This 
was ro u g h ly  i llu s tra te d  in  F ig . B, w here  g ra in  
size (GS) is p lo tte d  a g a in s t  th e  n u m b er of nuclei 
p re se n t in  th e  m elt. T he co arsen in g  of g ra in  
could th e re fo re  be accoun ted  fo r  by tw o ex ac tly  
o p p osite  e x p la n a tio n s , i.e .,  because  th e re  w ere 
few er nucle i an d  m ore super-cooling  or, a l te r 
n a tiv e ly , m ore  n u c le i an d  no super-cooling . H e  
was n o t convinced t h a t  t h a t  th eo ry  held u n iv e r
sally , o r t h a t  i t  h e ld  a t  a ll, a n d  only  m en tio n ed  
i t  to  su p p o r t M r. M u rp h y ’s co n te n tio n  t h a t  
m e ta llu rg is ts  o u g h t to  find o u t m ore of w h a t was



h a p p e n in g  on so lid ification  if  th e y  w ere  to  be 
ab le  to  c o n tro l g ra in  size in  th e  w ay  th e y  w ould 
like.

D e o x id is in g  w ith  C a d m iu m
M u. J .  A. R e y n o l d s , d e a lin g  w ith  th e  r e f e r 

ences in  M r. B a ile y ’s P a p e r  to  th e  re la tiv e  
a d v a n ta g e s  o r  d isa d v a n ta g e s  of cad m iu m  as com 
p a re d  w ith  p h o sphor-copper fo r  th e  d e o x id a tio n  
of h ig h -co n d u c tiv ity  co p p er sa n d  c a s tin g s , sa id  
th e re  w ere  c e r ta in  com pounds, such  as bery llium - 
co b alt, w hich  w ere su b je c t to  p re c ip ita tio n  h a r 
d e n in g  on  h e a t- tre a tm e n t .  C adm ium  offered a 
m u ch  c h ea p e r  m eth o d  of o b ta in in g  th e  sam e 
re su lts , b u t  in  a p p ly in g  i t  to  sa n d  c a s tin g s  a 
m ass o f co n fused  re su lts  h a d  been o b ta in e d  so 
fa r .  F o r  ch ill c as tin g s , cad m iu m -co p p er alloys 
w ere used q u ite  re g u la r ly , b u t  fo r san d  c a s tin g s  
he  h a d  n o t  fo u n d  m u ch  to  he lp  h im  so fa r .

A U T H O R S ’ R E P L IE S  

M r. W e lls ’ R ep ly
M n. S. A .  E .  W e l l s , re p ly in g  to  th e  q u estio n  

of M r. S h o re  co n ce rn in g  th e  re la tio n sh ip  of 
silicon c o n te n t to  iro n  p ick -up  w hen m eltin g  
alloys in  iro n  po ts, ex p ressed  th e  view  t h a t  M r. 
Shore  h a d  ad o p te d  th e  r ig h t  a t t i tu d e  in  ch an g 
in g  over to  p lum bago  po ts as a  p re ca u tio n . The 
a u th o rs  h a d  fo u n d , how ever, t h a t  th e  w h iten in g  
s ilic a te  d re ss in g s  th e y  h a d  recom m ended  w ere 
q u ite  effective if  p ro p e rly  a p p lied  a n d  m a in 
ta in e d . W ith  re g a rd  to  th e  effect of th e  p e r
cen tag e  of silicon  on th e  p ick -u p  of iro n , he  
believed  i t  w as r ig h t  to  say  t h a t  th e  h ig h e r  th e  
silicon  c o n te n t th e  g re a te r  th e  a c tio n  u pon  th e  
iro n  becam e.

T he a u th o rs  w ere u n a b le  to  say  m uch  ab o u t 
M r. L o g an ’s p o in t in  co n n ec tion  w ith  th e  
co arsen in g  of g ra in  of th e  m olten  m e ta l re su lt
in g  from  h o ld in g  th e  m eta l fo r  a long tim e  a t  a 
te m p e ra tu re  below th e  c r it ic a l  v a lu e  of ab o u t 
750 deg. ; th e y  h a d  n o t ex am in ed  t h a t  asp ec t 
y e t. T he a u th o rs  h a d  a lw ays fo u n d  th e  co rrec
tio n  o f th e  g ra in  size by  re -m e ltin g  a t  a  tem 
p e ra tu re  n o t  exceed ing  t h a t  c r it ic a l  v a lu e  to  be 
sa tis fac to ry . B u t  in asm u ch  as th e  q u estio n  of 
nucle i m en tio n ed  by M r. B ailey  was show n to  be 
so involved , th e re  m ig h t be some e x p la n a tio n  of 
i r re g u la r i ty  o f b eh av io u r a b o u t w hich, a t  th e  
m o m ent, th e  a u th o rs  d id  n o t  know .

T h e  a u th o rs  h a d  n o t  m ad e  a n  ex h au s tiv e  
e x a m in a tio n  of a ll possible g ra in  re finers, b u t  
th e y  d id  ex am in e  a  dozen o r m ore. B oron was 
n o t e x am in ed , because  th ey  w ere  a lre ad y  aw are  
of i t s  effects.

M r. P ayne’ s R eply
M b. R . J .  M . P a y n e , re p ly in g  to  M r. L u to - 

s law sk i’s com m ents on th e  so lu tio n  of h y drogen  
in  m ag n esiu m , sa id  t h a t  in  th e  ex p erien ce  o I; the 
a u th o rs  t h a t  w as n o t a  m a jo r  problem . W here  
th e y  h a d  h ad  tro u b le  d ue  to  coarse  g ra in ,  th e

m a te r ia l  h ad  a lw ays re sp o n d ed  to  su p e r-h ea tin g  
t r e a tm e n t ,  a n d  th e y  h a d  n e v e r been  ab le  to  
a t t r ib u te  th e  tro u b le  to  h y d ro g en  in  th e  m eta l. 
Of course, th e re  w as a  good ch ance  of th e  hydro
gen  d isso lv in g  in  th e  m ag n esiu m , because th e  
fluxes used  c o n ta in e d  w a te r  o f c ry s ta llis a tio n . 
H ow ever, he  re p e a te d  t h a t  g as, even  if  p resen t 
in  m ag n esiu m  alloys, cau sed  no d ifficulties.

M r. B a ile y ’s R ep ly
M r. G. L. B a i l e y , re p ly in g  to  th e  discussion 

on h is P a p e r ,  ag reed  fu lly  w ith  M r. W a rr in g to n  
t h a t  n o t all gas re ac tio n s  w ere  rev ersib le , an d  he 
co rrec ted  a  q u ite  e rro n eo u s  im pression  which 
a p p a re n tly  h e  h a d  g iv en  in  t h a t  re sp ec t. W h at 
he  h ad  in te n d e d  to  in d ic a te , h e  sa id , w as th a t  
sim ple  gas so lu b ility  re la tio n sh ip s— fo r  in stan ce, 
th e  so lu tio n  of h y d ro g en  in  a m e ta l— w ere rev er
sible. G as re ac tio n s , how ever, in v o lv in g  oxides, 
m ig h t o r m ig h t n o t  be rev ersib le , depend ing  
upon  th e  so lu b ility  of th e  ox ide  in  questio n . In  
th e  case of a lu m in iu m  in  p a r tic u la r ,  where 
h y d ro g en  w as p icked  u p  by re a c tio n  w ith  w ater 
v ap o u r, th e  oxygen  w as n o t  ta k e n  up  a t  a l l ; th a t  
w as c learly  a case  of a  n o n -rev e rsib le  reac tio n .

C om ing to  th e  q u estio n  ra is e d  by  M r. W ar
r in g to n  a n d  M r. S hore  as to  th e  effect of gas 
c o n te n t  u p o n  in te rd e n d r i t ic  p o ro s ity  an d  sh rin k 
age, he sa id  th e re  w as no d o u b t t h a t  in  some 
ty p es  of alloy, especially  fo r c e r ta in  purposes, 
such  as d ie -cas tin g , a  l i t t le  gas h a d  ad v an tag es. 
I t  s c a tte re d  th e  sh r in k a g e . T h e  d is tin c tio n  be
tw een  g as an d  s h r in k a g e  u n so u n d n ess was in 
m an y  cases a lm o s t im possib le , b u t  i t  was an 
a d v a n ta g e  in  som e cases to  hav e  th e  unsoundness 
sc a tte re d  th ro u g h o u t th e  sec tion  r a fh e r  th a n  con
c e n tra te d  in  one p lace. T h e  to ta l  am o u n t of 
un so u n d n ess p re se n t, if  th e re  w ere  gas, was cer
ta in ly  n o t  less th a n  if  th e re  w ere  no g a s ; i t  
m ig h t be m ore.

T he m odified  silicon  alloys w ere  liab le  to  
sc a tte re d  u n so u n d n ess w hich  could  be produced 
by gas, b u t  he  w as becom ing  m ore an d  more 
convinced  t h a t  i t  cou ld  be p ro d u ced  also in  th e  
absence of g a s ;  w ith  th e  m o st th o ro u g h  degasi
fica tion  an d  su b seq u e n t m o d ifica tio n  one was 
still liab le  to  p ro d u ce  sc a tte re d  u n so u n d n ess , due 
to  a sc a tte r in g  of th e  sh r in k a g e  u n so u n d n ess by 
som e fa c to r  we d id  n o t  y e t u n d e rs ta n d  fu lly .

W ith  re g a rd  to  M r. R e y n o ld s’ re fe re n ce  to  the  
re la tiv e  m e r its  of d eo x id ise rs  fo r  c o p p er alloys, 
he w ould say  from  a  l im ite d  ex p e rien c e  th a t  
cadm ium  w as n o t a n  a d e q u a te  d eo x id ise r for 
copper, an d  t h a t  in  m ak in g  cadm ium -copper 
som e o th e r ' d e o x id a n t  m u s t  be em ployed, o th e r
w ise th e re  w ould be  u n so u n d n ess  d u e  to 
hydrog en -o x v g en  re ac tio n s .

V o te  o f T h a n k s
M r. F . H u d s o n , pro p o sin g  a vo te  of th a n k s  

to  th e  a u th o rs  of th e  tw o  P a p e rs ,  sa id  t h a t  
M essrs. M u rp h y , W ells an d  P a y n e  in d ic a te d  in



th e ir  P a p e r  th e  ways an d  m eans of co n tro llin g  
g ra in  size in  a lu m in iu m  an d  m agnesium  alloys 
by co n tro l of m e ltin g  co n d itio n s an d  by th e  ad d i
tio n  of sm all am o u n ts  of sp ec ia l alloys. One 
would like  to  assu re  th e  a u th o rs , an d  in c id e n ta lly  
th e ir  firm ( J .  S to n e  & C om pany , L im ited ) th a t  
th e  C ongress a p p re c ia te d  in  no  sm all m easu re  
th e ir  c o n tr ib u tio n  to  th e  p roceed ings.

The effect of m e ltin g  c o n d itio n s  on gas u n 
soundness in  m eta ls  was n o t  an  easy  su b je c t to  
expound, an d  M r. G. L. B ailey  should  be 
com m ended fo r h a v in g  p u t  fo rw ard  h is views in 
so sim ple an d  u n d e rs ta n d a b le  a  w ay. R em em 
bering  th e  m ost in te r e s t in g  le c tu re  de livered  on 
th e  p rev io u s day  by P ro f . B ra g g  on th e  su b je c t 
of “ The A tom ic P a t t e r n  of M e ta ls ,”  one could 
no t help b u t feel t h a t  th e re  w ere v ery  m any 
m a tte rs  on w hich f u r th e r  in fo rm a tio n  was 
desired, an d  p ro bab ly  so f a r  as th e  fo u n d ry  was 
concerned increased  know ledge of th e rm a l re 
actions, p a r tic u la r ly  th e  effect of gas in  m olten  
m etals, was u rg e n tly  re q u ire d .

One v e ry  im p o r ta n t  p o in t to  rem em b er in 
connection w ith  th is  su b je c t w as t h a t  th e  usual 
m ethods em ployed fo r d e te rm in in g  th e  am o u n t 
of gas p re sen t d id  n o t seem  to  g ive anyw here  
n ea r t r u e  re su lts . T his was s tr ik in g ly  
exem plified tw o  y ears ago a t  th e  D erby  C o n fe r
ence of th e  I n s t i tu te  of B ritish  F o u n d ry m e n  in 
th e  F ren ch  E x ch an g e  P a p e r  p re sen ted  by P ro f. 
C haudron e n tit le d  “  The E lim in a tio n  o f  Gaseous 
Im p u ritie s  in  A lu m in iu m .”  I n  t h a t  P a p e r  
P ro f. C h au d ro n  o u tlin e d  a new  m ethod  fo r  e s ti
m atin g  th e  a m o u n t of gas co n ta in ed  in  m eta ls , 
which consisted of b o m b ard in g  th e  specim en in a

vacuum  d isch arg e  tu b e  w ith  a h ig h -ten sio n  elec
t r ic  c u r re n t  a ro u n d  130,000 volts, b u t  on ly  a 
few m illiam p eres in te n s ity . M eta ls  w hen  sub
jec ted  to  these  co n d itio n s re leased  gas, an d  th e  
in te re s t in g  th in g  to  n o te  was t h a t  th e  a m o u n t 
of gas s e t  fre e  w as in  su rp r is in g  q u a n tit ie s . 
F o r  exam ple, a 100 g rm . sam ple  of p u re  
a lu m in iu m  (99.99 p e r  cen t.)  lib e ra te d  192 ccs. of 
gas w hen te s te d  by th e  d isch arg e  tu b e  m ethod  
a t  room  te m p e ra tu re  an d  only  20 ccs. w hen 
m elted  in  a vacuum . T he g re a te r  p o r tio n  of th e  
gas re leased  w as h ydrogen  (65 to  75 p er c en t.) , 
follow ed by carbon  m onoxide (18 to  20 p e r  cen t.); 
n itro g e n  (3 to  7 p e r c e n t.)  an d  carb o n  dioxide 
(2 to  6 p e r c e n t.) . T his c learly  showed th a t  
h e a tin g  m eta l in  a vacuum  alone was q u ite  u n 
su itab le  fo r  d e te rm in in g  dissolved gas. 
S im ila rly , m easu rem en t of th e  g as absorbed by  a  
m eta l in  a  closed system  would n o t in d ic a te  th e  
to ta l  gas in  so lu tio n  as th e  a m o u n t of gas 
re s id u a l be fo re  h e a tin g  w as unk n o w n .

M r. M o reau  had  c a rried  P ro f . C h a u d ro n ’s w'ork 
s till  f u r th e r  an d  published  a d d itio n a l d a ta  la s t 
y e a r in  th e  fo rm  of a  th es is from  L ille 
U n iv e rs ity .

In  th is  la te r  in v es tig a tio n , m eta ls o th e r  th a n  
a lu m in iu m  h ad  been te s te d  fo r dissolved gas bv 
bhe d isch arg e  tu b e  m ethod , and  i t  would a p p ea r 
t h a t  th e  so lu b ility  of hydrogen  in  a ll th e  
comm on m eta ls w as ve ry  m uch h ig h e r th a n  th e  
va lues g iven  fo r ex am ple  in  F ig . 1 of M r. 
B a ile y ’s P a p e r . T h is new  m ethod  of e s tim a tin g  
th e  a m o u n t and  n a tu re  of g as p re sen t could be 
u se fu lly  em ployed by in v es tig a to rs  in  th is  
cou n try .

l o l





Paper N o . 669

Pressure Die-Casting in Aluminium- and 
Zinc-Base Alloys

LIM ITATIONS AN D  POSSIBILITIES OF THE PROCESS

By ARTHUR STREET, B.Sc., Ph.D.

D u rin g  th e  p a s t  tw e n ty  y ea rs , p re ssu re  d ie- 
casting  h as em erged  from  th e  s ta tu s  of a  m e ta l
lurg ical cu rio s ity  to  an  in d u s try  whose presence 
m akes itse lf  fe lt  w h erever b u lk  q u a n ti t ie s  of 
m etal p a r ts  a re  invo lved . T he reasons why p res
sure d ie-castings a re  so w idely used m ay be sum 
m arised as fo llo w : —

(1) Once th e  d ie  has been m ade , p ro d u c tio n  
speed is h igh . C e r ta in  a u to m a tic  d ie-cas tin g

tim e  su p erv isio n  of a sem i-skilled  o p e ra to r a re  
em ployed. These, how ever, a t t a in  q u ite  reaso n 
able speeds of p ro d u c tio n . F o r  exam ple, a  zinc- 
base alloy p ressu re  d ie -cas tin g , w eigh ing  2^ ozs., 
w ith  tw o co n cen tric  th re a d s  an d  w ith  a b rass 
bush cas t in  as in se r t, a t ta in s  a p ro d u c tio n  speed 
of 200 sho ts p e r h o u r. A n alum in ium -silicon  
alloy e lec tric-m oto r body, w eigh ing  1 lb ., gives 
75 shots p e r h o ur. A la rg e  an d  com plicated

F i g . 1 .— P r e s s u r e  D i e - c a s t i n g s  i n  A l u m i n i u m -  a n d  Z i n c - B a s e

A l l o y s .

m achines have ach ieved  a n  o u tp u t  of over 1,500 
shots p er h o u r ; th is  is ex cep tio n a l, b u t  a speed 
of 600 shots p er h o u r can  be a t ta in e d  w ith  sm all 
die-castings. A u to m atic  m ach in es only show 
th e ir  t ru e  a d v an tag e s  w hen la rg e  q u a n ti t ie s  of 
fa irly  sm all com ponents a re  involved. F o r  com
plica ted  or la rg e  p a r ts ,  an d  in  m ost cases w here 
the q u a n ti t ie s  a re  less th a n  50,000, fu lly  a u to 
m atic  m ach ines a re  n o t o ften  used, b u t  o rd in a ry  
pressure  d ie -cas tin g  m ach ines re q u ir in g  th e  fu ll-

w ash ing-m ach ine  g ear-case  in  zinc-base alloy, 
w e igh ing  14 lbs., averag es 18 shots p e r  h o u r.

(2) I t  is possible to  p roduce  w h a t is e ith e r  th e  
fin ished a r tic le  o r a  close ap p ro ach  to  i t .  Holes, 
th re a d s , le t te r in g  an d  d eco ra tiv e  fe a tu re s  can 
be p ro d u ced , a n d  th e  design  of th e  p a r t  is only 
lim ited  by  th e  d e s ira b ility  of open in g  a n d  closing 
th e  die w ith  th e  m in im u m  of tro u b le . F ig . 1 
shows a  g ro u p  of p ressu re  d ie-cas tin g s in  a lu m i
n iu m - a n d  zinc-base alloys, re p re se n tin g  a ty p e



of d esign  w hich  specia lly  lends its e lf  to  th e  p ro 
cess. T he p a r ts  w ere cas t on to  th e  to p  of th e  
dom e p o rtio n s  w ith  th e  m oving  die-b lock co rin g  
th e  dom ed recesses in  each  case. These d ie-cast- 
in g s ra n g e  in  w e ig h t from  less th a n  4 ozs. to  
7 lbs.

(3) T he p re ssu re  d ie -c as tin g  is a c c u ra te  to  
'+  0.001 to  0.002 in ch  p e r in . P a r t ic u la r ly  in  
th e  zinc-base  alloys holes can  be c a s t w ith  a 
ta p e r  of only  0.002 in ch  p e r  i n . ; in  a lu m in iu m  
alloys w here  th e  m o lten  m e ta l “  d ra g s  ”  on th e  
steel cores, th e  necessary  d ra u g h t  is h ig h e r, 
b e in g  a b o u t 0.015 inch  p e r in . ( th e  e x a c t figures 
dep en d  on co n d itio n s).

(4) M a in ly  on a cco u n t of th e  h ig h  p re ssu re  of 
in je c tio n , th e  su rfa ce  a p p ea ran c e  of a p re ssu re

m o d ern  am e n itie s  to  develop, w hich  w ould cer
ta in ly  be less efficient a n d  m o re  expensive  if  
th e re  h a d  been no such th in g  as p re ssu re  die- 
c a s tin g . F ig . 2 shows a g ro u p  of vacu u m -clean er 
p a r ts ,  p re ssu re -ca s t in  a lu m in iu m  alloy , an d  in 
d ica tes  t h a t  th is  in d u s try  owes m uch  to  th e  use 
of d ie -cas tin g s . T he m o to r-veh icle  in d u s try  is 
one of th e  la rg e s t  consum ers of p re ssu re  die- 
c a s tin g s , p a r tic u la r ly  in  th e  z inc-base  alloys, and 
m any  im p o r ta n t  fe a tu re s , such  as c a rb u re tto rs , 
p e tro l p um ps, e le c tr ica l eq u ip m e n t, a n d  door 
a n d  w indow  o p e ra t in g  g e a r  have  been  im m ensely 
ch eap en ed  a n d  im p ro v ed  by th e  use of th ese  die- 
c as tin g s.

F ig . 3 i l lu s tra te s  th e  w ell-know n R aw lp lug  
m ech an ica l h am m er, in  i ts  o rig in a l s ta te  (lower

F i g . 2 . — A l u m i n i u m - A l l o y  P r e s s u r e  D i e - c a s t i n g s  f o r  V a c u u m - 
C l e a n e r  C o m p o n e n t s .

d ie -c as tin g  is so good th a t  o f te n  i t  can  be used  
in  th e  “ as-cast ”  s ta te ,  and  in  any  case, if  a 
finish is necessary , i ts  cost is red u ced  to  a m in i
m um .

(5) On a cco u n t of th e  ra p id  ch illin g , th e  
s t re n g th  a n d  h a rd n ess  of a  p ressu re  d ie -cas tin g  
will be su p e rio r  to  those  of th e  sam e alloy in  th e  
san d -cas t s ta te .  F o r  exam ple, a zinc-base alloy 
san d -cas t gives a ten s ile  s tre n g th  of 7 to  9 tons 
p e r sq. i n . ; in  i ts  g ra v ity  d ie-cas t fo rm  th e  alloy 
has a  s t re n g th  of ab o u t 14 to ns, w hile  in  th e  
p re ssu re  d ie -cas t co n d itio n  th e  alloy  w ill have  a 
ten s ile  s tr e n g th  of 18 to  21 to n s p e r  sq. in .

E xam ples fro m  In d u s try  
B ecause of th e  possib ilities  w hich  p re ssu re  die- 

c.usting opens u p , i t  has en ab led  a  n u m b er of

h a lf) , a n d  a f te r  an  a lu m in iu m -silico n  alloy pres
su re  d ie -cas t body h ad  been used  (u p p e r half). 
T he m a n u fa c tu re rs  r e p o r t  t h a t  th e y  have  used 
over 22,000 d ie -cas t cases, a n d  th e y  say t h a t  the 
a m o u n t of m ac h in in g  h as been red u ced  alm ost 
to  zero . T h ere  a re  no r iv e ts  o r screw s to  work 
loose, a n d  i t  is possible to  use lo n g er a n d  more 
ro b u s t b e a rin g s , as th ey  can  be “  e a s t- in .” The 
h am m er case b e in g  m ad e  of a p a ir  of d ie-castings 
m akes assem bly e a s y ; a ll p a r ts  d ro p  re a d ily  in to  
a c c u ra te ly  cored  holes. T he d esign  is so ad ju s ted  
to  g iv e  s t r e n g th  com bined  w ith  lig h tn e ss— an  im
p o r ta n t  f e a tu re  w ith  p o rta b le  too ls w hich are  
su b jec ted  to  m uch  abuse. T he ex ce llen t a p p ea r
ance of th e  p re ssu re  d ie -c a s t case is an  added 
a d v a n ta g e .



C o m p e tit io n  w ith  O th e r  Processes
In  view  of th e  ra p id  d ev elo p m en t of th e  p res

su re  d ie -c a s tin g  process i t  o ccu rred  to  th e  w r i te r  
th a t  m em bers of th e  fo u n d ry  in d u s try  m ig h t 
hold s tro n g  op in ions on  th e  rise  of th is  y o u th 
fu l c o m p e tito r. S ev era l M id lan d  m em bers of 
th e  I n s t i tu te  of B r itish  F o u n d ry m e n  w ere th e re 
fore consu lted  on th e  su b je c t of “  D ie -ca stin g  
versus S an d  c a s tin g .”  T h e ir  rep lies have  been 
m ost i llu m in a tin g  an d  a re  em bodied in  th e  p re 
sen t P a p e r .

h as been a s tim u lu s  to  i ts  “  e ld e r b ro th e r .”  F o r 
in s tan ce , th e  fo u n d ry  m an a g e r of a la rg e  firm 
m ak in g  w eigh ing  m achines re p o rts  t h a t  a lth o u g h  
th ey  h ad  been u s in g  v ery  m any  d ie-cas t p a r ts  
fo r th e  la s t 15 years , th e  p ro d u c tio n  in  th e ir  
g rey -iro n  fo u n d ry  h ad  increased  by a b o u t 100 
p er cen t, over th e  sam e period .

I t  seems obvious t h a t  th e  m a in  reaso n  why 
d ie -cas tin g  does n o t  in te r fe re  w ith  th e  o rd in a ry  
fo u n d ry  is t h a t  th e  process w orks w ith in  a n u m 
ber of d e fin ite  lim ita tio n s , w hich have  m ea n t

(Cour te sy  R a w l p lu a ,  L im i te d . )  

F i g .  3 .— “  M e c h a n i c a l  H a m m e r  ”  b e f o r e  a n d  a f t e r  i t  w a s  D i e - c a s t .

The spokesm an of a la rg e  firm  of cas te rs  in 
the  M id lands s ta te d  t h a t  in  re ce n t y ears  th ey  
have c e r ta in ly  lo st o rd e rs  to  th e  d ie -c as tin g  in 
d u stry , a lth o u g h  th e  in ro ad s  of d ie-cas tin g s 
a g a in s t th e ir  l ig h t  g rey -iro n  fo u n d ry  business 
were sa id  n o t to  have been really  severe. The 
o th e r g en tlem en  who have  been ap p ro ach ed  w ere 
no t of th e  op in io n  t h a t  th e  in d u s try  w as th ro w 
ing fo u n d ry m en  o u t of w ork  an d , in d eed , in  
several cases i t  was suggested  th a t  d ie -c as tin g

th a t  d ie -cas tin g  has only been em ployed in  th e  
m a n u fa c tu re  of c e r ta in  classes of a rtic le s  in  a 
few well-defined alloys. I n  re ce n t y ears  so m uch 
has been sa id  ab o u t th e  u n d o u b ted  a d v an tag es  
of d ie -cas tin g  th a t  i t  m ig h t be a u se fu l change to  
consider th e  lim ita tio n s  of th e  process w hich ex 
p la in  why d ie -cas tin g  has been able to  e x is t and  
th r iv e  w ith o u t d e le te rio u s  effects on th e  o rd in a ry  
fo u n d ry . I t  m u st be s tressed  t h a t  th e  p re sen t 
P a p e r  deals e ssen tia lly  w ith  p ressu re  d ie-cas tin g .



L im ita t io n  o f A llo y
T he co n d itio n s  u n d e r  w hich  th e  d ie -c a s tin g  is 

m ade a re  so severe  t h a t  only  c e r ta in  alloys a re  
id ea l fo r  th e  process. O ver 80 p e r  cen t, of th e  
p re ssu re -ca s t to n n a g e  in  th is  c o u n try  is m ad e  
up of : —

(1) T he z inc-base  alloys (w ith  a lu m in iu m  
4.1 p e r  c e n t.,  co p p er 0 to  2.7 p e r  c e n t.,  m ag 
n esium  0.03 p e r  c e n t . ; b a la n ce  z inc of 
“  99.99 p lus p e r  c e n t .”  p u r i ty ) .

(2) A lu m in iu m  alloy  of L .33  com position , 
w ith  silicon  11 to  13 p e r  c e n t . ; occasionally  
co p p er u p  to  0 .5  p e r c en t, is added .

(3) A sm all p e rce n ta g e  of a lu m in iu m  alloy 
w ith  c o p p er 4 to  5 p e r  cen t, a n d  silicon 2 to  3 
p e r  c en t.

(4) A  s ti ll  sm a lle r p e rc e n ta g e  of L .8  an d  
m isce llaneous alloys.

E ffe ct o f M e lt in g  P o in t
T he life  of th e  d ie  is n o t  a  d i r e c t  inverse  

fu n c tio n  of th e  m eltin g  p o in t, b u t  a n  e x ag g e ra te d  
o n e ; th u s  th e  life  of a  p a r t  of a too l fo r 
zinc-alloy  d ie -cas tin g s  w ould  be a t  le a s t fou r 
tim e s  t h a t  of a  p a r t  of th e  d ie  p ro d u c in g  an  
a lu m in iu m -a llo y  p re ssu re  d ie -cas tin g . The 
p rob lem  o f th e  effect of h ig h  m e ltin g -p o in t alloys 
on  th e  d ie  steel w hich  is  av a ilab le  h a s caused 
th e  process to  becom e sp ec ia lly  asso c ia ted  w ith 
alloys of low a n d  m ed ium  m e ltin g -p o in t.

In  co n n ec tio n  w ith  th e  su b je c t o f d ie-life , which 
is so im p o r ta n t  in  d ec id in g  w h e th e r a n  alloy is 
su ita b le  fo r  d ie -cas tin g , i t  m u s t be m entioned  
t h a t  a  d ie  does n o t  “  e x p ire  su d d en ly  ”  b u t 
d e te r io ra te s  in  s tag es . F o r  in s tan c e , in  th e  case 
of a n  a lu m in iu m -a llo y  p re ssu re  d ie -c as tin g , i t  is 
likely  t h a t  a f te r  a b o u t 20,000 sho ts, core p ins of

T a b l e  I.—Effect of the Freezing Range of Various Die-casting Alloys on General Suitability.

Alloy. Liquidus. Solidus. Freezing
range. Notes.

10 per cent. alum, bronze
Deg. C. 
1,043

Deg. C. 
1,038

Deg. C. 
5 Gravity die-casts excellently, but difficult

Gunmetal 1,000 845 155
for pressure die-casting.

Can be die-cast with difficulty using special

90/10 tin  bronze 970 815 155

plant and low pressures. Not usually 
employed.

Not commercially pressure die-cast.
70/30 brass 950 920 30 I f  of commercial quality and therefore hot-

60/40 brass . . 904 900 4
short, cannot be pressure-cast. 

Pressure-casts well.
L.5 ......................................... 610 490 120 N ot suitable for pressure die-casting.
L.8 ......................................... 622 545 77 More suitable for gravity  casting than the

L .l l  ......................................... 630 540 90
pressure process.

More suitable for gravity  casting than the

L.33 ......................................... 600 577 23
pressure process.

Pressure die-casts excellently.

T he l is t  of alloys w hich  a re  n o t considered  to  
be com m ercially  “  p ressu re  d ie -cas tab le  ”  include  
a la rg e  n u m b er of com positions w hich a re  n o t 
w idely  d ie -c a s t a t  p re se n t b u t  w hich  possibly 
cou ld  be a d a p te d  to  th e  process if  th e  need  w ere 
v e ry  u rg e n t.  T hus g u n m e ta l a n d  p u re  7 0 /30  
b ra ss  cou ld  be p re ssu re -ca s t i f  th e  m ould  and  
th e  d ie -c a s tin g  m ach in e  w ere specia lly  a d a p te d  
to  t h e  pu rp o se . I t  m ig h t  be m en tio n ed  he re  
t h a t  im p ro v em en ts  a re  b e in g  b ro u g h t ab o u t in  
th e  d ie -c as tin g  of h ig h  m e ltin g -p o in t alloys, fo r 
in s tan c e , c a s t iro n  a n d  n icke l alloys.

A t th e  sam e tim e , i t  is a fa c t t h a t  c e r ta in  
alloys (fo r  in s tan c e  L .33 and  th e  zinc-base  alloys) 
p re ssu re  d ie -cas t exce llen tly , w hile  o th e r  com 
p o sitio n s  (fo r in s tan c e , L .5 , w hich is h o t-sh o rt)  
a re  n o t  su ita b le . T he w r i te r  would n o t  a t te m p t  
to  say  defin ite ly  w h a t m ak es a n  alloy  “  p re ssu re  
d ie -c a s ta b le ,”  because  th e re  a re  so m an y  v a ria b le  
fa c to rs , b u t  in  th e  hope t h a t  th is  question  will 
one d a y  be se ttle d , th e  v a r io u s  fa c to rs  a re  briefly  
d iscussed  below.

sm all d ia m e te r  m ay  show s ig n s of neck in g , and 
m ay  have  to  be ren ew ed . T h en , a t  a b o u t th e  
sam e tim e , th e  su rfa ce  of th e  to o l m ay  develop 
h a ir-c rac k s  w hich  w ill be  re p ro d u c e d  on th e  face 
of th e  d ie -c a s tin g . I f  a p p e a ra n c e  be v ita l, the  
tool m ay  h av e  to  be s e n t  b ack  fo r  rem oval of 
th ese  su rfa ce  blem ishes.

Only if  th e  s tee l is q u ite  in a d e q u a te  o r  if  th e  
w o rk m an sh ip  is b a d  does a d ie  h av e  to  be re 
new ed e n tire ly . F o r  ex am p le , c a re fu l question 
in g  in  th e  too lroom  of F r y ’s  D iecastings, 
L im ite d , rev ea led  t h a t  in  th e  la s t  fo u r  o r five 
y ears o n ly  one p re ssu re  d ie  h as h a d  to  be com
p le te ly  re -m ad e , an d  th e n  i t  h ad  p ro d u ced  60,000 
a lu m in iu m -a llo y  p a r ts ,  an d  th e  too lroom  fore
m an  w as of th e  o p in io n  t h a t  th is  p a r t ic u la r  die 
h a d  been  “  b a d ly  m a d e .”

E ffe c t o f  F re e z in g  Range o f th e  A llo y  
I t  seems d is tin c tly  possible t h a t  th is  is an 

im p o r ta n t  fa c to r , a n d  t h a t  a  long  free z in g  range  
m eans t h a t  th e  alloy  w ill be  d ifficu lt to  pressure- 
c a s t an d  ach ieve so lid ity . T ab le  I  g ives par- 
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tic u la rs  of copper an d  a lu m in iu m -b ase  alloys 
w hich a re  p o p u la r a n d  u n p o p u la r  w ith  p ressu re  
d ie-cas te rs. S p e a k in g  b ro ad ly , i t  w ill be seen 
th a t  in  each  class th e  p o p u la r  p re ssu re  d ie-cas t
ing  alloys a re  those  w ith  th e  sh o rte s t  freez in g  
ran g e . A lu m in ium -bronze  is purpose ly  p u t  in 
as an  e x c e p tio n ; o th e r  fa c to rs  in te r fe re  and  m ake 
the  alloy q u ite  d ifficu lt to  p re ssu re -ca st (fo r 
in stance, h ig h  m e ltin g -p o in t, h ig h  c o n tra c tio n , 
and ten d en cy  to  fo rm  a lu m in iu m  oxide in  th e  
tu rb u le n t p re ssu re  d ie-cas t s ta te ) .  N o d o u b t th e  
reason w hy alloys w ith  long freez in g  ra n g e  a re  
generally  difficult to- p re ssu re -cast is t h a t  th e  
first solidified m eta l b rid g es across th e  section  
encircling  lo ca lities of s till-so lid ify in g  alloy w hich 
is th u s  p rev en ted  fro m  be in g  fed .

E ffe c t o f C o n tra c tio n

A lthough th e  cores a re  w ith d raw n  from  th e  
d ie-casting  a lm ost as soon as i ts  o u tsid e  sk in  has 
become solid , these  fe a tu re s  of th e  d ie im pose a 
re s tra in t on th e  fre e  c o n tra c tio n  of th e  alloy.
In  an  en d eav o u r to  g e t  m ax im um  p ro d u c tio n  
and finest g ra in -s ize , m oulds a re  f req u en tly  
water-cooled, an d  u n d e r  th ese  co n d itio n s th e  die- 
cast alloy fa lls  v ery  (rapidly in  t e m p e ra tu r e ; th u s  
some works e x p e rim e n ts  in d ic a te d  th a t  th e  first 
200 deg. C. of cooling of an  a lum in ium -alloy  
die-casting  took  p lace in u n d e r  one second. The 
higher th e  c o n tra c tio n  figure, th e  h ig h e r  th e  
stress t h a t  will be se t u p  in  th e  c o n s tra in ed  die- 
casting . H ow ever, th e  c o n tra c tio n  p e r  se is n o t 
an essen tia l fa c to r, b u t  is lin k ed  u p  w ith  s tre n g th  
and d u c tility  a t  h ig h  te m p e ra tu re s .

S tren g th  and D u c t i l i ty  a t  H ig h  T e m p e ra tu re s

I f  a d ie -cas tin g  is so lid ify ing  a g a in s t  th e  r e 
s tra in t  of th e  d ie, i t  w ill te m p o ra r ily  be p re 
vented from  c o n tra c tin g  to  its  fu lle s t e x te n t. 
Assume th a t  if  a  p a r t  could have  c o n tra c te d  
freely, i t  would have  sh ru n k  by X  per cen t. I f  
some p a r t  of th e  d ie  co n stra in s  t h a t  m e ta l from  
shrink ing , a s tre ss Y w ill be se t  u p . I f  th e  m eta l 
a t  a te m p e ra tu re  of, say, 300 deg. C. below its  
m eltin g -p o in t is h o t-sh o rt, i t  w ill only have  a 
low e longation  figure  a t  t h a t  te m p e ra tu re ,  and  
if th e  e lo n g a tio n  figure  be less th a n  X , a stress 
g re a te r  th a n  Y will be  se t  up , an d  consequently  
th e  m eta l w ill c rack . A d d itio n a lly , i t  m u st be 
rem em bered t h a t  because of th e  v ery  ra p id  ch ill
ing i t  will be a su dden ly  ap p lied  a n d  th e re fo re  
augm en ted  s tre ss  w hich  w ill be se t  u p . Table 
I I  gives p a r tic u la rs  of th e  ten s ile  s t re n g th  and  
e longation  of fo u r  alloys, to g e th e r  w ith  th e ir  
co n trac tio n  figures an d  a  no te  as to  th e i r  “ d ie- 
c a s ta b ili ty .”  T he ex is ten ce  of th e  o th e r fa c to rs  
which affect “ d ie -c a s ta b ility  ” p re v en ts  defin ite  
conclusions from  be in g  d ta w n  from  th ese  
figures, b u t  i t  w ill c e r ta in ly  be no ted  t h a t  th e  
two alloys w hich do n o t a p p ea r to  p ressu re  die-

157

c a s t so well pass th ro u g h  a s ta g e  in  freez in g  
w hen th e ir  e lo n g a tio n  is so low as to  ap p ro ach  
th e  fig u re  fo r l in e a r  co n tra c tio n .

S o lu tio n  E ffe c t o f th e  L iq u id  M e ta l on th e  M o u ld
I f  a  m e ta l o r alloy te n d s  to  dissolve iro n , i t  

w ill n o t be  su ita b le  fo r  d ie -cas tin g  on acco u n t 
of its  so lu tio n  effect on th e  d ie. T hus unalloyed

T a b l e  I I .— Mechanical and Physical Properties of Four 
Alloys.

B r o n z e . — 8 6 .5  per cent, copper, 1 1 .9  per cent, tin, 1 .3  
per cent. zinc.
Total linear contraction, 1 .5  per cent.
Not commercially die-castable.

Temp. 
Deg. C.

Tensile strength. 
Lbs./sq. in.

Elong.
Per cent, in 2 in.

20 4 2 ,2 0 0 1 6 .5
2 30 4 0 ,8 0 0 1 5 .0
2 9 0 3 4 ,8 0 0 1 2 .0
3 45 2 6 ,2 0 0 4 .0
4 2 5 2 0 ,4 0 0 2 .0

B r a s s .—6 2 .4  per cent, copper, 3 7 .6 per cent. zinc.
Total linear contraction, 1 .8 per cent.
Pressure die-casts satisfactorily.

2 5 6 1 ,0 0 0 2 7 .0
2 50 5 3 ,7 0 0 2 0 .0
3 9 0 2 0 ,9 0 0 4 1 .0
5 00 7 ,5 0 0 4 3 .0
5 50 5 ,8 0 0 3 2 .0
6 30 2 ,8 0 0 2 7 .0

A l u m i n i u m - S i l i c o n  A l l o y . —W ith 12 per cent, silioon 
Total linear contraction, 1.3 per cent.
Pressure die-casts excellently.

2 5 2 6 ,5 0 0 8 .0
100 2 3 ,8 5 0 1 0 .5
150 1 9 ,0 5 0 1 2 .8
2 0 0 14 ,300 1 3 .0
2 5 0 11 ,0 0 0 1 4 .8
3 00 7 ,8 5 0 '  1 5 .0
3 7 5 5 ,0 5 0 2 1 .5

A l u m i n iu m -C o p p e r  A l l o y .—W ith 8 per cent, copper.
Total linear contraction, 1 .2 per cent.
Not suitable for pressure die-casting intricate jobs.

25 2 1 ,7 0 0 1 .0
100 2 1 ,1 0 0 1 .0
150 1 9 ,7 5 0 2 .0
2 0 0 17 ,5 0 0 1 .0
2 5 0 1 6 ,2 5 0 1 .0
3 0 0 1 1 ,0 0 0 2 .5
3 7 5 5 ,6 5 0 1 1 .8

zinc, a lth o u g h  i t  c a n  be d ie-cast, p ro v id ed  th e  
m eta l is of e x trem e  p u r ity , is n o t  com m ercially  
su ita b le  because th e  zinc g a lvan ises th e  m ould . 
I f  0.03 p e r cen t, of a lu m in iu m  is added , th e  
so lv en t ten d e n cy  is reduced  to  o n e -q u a rte r . 
W hen  4 p e r  cen t, of a lu m in iu m  is p re sen t, as in 
a ll m o d ern  zinc-base d ie-castings, iron  so lu tion  
is com plete ly  in h ib ited .



W hen th e  a u th o r  f irs t  com m enced to  th in k  
a b o u t th e  “ d ie -c a s ta b ili ty  ”  of v a rio u s  alloys, i t  
was hoped t h a t  som e d e fin ite  fa c to r  w ould  be 
fo u n d  w hich  w ould  d ec id e  w h e th e r  o r n o t  an  
alloy w as su itab le . As a re su l t  of th e  d iscus
sion above i t  w ill p ro b ab ly  be ag reed  t h a t  some 
p ro p e rtie s  m ake  p re ssu re  d ie -c a s tin g  d ifficult, 
b u t  i t  is like ly  t h a t  th e re  a re  few  alloys w hich  
w ould be q u ite  im possible to  d ie-cas t, p ro v id in g  
a t te n t io n  was g iv en  to  th e  d esign  of th e  d ie  and  
th e  m ach ine, and  th e  o p e ra to rs  w ere  g iv en  tim e  
to  g e t  ex p erien ce  in  m ak in g  d ie -cas tin g s  in  th e  
specific alloy . T h is  h u m a n  e le m en t fa c to r  is a 
v e ry  re a l o n e ; th e  a u th o r  rem em bers t h a t  a good 
m an y  y ears  ago w hen z inc of 99.99 p e r  cen t, 
p u r i ty  w as f ir s t  used  fo r zinc-base  d ie -cas tin g s , 
th e  w orkm en  s ta te d  m ost vo lubly  t h a t  th e  stu ff 
was q u ite  im possib le  to  d ie-cas t, y e t  a f te r  a few 
w eeks’ ex p erien ce  w ith  th e  new  alloys th e y  soon 
m as te red  th e  p roblem . A gain  q u ite  re ce n tly , 
some of th e  sam e m en  w ere asked  to  m ak e  c a s t
in g s in  one o f th e  o r ig in a l z inc-base  alloys con
ta in in g  a lu m in iu m , cop p er an d  t in ,  such  as w ere 
w idely  d ie-cas t 15 y ea rs  ago. T h is t im e  th e  
o p e ra to rs  declared  t h a t  th e  t in -c o n ta in in g  alloy 
was q u ite  im possib le  to  d ie - c a s t !

W e ig h t  and S ize  o f D ie -C astin gs
S an d  c a s tin g s  c an  be m ade  m an y  y a rd s  long 

an d  m an y  to n s  in  w e ig h t, b u t  d ie -cas tin g s a re  
chiefly  lim ite d  to  th e  l ig h t-c a s tin g s  field. The 
la rg e s t p re ssu re  d ie-cas tin g s w hich have  been 
produced  have  been n o t m uch  m ore th a n  30 lbs. 
in  w e ig h t. T he d ifficulty  of m ak in g  a bu lky  
p re ssu re -ca s tin g  does n o t only  co n sis t in  con
s t ru c t in g  a n d  h a n d lin g  a- d ie , w hich m ay  w eigh 
m ore th a n  4 to n s, b u t, w h a t is s till  m ore d ifficult, 
prov ision  h as to  be  m ade  fo r  e x e r t in g  ho ld in g  
p ressu res , w hich  m ay  ru n  in to  h u n d re d s  of to n s, 
to  re s is t  th e  b u rs t in g  effect of th e  incom ing  
m eta l. T he ten d e n cy  fo r  th e  com ponen ts of th e  
d ie  to  sp r in g  m u s t be avo ided  both  from  th e  
p o in t of view  of sa fe ty  a n d  th e  need  fo r m ai;.-  
ta in in g  a c c u ra te  d im ensions. The problem  of 
filling  th e  la rg e  d ie  h a s  also to  be c o n s id e re d ; 
if  th e  m e ta l te m p e ra tu re  is ra ised  to  im prove 
f lu id ity , un so u n d n ess m ay  re su lt, b o th  a t  th e  
e x tre m itie s  of th e  m ould  an d  in th e  v ic in ity  of 
th e  ru n n e r .

H ow ever, w hile a  p re ssu re  d ie -c a s tin g  is 
l im ite d  w ith  re g a rd  to  th e  p ro d u c tio n  of bulky 
com p o n en ts, i t  m u s t be a d m itte d  t h a t  i t  is idea lly  
su ita b le  fo r m ak in g  sm all p a r ts .  T h e  in d iv id u a l 
co m p o n en ts  of a  zip  fa s te n e r  have  been  produced  
by th is  m ethod  an d  w a tch  p a r ts , w e igh ing  
1 / 200th of an  ounce, hav e  been p ressu re  d ie-cas t.

S o lid ity  o f Pressure D ie -C a s tin g

One of th e  fo u n d ry  m an ag ers  who re p lie d  to 
th e  a u th o r ’s q u estio n n a ire  ra is e d  an  in te re s t in g  
p o in t  by a s se r tin g  t h a t  “  w here  soundness is of

g r e a t  im p o rta n ce  (e .g ., p e tro l o r  o il p roo f), die- 
c a s tin g s  g e n era lly  a re  in fe r io r  to  sa n d  c a s tin g s .” 
T h is ra ised  th e  c o n tro v e rs ia l q u es tio n  of the  
so u ndness or o th erw ise  of p re ssu re  d ie-cas tin g s.

I n  th e  f irs t p lace  i t  m u s t be rea lised  th a t ,  from 
th e  so lid ity  p o in t of view , th e  d ie -c as te r  faces 
d iffe re n t p roblem s fro m  th e  o rd in a ry  founder. 
T he l a t t e r  is b ese t by a m u lt i tu d e  of t r ia ls  and 
t r ib u la t io n s  w hich  m ake  i t  a source  of ad m ira tio n  
t h a t  so lid ity  is so re g u la r ly  ach ieved  ; b u t  a p a r t  
from  m in o r evils, a sa n d  c a s tin g  m ay  develop 
u n so u n d n ess from  an y  of th re e  causes— blowholes 
d ue  to  gas ev o lu tio n , a ir-locks a n d  sh rin k ag e  
cav itie s . T he fo u n d ry m a n  overcom es th e  th ree  
fo rm s of u n so u n d n ess by  p ro v id in g  rise rs , vents 
a n d  chills w h e rev e r necessary  an d  by b lend ing  
th e  sa n d  to  m ak e  i t  po ro u s o r im perm eab le  as 
is re q u ire d  a t  an y  p o in t,

F i g . 4 . — S e c t i o n e d  A l u m i n i u m - A l l o y  
P k e s s u k e  D i e - c a s t i n g s .

T he ev o lu tio n  of gases is n o t se rio u s from  the 
d ie -c a s te r ’s p o in t  of v iew . F o r  one th in g  the 
h ig h  p re ssu re  a t  w hich  th e  m e ta l is c a s t  tends 
to  keep gas in  so lu tio n  a n d , secondly, th e  die- 
c a s tin g  is g e n e ra lly  c a s t as n e a r  th e  m elting  
p o in t as possible a n d  n o t 50 o r m ore  deg. 0 .
above i t  as in  fo u n d ry  w ork.

A lth o u g h  sh r in k a g e  c av itie s  a re  som etim es 
tro u b leso m e in  g ra v ity  d ie -cas tin g s , only  a  badly- 
m ade  p re ssu re  d ie -c a s tin g  su ffers fro m  th em , as 
th e  fe ed in g  effect of th e  c o n tin u e d  ap p lica tio n  
of p re ssu re  shou ld  in  a su ita b le  alloy  p rev en t 
in su ffic ien t filling  of th e  m ou ld . H ow ever, en
t ra p p e d  a ir  c an  be d is t in c t ly  troub lesom e. The 
m e ta l e n te r s  in  a  tu r b u le n t  c o n d itio n  and  is
in tim a te ly  m ix ed  w ith  th e  a i r  w hich  w as p re
viously  c o n ta in e d  ,in  th e  m ou ld  a n d  ru n n e r. 
P a r t ic u la r ly  w here  th e  m e ta l h a s  to  be ru n  on 
th e  side  of a c irc u la r  im p ress io n  o r w here  the  
sec tion  changes a b ru p tly ,  i t  becom es d ifficu lt to
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g e t r id  of a ir  d u r in g  th e  fra c tio n  of a second 
in which th e  d ie -c as tin g  solidifies.

R ise rs  an d  very  lib e ra l v en ts  a re  o u t of th e  
question  an d  th e  s teel m ould c a n n o t be m ade  gas- 
perm eable. T he d ie -cas te r en d eav o u rs  to  lib e ra te  
e n tra p p e d  a ir  by v e n tin g  (a) a long  th e  p a r tin g  
lin e ; (b.) up  th e  n a rro w  orifices w hich  re p re se n t 
core p in  c learan ce , an d  (c) by c u tt in g  sum ps in

F i g .  5 . — D a i l y  O u t p u t  F i g u r e s  o f  a  
P r e s s u r e  D i e - c a s t i n g .

the die, a tta c h e d  to  th e  d ie -cas tin g  im pression 
by a th in  ch an n e l. E n tr a p p e d  a ir  an d  ox ide  are  
forced in to  th ese  “ sum ps ”  which a re  subse
quently  clipped  aw ay. H ig h  p re ssu re  of in jec 
tio n  is usefu l in  p re v e n tin g  unso u n d n ess b u t  alone 
i t  is n o t sufficient. T he c o n stru c tio n  an d  v e n tin g  
of a  tool a re  th e  re a l key  as to  w h e th er o r n o t 
the  p ressure  d ie -cas tin g  w ill be solid. As illus
tra tio n  of th e  k in d  of re su lts  w hich a re  o b ta in ed , 
Fig. 4 shows some sectioned  p re ssu re -eastin g s

F i g . 6 . — I n f l u e n c e  o f  Q u a n t i t y  o n  
C o s t .

ail in  a lu m in iu m  alloy. I t  will be seen t h a t  th e  
only p a r t  which has been a t  all troublesom e is 
the  w ide sec tion  in  th e  lower d ie -cas tin g .

T h e  E con om ic Fa c to r
I t  is now adays realised  th a t  p ressu re  d ie-cast- 

ing  is n o t rea lly  su itab le  fo r th e  m a n u fa c tu re

of q u a n ti t ie s  less th a n  5,000 p e r an n u m . N o t 
only has an  e la b o ra te  d ie  to  be m ade, b u t  th e  
p ro d u c tio n  speed v a rie s  considerab ly  w ith  in c reas
in g  ex p erience . I t  is q u ite  u su a l fo r only a 
few score of d ie -cas tin g s to  be p roduced  in  th e  
early  days o f p ro d u c tio n , w h ils t w hen th e  tool 
is ru n n in g  sm oothly  an d  th e  o p e ra to r  is accus
tom ed to  th e  id iosyncrasies of t h a t  p a r tic u la r  
job , th e  p ro d u c tio n  speed m ay  rise  to  several 
th o u sa n d  sho ts  p e r  day . F ig . 5 is a d iag ra m  
ta k e n  from  th e  d a ily  p ro d u c tio n  figures fo r  a 
m edium -sized  zinc-base alloy p ressu re  d ie-casting . 
T his job  was m ore troub lesom e th a n  m ost— i t  
c o n ta in ed  tw o cas t th re a d s , a  th in  sp ig o t an d  a 
cas t-in  b rass  in se r t,  a n d  th e  d iag ra m  illu s tra te s  
th a t  a t  le a s t  on th is  p a r tic u la r  d ifficult job  th e  
cost of p ro d u c in g  th e  first 1,000 would have been

F i g . 7 .— D e s i g n  o f  a n  O i l e r  T o p  b e f o r e

AND AFTER IT  WAS D lE -C A S T .

probably  te n  tim es th e  cost of m ak in g  th e  te n th  
th o u san d .

F ig . 6 is based on th e  cost of th re e  a c tu a l zinc- 
base d ie -cas tin g s, b u t  th e  e s tim a te d  cost of d if 
fe re n t q u a n ti t ie s  h a s been w orked o u t to  illu s
t r a te  t h a t  q u ite  a p a r t  from  tool cost th e  question  
of n u m bers has to  be seriously  considered  to  
decide w h e th er a p a r t  is su itab le  fo r p ressu re  
d ie-cas tin g .

L im ita tio n s  o f Design in Pressure D ie -C a s tin g
I t  m ay  be assum ed th a t  an y  fo u n d ry m an  

w o rth  h is s a lt  can  p roduce cas tin g s to  p rac tica lly  
an y  design  in  a lm ost an y  alloy, b u t  th e  p reced 
in g  rem ark s will have  in d ica ted  th a t  tluf die- 
c as te r  is n o t in  th e  sam e h ap p y  position . N o t 
only is he  re s tr ic te d  in  th e  choice of alloy, b u t, 
on acco u n t of th e  r ig id  n a tu re  of th e  p e rm a n en t



steel m ould , he is lim ite d  in  th e  d esign  of a n y  
p a r t  w hich is to  be d ie -cas t. A ny  f e a tu re  w hich  
h in d ers  th e  o p en in g  a n d  c losing  of th e  d ie  o r 
which p re v e n ts  th e  s tra ig h t- l in e  w ith d ra w a l of 
cores is e ith e r  g o in g  to  m ak e  th e  d esign  im pos
sib le  to  ex ecu te  o r  w ill cause th e  d ie -c as tin g  to  
be u n d u ly  ex pensive . T he d esign  of a n y  d ie- 
c a s tin g  m u s t  be co n sid ered  on its  m e rits ,  fo r 
very  o f te n  a  d ifficult f e a tu re  can  be p ro d u ced  in  
one case, w hile  i t  w ould be im possible in  a n 
o th e r . H ow ever, th e r e  a re  c e r ta in  o u ts ta n d in g  
lim ita tio n s  w hich m u s t alw ays be considered .

S im p lic ity  of d esign  m u s t be a im ed  a t  to  
en su re  ra p id i ty  of p ro d u c tio n . A w kw ard  co rn ers  
a n d  recesses a re  f re q u e n tly  e n co u n te re d  in  p a r ts  
w hich m a n u fa c tu re rs  w ould like  to  have  d ie-cas t, 
a n d  F ig . 7 in d ic a te s  how such  problem s a re  
d e a lt  w ith . T he u p p e r  view  shows th e  section  
o f a p ressu re -feed  o ilcan  to p  as i t  was o rig in a lly  
— a so ldered  assem bly of p ressed  a n d  tu rn e d  
p a r ts — and  below is show n th e  one-piece p re ssu re  
d ie -c as tin g  w hich  rep laced  i t .  I n  th e  o r ig in a l

F i g . 8 .— P r e s s u r e  D i e - c a s t i n g s  w i t h  
C u r v e d  C o k e d  H o l e s .

d esign  a recess a t  X  was fo rm ed  by th e  in c lin ed  
in le t- tu b e  assem bly Y , a n d  i t  w ill be seen  t h a t  
such  a recess w ould  p re v e n t a s teel core from  
being  w ith d raw n . I t  w as fo u n d  possible (and  
in d eed  a n  im p ro v em en t) to  a r ra n g e  th e  in le t  
tu b e  v e rtic a lly , as show n in  th e  low er view , a n d  
a t  th e  sam e tim e  to  d ie -cas t an  e x te rn a l  th re a d  
to  s u i t  th e  ro lled  th re a d  on th e  oil c o n ta in e r . 
F u r th e r ,  i t  was possible to  in c lu d e  th e  h a n d le  as 
p a r t  of th e  d ie -cas tin g , th u s  e lim in a tin g  all 
so ld e rin g  o p e ra tio n s . Assem bly costs w ere su b 
s ta n tia lly  red u ced  a n d  th e  s t re n g th  a n d  effi
c iency  of th e  a r tic le  w ere im proved .

I n  o rd e r to  o b ta in  m ax im u m  speed of p ro d u c 
t io n , cores should , if  possible, be w ith d raw n  in  
a  s t r a ig h t  line . The use of co llapsing  san d  cores 
is q u ite  im p ra c tica b le  ow ing to  th e  h ig h  p res
su re  of in je c tio n  of th e  m eta l, a n d  th e  “  m essi
ness ”  of le t t in g  san d  come in  c o n ta c t  w ith  a 
com plex  stee l die. C ored holes, th e re fo re , a re

lim ited  to  shapes w hich can  c o n v en ien tly  be 
fo rm ed  by steel cores. A lth o u g h  s tra ig h t- lin e  
holes a re  p re fe ra b le , c e r ta in  ir r e g u la r  shaped 
holes can  be p ro d u ced  in  a  p re ssu re  casting . 
F ig . 8 shows tw o com ponen ts w ith  b e n t cored 
holes w hich hav e  been  p ro d u ced  by cores shaped 
to  th e  a rc  of a  c irc le  w hich w ere  rocked  in  and 
o u t of p o sitio n . P re ss u re  d ie -cas t dom estic  tap s 
which hav e  been  p ro d u ced  in  b ra ss  a re  well- 
know n exam ples w here  a c u rv ed  hole has been 
p ro d u ced  by such  a m ovem en t.

U n d e rc u ts  can  be fo rm ed  by cores w hich are 
c o n s tru c ted  in  severa l pieces a n d  w hich  a re  re 
m oved by a s e p a ra te  o p e ra to r  a f te r  th e  casting  
has been ta k e n  from  th e  m ach in e . F ig . 9 shows 
an  a lu m in iu m -a llo y  p re ssu re  c a s tin g  in  which th e  
recess fo rm s a n  u n d e rc u t .  C ore 1 is w ith d raw n  
th ro u g h  th e  hole a t  th e  side w hile th e  ca s tin g  is 
on th e  m ach in e . I t  is th e n  w ith d ra w n , s till  con
ta in in g  core-blocks 2, 3 a n d  4, w hich  a re  subse
q u e n tly  un locked  an d  rem oved  in  th is  o rd e r. In

F i g .  9 . — A l u m i n i u m - A l l o y  P r e s s u r e  
D i e - c a s t i n g  p r o d u c e d  b y  u s i n g  a  
“  K n o c k - o u t  ”  C o r e .

th e  g ra v ity  d ie -c a s tin g  process, w hich  m ay  be re 
g a rd ed  as a  k in d  of h a lf-w ay  house  be tw een  pres
su re  d ie -c as tin g  a n d  fo u n d ry  c a s tin g , u n d ercu ts  
of consid erab le  co m p lex ity  m ay  be ach ieved  by 
cores w hich  a re  b u i l t  u p  of sev e ra l sections and 
which a re  d ism an tled  p iece  by  p iece. C erta in  
m oto r-veh icle  p is to n s  a re  exam p les of th is . The 
p re ssu re -ca s tin g  process, how ever, is m uch  more 
l im ite d  w ith  re g a rd  to  u n d e rc u ts , fo r  the  
“  k n o ck -o u t ”  core h a s  to  be  c o n s tru c te d  and 
fixed to  w ith s ta n d  th e  h eav y  im p a c t of th e  in 
com ing  m e ta l w h ile  a t  th e  sam e tim e  i t  has to 
be easy  to  d ism an tle .

S p e a k in g  g e n era lly , cores m u s t  be a r ra n g e d  to 
w ith d raw  in  as few  d ire c tio n s  as possible ; 
u su a lly  cores in  an y  one d ire c tio n  a re  o p e ra ted  
to g e th e r  a n d , e x ce p t in  sp ec ia l cases, every 
d ire c tio n  of core m ov em en t m ean s ad d itio n a l



m echanism  in  th e  d ie  a n d  increased  o p e ra tio n s  
on th e  m ach in e .. B ecause  of th is , d ie -c as tin g  de
signs in  th e ir  e a rly  s tag es a re  ca re fu lly  con
sidered in  o rd e r to  assem ble core m ovem ents in  
th e  m in im u m  n u m b er of d irec tio n s . F o r 
exam ple, th e  e lec tric -m o to r body il lu s tra te d  in  
F ig . 10 was o rig in a lly  desig n ed  w ith  ra d ia l  ven
tila tio n  holes. These w ould have  involved a n  
expensive tool, a n d  th e  design  was th e re fo re  
a lte red  so t h a t  th e  slo ts w ere cored  by th e  m ov
ing die-block as show n on th e  r ig h t-h a n d  side of 
the  i llu s tra tio n .

I f  th e  d ie -cas tin g  co n ta in s  a m ain  dom e
shaped recess, as in  F ig . 10 a n d  also in  F ig . 1, 
such a  recess is co red  by th e  m oving  die-b lock. 
Sm aller holes in  th e  sam e p lan e  as th e  m ain  
recess a re  p roduced  by se p a ra te  co re-p ins w ork ing  
in th e  m oving die-block, so t h a t  th e y  m ay be 
easily renew ed  w ith o u t sc rap p in g  h a lf  th e  die.

U sually  i t  is fo u n d  m ore  c o n v en ien t w hen th e  
casting  is a rra n g e d  to  c o n tra c t  on to  th e  m oving 
die-block from  w hich i t  is subseq u en tly  e jected . 
I f  th e  design  w ere such  t h a t  th q  d ie -cas tin g

F i g . 10.— P r e s s u r e - c a s t  M o t o r  B o d y , 
s h o w i n g  M o d i f i c a t i o n  t o  V e n t i l a 
t i o n  S l o t s  f o r  F a c i l i t a t i n g  C o r e  
O p e r a t i o n .

adhered  to  e ith er  die-block as th e  s p i r i t  m oved 
it, th e  ca s tin g  cycle w ould be co n siderab ly  slowed 
down, p a r tic u la r ly  w hen th e  d ie -cas tin g , w ith  th e  
ru n n e r a tta c h e d  to  i t ,  h ad  to  be e x tr ic a te d  from  
th a t  h a lf of th e  d ie  w hich  w as n o t p ro v id ed  w ith  
e jecto r pins. V ery  o ften  d ie -cas te rs  w ill req u est 
th e ir  custom ers to  p rov ide  a  ta p e r  in  a  c e r ta in  
d irec tion  so t h a t  th e  d ie -c as tin g  sha ll he forced 
to  w ith d raw  in  th e  d esired  d irec tio n . F ig . 11 
shows a sim ple d ie -c as tin g  w here  a s im ila r  a l te ra 
tio n  was ag reed  to . T he o rig in a l d esign  (shown 
above) would he m ore  like ly  to  a d h e re  to  th e  
ru n n e r  side of th e  d ie, b u t  by th e  a d d itio n  of 
a cy lin d rica l face  (show n below) th e  p a r t  was 
m ade to  ad h ere  to  th e  m oving die-block.

The d esig n  lim ita tio n s  of p ressu re  d ie-cas tin g  
a re  n a tu ra lly  troub lesom e a t  tim es. M any  shapes 
c an n o t be d ie-cas t if  i t  is fo u n d  im possible to

a lte r  th e ir  d esig n  to  b r in g  th em  in to  lin e  w ith  
th e  re q u ire m e n ts  of th e  process. T hen  i t  is 
risky  to  u n d e r ta k e  a  d ie -cas tin g  if  th e  d esign  
of th e  p a r t  is liab le  to  a lte ra t io n . Such an  
a lte ra t io n  in  a san d  c a s tin g  m ig h t only m ean  
th e  e x p e n d itu re  of a few sh illin g s on  th e  p a t
te rn .  Som etim es, of course, a lte ra t io n s  to  a 
p ressu re  d ie -cas tin g  a re  reasonab ly  cheap  ; fo r 
in s tan c e , if  a  hole is to  be m ade  sm alle r, th e  
core p ro d u c in g  i t  could co n v en ien tly  be m achined  
dow n. On th e  o th e r  h an d , if  th e  sam e hole had  
to  be m ade  larger, i t  would m ean  m ak in g  a new 
steel core, b o rin g  o u t th e  d ie  a n d  a lte r in g  th e  
m echanism  to  accom m odate  th e  la rg e r  core p in . 
M any  seem ingly  sim ple-looking a lte ra tio n s  m ean 
th e  sc rap p in g  o f h a lf  th e  d ie  because th ey  would 
n ecessita te  a d d in g  m eta l to  th e  d ie  to  fo rm  w h a t 
is w an ted .

t o  F a c i l i t a t e  W i t h d r a w a l  i n  
C o r r e c t  D i r e c t i o n .

A f u r th e r  p o in t connected  w ith  th e  expensive  
to o lin g  is t h a t  i t  is difficult an d  som etim es costly 
to  te s t  new  ideas. E v en  if  a  sam ple fo u n d ry  
c a s tin g  is m ade  its  s t re n g th  w ill n o t be equal 
to  t h a t  of th e  p ressu re  d ie -cas tin g , an d  so th e  
te s t  w ould n o t be a f a ir  one. U n fo rtu n a te ly , 
th is  ap p lie s  in  p a r tic u la r  to  th e  zinc-base alloys 
w here w ould-be users a lm ost in v a riab ly  w a n t to  
m ake  some so r t  of te s t ,  if  th e y  a re  u n fa m ilia r  
w ith  th ese  essen tia lly  p re ssu re  d ie -cas tin g  alloys.

On th e  o th e r  h a n d  i t  is c e r ta in  t h a t  th e  “ lim i
ta t io n s  ”  of p re ssu re  d ie -c as tin g  have  b ro u g h t 
m an y  ad v an tag e s . H u m a n  n a tu re  is p rone  to  
ta k e  th e  lin e  of le a s t re sis tan ce , an d  if  a  d esign  
is possible, u se rs  w ill n o t have  m uch  s tim u lu s to  
m ak e  a lte ra t io n . I f ,  how ever, a  d ie -e a s te r  te lls  
a  p o te n tia l  u se r  t h a t  a  c e r ta in  design  is q u ite  
defin ite ly  im possib le, th e  u se r  is very  o ften  en-
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co u rag ed  to  m ak e  a  fresh  s t a r t  an d  co n sid er th e  
design  from  firs t p rin c ip les , an d  in  so d o ing  can  
ta k e  th e  o p p o r tu n ity  of s im p lify in g  a n d  im p ro v 
in g  th e  w hole assem b ly ; th is  h as h ap p en e d  on 
in n u m e rab le  occasions. As i l lu s t r a t in g  a m o d ern  
a p p lic a tio n  o f p re ssu re  d ie -cas tin g  w h ere  con
s id e rab le  c a re  h as been  p u t  in to  th e  d esig n  to  
m ak e  th e  com ponen ts su itab le  fo r  th is  m eth o d  
o f p ro d u c tio n , th e  w ell-know n H o tp o in t  e lec tric  
do m estic  w rin g e r  an d  w ash in g  m ach ine  w ill now 
be discussed .

R ed es ig n in g  a D o m e s tic  W r in g e r  fo r  D ie -C a s tin g
I n  th e  o r ig in a l m odel th e  w r in g e r  w as of c a s t 

iro n  ; th e  b asic  d esign  h a d  been  fo u n d  sa tis 
fa c to ry  in  serv ice , a n d  i t  w as d esired  t h a t  th is

tro u b le  th ro u g h  ru s t in g  o r co rros ion . As th e  
w rin g e r is n a tu ra lly  in  c o n ta c t w ith  a lk a lin e  
so lu tio n  an d  an y  r u s t  m u s t n o t  be allowed to 
c o n ta c t th e  c lo thes, a n o n -fe rro u s  m eta l w as de
s irab le . A d d itio n a lly  i t  w as d e s ired  to  m ake a 
re d u c tio n  in  w e ig h t, so a lu m in iu m -silieo n  alloy 
w as chosen to  be u sed  w h e rev e r possible.

T he re d u c tio n  in  w e ig h t w as a su b s ta n tia l  one. 
T he to ta l  w e ig h t of th e  a p p lian ce  was o rig ina lly  
454 lbs. ; in  a d d itio n  to  th is  th e  sa fe ty  m echanism  
in tro d u c ed  in  th e  new  m odel w eighed  an  e x tra  
3 lbs., b u t  th a n k s  to  th e  use of a lum in ium -alloy  
p re ssu re  c a s tin g s  th e  to ta l  w e ig h t was reduced 
to  34 lbs. On th e  w rin g e r  body c as tin g  itself, 
which re m a in e d  s im ila r  in  e x te rn a l  design , the  
re d u c tio n  in  w e ig h t w as ev en  m ore o u ts tan d in g .

(C our tesy  H o t p o i n t  E lec t r ic  A p p l ia n c e  Co., L td . )  

F i g .  1 2 .— D o m e s t i c  E l e c t r i c  W r i n g e r ,  s h o w i n g  P r e s s u r e - C a s t  
B o d y ,  G e a r - B o x ,  e t c .

should  be re ta in e d , w hile  a t  th e  sam e tim e  
m ak in g  u se  of th e  a d v a n ta g e s  o b ta in a b le  by th e  
u se  of d ie -cas tin g s . A lth o u g h  i t  w as rea lised  
t h a t  m odifications w ould hav e  to  be m ade , th e  
d ie -cas t w rin g e r  h a d  to  be so p lan n e d  t h a t  i ts  
m a jo r  p a r ts  w ould be in te rc h a n g e a b le  w ith  those 
of th e  o r ig in a l design . F o r  in s tan c e , as th e  
m ach in e  w ould g ive  a  long serv ice , i t  w as d e s ir
ab le  t h a t  a  new  d ie -c a s t gear-b o x  could be f itted  
on to  th e  o r ig in a l design  of w rin g e r  h ead  and  
vice versa . A t  th e  sam e tim e  as th e  change-over 
to_ p re ssu re  d ie -cas tin g  o ccurred , th e  o p p o r tu n ity  
w as ta k e n  of m ak in g  o th e r  im p ro v em en ts— im 
p roved  sa fe ty  m echanism  w as in c o rp o ra te d , an d  
c o n stan t-m esh  g e ars  w ere ad o p ted  in s tea d  of th e  
s lid in g -g e a r ty p e .

W ith  fe rro u s  m a te r ia l  th e re  is a p ossib ility  of

T he o r ig in a l iro n  c a s tin g  w eighed  15 lbs., b u t the 
a lu m in iu m -a llo y  p re ssu re  d ie -c a s tin g  weighed 
only  4 lbs. T h a t  th is  loss of w e ig h t d id  not 
im p ly  an y  re d u c tio n  in  e ffectiveness is dem on
s t r a te d  by th e  f a c t  t h a t  th e  c a s tin g  w ithstood 
w ith o u t f r a c tu re  a  load of over 600 lbs. applied 
on i ts  e x tre m ity , an d  th is  load  is m an y  tim es 
g r e a te r  th a n  t h a t  w hich  th e  p a r t  h a s  to  w ith 
s ta n d  in  serv ice . T hese d o m estic  w rin g e rs  are 
called  u p o n  to  w ith s ta n d  su rp r is in g  loads a t 
tim es . Cases h a v e  been know n w here  house
w ives h av e  used  th e  w rin g e r  to  clim b up  to 
reach  a  w indow , a n d  as th e  w rin g e r  body is 
p iv o ted  a t  one end  on ly  ( th e  g ear-box  end) i t  
w ill be a p p re c ia te d  t h a t  th e  d ie -c a s t assem bly has 
to  be q u ite  ro b u s t ! T h e  w rin g e r  assem bly is 
i l lu s t r a te d  in  F ig . 12.



The la rg e  c a s tin g s  of th e  w rin g e r assem bly a re  
now of a lu m in iu m  alloy, an d  a p a r t  from  red u c 
tio n  in  w e ig h t, th e y  hav e  b ro u g h t considerab le  
ad v an tag es in  re d u c tio n  of m ach in in g  costs,

accu racy  of d e ta il  an d  m atc h in g  of in te r 
d e p en d e n t p a r ts , a n d  com plete  freedom  from  
serv ice  tro u b le s. C e r ta in  sm alle r com ponents of 
th e  head  assem bly, such as th e  p ressu re  lin k s

( Cour te sy  H o tp o in t  E lec t r ic  A p p l ia n ce  Co., L td .)  
F i g . 13.— W r i n g e r  G e a r - B o x , s h o w i n g  C a s t - i n  I n s e r t s .

( Cour te sy  H o tp o in t  E lec t r ic  A p p l ia n ce  Co., L td .)  

F i g . 14.— W r i n g e r  D e t a i l s  w i t h  L a r g e  I n s e r t s .
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a n d  th e  b e a r in g s , a re  of z inc-base  alloy, as th is  
m a te r ia l  h as a' h ig h e r  te n s ile  s tr e n g th  th a n  th e  
a lu m in iu m .

T h e  w rin g e r  gear-b o x  show n on th e  le f t  of 
F ig . 12 also em bodies p re ssu re  d ie -cas tin g s  b u t  
o f z inc-base  alloy  th ro u g h o u t. A to ta l  of n in e  
p re ssu re  d ie-cas tin g s, m an y  of w hich  a re  u n 
m ach in ed , go to  m ak e  up  th e  com ple te  gear-b o x  
assem bly. T he m a in  c a s tin g , show n in  F ig . 13, 
h a s fo u r  in se r ts , w hich  a re  also show n in  th e

will a lw ays be lim ite d  in  i ts  a p p lic a t io n ; never
theless , i t  is a flo u rish in g  a n d  p rogressive  in 
d u s try , w hich  d e liv e rs  th e  b u lk  of i ts  o u tp u t  to 
use rs  of new  a m e n itie s , w h ere  c e r ta in  com ponents 
hav e  been  d esig n ed  sp ec ia lly  fo r  d ie-casting . 
D ie -ca s tin g  does n o t  a t te m p t  to  rep lace  o ther 
a n d  o ld er in d u s tr ie s , b u t  h as m an a g ed  to  estab
lish  i ts  ow n sp ec ia l p lace  in  th e  su n . T he in 
d u s try  has m an a g ed  to  w ork  in  f r ien d ly  con junc
t io n  w ith  i ts  f a th e r  th e  fo u n d ry  t r a d e  an d  its

(.Courtesy H o t p o i n t  E lec t r ic  A p p l ia n c e  Co., L td . )  
F i g .  1 5 .— W a s h i n g - M a c h i n e  G e a r - c a s e  A s s e m b l y  s h o w i n g  P r e s 

s u r e  D i e - c a s t  G e a r - c a s e ,  P o s t  a n d  G y r a t o r  P o s t  N u t .

il lu s tra tio n . Two o th e r  d e ta ils  of th e  gear-box  
in c lu d e  in se r ts  w hich  a re  a t  le a s t as la rg e  as th e  
d ie -c a s tin g s  them selves. These a re  show n in  
F ig .  14.

T he sa tis fa c to ry  re su lts  follow ing th e  red esig n  
of th e  w rin g e r  fo r  p re ssu re  d ie -cas tin g  led  to  th e  
su b seq u en t red esig n  of th e  w ash ing  m ach in e  w ith  
w hich th e  w rin g e r  is  u sed . T his u tilise s  no few er 
th a n  27 p re ssu re  d ie -cas tin g s , in c lu d in g  one of 
th e  la rg e s t z inc-base  p re ssu re  c a s tin g s  p ro duced  
in  th is  c o u n try  (F ig . 15)— su re ly  a  g e s tu re  of 
confidence on th e  p a r t  of th e  desig n ers .

C o n clu s io n
T he d iscussion  in  th e  P a p e r  w ill possibly 

in d ic a te  t h a t ,  w ith  a ll i ts  a d v a n ta g e s , d ie -cas tin g

cousin  th e  s ta m p in g  in d u s try ,  a n d  n one  of tho 
th re e  in te r fe re s  w ith  a n o th e r  in  a n y th in g  b u t a 
h e a lth y  m a n n e r .

D IS C U S S IO N

In tro d u c in g  th e  P a p e r  th e  a u th o r  sug
g ested  th a t ,  by r e fe r r in g  to  th e  lim ita tio n s  of 
th e  process of d ie -c a s tin g , he  h a d  a t  least 
m an a g ed  to  d iscuss a n  a sp e c t w hich  was 
co m p a ra tiv e ly  ra re ly  co n sid ered .

W hen  he  h a d  dec id ed  to  p lace on  reco rd  some of 
th e  l im ita tio n s  of d ie -c as tin g , he  h a d  approached  
a n u m b er of fo u n d ry m en  e i th e r  v e rb a lly  o r by 
le t te r  to  ask  th e i r  o p in io n  a b o u t p re ssu re  die- 
c a s tin g . I t  w as a  h u m b lin g  ex p erien ce  to  find



th a t  in  m an y  cases fo u n d ry m en  ju s t  h ad  no 
reac tio n  a t  a ll to  th e  d ie -c as tin g  in d u s t r y ; b u t  i t  
was in te re s t in g  th a t  th e  people who h ad  con
sidered th e  su b je c t d id  n o t  feel t h a t  d ie -cas tin g  
was an  an n o y in g  r iv a l, b u t  w as r a th e r  w h a t one 
m ig h t call th e  ju n io r  p a r tn e r  of th e  cas tin g -d ie- 
cas tin g  axis.

In  d iscussing  th e  so lid ity  o r o therw ise  of die- 
castings he  h ad  em b ark ed  upon, a su b je c t which 
could n o t be d ism issed  lig h tly  in  a few  p a ra 
graphs, b u t  he  h ad  t r ie d  to  show t h a t  th e  p rob
lems connected  w ith  u n so u n d n ess u 'ere  ra th e r  
d ifferen t from  those  w hich  th e  o rd in a ry  fo u n d e r 
m et, an d  he hoped he h a d  been  able to  g ive th e  
opinion t h a t  p re ssu re  d ie-cas tin g s w ere capab le  
of being produced  free  fro m  unsoundness.

H e h ad  t r ie d  to  m ake  i t  c le a r  in  th e  P a p e r  
th a t  p ressu re  d ie -cas tin g  d id  n o t co nsist m erely  
of m aking  an  expensive  too l an d  com m encing 
im m ediately to  p roduce  c a s tin g s  a t  th e  r a te  of 
a few th o u san d  p e r d a y ;  b u t  w ith  in c reas in g  
experience, p ro d u c tio n  speed rose to  a n  o u t
stand ing  degree. R ecen tly  he  h a d  been in  th e  
toils of a case w here  a  p e rfe c tly  innocuous look
ing die, p ro d u c in g  a p a ir  o f a lu m in iu m  alloy 
pressure d ie-cas tin g s, h a d  been in  process of 
being “  ru n  in  ” an d  h a d  g iv en  tro u b le  fo r p ra c 
tically  th re e  weeks before  i t  w ould co n sen t to  
produce sa tis fac to ry  cas tin g s. D u r in g  t h a t  tim e , 
between th re e  a n d  fo u r h u n d re d  re je c ts  h a d  been 
produced, an d  th e n  on on e  day  20 good cas tin g s 
were produced. T h a t  w as an  e x trem e  case, b u t  i t  
illu stra ted  t h a t  th e  m ak in g  of p ressu re  d ie-cast
ings was n o t th e  p u re ly  m echan ical process t h a t  
many people im a g in ed  i t  to  be.

D r . E .  M .  L i p s  (N e th erlan d s) em phasised  th e  
value of th e  P a p e r  by reason  of th e  e x ac t d a ta  i t  
contained. H e  asked fo r  D r. S t r e e t ’s op in io n  as 
to  th e  bend ing  p ro p e rtie s  of a d ie -c a s tin g ; for 
instance, th e  possib ility  of m ak in g  a  tu rn e d - in  
flange a s  a  m a n n e r  of fa s te n in g  some p a r t  to  a 
zinc d ie-casting .

P o ro s ity  D e te rm in a tio n  by W e ig h in g
M r . A. J .  S h o r e  sa id  th a t ,  h a v in g  rece ived  a  

questionnaire  from  D r. S tre e t ,  he h ad  looked 
in to  th e  question  of d ie -c as tin g  a t  h is own w orks. 
I t  was a p p a re n t  t h a t  i t  w as n o t  considered  to  be 
a very im p o r ta n t  r iv a l, o r i t  would have  been 
forcibly b ro u g h t to  h is a t te n tio n  before. 
A lthough th ey  h ad  been c a rry in g  i t  on fo r ab o u t 
15 years, d ie -cas tin g  h a d  n o t m ade  an y  deep 
in road  in to  th e  g rey -iro n  business. B u t  i t  had  
c erta in ly  a v ery  b ig  field, an d  th e  com pany  had  
recently  b o u g h t new m achines w hich w ere likely, 
he fe lt, to  c u t  in  on th e ir  g rey -iro n  business to  
some e x te n t,  because  as th e  m ach ines w ere m ore 
efficient an d  new , th e  d e sig n ers  w ould ta k e  a 
g re a te r  in te re s t  in  th em . They w ould consider 
as m any  com ponen ts as possible as d ie-cas tin g s in 
o rder to  keep  th e  m ach ines busy. R ecen tly  he

h ad  v is ited  th e  d ie -cas tin g  d e p a r tm e n t an d  had  
looked in to  th e  business th o ro u g h ly , and  was 
su rp rise d  to  find t h a t  porosity  d id  occur occa
sionally  ; he  was assu red  t h a t  i t  was p rac tica lly  
a b sen t on th e  a u to m a tic  m achines, b u t  t h a t  i t  
d id  h a p p en  occasionally  on th e  h an d -o p era te d  
m ach ines w hen a  m an , who w as p a id  piecew ork 
ra te s , t r ie d  to  o p e ra te  th e  m ach in e  too quickly . 
T he re su lt  was t h a t  in sufficien t t im e  was allowed 
fo r  th e  m e ta l to  e n te r .  T h a t  prob lem  h ad  been 
so lv ed . in  a  sim ple way by u s in g  a  d e lica te  
w eigh ing  m ach in e ; th e  c a s tin g s  h ad  a  s ta n d a rd  
w eigh t, an d  because th ey  w ere d im ensionally  
a cc u ra te , th e  w e ig h t w as a  very  good in d ica tio n  
of th e  po rosity .

H e  c o n g ra tu la te d  D r. S tr e e t  on his very  d irec t 
a n d  courageous w ay of p re se n tin g  th e  P a p e r .

C h ille d  Skins on D ie-C astin gs
M r . A. T i p p e r , M . S c . (E n g .) , th a n k e d  D r. 

S tr e e t  fo r h a v in g  p u t  h is  case r a th e r  from  th e  
p o in t of view  of th e  fo u n d ry m en  th a n  th e  d ie- 
c a s te r ; th is  gave  th e  fo u n d e rs  th e  o p p o r tu n ity  
to  s ta te  th e ir  case in itia lly .

B e in g  in te re s te d  in  th e  finish o b ta in e d  on 
sm all d ie-cas tin g s w hich  h a d  to  be p la te d , he 
asked D r . S tr e e t  w h a t w ere  th e  m o st im p o r ta n t 
fa c to rs  d e te rm in in g  t h a t  finish—w h e th er i t  was 
m ere ly  a  q u estio n  of th e  su rface  of th e  d ie , or 
w h e th er th e  a c tu a l o p e ra tin g  co n d itio n s, such as 
th e  te m p e ra tu re , an d  so on, an d  th e  com position 
of th e  alloy, h a d  m u ch  effect. R ecen tly  he h ad  
ex am in ed  th e  m ic ro s tru c tu re  of a n u m b er of 
p la te d  d ie-cas tin g s and  h ad  been q u ite  su rp rised  
to  find t h a t  th e re  was n o t  even m icroscopic 
p o rosity  n e a r  th e  su rface , w ith in  p e rh ap s te n
th o u sa n d th s  of an  inch of th e  su rface . T here
a p p ea red  to  be  co lu m n ar o r ch ill c rysta ls, 
a lth o u g h  th ey  w ere by no m ean s re g u la r . H e  
asked  w h e th er i t  w as no rm al in  o rd in a ry  d ie-cast 
alloys to  hav e  a  d e p th  of som eth ing  lik e  te n
th o u sa n d th s  of a n  in ch  of ch ill c ry s ta ls  a t  th e
su rface .

D r. S tr e e t ’s Reply
D r . S t r e e t , d e a lin g  w ith  th e  q u estio n  by D r. 

L ips con cern in g  th e  b en d in g  ra d iu s  t h a t  was 
possible in  d ie-cas tin g s, sa id  t h a t  p resum ably  
brass  w as re fe r re d  to ;  b u t  v ery  few b ra ss  p res
su re  d ie-cas tin g s w ere m ade. The u su a l com
p e tito rs  w hich  th e  d ie-cas tin g  in d u s try  p u t  
fo rw a rd  w ere th e  zinc-base alloys, a n d  th ey  had  
n o t a ve ry  la rg e  b en d in g  ra d iu s . H ow ever, i t  
depen d ed  u p o n  th e  design . One could be con
sid e red  fo r tu n a te  if  one could  b end  a  sh ee t of 
z inc-base  d ie -cas tin g  to  90 deg . T he o p e ra tio n  
of b en d in g  a d ie -cas tin g  ra re ly  arose, because 
by  u s in g  a  d ie -cas tin g  th e  process of b end ing  
could  be e lim in a ted . T hus i t  d id  n o t really  
m a t te r  w h e th er a z inc  alloy could  or could n o t 
be b e n t th ro u g h  a la rg e  ra d iu s .
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C o m m en tin g  on M r. S h o re 's  re fe re n ce  to  th e  
co m p e titio n  be tw een  g re y  iro n  c a s tin g s  a n d  d ie- 
cas tin g s, h e  co m p ared  th e  p rice  of g re y  iron  
cas tin g s  of a b o u t 2-Jd. p e r  lb . w ith  a  zinc-base 
alloy p re ssu re  d ie -c a s tin g  a t  a b o u t 6d. to  8d. 
p e r lb . U nless th e  w e ig h t of th e  d ie -c a s tin g  
could  be co n sid erab ly  red u ced , o r  un less 
th e  d ie -c as tin g  w ould e lim in a te  a  q u a n ti ty  of 
m ach in in g , i t  w as d ifficu lt fo r  th e  d ie -cas tin g  
in d u s try  to  com pete  d irec tly  w ith  th e  fo u n d ry .

A s to  p o ro sity , he  fe lt  t h a t  if  in  a  d ie -cas tin g  
th e re  w ere  holes w hich  w ere  cap ab le  of b e in g  
d iscovered  by th e  o p e ra t io n  of w e ig h in g , th e  
holes m u s t be r a th e r  serio u s ones. I f  one p ro 
duced  a  d ie -c as tin g  in  w hich  th e re  w as a hole 
as b ig  as a  p ea , one should  n o t  m ere ly  sh ru g  
on e ’s sh ou lders, b u t  should  g e t re a lly  w o rried  
a b o u t i t .  One could  to le ra te , say , a n  occasional 
hole p e rh ap s  as b ig  as a sm all p in h ea d  in  die- 
c a s tin g . I t  was som etim es d ifficu lt to  g e t die- 
c as tin g s  m ore  solid  th a n  th a t ,  b u t  a la rg e  hole 
should  n o t be to le ra te d . W ith  re g a rd  to  po ro sity  
b e in g  m ore  like ly  to  a r ise  w hen w o rk in g  a t  low 
p re ssu re  w ith  a h a n d -o p e ra te d  m ach in e  th a n  
w hen  w o rk in g  a t  h ig h  p ressu re , he  sa id  t h a t  
th e  h ig h  p re ssu re  c e r ta in ly  red u ced  th e  likelihood 
of un so u n d n ess .

R ep ly in g  to  th e  re m a rk s  of M r. T ip p e r  con- 
c e rn in g  th e  chill sk in  of a  p re ssu re  d ie-cas tin g , 
he  sa id  t h a t  in asm u ch  as th e  m e ta l cam e in to  
such  v io len t c o n ta c t w ith  a c o m p a ra tiv e ly  chilled 
wall in  th e  m ould , i t  a cq u ired  a  sk in  abou t 
15 th o u sa n d th s  of an  in ch  th ic k , w hich  h ad  an 
e x tre m e ly  fine g r a i n ; u n d e rn e a th  t h a t ,  th e  alloy 
was m ore  o r less n o rm al. C o nsequen tly , in  any 
p o lish in g  o p e ra tio n  i t  p a id  to  avo id  polishing 
below th e  f irs t 15 th o u sa n d th s  of a n  inch  o r so 
of sk in  ; o th erw ise , one w ould have  a m ix tu re  of 
fine a n d  n o rm al g ra in .

I n  re g a rd  to  p la t in g — he p resu m ed  M r. T ipper 
was r e fe r r in g  to  z inc-base  alloy  d ie-cas tin g s—a 
n u m b er of p o in ts  w ere im p o r ta n t.  N a tu ra lly , 
th e  c a s tin g s  m u st be w ith o u t p inholes, otherw ise 
those  p inho les m ig h t show up  on th e  p lated  
su rface . T h en  th e  v a rio u s  o p e ra tio n s  before 
p la t in g  w ere im p o r ta n t.  T he po lish in g  m ust be 
th o ro u g h  ; b u t  one m u s t n o t  rem ove th e  fine
g ra in e d  sk in . T h ere  w as a n  a r t  in  p re p a r in g  a 
z inc-base  alloy  fo r  p la t in g ;  i t  w as useless showing 
i t  to  th e  m op a n d  th e n  ta k in g  i t  to  th e  p la tin g  
shop, because  in  t h a t  case a r a th e r  d ra g g y  su r
face  w as th e  re su lt. M an y  of th e  tro u b le s  which 
cou ld  n o t be e x p la in ed  in  re g a rd  to  zinc-base 
d ie -cas tin g s  a rose  fro m  in su ffic ien t c lean in g
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Light Alloy Melting Practice
By W . C. DEVEREUX, F.R.Ae.S., M.I.Ae.E.'

Paper N o. 670

The q u a lity  of l ig h t  alloys of b o th  a lu m in iu m  
and m agnesium  d epends la rge ly  upon  th e  cond i
tions of m e ltin g , and  co n siderab le  resea rch  has 
resu lted  from  th e  re a lis a tio n  of th e  im p o rtan ce  
of th is  su b ject.

The successful c a s tin g  of a lu m in iu m  alloys 
depends upon  th e ir  hom ogeneity , freedom  from  
dissolved or com bined gases, ox ides an d  o th e r  
non-m etallic inclusions, a n d  ab so lu te  te m p e ra tu re  
control. M agnesium  alloys, on th e  o th e r  h an d , 
are n o t g re a tly  tro u b le d  by gas ab so rp tio n , th e  
chief difficulties be ing  th e  p ro d u c tio n  of m eta l 
free from  dross an d  flux  inclusions in  a  n e u tra l  
atm osphere t h a t  w ill p re v e n t o x id a tio n  and  b u rn 
ing. These item s a re  o f p r im a ry  im p o rtan ce , n o t 
only in m a in ta in in g  a re p u ta tio n  fo r  re liab ility , 
b u t as th e  la rg e s t s in g le  ite m  affec ting  th e  costs 
of p roduction . N e x t in  o rd e r  of im p o rtan ce  a re  
m ain ten an ce  costs, fu e l costs, m e ltin g  losses an d  
ease of m an ip u la tio n  (lab o u r costs).

The follow ing p ra c tic a l o b se rv a tio n s m ade 
d u ring  m any  y e a rs ’ w ork in g  of v a rio u s  ty p es  of 
furnaces te n d  to  show c e r ta in  a d v a n ta g e s  and  
d isadvan tages fo r  each of th e  m an y  d iffe ren t 
m ethods adop ted  acco rd ing  to  th e  v a r ie ty  of 
m ateria ls p roduced.

A lu m in iu m  A llo ys
The e a rlie s t fu rn aces  used  fo r a lu m in iu m  alloy 

m elting  w ere coke-fired l if t -o u t  o r  p it- ty p e  f u r 
naces. The c ru cib le  life  w as ex trem e ly  sh o rt an d  
where a v a r ie ty  of cas tin g s was m ade  in  a job
bing fo u n d ry  i t  was ex trem e ly  in c o n v e n ien t to  
replace th e  c ru cib le  in  th e  fu rn a c e  to  m a in ta in  
tem p e ra tu re  w hen sufficient m oulds w ere n o t 
p repared  to  ta k e  th e  whole of th e  m eta l. This 
resulted  in  m eta l stew in g  a t  a  h ig h  te m p e ra 
tu re , and  com bined w ith  th e  f re q u e n t use of u n 
dried  coke was th e  cau se  of m uch re je c tio n  fo r 
porosity d u e  to  gas a b so rp tio n . T il t in g  fu rn aces  
were n e x t used, and  w ith  d r ie d  coke ex ce llen t 
q ua lity  m eta l could  be p roduced  w ith  a b e tte r  
crucible life . T he sto ra g e  an d  d ry in g  of coke a re  
a d isad v an tag e , how ever, an d  w ith  th e  a d v e n t of 
oil-fired c rucib le  fu rn ac e s  th e  use  of oil fuel 
superseded coke to  a la rg e  e x te n t  in  th is  c o u n try . 
F uel oil is easily  s to red  an d  h a n d lin g  is reduced  
to a m in im um .

T ow n’s gas is used  w here  supp lies a re  o b ta in 
able a t  sufficiently  low cost, a n d  th e  r a th e r  con

flic tin g  op in ions as to  th e  effects of th is  h e a tin g  
m ed ium  on th e  q u a lity  of th e  m eta l produced  
show a t  le a s t t h a t  th e re  is no  obvious d e tr i 
m en ta l effect th ro u g h  gas a b so rp tio n  w here  m eta l 
is well fluxed an d  degassed . E le c tr ic -re s is tan c e  
h e a tin g  of c rucib le  m elts is only  p ra c tised  on a  
lab o ra to ry  scale in  th is  co u n try , ow ing to  th e  
h ig h  cost of e lec tric  power. C o n tin e n ta l ap p lic a 
tio n s  of th is  m ethod  show, how ever, t h a t  i t  is  th e  
ideal m ethod  of h e a tin g , as th e  te m p e ra tu re  con
tro l  is abso lu te , an d  th e re  is no o p p o r tu n ity  fo r 
c o n ta m in a tio n  of th e  m eta l by p ro d u c ts  of com
bu stio n . P lu m b ag o  an d  carb o ru n d u m  crucib les 
have  a  co m p ara tiv e ly  sh o rt life , how ever, in  alloy 
m ix in g  fu rn aces, an d  c o n tr ib u te  la rg e ly  to  th e  
cost of c ru cib le  fu rn ac e  m eltin g . In  a d d itio n , 
th e y  a re  perm eab le  to  com bustion  p ro d u c ts , and  
th e  g re a te s t  c a re  is needed  to  o b ta in  gas-free  
cas ts  w ith o u t loss of m agnesium .

L ow -frequency in d u c tio n  m eltin g  ap p ea rs  to  
be th e  an sw er to  th ese  problem s, th e  m e ta l being  
m a in ta in e d  in  a  g as-free  a tm osphere  and  in 
c o n s tan t c irc u la tio n , en su rin g  com plete so lu tion  
of h a rd e n e r  alloys an d  freedom  fro m  seg reg a
tio n . The s t i r r in g  necessary  when m ix in g  in  a 
c rucib le  fu rn a c e  m ay  cause q u a n tit ie s  of dross 
an d  oxide to  become suspended  in  th e  m olten  
m eta l, w ith  th e  d a n g e r of “  h a rd  spo t ”  inclusion 
an d  p o ro sity  in  th e  finished p ro d u c t. I n  a d d i
tio n , th e  d e p th  of a m e ltin g  crucib le  re la tiv e  to  
i ts  a re a  of cross-section m eans t h a t  a covering 
lay e r of flux  w ill afford p ro tec tio n  to  only a 
m in o r f ra c tio n  of th e  su rface  exposed to  th e  
fu rn a c e  a tm o sp h ere , t h a t  in  c o n ta c t w ith  th e  
crucib le  w alls be in g  exposed to  th e  p e n e tra tin g  
effect of gases in  a  com bustion  cham ber a t  900 
to  1,200 deg. C. u n d e r  th e  m ost fav o u rab le  con
d itio n s.

The c o n s tan t m ovem ent of th e  m eta l in  an  
in d u c tio n  fu rn a c e  m eans t h a t  a fresh  su rface  is 
be ing  co n tin u a lly  exposed to  th e  a ir , a n d  unless 
p re ca u tio n s  a re  ta k e n , excessive losses by o x id a 
tio n  w ill occur. A sa tis fa c to ry  covering  flux or 
an  in e r t  a tm o sp h e re  (n itro g en ) w ill p re v en t th is  
effect, how ever, an d  in  p ra c tic e  fu rn ac e  losses 
can  be red u ced  to  a p p ro x im ate ly  o n e -th ird  of 
th ose  o b ta in e d  from  a  c rucib le  fu rn ace . Such a 
fu rn ac e  can  e ith e r  be ru n  on th e  ba tch  system , 
w here 75 p e r cen t, of th e  m eta l is com pletely
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e m p tied  from  th e  fu rn a c e  a n d  a fre sh  ch arg e  
added , o r fo r  c o n tin u o u s  w o rk in g  w here  one in g o t 
o r  c a s tin g  can  be  p o u red  every  few  m in u te s , an d  
th e  e q u iv a le n t w e ig h t of new  m a te r ia l  added , 
w hich  is com plete ly  m elted  an d  m ixed  in  tim e  
fo r th e  n e x t  p o u r. A c ru c ib le  fu rn a c e  is lim ite d  
to  b a tc h  o p e ra tio n , as, ow ing to  th e  in a b il i ty  
to  co n tro l w a itin g  m e ta l w ith in  reaso n ab le  te m 
p e r a tu r e  lim its , th e  ex p o su re  to  fu rn a c e  
a tm o sp h e re , a n d  th e  s t i r r in g  necessa ry  fo r 
m ix in g , a  s tead y  d e te r io ra tio n  of m e ta l is rea lised  
w hen th e se  c o n d itio n s  a re  a tte m p te d .

T ab le  I  g ives a com parison  of tw o fu rn ac e s  
in  th e  sam e fo u n d ry , one a  low -frequency  100-kw. 
in d u c tio n  fu rn a c e , th e  o th e r  a n  o il-fired crucib le

F i g .  1 .— S e c t i o n  t h r o u g h  1 0 0 - k w .  L o w -  
F r e q u e n c y  I n d u c t i o n  F u r n a c e .

fu rn ac e . B o th  w ere w orked 24 h rs . p e r  d ay  over 
a n  e x te n d ed  p e rio d , an d  w ere cap ab le  of a 
s im ila r  o u tp u t ,  i .e .,  4 to  5 to n s  p er day , de
p en d in g  on th e  ty p e  of c a s tin g  p roduced .

A sec tio n  th ro u g h  th e  100-kw. in d u c tio n  f u r 
nace  is show n in  th e  d iag ra m , F ig . 1.

M e ltin g  losses v a ry  acco rd in g  to  th e  tech n iq u e  
p e cu lia r  to  in d iv id u a l fo u n d ries , a n d  a lth o u g h  
th e y  c o n s t itu te  a n  im p o r ta n t  fa c to r  in  co stin g , 
m ay  som etim es in d ic a te  c a re fu l sk im m in g  an d  
flu x in g  p ro ced u re . A  good flux , how ever, should  
s e p a ra te  dross fro m  m eta l, an d  if  U n d u e  
tu rb u le n c e  an d  “ f ro th in g  ” of m e ta l a re  
avo ided , o x id a tio n  losses can  be k e p t  low. The 
follow ing an a ly sis  of losses from  a n  in g o t fo u n d ry  
em ploy ing  oil-fired  crucib le  fu rn ac e s  of 500 to  
1.200 lbs. c ap a c ity  g ives som e idea of w here

th e  m e ta l is lo st an d  how im p ro v em en ts  may 
be effected : —

Per cent.
(1) Melting and pouring crucible clear

ings ......................................... 0.36
(2) Splashings 0.47
(3) Metaflic dross (furnace skim-

mings) 0.30
(4) Skimmings (ladle) 0.57
(5) Oxidation losses not accounted for 0 .5  to  1.7

(Variations
too great to

obtain.)
(6) Metal lost on pot failures 0.28

(Average
figures.)

O th e r sources of loss o c cu rrin g  in te rm itte n tly  
or in  w idely  v a ry in g  a m o u n ts  m ay re ac h  the  
follow ing figu res on in d iv id u a l c a s ts :  —

E xcess of c h a rg e  o ver m a te r ia l  req u ire d , 1.04 
p e r  cen t.

M e ta l overflow ing fro m  fu rn a c e  sp ou t, 0.49 
pe r cen t.

(A v erag e  of cas ts  show ing ab n o rm al loss only..)

A co st com p ariso n  b e tw een  th re e  d iffe re n t types 
of h e a t in g  g ives th e  fo llow ing  figures, w orking 
c o n tin u o u sly  on s im ila r  c as tin g s , an d  ta k in g  the  
o il-fired c ru c ib le  fu rn a c e  as a  basis a t  100 
u n its  : —

Oil-
fired

crucible.

Coke-
fired

crucible.

Low-
frequency
induction.

Metal losses 55.0 56.5 28.8
Fuel or power 21.20 14.04 36.3
Maintenance 23.8 18.66 5.9

100.00 89.2 71.0
Power costs, 0 .73d. per unit. Oil costs, 3fd. per 

gallon. Coke costs, 38s. per ton.

The h ig h  m a in te n a n c e  costs of th e  crucible 
fu rn ac e s  a re  d ue  to  th e  re p la ce m en ts  of crucibles, 
w hich  hav e  a life  of 10 to  14 days continuous 
w ork in g , w h ereas th e  in d u c tio n  fu rn a c e  lin ing 
will la s t  a t  le a s t  six  m o n th s an d  occasionally 
longer. T he in i t ia l  cost of a n  in d u c tio n  m elting  
fu rn a c e  is a b o u t 20 p e r  cen t, h ig h e r  th a n  a 
c ru c ib le  fu rn a c e  of s im ila r  c ap a c ity , and 
in s ta l la t io n  ch arg es a re  co n sid erab ly  h ig h er. • 

F u r th e r  a d v a n ta g e s , how ever, a re  t h a t  the 
fo u n d ry  is  k e p t  c le a r  of a ll fum es and  d irt, 
f a t ig u e  effects on  th e  o p e ra to rs  b e in g  noticeably 
red u ced , m ak in g  a  m ark e d  d iffe ren ce  in  produc
t io n  p e r m an , t im e  lo st by  illness, a n d  care  in 
o p e ra tio n .

O p e n -H e a r th  Furnaces
W h ere  la rg e  q u a n ti t ie s  of one alloy  a re  m ixed 

• an d  in g o ted  p r io r  to  re m e ltin g  fo r cas tin g s , i t  
is of a d v a n ta g e  to  m elt la rg e r  ca s ts  th a n  can  be



accom m odated in  e ith e r  th e  c rucib le  o r in d u c
tion  fu rn ac e . Id e n tif ic a tio n  of cas tin g s w ith  th e  
o rig ina l m a te r ia l  is ren d ered  sim p le r, an d  th e  
num ber of check analyses p e r  d ay  is  reduced . 
This is effected w ith  th e  o p e n -h ea rth  ty p e  of 
fu rnace, w hich  is ad eq u a te ly  discussed in 
n rincm ai and  d e ta il  bv Z ee rled e r in  “  The 
Technology of A lu m in iu m  a n d  I t s  L ig h t Alloys ” 
(1936).

O pen -h earth  m eltin g  m ay  be done by m eans of 
oil, to w n ’s gas o r p ro d u cer gas, coke o r elec
tr ic ity . W ith  flam e h e a tin g , a' th in  a rch  m ay 
separa te  th e  p ro d u c ts  of com bustion  from  th e  
m etal, or, a lte rn a tiv e ly , th e  m e ta l m ay  be p ro 
tected  by a  th ic k  lay e r of co v erin g  flux. T here  
is always som e d a n g e r, how ever, of gas abso rp 
tion  by th e  m eta l, w hich is overcom e w here  
e lectricity  su pp lies can  be cheap ly  o b ta in ed  by 
e lectric-resistance h e a tin g . C ru sh ed  c a rb o ru n -

Table  I .— Performance Data on_ Two Types of 
Furnace.

Oil-fired Low-frequency
crucible induction
furnace. furnace.

Capacity 1,100 lbs. 1,760 lbs.
Working content 1,100 „ 1,300 „
Consumption 12 to 15 galls, oil 14 to 25 kw.-hr.

per hour maintenance
load

(100 kw.-hr.
max. load).

Melting rate 550 to 750 lbs. 600 to 800 lbs.
per hour per hour.

Output 4 to 5 tons per 4 to 5 tons per
day day.

Melting loss 1.9 per cent. 0 .5  to 0 .8  per
cent.

Total foundry 3 .6  per cent. 1.2 to 1.5 per
losses cent.

dum resisto rs a re  p re fe ra b le  to  m eta l e lem ents, 
as th e  la t te r  a re  liab le  to  ra p id  d e te r io ra tio n  in 
the  presence of gases from  re ac tiv e  flux sa lts  o r 
by c o n tam in a tio n  from  th e  a c tu a l flux  or 
splashed m eta l.

P u d d lin g  of th e  b a th  of m e ta l m u s t be re so rted  
to  in  o rd e r to  assu re  com plete  m ix in g  an d  ab 
sence of seg reg a tio n  in  alloys, an d  th is  te n d s  to 
m ix oxide films w ith  th e  m eta l, w ith  a  c e r ta in  
am oun t of d a n g e r  of inclusions a t  a la te r  stag e . 
T ilting  devices a re  ad o p ted  on m o st o p en -h ea rth  
furnaces a t  th e  p re se n t day  to  enab le  q u ie t  p o u r
ing in to  th e  ladle w here  i t  is c u s to m ary  to  m ake 
m agnesium  a d d itio n s  p r io r  to  ca s tin g . The a d d i
tio n  of m agnesium  to  th e  m ain  b a th  of m eta l 
is no t very  sa tis fac to ry , v a ry in g  losses be ing  ex
perienced due to  o x id a tio n  an d  to  re ac tio n  w ith  
the  flux sa lts . D u r in g  th e  ad d itio n  of m ag 
nesium  an d  possible d eg assin g  in  th e  lad le  th e re  
is considerab le  te m p e ra tu re  loss to  be added  to  
th a t  lo st in  t r a n s f e r r in g  th e  m eta l from  th e

m e ltin g  fu rn ac e . T his m akes i t  necessary  to  ru n  
an  o p e n -h ea rth  fu rn a c e  s lig h tly  h o tte r  th a n  is 
s tr ic t ly  desirab le , an d  unless very  c a re fu lly  con
tro lle d  m ay  cause  d ifficulties th ro u g h  th e  p roduc
t io n  of porous or gassy  m eta l.

M any  of th e  d ifficu lties of th e  o p e n -h ea r th  f u r 
nace a re  overcom e by th e  ro ta ry  cy lin d rica l ty p e . 
T he c y lin d e r h a s a re fra c to ry  lin in g  which is 
h e a ted  by d ir e c t  c o n ta c t w ith  th e  gas o r  oil 
flam e, th e  su rface  of th e  m eta l in  th e  bo ttom  
b e in g  p ro te c te d  by a  lay e r of m o lten  flux. The 
fu rn a c e  is slowly revo lved , th e  h e a t  from  th e  
w alls b e in g  tra n s fe r re d  by d ire c t  conduction  to  
th e  m eta l, in s tea d  of by ra d ia tio n . I n  ad d itio n , 
th e  need  fo r p u d d lin g  is la rg e ly  o b v iated , th e  
g e n tle  tu r n in g  h a v in g  a  m ix in g  effect w hich n o t 
only p rev en ts  m e lt seg reg a tio n , b u t  en su res t h a t  
th e  whole o f th e  m olten  m eta l is b ro u g h t in to  
c o n ta c t w ith  th e  flux  lay e r so t h a t  th e  alloy p ro 
duced is la rg e ly  fre e  from  ox ide inclusions or 
absorbed  gas.

B u lk  m eltin g  in  o p en -h ea rth  o r ro ta ry  ty p e  
fu rn aces , w h e th er on th e  b a tc h  p rin c ip le , o r con
tin u o u s ly , m eans econom ies in  fu e l o r  power 
because of th e  d ire c t  h e a t  t ra n s fe r ,  a n d  also on 
e q u ip m en t an d  p la n t, th e  fu rn a c e  lin in g  la s tin g  
from  six  to  tw elve m on ths. T h ere  is  some reduc
t io n  of s ilica  in  th e  fu rn a c e  lin in g , b u t  th is  
does n o t cause  ra p id  d e te r io ra t io n , n o r is th e  
“  p ick-up  ”  of silica' in  th e  m elts no ticeab le . The 
m e ltin g  in  b u lk  lo ts  of from  2 to  10 to n s  m eans 
a g re a t  sim plifica tion  in  id en tif ic a tio n  w ith  c a s t 
n u m b ers  an d  te s tin g  p ro ced u re  a t  la te r  stages 
in  m a n u fa c tu re , a n d  m eans t h a t  la rg e r  q u a n ti
t ie s  of th e  finished a r tic le  a re  o b ta in ed  w ith  
id en tica l com position  an d  p ro p e rties , which is an  
econom ic a n d  tec h n ica l a d v a n ta g e  w hen supp ly 
in g  m a te ria ls  to  g o v e rn m en t specifications.

F o r  th e  re m e ltin g  of in g o t m a te ria l,  bowl f u r 
naces hav e  m uch  to  recom m end th em  w here th e  
ca s tin g  p ro g ram m e is such th a t  co n tinuous w ork
in g  can  be a d o p ted , as th e  te m p e ra tu re  of th e  
m e ta l is fo u n d  to  be m uch  m ore con tro llab le  
th a n  w ith  c rucib le  fu rn aces, a n d  m eta l -tran sfe r 
can  be  m ade w ith  th e  m in im u m  of tu rb u len ce  
a n d  o x id a tio n . I n  g en era l, how ever, th is  ty p e  
of m e ltin g  can  only  be em ployed fo r d ie-castings 
an d  sm all san d -castin g s w here  th e  q u a n ti ty  of 
m eta l rem oved a t  an y  one t im e  is sm all in  com
p a riso n  w ith  th e  b u lk  of m e ta l m elted , a n d  can  
con v en ien tly  be tra n s fe r re d  w ith  a  h a n d  ladle. 
T he m eta l can  th e n  be m a in ta in e d  fo r long 
periods a t  a few degrees above th e  ca s tin g  tem 
p e ra tu re , co n tinuous ad d itio n s being m ade 
w hich have  l i t t le  cooling effect, a n d  w ith  a  well- 
co n stru c ted  fu rn a c e  u n d e r  cond itions w here 
absorbed gases a re  lib e ra te d . T he accessib ility  
of th e  su rfa ce  assists  p e riod ic  flux ing  a n d  en 
ables a  lad le  to  be  in tro d u c ed  w ith o u t causing  
th e  su rfa ce  sk in  of ox ide  to  be m ixed  w ith  th e  
ch arg e . I ro n  crucib les m ay  safely  be  used  w ith



th ese  fu rn ac e s , th e re  b e in g  l i t t le  e rosion  or 
w ash in g  a c tio n  of th e  m e ta l p ro v id ed  th e y  a re  
c a re fu lly  c lean ed  a n d  co a ted  w ith  a  su itab le  
clay  o r w h itin g  w ash ev ery  24 h ours.

M agnesiu m  A llo ys
T he m e ltin g  tec h n iq u e  em ployed fo r  m ag n e 

sium  base alloys h as a lre a d y  been  discussed  by 
th e  a u th o r  in  h is P a p e r*  to  th e  F o u n d ry  C on
gress in  W arsaw  la s t  y e a r. I t  is a g a in  em p h a
sised t h a t  th e  e ssen tia l p o in t in  th e  m e ltin g  of 
th e  m e ta l is i ts  e x tre m e  re a c tiv i ty  w ith  bo th  
oxygen  a n d  n itro g e n  in  th e  m o lten  s ta te ,  a n d  i t  
m u s t th e re fo re  be p ro te c te d  from  th e  a ir  by 
m ean s of a  co n tro lled  a tm o sp h e re  an d  fluxes. 
C ruc ib le  m e ltin g  is th e re fo re  ad o p te d  fo r g en era l 
fo u n d ry  w ork , w here  th e  sm all su rfa ce  a re a  com 
p a red  to  th e  b u lk  of m e ta l is easily  covered  w ith  
a lay e r of p ro te c tiv e  flux d u r in g  th e  m e ltin g  
pe rio d . T he flux p e rfo rm s th e  double  p u rp o se  of 
c lean sin g  th e  m e ta l from  oxide  in c lusions w hen 
in tim a te ly  m ix ed  by s t i r r in g , a n d  th e n  p ro te c t
in g  th e  su rfa ce  fro m  f u r th e r  o x id a tio n  by r is in g  
to  th e  to p  a n d  s e t tin g  in  a  h a rd  cake, which 
m ay  be rem oved  ju s t  befo re  c a s tin g .

F u rn a c e s  fo r  m ag n esiu m  m e ltin g  a re  th e re fo re  
lim ite d  in  scope by th e  c h a ra c te ris tic s  of th e  
m e ta l, an d  can  be g ro u p ed  in  tw o g en era l t y p e s :

(1) C ru c ib le  fu rn ac e s  em ploying  iro n  po ts 
e ith e r  of th e  l if t -o u t  o r t i l t in g  ty p e . T he l if t-  
o u t  fu rn a c e  is p re fe r re d  in  o rd e r to  avo id  u n 
necessary  d e c a n tin g  of m e ta l w ith  consequen t 
o x id a tio n .

(2) B a le -o u t bowl fu rn ac e s  w ith  a  to ta l ly  en 
closed to p , in to  w hich  a n  a tm o sp h e re  of S 0 2 gas 
can  be a d m itte d  to  p ro te c t  th e  m eta l, th e  flux 
em ployed b e in g  of g re a te r  d e n s ity  th a n  th e  
m olten  m eta l in  o rd e r to  leave th e  su rfa ce  acces
sible fo r lad lin g -o u t.

T he ty p e  of h e a tin g  does n o t in  g en era l affect 
th e  q u a lity  of th e  cas tin g s  p rod u ced , a n d  is 
chosen fo r econom y, a v a ila b ili ty  a n d  ease of 
con tro l.

D IS C U S S IO N

M b. W . W e s t  com m ented  t h a t  M r. D e v e re u x ’s 
P a p e r  d id  n o t leave m uch  o p p o r tu n ity  fo r d is
cussion , because  th e  p o in ts  w ere p u t  fo rw a rd  so 
exce llen tly . A ll in  th e  a lu m in iu m  fo u n d ry  tr a d e  
would like  to  use  th e  low -frequency fu rn ac e  ; b u t  
th ey  w ere n o t  a ll con cern ed  w ith  th e  p ro d u c tio n  
of th e  m ost expensive  fo rm  of c a s tin g  fo r  aero 
w ork, an d  in  consequence h ad  to  be sa tisfied  w ith

« “ F o u n d ry  T rade Jo u rn a l.”  Vol. 59 (1938), p. 218.

th e  n e x t  b e st m e ltin g  u n it ,  th e  cost of which 
w as m uch  low er.

H e  h a d  tr ie d  to  c o rre la te  th e  co st figures in 
th e  P a p e r  w ith  th o se  o b ta in e d  w ith  o il-fired fu r 
naces, b u t  d u e  to  th e  v a r ia tio n  of local condi
tio n s , one could  h a rd ly  m ak e  a close com parison.

In  a sk in g  w h a t  ch ances th e r e  w ere of g e ttin g  
low -frequency  fu rn a c e s  in to  th is  c o u n try , he said 
M r. D ev ereu x  h ad  a lre a d y  s ta te d  t h a t  n o t m any 
h ad  y e t  been  in s ta l le d ; a n d  he com m ented  jocu
la rly  t h a t  i t  m ig h t  h av e  been b e tte r  to  have 
p re sen te d  th e  P a p e r  to  a  m ee tin g  of com pany 
d ire c to rs , so t h a t  th e y  m ig h t  u n d e rs ta n d  exactly  
w here  th e  ju m p in g -o ff p o in t w as s itu a te d .

C onfirm ing  th e  p o in t  m ad e  in  th e  P a p e r  w ith 
re g a rd  to  th e  bowl ty p e  of fu rn a c e  a n d  th e  inser
t io n  of su lp h u r  d io x id e , he  sa id  t h a t  as the  
re su lt  of ex p erien ce  a t  h is  w orks in  m agnesium  
c as tin g , su lp h u r  d io x id e  h a d  been  in troduced  
in to  a lu m in iu m  d ie -c a s tin g  also. W here  the  
d esig n  w as r a th e r  in t r ic a te  a n d  th e  flow of the  
m eta l te n d e d  to  tu rb u le n c e  in  th e  m ould, they  
h ad  f i tte d  u p  th e  d ies w ith  sm all bo ttle s  of 
su lp h u r  d io x id e , a n d  t r ie d  to  keep  a  closed top. 
As a consequence, th e y  w ere g e tt in g  m uch b e tte r  
re su lts .

M r . D e v e re u x ’s R ep ly
M b . D e v e b e u x  re p lie d  to  th e  d iscussion on his 

P a p e r . H e  a g ree d  w ith  M r. W est th a t  i t  was 
very  d ifficu lt to  o b ta in  a  re a lly  good induction  
fu rn ac e , a n d  t h a t  th e  cost w as h ig h . I n  h is view, 
th e  w ork  w hich he a n d  h is co lleagues h ad  done 
on th e  fu rn a c e  p ro v ed  t h a t  i t  w as w o rth  th e  
expense, a n d  d u r in g  th e  p a s t  fo u r  m o n th s they  
h ad  p u t  in to  c o n s tru c tio n  15 fu rn ac e s  th em 
selves, a lth o u g h  as y e t on ly  five w ere  com pleted. 
T he cost of th e  fu rn a c e  itse lf  w as ro u g h ly  £1,400, 
a n d  w ith  th e  com ple te  e le c tr ic a l e q u ip m en t i t  
cost a b o u t £1,700, w hich co m p ared  w ith  about 
£1 ,000  fo r  th e  o il-fired  c ru c ib le  ty p e  of fu rn ace  
of s im ila r  o u tp u t.

H e  w as o b ta in in g  re a lly  ex ce llen t re su lts  w ith 
th e  in d u c tio n  fu rn a c e s  th e y  h a d  t r ie d ,  th e i r  ex
p e rien ce  co v erin g  th r e e  fu rn a c e s , tw o y ears  w ith 
one in  S w itz e rlan d , v a ry in g  dow n to  a b o u t n ine 
m o n th s  w ith  o th e r s ; a t  h is  c o m p an y ’s R edditob  
w orks t h a t  ty p e  of fu rn a c e  w ould  be used  en
t ire ly  in  th e  one fo u n d ry , th e  o th e r  foundry  
be in g  ru n  w ith  h a lf  in d u c tio n  fu rn a c e s  an d  half 
o th e r  ty p es . H e  be lieved  th e  re su lts  obtained 
w ith  su lp h u r  d io x id e  w ith  a lu m in iu m  alloys was 
d u e  la rg e ly  to  th e  class of a l lo y ; h e  im agined 
th e re  w as som e a d v a n ta g e  in  u s in g  i t  w ith , say, 
an  alloy of h ig h  m ag n esiu m  c o n te n t.
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W hile resea rch  is necessary  to  in te r p r e t
p ractica l experience  a n d  e x te n d  fu n d a m e n ta l 
knowledge, th e  m ach in in g  of m eta ls  is n o t a 
subject w hich lends its e lf  k in d ly  to  academ ic 
trea tm e n t, ow ing to  th e  la rg e  n u m b er of v a riab le s  
involved. F o r tu n a te ly  th e  p ra c tic a l problem  can 
be divorced from  th eo ry , as w orkshop m ethods, 
which a re  based upon  a v a s t a m o u n t of e x p e ri
ence, a re  v e ry  la rg e ly  s ta n d a rd ise d  and
sim plified. W ith  m ach in e  tools of know n
capacity , th e  concern  is m ain ly  w ith  c u tt in g  
speeds an d  feeds w hich affect th e  floor to  floor 
tim e for th e  w ork-piece, and  w ith  th e  len g th  of 
tim e th e  tool m a te r ia l  w ill co n tin u e  to  p roduce 
an accu rate ly -m ach ined  p a r t  w ith o u t re -g r in d in g  
and re -se ttin g . H a b itu a l ly  w ith  a u to m a tic  and  
sem i-au tom atic  m ach ine  tools, a c u tt in g  speed 
below, th e  m axim um  is chosen in  o rd e r to  com
plete a b a tch  of w ork w ith o u t b re ak in g  down 
to a d ju s t th e  tools, as th is  la t te r  o p e ra tio n  in  
a h igh -p roduction  m u lti-to o l se t-u p  can  involve 
a considerable loss in  o u tp u t.

In  th e  la rg e r  m a n u fa c tu r in g  o rg an isa tio n s , 
m etals being  c u t  a re  c a re fu lly  co n tro lled  in 
chemical and  physical q u a lity , p e rm it tin g  th e  
estab lishm ent of c u ttin g -sp eed  c h a r ts  fo r each 
grade fo r th e  gu id an ce  of th e  o p e ra to r. The 
dep th  of c u t is freq u e n tly  n o t a m a t te r  of 
choice, b u t is o ften  p re d e te rm in ed  by th e  allow
ance found necessary  on cas tin g s, b a rs  and  
forgings in o rd e r to  e lim in a te  sk in  d efec ts and  
dim ensional v a r ia tio n s . In  th e  m ed ium  and  
ligh t en g in eerin g  tra d e s , th ese  allow ances a re  
kep t as sm all as possible in  o rd e r to  save 
m ate ria l, so th a t  m ach in in g  cu ts  now adays ten d  
to  be lig h te r  and  a t  h ig h er speeds th a n  of yore. 
The selection of th e  m ost su itab le  tool m a te ria l 
is a c r itica l m a t te r ,  and  m ay d e te rm in e  th e  
success o r fa ilu re  of a m ach ine  too l fo r  a p a r 
ticu la r  o p e ra tio n . I t  is th e  o b jec t of th e  p re sen t 
P ap er to  d ep ic t th e  g e n e ra l m ach in in g  c h a ra c te r 
istics of c a s t iron  an d  to  show w hich  of th e  
available tool m a te ria ls  a re  m ost lik e ly  to  yield 
the  g re a te s t  speed an d  econom y in  p ro d u c tio n .

M ach in ing  P ro p e rtie s  o f G re y  Iro n
In  some respec ts o rd in a ry  g rey  cas t iro n  is an 

easy m eta l to  m ach ine, as th e  chips b re ak  aw ay 
in  fro n t of th e  tool in  sm all pieces w ith o u t any  
g re a t e x e rtio n  of force. W ith  an y  m e ta l th e

form  of chip g e n e ra te d  is m ain ly  governed  by 
th e  d u c til ity  or, to  in clude  th e  tim e  e lem ent, by 
th e  c ap a b ility  of th e  m eta l fo r u n d e rg o in g  ve ry  
ra p id  p las tic  d e fo rm a tio n  w ith o u t com plete 
ru p tu re .  T he g ra p h ite  flakes w hich  are  
sc a tte re d  th ro u g h  g re y  c a s t iro n , a n d  th e  n a tu re  
of th e  m eta l itse lf , w hich is  h eav ily  loaded w ith  
e m b rittl in g  e lem ents such as silicon an d  phos
phorus, a re  sufficient to  p re v e n t d u c til ity  and  to  
cause th e  fo rm atio n  of a d is jo in te d  pow dery 
sw arf, in s tea d  of th e  co n tin u o u s ¡ribbon-like chip 
w hich is c h a ra c te ris tic  of th e  to u g h e r  m etals.

The ty p e  of ch ip  form ed w hen m ach in in g  a 
m e ta l is ve ry  im p o r ta n t,  as i t  affects th e  pro
p o rtio n  an d  in te n s ity  of th e  d es tru c tiv e  
influences on a tool. These influences a re  h e a t, 
ab rasio n  an d  stress, th e  la s t  ta k in g  form s which 
a re  m ore o r less s ta tic  d ue  to  th e  re sis tan ce  of 
th e  m eta l to  te a r in g , sh e a rin g  and  b end ing , and  
also dynam ic  on acco u n t of v ib ra tio n  se t u p  in 
th e  w ork o r m ach ine  tool or due to  in te rm it te n t  
c u tt in g . A stro n g , to u g h  ribbon-like  ch ip  from  
a  ten ac io u s  steel delivers a h ig h  degree  of stress 
u p o n  th e  nose of th e  tool an d , a t  th e  sam e tim e , 
owing to  th e  ra p id  s lid in g  ac tio n  over th e  c u tt in g  
face an d  th e  in te rn a l  fr ic tio n  se t u p  in  te a r in g  
an d  d e fo rm in g  th e  chip , m uch h e a t  is developed.

T o o l R eq u irem en ts
U n d e r such c ircu m stan ces m echanical strength  

is th e  m ain  re q u ire m e n t fo r th e  tool, and  
m odern  co balt high-speed steels w ith  a V ickers 
p y ram id a l h a rd n ess  of ab o u t 851 an d  a tensile  
s tre n g th  of ab o u t 150 to n s p e r sq. in . w ill p u t 
up  a  ve ry  good p e rfo rm an ce  a t  c u tt in g  speeds 
ra n g in g  from  70 to  250 f t .  p e r m in ., p a r tic u la r ly  
as a coo lan t flu id  is n o rm ally  av a ilab le  to  ta k e  
aw ay a  considerab le  p ro p o rtio n  of th e  h e a t. 
The sev e rity  of th e  co n d itio n s m ay, how ever, be 
g au g ed  from  th e  fa c t  t h a t  c u tt in g  pressu res on 
th e  nose of th e  tool ra n g e  from  a b o u t 100 tons 
p e r sq. in . w hen m ach in in g  m ild  steels up  to  
200 o r even  250 to n s  p e r  sq. in . fo r th e  h ig h er- 
ten s ile  alloy steels. I t  is fo r tu n a te  th a t ,  w ith  
g rey  cas t iro n , th e  p ressu re  is only ap p ro x i
m a te ly  50 to n s  p e r sq. in ., so th a t  m echanical 
co n d itio n s a re  eas ie r a n d  th e  ex trem ely  h a rd  
an d  d u rab le , b u t  som ew hat m ore b r i t t le  sin- 
te re d -ca rb id e  tools a re  ab le  to  fu n c tio n  w ith  a 
g re a te r  m a rg in  of sa fe ty . As a m a t te r  of in 



te re s t ,  how ever, i t  shou ld  be p o in te d  o u t  he re  
t h a t  su ita b le  com positions a n d  g ra d es  of th ese  
tools a re  b e in g  v e ry  successfu lly  u sed  fo r 
m ed iu m  a n d  fin ish in g  c u ts  on  s tee l a t  tu r n in g  
speeds ra n g in g  up  to  as m uch  as 1,000 f t .  p e r  
m in .

R e la tiv e  M a ch in in g  Speeds
I t  has been show n t h a t  c a s t  iro n  does n o t 

im pose heavy  d e s tru c tiv e  s tresses u p o n  th e  tools, 
b u t  w h a t is th e  p o sitio n  in  re g a rd  to  a b ra s io n  
a n d  h e a tin g ?  I t  is s ig n ific a n t fro m  th is  p o in t 
of view  t h a t  leaded-b rasses, m ag n esiu m  an d  
m ost a lu m in iu m  alloys c an  be tu r n e d  a t  1,000 
to  2,000 f t .  p e r  m in . w ith  c a rb id e  tools, w hereas 
g re y  c a s t  iro n  of ro u g h ly  s im ila r  ten s ile  s t r e n g th  
a n d  no d u c ti l i ty  has to  be rem oved  a t  m uch  
low er speeds, w hich  v a ry  from  120 f t .  p e r  m in . 
fo r a  s tro n g , c lo se-g ra ined  low -phosphorus m e ta l 
up  to  800 f t .  p e r  m in . fo r  a  so f t  an n ea le d  well- 
fe ttled  c a s tin g . W ith  steels, th e  ten s ile  s t re n g th  
is th e  m a in  g u id e  to  th e  c u t t in g  speed, h u t  
carb o n  c o n te n t is  also recogn ised  to  e x e r t  a 
pow erfu l in fluence  u p o n  th e  r a te  of too l w e a r; 
o r, in  o th e r  w ords, in c re a s in g  th e  ca rb o n  p e r
cen tag e  sh a rp ly  increases th e  ab rasiv en ess of th e  
cu t. I n  g o o d -q u a lity  irons, th e  com bined c a r 
bon is in  th e  reg io n  of 0.70 o r 0.80 p e r  c e n t.,  
so t h a t  th e  m a tr ix  is p e a r lit ic  a n d  corresponds 
to  th e  com position  a n d  s t ru c tu re  fo u n d  in  a 
h ig h -ca rb o n  steel.

The s tro n g  ac tio n  of th e  com bined carbon  
upon  th e  m ac h in ab ility  in  th e  case of g rey  cas t 
iro n  is i l lu s tra te d  by  th e  fa c t t h a t  a n  a n n e a l
in g  t r e a tm e n t  w hich  destroys th e  c o n s titu e n t, 
c o n v e rtin g  i t  to  so f t  f e r r i te  a n d  g ra p h ite ,  m akes 
a  m ark e d  im p ro v em en t in  th e  speed a n d  ease cf 
h a n d lin g  in  th e  m ach ine-shop . W ith  th e  sam e 
tra v e rs in g  feed , c u tt in g  speeds m ay  be doubled 
w hile m u ltip ly in g  th e  life  of th e  tool by from  
th re e  to  six  tim es. T h is s tr ik in g  d ifference in  
q u a lity  is u n d o u b ted ly  d ue  v ery  la rg e ly  to  a 
b ig  d rop  in  th e  ab rasiveness of th e  m e ta l, b u t  
i t  c a n n o t be e n tire ly  overlooked t h a t  th e  a n n e a l
in g  also u su a lly  red u ces th e  ten s ile  s t re n g th , 
a n d  th is  also w ill have  an  a m e lio ra tin g  t e n 
dency. I t  is u n fo r tu n a te  fro m  th e  m ac h in in g  
p o in t of view  t h a t  th e  a n n e a lin g  of iro n s of 
com m endable q u a li ty  reduces th e  w ear re s is t
ance in  a d d itio n  to  th e  s t re n g th , so t h a t  i t  is 
a n  u n su ita b le  process fo r  m an y  cas tin g s.

The im p o r ta n t  in fluence  of com bined carbon  
ap p lies  n o t only, of course, to  f e r r i t ic  a n d  p e a r
lit ic  g rey  c a s t iro n s, b u t  ex ten d s  to  m o ttled  a n d  
w h ite  cas tin g s, w here  th e  c o n s t itu e n t  ap p ea rs  
in  th e  m assive as well as in  th e  p e a r lit ic  fo rm . 
Speeds a re  m uch  red u ced , as one w ould ex p ec t, 
b u t  w ith  a su ita b le  g ra d e  of s in te re d -ca rb id e  
too l, w h ite  c a s t iro n  possessing a B rin e ll h a rd 
ness n u m b er a ro u n d  415 can  now  be successfu lly  
tu rn e d , th e  c u t t in g  speed be in g  a b o u t 25 f t .  p er

m in . E v en  alloy w h ite  c a s t iro n s  co n ta in in g  
n ickel a n d  ch rom ium , in  w hich  th e  com bined 
ca rb o n  w hich  is n o rm ally  p e a r l i t ic  is re ta in e d  as 
h a rd  m a r te n s i te , can  be  m ach in ed  w ith  these 
tools a t  from  10 to  15 f t .  p e r  m in . as a n  ex trem e 
case, a lth o u g h  th e  B rin e ll n u m b er of th e  m etal 
m ay  be as h ig h  as 555. T his c o n tra s ts  w ith  a 
tu r n in g  speed  of fro m  200 to  500 f t .  p e r  m in. 
fo r  a n  a v e ra g e  u n a n n e a le d  g rey  iro n  possessing 
a  B rin e ll n u m b er  of a b o u t 200 (5-m m. d ia . steel 
ball, 750-kg. load ).

In flu e n c e  o f C o n s titu e n ts  on M a ch in in g

So f a r  p ro m in en ce  h as b een  g iv en  to  th e  com
b in ed  ca rb o n  c o n te n t, as a p a r t  from  th e  g ra p h ite , 
which gives to  c a s t  iro n  i ts  u n iq u e  c h arac te r, 
th is  c o n s t itu e n t  is by f a r  th e  m ost im p o rta n t 
in g re d ie n t.  M an g an ese  a n d  su lp h u r  have  little  
o r  no d ire c t  in fluence . T hese  e lem en ts, along 
w ith  silicon, w hich  is of course  v ery  p o te n t in 
th is  re sp ec t, e x e r t  s u b s ta n t ia l  c o n tro l of m achin
a b ili ty  on ly  in  so f a r  as th e y  a lte r  th e  fo rm  of 
th e  c a rb o n  in  th e  iro n . I n  co n sid e rin g  these 
chem ica l fa c to rs , i t  m u s t n o t  be overlooked, how
ev er, t h a t  th e  m a c h in a b ili ty  of c a s t iro n  is 
d e te rm in e d  n o t on ly  by i ts  ab rasiv en ess b u t  also 
by i ts  s tre n g th ,  because  a  s tro n g  iro n  presses 
th e  c h ip  a g a in s t  th e  c u t t in g  fa c e  of th e  tool 
m ore  heav ily  th a n  does a  w eak iro n  a n d  th e re 
fo re  in ten sifies  b o th  a b ra s io n  an d  h ea tin g . 
A lte ra tio n s  in  com bined  c a rb o n  c o n te n t up  to 
0.90 p e r  cen t, a ffec t th e  te n s ile  s t re n g th , as has 
a lre a d y  been n o ted  in  co n n ec tio n  w ith  an n ea lin g .

P h o sp h o ru s  e x is tin g  e ith e r  in  so lu tio n  or as 
th e  ph o sp h id e  e u te c tic  a p p e a rs  to  have  little  
d ire c t  ab ras iv e  e ffect w ith in  th e  l im its  usually 
found- in  co m m erc ia l iro n s  b u t  in c re a s in g  the 
am o u n t of th e  e lem en t, say  fro m  0.20 p e r cent, 
u p  to  0.90 o r 1.00 p e r  c e n t.,  causes a  consider
ab le  loss in  te n s ile  s t r e n g th  a n d  th e  overall 
m ac h in in g  q u a li ty  is d e fin ite ly  im p ro v ed . In  a 
la rg e  m ach in e  shop, w h en  c h a n g in g  over to 
lower p h o sp h o ru s a n d  s tro n g e r  iro n s, slower 
m ac h in in g  speeds on p la n in g  h a d  to  be adopted . 
I t  is th e  a u th o r ’s ex p erien ce  t h a t  th e  im portance  
of phosp h o ru s , fro m  th e  p o in t of view  of the 
m ac h in in g  of g re y  c a s t  iro n , lies in  i ts  effect 
upon  te n s ile  s t r e n g th ,  th e  e le m en t m ak in g  the  
m e ta l w e ak e r a n d  m ore  fr ia b le .

I t  is  easy  fo r  confu sio n  to  a r ise  w hen  con
sid e r in g  th e  m ac h in in g  q u a lity  of c a s t  iro n , as 
one is d e a lin g  w ith  a  com plex o p e ra tio n  on a 
com plex su b je c t, b u t  th e  conclusions em erge  th a t,  
in  a  m a jo r  sense, com bined c a rb o n  a n d  tensile  
s t re n g th  a re  th e  tw o  fa c to rs  w hich ra d ic a lly  con
tro l  th e  speed of m e ta l rem o v a l fo r  a  g iven  tool 
life . T h is  co n cep tio n  sim plifies th e  p roblem , as 
th e  a c tio n  of o th e r  v a r ia n ts ,  b o th  chem ical and 
physical, c an  be estab lish ed  by th e i r  effect upon 
th ese  tw o  fa c to rs . T h is  in te r p r e ta t io n  is in 



ten d ed  to  in c lu d e  a d d itio n s  of such alloys as 
n ickel, ch rom ium  an d  m olybdenum , as well as 
physical ch an g es p ro duced  by m e ltin g  a n d  c a s t
ing co n d itio n s. T h ere  is possibly a n  ex cep tio n  in  
th e  case of a u s te n it ic  c a s t iro n s, w hich fo rm  a 
class a p a r t .

In  c o n sid e rin g  m ac h in in g  q u a lity  i t  w ill be 
ap p rec ia ted  t h a t  ab ras io n  an d  h e a tin g  of th e  
tool go h a n d  in  h a n d . T hus a c a s tin g  in a d v e r
ten tly  p ro duced  in  too  h a rd  a  g ra d e  of m eta l 
will n o t only  w ear th e  c u tt in g  edges in ten siv e ly , 
bu t th e  chips w ill com e aw ay so h o t t h a t  th ey  
oxidise on th e  su rface  to  b row n and  p u rp le  t in ts ,  
instead  of re m a in in g  grey , as w ith  an  iro n  of 
norm al m ach in in g  q u a lity .

F o u n d ry  In fluences
The survey  deals so f a r  w ith  th e  p ro p e rtie s  of 

th e  m eta l its e lf , bub a c tu a l c a s tin g s  a re  f re 
quen tly  very  ab rasiv e , d ue  to  a d h e rin g  san d  and  
oxide on th e  su rfa ce  a n d  to  “  cold sh o t ”  in  th e  
.form  of very  h a rd  p e lle ts  o f w h ite  o a s t iro n  ju s t  
u nder th e  sk in . F in s  o r  “  flashes ”  a t  core 
p rin ts  and jo in ts  in  th e  m ould  m ay  s tr ik e  a  chill 
back in to  th e  ca s tin g , a n d  th e  use of denseners, 
unless care fu lly  a rra n g e d , w ill p ro duce  locally- 
chilled corners o r a rea s  on  th e  cas tin g s . I t  is 
c lear t h a t  efficient fe tt l in g ,  w h e th er by sh o t-b las t
ing, tu m b lin g  o r p ick lin g , has an  im p o r ta n t 
bearing on m ac h in ab ility , b u t  th is  process c an n o t 
remove all th e  ab rasiv en ess from  th e  sk in , and  
the p ractice  in  th e  w orkshop is, th e re fo re , to  
take  a  deep c u t  an d  so g e t  well u n d e r  th e  
harm fu l layer. W ith  o rd in a ry  h igh -speed  steel 
tools, th e  b lu n tin g  effect of th e  c a s tin g  sk in  is 
very no ticeab le, b u t  th e  c a rb id e  tools a re  m uch 
more re s is ta n t, so t h a t  w hen fo u n d ry  co n sid era 
tions pe rm it, m ach in in g  allow ances can  be  re 
duced. These tools a re  also in v a lu a b le  fo r  d ea l
ing w ith  cas tin g s such as those m en tio n ed  above, 
which a re  chilled  in  p laces o r a re  g en era lly  too 
hard , and  which c re a te  g re a t  d ifficu lties fo r th e  
older ty p es of tool.

Reasons fo r  D ry  M a ch in in g
C ast iro n  is p ecu lia r  fro m  th e  m ac h in in g  p o in t 

of view because of th e  d u s ty  n a tu re  of th e  sw arf, 
which ren d ers  th e  use  of c u tt in g  flu ids well n ig h  
impossible. S tr a ig h t  oils qu ick ly  become loaded 
w ith  th e  finer p a rtic le s  an d  soluble oil em ulsions 
te n d  to  cause corrosion  w ith  th e  sw arf  a n d  form  
h ard  m asses w hich co llect on  th e  m ach ine  and  
choke up th e  ta n k s  an d  d e liv e ry  p ipes. A n o th e r 
p o in t which affects m an y  m e ta ls  is  t h a t  c u tt in g  
speeds w ith  ca rb id e  tools a re  f req u e n tly  very  
high, so t h a t  th e  fluid is sc a tte re d  v io len tly  by 
th e  c e n tr ifu g a l ac tio n  of th e  w ork  in  th e  chuck. 
Fo r fin ish ing  c u ts  w here  h e a tin g  of th e  w ork 
in te rfe re s  w ith  th e  accu racy  of th e  final d im en 
sions, th e re  w ould be an  a d v a n ta g e  in  p ro v id in g  
a cooling flu id , b u t  m ach in e  tools b u ilt  fo r

g en era l use  m ak e  no  su itab le  p rov ision  fo r th e  
e lim in a tio n  of th e  sw arf from  th e  liqu id . On th is  
acco u n t an d  because in  m ost cases th e re  is a 
f u r th e r  fin ish ing  o p e ra tio n  such as g r in d in g , th e  
tu rn in g , m illin g , d r illin g  an d  p lan in g  of c a s t iron  
a re  a lm o st in v a riab ly  done d ry .

The ab rasiveness of s tro n g  u n a n n ea le d  cas t 
irons is f req u e n tly  n o ticed  w hen ta p p in g , screw
in g  or fo rm in g ; w ith  d ry  c u tt in g  th e  fine edge 
ten d s  to  d u ll an d  a  la rd  oil or a  h ig h  g ra d e  of 
b lended  f a t ty  oil is o f ten  fo u n d  ad v an tag eo u s, 
th e  liq u id  b e in g  b ru sh ed  on in  sm all q u a n tit ie s . 
T ap s a re  o f te n  m ade  of specia l ca rb o n  stee l an d  
th e  d ies o r  fo rm  tools of h igh-speed  steel, as h a rd  
carb id e  in se r ts  of in tr ic a te  design  a re  expensive, 
an d  in  th e  case of th re a d s  would be liab le  to  
b reak ag e .

I t  h as  been show n t h a t  g rey  c a s t iro n  is a 
m e ta l w hich is  co m p ara tiv e ly  low in  ten s ile  
s t re n g th , w hich possesses no  d u c til ity  a n d  which 
consequently  b reak s w ith  a sh o rt ch ip . N ev er
theless, i t  is h igh ly  ab rasiv e , d u e  to  sk in  con
d itio n s , an d  th e  com bined carbon  n o rm ally  p re 
sen t. As cas tin g s, th is  m e ta l is, m oreover, sub
je c t  to  occasional san d  inclusions a n d  chilled 
spo ts a n d  is m ach in ed  d ry , so t h a t  th e  tool is 
n o t a id ed  by th e  cooling an d  lu b r ic a tin g  action  
of a  c u tt in g  flu id . A com bina tion  of h e a t  and  
ab rasio n  is th e  d e s tru c tiv e  influence which has 
to  be  co u n te red , an d  as ca rb id e  tools hav e  proved 
em in en tly  successful fo r a ll ty p es of c u ts  on cas t 
iro n , i t  m ay  be of in te re s t  to  look fo r those  
fe a tu re s  w hich  h a v e  c o n tr ib u te d  to  th is  success.

S in te re d  Tools
The s in te re d  h a rd  carb ides possess a  ten s ile  

s tre n g th  of ab o u t 70 to n s p e r  sq. in ., w hich is 
fu lly  equal to  th e  figure  fo r S te llite , b u t  is only 
h a lf  th a t  fo r h a rd en e d  h igh-speed  steels. The 
cold h a rd n ess , how ever, w hich ran g es from  1,320 
to  1,545 V ick ers p y ram id a l n u m era l, is in fin ite ly  
su p e rio r  to  t h a t  of e ith e r  r iv a l. E v en  m ore 
s tr ik in g  is  th e  fa c t  t h a t  a t  a  du ll re d  h e a t 
(600 deg. C .) th e  h a rd n ess is s t i ll  m uch  g re a te r  
th a n  t h a t  of th e  o th e r  m a te ria ls  w hen d e te r 
m in ed  in  th e  cold sta te .  The a u th o r  has m ade 
h a rd n ess te s ts  a t  600 deg. C. u sin g  a Rockwell 
m ach ine  w ith  a  d iam ond  cone in d e n te r  u n d e r 
60 kg. load  an d  fo u n d  by conversion th a t  h ig h 
speed steels v a r ie d  in  V ickers h a rd n ess a t  th is  
te m p e ra tu re  from  a p p ro x im a te ly  535 fo r a  14 
p er cen t, tu n g s te n  steel up  to  640 fo r an  11 p er 
cen t, cobalt h igh-speed  steel, while S te llite  gave 
a va lue  of 620. S in te re d  tu n g s te n  carb ide , 
how ever, m a in ta in e d  a  h a rd n ess e q u iv a len t to  
970 V ickers p y ra m id a l n u m era l a t  600 deg. C. 
I t  is a b u n d a n tly  c lear th a t  th is  re te n tio n  of 
h a rd n ess , w hich a t  no rm al c u tt in g  h e a ts  on 
c a s t iro n  m u s t he well over 1,100 V ickers p y ra 
m id a l n u m era l, ren d ers  th is  tool m a te r ia l  em i

n e n tly  su itab le  fo r  th e  d ry -m ach in in g  of iro n



c as tin g s  an d  acco u n ts  fo r th e  h ig h  c u tt in g  speeds 
w hich  a re  m a in ta in e d  fo r long  p e rio d s w ith o u t 
r e g r in d in g . T he h a rd  c a rb id es  a p p e a r  n o t to  
b en efit fro m  th e  a p p lic a tio n  of a  c u tt in g  flu id , 
an d  th e i r  use  on c a s t  iro n  is th e re fo re  p ecu lia rly  
f i tt in g .

R eactio ns on M a c h in e -T o o l D esign
T he c o m p a ra tiv e  f r a g i l i ty  of th e  s in te re d  h a rd  

c a rb id e  tools a n d  th e  trem en d o u s  speeds neces
s i ta te d  by  th e i r  u n iq u e  c u tt in g  pow ers c re a te d  a 
consid erab le  re v o lu tio n  in  m ach in e-to o l design . 
T o-day c o n s tru c tio n  a im s a t  g re a te r  r ig id i ty  in 
all p a r ts  com ing  u n d e r  th e  re a c tiv e  stresses of 
c u t t in g ,  a n d  a t  h ig h e r  sp in d le  speeds w ith  
am ple  d r iv in g  pow er a n d  d im in ish ed  v ib ra tio n . 
T he m ach in e  beds of g rey  c a s t iro n  a re  sk il
fu lly  b ra ce d  a g a in s t  tw is tin g  a n d  b en d in g  
s tresses, a n d  th e  tools them selves a re  firm ly held  
so as to  m in im ise  an y  y ie ld in g  u n d e r  th e  forces 
of c u tt in g .  H a rd e n e d  an d  g ro u n d  h ig h -ten sile  
alloy  steels rep lace  o lder a n d  so f te r  m a te ria ls  
fo r lieadstock  gears , so t h a t  th e  in creased  p itch - 
l in e  veloc ities m ay  be su s ta in ed  fo r  long  pe rio d s 
w ith  s i le n t  ru n n in g . R o lle r a n d  ba ll b e a rin g s  
rep lace  w h ite -m eta l a n d  phosphor-b ronze  fo r 
m an y  ap p lic a tio n s , an d  lu b r ic a tio n  system s have  
been im p ro v ed  by p ro v id in g  a u to m a tic  pum p 
f i lt ra tio n  of th e  o il a lo n g  w ith  s ig h t feeds.

T he d r iv in g  pow er is m ost f re q u e n tly  a  self- 
c o n ta in ed  e le c tr ic  m o to r of from  tw o to  th re e  
tim es th e  horse-pow er fo u n d  in  o ld er m achines 
of th e  sam e d im en sio n a l c a p a c i ty ; th is  is neces
sa ry  to  p ro v id e  th e  s te ad y  feed  a n d  absence of 
a n y  ten d e n cy  to  s ta ll in g  o r h e s ita n cy  u n d e r  c u t, 
w hich  is a f re q u e n t cause  of b re ak a g e  w ith  c a r 
b id e  tools. T he m ach ines a re  expressly  b u i l t  to  
w ith s ta n d  th e  g ru e llin g  ac tio n  of m o d ern  h ig h 
speed c u tt in g  a n d  a re  necessa ry  if  th e  fu ll 
a d v a n ta g e s  of r a p id  p ro d u c tio n  a n d  econom y 
av a ilab le  w ith  carb id e  tools a re  to  be a tta in e d . 
I t  is im p o r ta n t  to  n o te  t h a t  th ese  m ach ines p e r 
m it  in creased  r a te s  of m e ta l rem oval even w ith  
h igh-speed  steel too ls o r S te ll i te , d ue  to  then- 
g re a te r  m echan ical s ta b il i ty  a n d  pow er. W ith  
c a s t  iro n , w hich does n o t dem an d  th e  h ig h es t 
speeds, th e  o ld er m ach ines a re  capab le  of im 
p roved  service  w ith  c a rb id e  tools ow ing to  th e  
m uch lo n g er life  be tw een  g r in d s  a n d  th e  b e tte r  
s iz in g  of th e  w o rk -p a rts , w hich re su lts  from  th e  
slow er d e te r io ra t io n  of th e  c u tt in g  edge.

T he la rg e  d ifferences e x is tin g  in  th e  q u a lity  
a n d  c a p a c ity  of m ach in e  too ls, on a cco u n t of 
age o r m ake , re n d e r  i t  d ifficult to  g ive  p recise  
c u t t in g  speeds, b u t  200 to  250 f t .  p e r  m in . m ay  
be ta k e n  as a v erag e  m achine-shop  p ra c tic e  fo r 
tu r n in g  g rey  cas t iro n  w ith  c a rb id e  to o ls ; th is  
com pares w ith  140 f t .  pe r m in . fo r S te ll i te  and  
70 f t .  p e r  m in u te  fo r  18 p e r  cen t, tu n g s te n  n igh - 
speed s teel, a ll th e  c u ts  b e in g  ta k e n  d ry . The 
in tro d u c tio n  of carb id e  tools has p e rm itte d  a

re d u c tio n  in  p iecew ork ra te s  of 30 p e r  cen t, in 
m an y  cases, w hile a t  th e  sam e tim e  in creasing  
th e  e a rn in g  pow er of th e  o p e ra to r . On m achine 
tools em bodying  th e  la te s t  c o n s tru c tio n  an d  de
sign , s t i ll  h ig h e r  speeds a re  a tta in a b le  w ith 
g re a te r  s a v in g s ; i t  is in te re s t in g  to  no te  th a t  
c a rb id e  t ip s  a re  re g u la r ly  te s te d  by tu r n in g  grey 
c a s t  iro n  a t  700 f t .  p e r  m in . on  a  m odern  lathe  
of h eav y  c o n s tru c tio n  a n d  pow er, th e  feed being 
37 c u ts  p e r  in . a n d  th e  d e p th  of c u t  0.150 in.

N a tu re  o f N e w e r  M a te r ia ls
I t  is well know n t h a t  th e  new  su p e r-cu ttin g  

m a te r ia ls  co n sis t of m in u te  p a rtic le s  of in tensely  
h a rd  m eta l c a rb id e , w hich a re  cem en ted  to g e th e r 
w ith  c o b a lt by  a  final s in te r in g  process in  the  
n e ig h b o u rh o o d  of 1,500 deg. C. T u n g sten  car
b ide, w hich is be lieved  to  h av e  th e  b e s t all-round 
p ro p e rtie s , is th e  u n iv e rsa l choice fo r  m achining 
c a s t iro n , b u t  o n  steel w here  th e  co n d itio n s are 
very  e x a c tin g  du e  to  th e  s tro n g  co n tin u o u s chip, 
w hich  te n d s  to  “  c r a te r  ”  th e  to p  face  of the 
too l, ta n ta lu m , t i t a n iu m  a n d  m olybdenum  car
bides a re  also u sed . T he h a rd  ca rb id e  m ate ria ls  
a re , of course, u n fo rg ea b le , so t h a t  th e  cu ttin g  
t ip s  h av e  to  be g iv en  th e i r  final shape d u ring  
m a n u fa c tu re , a n  a llow ance only  b e in g  m ade for 
g r in d in g  a n d  b u rn ish in g  o r la p p in g  operations, 
w hich a re  co n d u cted  a f te r  b ra z in g  on to  a  steel 
sh an k . T he m a te r ia l  its e lf  is expensive , so th a t  
m an y  d esig n s of t ip  a re  m ad e , in  o rd e r to  con
fo rm  as closely as possible to  th e  final desired 
shape.

V ario u s  g ra d es  of co m position  of th e  t ip s  arc 
also necessary , th e  h a rd e s t  g ra d e  fo r  fine boring 
o r l ig h t  c u tt in g  on h a rd  c a s t iro n  or chilled 
iro n  ro lls b e in g  low in  c o b a lt a n d  composed of 
especially  fine tu n g s te n -c a rb id e  p a r t ic le s ; such 
t ip s  g ive a V ick ers  p y ra m id a l n u m era l of fully 
1545.

A g ra d e  fo r  g e n e ra l w ork  on c a s t iro n  re ta in s  
th e  fineness in  th e  c o n s t itu e n t  pow der, b u t has 
e x tr a  c o b a lt to  cem en t th e  g ra in s  m ore firmly 
to g e th e r. T h is g ra d e  is m ore  serv iceab le  than  
th e  p rev io u s one u n d e r  av e ra g e  m ach in in g  condi
tio n s  in v o lv in g  heav y  c u ts  a n d  feeds. The addi
tio n a l  co b alt, w hich  is even ly  d is tr ib u te d  between 
th e  h a rd  c a rb id e  g ra in s , red u ces th e  in d en ta tio n  
h a rd n ess  s lig h tly , so t h a t  th e  V ick ers  pyram idal 
n u m era l fa lls  to  a b o u t 1478. F o r  p lan in g  or for 
i n te r m i t t e n t  c u tt in g  on g rey  c a s t  iro n , a softer 
a n d  to u g h e r  g ra d e  is av a ilab le , w hich  has coarser 
p a r tic le s  of tu n g s te n  c a rb id e  a n d  a la rg e r  pro
p o rtio n  of co b alt. T he av e ra g e  V ick ers pyra
m id a l n u m era l fo r th is  g ra d e  is 1372. I t  m ay be 
m en tio n ed  t h a t  w ith  u p -to -d a te  m ach in e  tools, 
in te r m it t e n t  c u tt in g  on g rev  c a s t  iro n  in now a 
ro u tin e  o p e ra tio n .

T here  seems l i t t le  need to  d e ta il th e  m ethods 
em ployed in tip p ed -to o l m an u fac tu re , as these 
are  a lre ad y  well know n and  as fu ll inform ation



is read ily  su p p lied  w hen re q u ire d  by th e  v a rio u s 
firms m a rk e tin g  th e  h a rd  carb id e  p ro ducts . 
A lfred H e rb e r t ,  L im ite d , have  fo u n d  a  silicon 
brass to  be v ery  successful as th e  b ra z in g  m edium  
for fa s te n in g  th e  t ip  on to  th e  se a tin g  m illed 
in to  th e  carb o n  steel sh an k . T he p rocedure , 
which is sim ple to  c a rry  o u t, has been  s ta n d a rd 
ised fo r a n u m b er of y ears  a n d  b ra z in g  tro u b le s 
are p rac tica lly  u nknow n. I t  is im p o r ta n t  th a t  
the  shank  itse lf  should  be of am ple  d im ensions, 
in o rder to  su p p o r t effectively  th e  som ew hat 
b rittle  t ip  an d  to  d am p  down c u tt in g  v ib ra tio n s . 
Special silicon-carb ide an d  d iam o n d  wheels have 
been developed, so t h a t  th e  fine, sm ooth c u tt in g  
edge, which is so e ssen tia l fo r  th e  m axim um  
c u ttin g  efficiency of th e  t ip ,  can  be quickly  
produced. I f  care  be n o t ta k e n  a ro u g h  crum bled  
edge is form ed w hich quick ly  fa ils  in  use.

A ty p ica l la th e  tool fo r w ork on g rey  cas t iron  
will have a to p  ra k e  ang le  of 8 d eg ., a c le a r
ance angle of 6' deg ., a n d  w ill be cap ab le  of 
su s ta in ing  feeds as coarse as 25 cu ts  p e r in . 
W ith  th e  h a rd e s t g ra d e  of carb id e  t ip ,  a 
s tronger tool an g le  is o b ta in ed  by u s in g  0 deg. 
top rak e  along w ith  a  c learan ce  an g le  of 4 deg. 
Such a tool will m ach in e  w h ite  c a s t  iro n  a t  be
tween 10 an d  30 f t .  p e r  m in ., w ith  a feed  of 
100 to  250 cu ts p e r  in . an d  a  d e p th  of c u t  up  
to in.

A dvantages Show n
The a d v an tag es  of s in te re d  tu n g s ten -c a rb id e  

tools for cast iron  m ay be sum m arised  as follow :
(1) C u ttin g  speeds a re  from  th re e  to  five 

tim es g re a te r  th a n  w ith  th e  b est h igh-speed 
steels.

(2) The ab rasiv e  ac tion  of san d  an d  scale is 
much b e tte r  re s is ted  th a n  w ith  h igh-speed 
steel, an d , w hen fo u n d ry  co n sid era tio n s p e r
m it, th e  m ach in in g  allow ances on cas tin g s  can  
be reduced.

(3) A t m o d era te  c u tt in g  speeds w hich  do n o t 
overhea t th e  w ork, th e  siz in g  of p a r ts  is 
g rea tly  im proved ow ing to  th e  w ear re sis tan ce  
of th e  tools, an d  in  some cases g r in d in g  can  
be e lim inated .

(4) H a rd e r  and  s tro n g e r g rey  c a s t iro n s can 
be efficiently and  econom ically  d e a lt  w ith  in 
th e  m achine shop, so t h a t  th e  fo u n d ry  can 
w ith confidence p u t  in  th e  b est q u a lity  of p ro 
duct, know ing  t h a t  p a tch es in a d v e r te n tly  
chilled will be m ach ined . T here  is less te m p 
ta tio n  to  an n ea l g rey  iro n  cas tin g s.

(5) W h ite  iro n  cas tin g s a re  d e a lt  w ith  
which were p rev iously  u n m ach in ab le  or could 
only be c u t w ith  g re a t  difficulty.

(6) D ue to  th e  h ig h e r  c u tt in g  speeds an d  
g re a te r  life  of th e  tools, p iecew ork ra te s  can  
often  be red u ced  by 30 p e r cen t, o r m ore, 
while p e rm it tin g  la rg e r  e a rn in g s  by  th e  
o p e ra to r.

A ckn o w led g m e n ts
In  conclusion , th e  a u th o r  would like  to  ex

press his a p p re c ia tio n  an d  th a n k s  to  th e  d irec 
to rs  of A lfred  H e rb e r t ,  L im ited , m achine-tool 
m ak ers , of C ov en try , fo r perm ission  to  publish  
th e  P a p e r , an d  to  th e  B ritish  T hom son-H ouston  
C om pany, L im ited , of R u gby , fo r in fo rm a tio n  
re la tiv e  to  th e  m a n u fa c tu re  of “  A rdoloy ”  h a rd  
carb id e  tip s .

D IS C U S S IO N
M r . P . A. R u s s e l l , B . S c . (L eiceste r), opened 

th e  discussion by ask in g  if  M r. B eeny could give 
any  recom m ended m ethod  fo r  o b ta in in g  th e  com
p a ra tiv e  m ac h in ab ility  of v a rious g rad es of cast 
iron . W h a t system  would be recom m ended P H e 
d id  n o t ag ree  t h a t  ten s ile  s tre n g th  was one of th e  
m a jo r  fa c to rs  in  m ach in ab ility . The p rim e fa c to r  
was g ra p h ite  size an d  a rra n g e m e n t. H igh- 
ten s ile  cas tin g s low in phosphorus would m achine 
q u ite  freely .

F o u n d ry m en  m u st be g ra te fu l  to  th e  m an u 
fa c tu re rs  fo r th e  in tro d u c tio n  of th e  m odern  
tools, fo r th ey  would enab le  th em  to  save a 
n u m b er of cas tin g s w hich would o therw ise  be 
th ro w n  ou t.

M r . W . S m i t h  supp lem en ted  th e  question  
asked by M r. R ussell w ith  a n  in q u iry  as to  
w h e th er th e re  w ere n o t o th e r  fac to rs , such as 
com bined carbon , w hich w ere of m ore im p o rtan ce  
th a n  ten s ile  s tre n g th . I t  was know n t h a t  some 
low -phosphorus cas t irons of 25 to n s ten s ile  
s tre n g th  an d  over could be m ach ined  as read ily  
as o th e r g rey  cas t irons, which m ig h t only have 
12 to  14 tons ten s ile  s tre n g th .

C u tt in g  Speeds and S tre n g th
M r. F . J .  C o o k  (P a s t-P re s id e n t of th e  In s t i 

tu te )  ag reed  w ith  th e  a u th o r  t h a t  th e  s tre n g th  
w as of v i ta l  im p o rtan ce  to  th e  c u tt in g  speed. In  
ta k in g  h a rd n ess by th e  d r ill  m ethod , one could 
a lm ost p re p a re  a c h a r t  w hich would give ten s ile  
s tre n g th  an d  resis tan ce  to  w ear. T here  was, he 
th o u g h t, m uch  m ore in  th e  fa c t t h a t  s tre n g th  had  
a n  effect on c u tt in g  speed th a n  m an y  people 
im ag in ed .

I f  th ey  took  th e  carbon  over ab o u t 0.9 per 
c en t., i t  was a rem ark ab le  fa c t t h a t  th e  g ra p h ite  
flakes w ould be la rg e r  in  size a n d  few er, an d  one 
could m ach ine  such an  iron  q u ite  easily . Two 
co n d itio n s w ere possible. They could have  a h a rd  
iro n  w hich was re ad ily  m ach inab le, b u t  w ith  the  
o rd in a ry  ty p e  of irons of ab o u t 18 to n s tensile  
s t re n g th , w here all g ra p h ite  was reasonab ly  fine, 
th e  effect on th e  c u tt in g  was g re a te r  by v ir tu e  
of its  in creased  s tre n g th .

M r. B eeny’s Reply
M r. H . H . B e e n y  sa id  t h a t  he  h a d  a m ach ine  in 

th e  la b o ra to ry  fo r co m p u tin g  co m p ara tiv e  m ach i
n a b ility . I t  was a d r ill in g  m ach ine  in  which th e



d r ill  w as g iven  a  c o n s ta n t e n d - th ru s t  by  m eans 
of a  w e ig h t p re ss in g  on th e  hack  of th e  sp in d le . 
A tta c h e d  to  th e  m ach in e  w as a n  a u to g ra p h ic  
re co rd e r  show ing  th e  d e p th  of p e n e tra t io n  
a g a in s t  th e  n u m b er of rev o lu tio n s . T he m ach in e  
h a d  been  used  on a  n u m b er of occasions and  
a p p e a re d  to  lin e  u p  w ith  w orkshop ex p erien ce , 
th e  m ost m ach in ab le  iro n  g iv in g  th e  g re a te s t  
p e n e tra t io n .

To overcom e th e  s lig h t w ear w hich  was liab le  
to  occur even  w ith  th e  la te s t  d r i ll  m a te ria ls , 
sam ples in  each  series w ere d rille d  tw ice , th e  
second te s ts  b e in g  ta k e n  in  th e  rev erse  o rd e r. 
T hus th e  sam ple  d rille d  f irs t  in  th e  f irs t  ru n  
w ould he d rille d  la s t  in  th e  second ru n  a n d  so 
on. B y tak ino ; th e  a v e-ag e  of th e  tw o re su lts  a 
co m p a ra tiv e  m a c h in a b ili ty  figu re  was o b ta in e d , 
w hich  w as n e a r ly  in d e p e n d e n t of too l w ear.

As to  M r. R u sse ll’s c o n te n tio n  t h a t  g ra p h ite  
size a n d  n o t  ten s ile  s tr e n g th  w as th e  im p o r ta n t  
fa c to r , th e  a u th o r  h a d  n o t d e a lt  spec ia lly  w ith  
th e  a c tio n  of th is  e sse n tia l c o n s t itu e n t  in  grey 
c a s t  iro n , because  i ts  fo rm  a n d  a m o u n t d irectly  
affected  th e  ten s ile  s tre n g th .  I t  w ould be seen 
t h a t  th e re  w as no re a l inco n sis ten cy  be tw een  
M r. R u sse ll’s view s a n d  h is own. O th e r th in g s  
be in g  eq ual, in  a  low to ta l-ca rb o n  iro n  th e re  
w as a  h ig h  ten s ile  s tre n g th ,  a n d  th e  m ac h in a 
b ili ty  w as co n sequen tly  d im in ished .

H e  w as g lad  to  h e a r  M r. R ussell say  t h a t  th e  
la te s t  c a rb id e  tools d id  save cas tin g s  w hich  w ere 
o therw ise  u n m ach in ab le , because  t h a t  was in  
lin e  w ith  h is own experien ce . I t  was u se fu l to  
h av e  a ra n g e  of c a rb id e  tools by  one fo r  ju s t  
such occasions.

M r. S m ith  h a d  sa id  he considered  s tre n g th  
was n o t such an  im p o r ta n t  fa c to r , a n d  m en 
tio n e d  th e  ac tio n  of com bined carb o n . The 
a u th o r  ag reed  in  re g a rd  to  th e  p re p o n d e ra tin g  
p o sitio n  of th e  com bined carbon , an d  th is  con
s t i tu e n t  h a d  a lread y  been classified as one of 
th e  tw o m a jo r  fa c to rs  c o n tro llin g  ease of m ac h in 
in g , b u t  he  could n o t ag ree  in  re g a rd  to  th e  
h ig h -ten s ile  low -phosphorus irons, as he h ad  
ex am in ed  a ra n g e  of iro n s from  d iffe re n t sources

w hich  v a r ie d  in  phosp h o ru s fro m  0.12 to  1.58 
p e r  cen t, a n d  in  ten s ile  s t r e n g th  fro m  25 to  11 
to n s p e r  sq. in . T he co n n ec tio n  be tw een  s tre n g th  
a n d  p h o sphorus w as re m a rk a b ly  c o n sis ten t, an  
in c rease  in  p h o sp h o ru s p ro g ressively  low ering 
th e  te n s ile  fig u re . T hese iro n s  gave  an  ease of 
m a c h in a b ili ty  on th e  d r i ll - te s te r  w hich  stead ily  
in c re ased  w ith  th e  d ro p  in  s t re n g th  an d  rise  in 
p h o sphorus.

I t  h a d  to  he a d m itte d , how ever, t h a t  th e  te s t 
d id  n o t ta k e  in to  a cco u n t th e  w ear of th e  c u t
t in g  too l, a n d  he  fe lt  from  h is own experience  
t h a t  w ear w ould be a c c e n tu a te d  w ith  such a h igh 
c o n te n t as 1.58 p e r  cen t. T h is w as why, in  his 
o p in io n , th e  o p tim u m  ra n g e  w as a b o u t 0.80 to
1.00 p e r  cen t, of phosphorus. As to  th e  case of 
a  h ig h  com bined c a rb o n  iro n  w ith  v ery  large  
flakes of g ra p h ite ,  m en tio n ed  by M r. Cook, one 
could assum e t h a t  th e  ten s ile  s t re n g th  would be 
only  q u ite  m o d e ra te  in  view  of th e  la rg e  flakes.

I t  h a d  been  su g g ested  t h a t  m ac h in ab ility  de
p en d ed  on a  n u m b er of fa c to rs  o r in g red ien ts  
n o t  discussed  in  d e ta i l  w hich  m ig h t v a ry ;  th is 
was a d m itte d , b u t  th e  p o in t  w as t h a t  such fac
to rs , w hich  w ould in c lu d e  a llo y in g  e lem en ts, were 
covered  by th e i r  effect u p o n  th e  ten s ile  s tre n g th  
o r com bined  c a rb o n  in  th e  iro n .

L ooked a t  b ro ad ly , th e  com bined  carb o n  was 
th e  m ost im p o r ta n t  v a r ia n t ,  as in  th is  case one 
h ad  n o t only  to  co n sid er g re y  c a s t iro n , h u t  also 
w h ite  c a s t iro n , w hich  m ig h t c o n ta in  as m uch as 
3 p e r cen t, of com bined c a rb o n  a n d  could be 
m ach in ed  on ly  v e ry  slowly.

M r . F . J .  C o o k  re fe r re d  to  th e  te s t  m achine 
described  by M r. B eeny , anc> sa id  i t  was de
s igned  la rg e ly  on th e  ex p erien ce  g a in ed  w ith  a 
s im ila r  m ach in e  d esigned  by h im self ab o u t 40 
y ears ago. One im p o r ta n t  p o in t w as t h a t  th e  
c u t t in g  of a  d r i ll  d ep en d ed  on k e ep in g  th e  po in t 
sh a rp . I t  w ould be fo u n d  ad v an tag e o u s , when 
te s tin g , f irs t of all to  d r ill  a sm all hole which 
would re liev e  th e  p o in t o f th e  t e s t  d r ill  and  gave 
th e  c u tt in g  speeds on  th e  heel of th e  tool.

M r . B e e n y  a g r e e d  t h a t  t h a t  w a s  w h a t  t h e y  
d i d  i n  p r a c t i c e .
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Paper N o. 672

Optimum Blast Volume for Cupola Practice
By Dr.- lng. NICOLAS CZYZEW SKI

I n  1908 P ro f .- In g . G eorges B uzek  published a 
P a p e r f  in  w hich he  show ed t h a t  w hen a  cupo la  is 
op era ted  on  good fo u n d ry  coke, th e  o p tim u m  
volume of b la s t should  be 100 cub. m. p e r m in ., 
on th e  basis of th e  p rin c ip le  t h a t  th e  space 
betw een th e  p ieces of coke is 40 p er cen t, an d  
th e  velocity  of th e  gases passin g  th ro u g h  th e  
cupola should be eq u al to  100 f t .  p e r  sec.

In  th e  p re se n t P a p e r  i t  is  in te n d e d  to  show, on 
th e  basis of q u ite  d iffe ren t co n sid era tio n s from  
those of P ro f. B uzek , t h a t  by  em ploying  a good 
foundry  coke in  a q u a n ti ty  of 9 to  11 p e r cen t, 
and a norm al c h arg e  of m e ta l, th e  o p tim u m  
volume of th e  b la s t should  be a b o u t 100 cub. m. 
per sq. m. p er m in ., as d e m o n s tra ted  by P ro f. 
Buzek.

If , on th e  c o n tra ry , th e  w o rk in g  co n d itio n s of 
th e  cupola, th e  use of a  coke of n o t such  good 
quality , th e  necessity  fo r a ve ry  h ig h  te m p e ra 
tu re  fo r su p e rh ea tin g  th e  iro n , h igh  te m p e ra tu re  
of th e  com bustion  gases leav in g  th e  cupola, e tc ., 
differ from  th e  no rm al cond itio n s, th e  o p tim u m  
volume of b la s t w ill be som ew hat d iffe ren t an d  
will depend upon  a series of fa c to rs  a ffec tin g  th e  
operation  of th e  cupola .

No d e ta ils  of th e  e s tab lish m en t of formulae 
indispensable fo r c a lcu la tin g  th e  o p tim u m  
volume of th e  b las t w ill be g iven , b u t 
th e  p rin c ip a l fo rm u la , to g e th e r  w ith  th e  re su lts  
of in v es tig a tio n s m ade by th e  a u th o r  on cupolas, 
will be o u tlin ed . These re su lts  confirm  th e  com
plete ag reem en t of th e  th e o re tic a l co n sid era tio n s 
w ith th e  p ra c tic a l re su lts .

E q u a tio n  (1) shows th e  re la tio n sh ip  betw een 
th e  h e a t fo rm ed  by th e  com bustion  of th e  coke 
and p a r t  of th e  ch arg e  of m eta l (S i, C, M n, F e), 
and th e  h e a t absorbed in  re m e ltin g  th e  m eta l, 
su p e rh ea tin g  th e  iro n , an d  in  losses.

K . U (1 — Sr. 0.67) +  Q„ : +  Q> +

ST th e  co m b u stib ility  of th e  coke—th e  
ra tio  of th e  coke b u rn t  to  CO to  
th e  to ta l  q u a n ti ty  of th e  coke b u rn t  
to  0 0 2 — CO;

0.67 th e  loss of h e a t  due to  th e  com bustion  
to  C O ;

Qm th e  q u a n ti ty  of h e a t lib e ra te d  by th e
com bustion  of th e  c o n s titu e n ts  of
th e  ch arg e  of m e ta l, in  c a ls . ;

Q, th e  h e a t  absorbed in  m eltin g  and
su p e rh e a tin g  100 k ilo g ram s of th e  
ch arg e  of m e ta l, in  cals. ;

Qs th e  physical h e a t  co n ta in ed  in  th e
b u r n t  gases in  c a ls . ;

Qi th e  o th e r  losses—h e a tin g  th e  cupola, 
h e a t  absorbed in  m eltin g  th e  slag, 
r a d ia tio n  losses, h e a t  absorbed in 
decom posing th e  lim estone, e tc ., in  
cals.

D e n o tin g  by Q th e  sum  of Q., Qs and  Q, and  
s u b s ti tu tin g  th is  in  E q u a tio n  (1), th e  re la tio n sh ip  
betw een th e  consum ption  of coke and  th e  q u a n 
t i ty  of h e a t  lib e ra te d  an d  absorbed in  th e  cupola 
is o b ta in e d : —

K  = -----—-----— ----  kilograms . .  (2)
U (1 -  Sr 0 .67) S '

I t  is know n th a t  th e  m axim um  h e a t  losses a re  
due to  th e  physical h e a t  c a rried  aw ay by th e  f u r 
n ace  gases an d  to  th e  incom plete  com bustion  of 
th e  c o k e ; th e  o th e r  h e a t  values fo r a given cupola 
f lu c tu a te  w ith in  re la tiv e ly  in ap p rec iab le  lim its.
T a b l e  I .— Coke Consumption per 100 kilograms of Metal 
Charge Expressed as a Function of the Combustibility of the 

Coke.

(1)
where K  den o tes th e  to ta l  q u a n ti ty  of coke con

sum ed p er 100 k ilo g ram s of charge  
'  of m e ta l in  k ilo g ram s;

U th e  calorific v a lu e  of th e  coke in  c a ls . ;

• P resen ted  on b e h a lf  o f  th e  S tow arzyszenie Techniczne 
O dlewników Polskich .

t  “ P rzegląd  G órn iczo-H utn iczy ,”  1908, p. 338, and  “  S tahl 
und E ise n ,”  1910, p. 354.

S r

Qs
0 . 7 0 . 6 0 . 5 0 . 4 0 . 3 0 . 2

13,000 1 4 . 6 1 3 . 0 1 1 . 7 1 0 . 6 9 . 7 9 . 0
18 ,000 1 6 . 0 1 4 . 2 1 2 . 7 1 1 . 6 1 0 . 6 9 . 8
2 3 ,0 0 0 1 7 . 3 1 6 . 3 1 3 . 8 1 2 . 5 1 1 . 0 1 0 . 6
2 8 ,0 0 0 1 8 . 6 1 6 . 5 1 4 . 9 1 3 . 5 1 2 . 4 1 1 . 4
3 3 ,0 0 0 2 0 . 0 1 7 . 7 1 6 . 0 1 4 . 5 1 3 . 3 1 2 . 3
3 5 ,0 0 0 2 0 . 2 1 8 .2 1 6 . 4 1 5 . 3 1 4 . 0 1 2 . 9

T able  I  gives th e  coke consum ption  fo r 100 
k ilog ram s of th e  m eta l ch arg e  as a fu n c tio n  of 
th e  co m b u stib ility  of th e  coke (S,.) w hich m ay 
f lu c tu a te  w ith in  th e  lim its  0.20 to  0.70 fo r th e
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co m bustion  of coke in  th e  cu po la , a n d  also of th e  
q u a n ti ty  of physical h e a t  c a r r ie d  aw ay  by th e  
fu rn a c e  gases. T h is q u a n ti ty  of h e a t  v a r ie s  be 
tw een  15,000 a n d  35,000 cals. p e r 100 k ilo g ram s 
of m e ta l c h a rg e  a n d  d ep en d s chiefly  u p o n  th e  
c o n s tru c tio n  of th e  cupola , th e  q u a li ty  a n d  con
su m p tio n  of th e  coke, th e  volum e of th e  b la s t  and  
th e  size of th e  p ieces of th e  ch arg e  of m e ta l. 
T he v a lu es g iv en  in  T able  I  hav e  been e s ta b 
lished  fo r th e  fo llow ing d a ta  : —

Q m =  4,000 cals.
Q2 =  33,000 cals.
Q, =  12,300 cals.
Q:g =  13,000 to  35,000 cals.
U  =  7,000 cals.

S u b s ti tu tin g  th ese  v a lu es in  E q u a tio n  (2), i t  
g iv e s : —

33,000 +  123,000 +  Qs -  4,000
K

7,000 (1 -  S , . 0.67)
41,300 +  Qs

7,000 (1 — Sr .0 .67 ) 
F ro m  th e  figures show n in  T able  I ,  i t  w ill be 

seen  t h a t  th e  co n su m p tio n  of th e  ch arg e  coke, in 
acco rdance  w ith  th e  q u a lity  of th e  coke a n d  w ith  
th e  th e rm a l co n d itio n s of th e  o p e ra tio n  o f th e  
cu po la , v a rie s  fo r  a coke of low c o m b u s tib ility  in  
la rg e  pieces w ith in  th e  lim its  of 9 to  13 p e r  cen t, 
a n d  fo r  th e  sam e coke, in  consequence o f a h igh  
co m b u s tib ility , in  th e  lim its  of 14.6 to  20 per 
cen t.

A ssum ing  t h a t  in  th e  com bustion  zone th e  coke 
is b u r n t  com plete ly  to  C 0 2 in  th e  t im e  z in  
m in u te s  n ecessary  fo r  m e ltin g  a  c h arg e  o f m e ta l 
h e a te d  to  th e  m eltin g  p o in t, th e  q u a n ti ty  of coke 
b u rn t  should  be— :

77 . D 2 . P  . 2
Gj =  ---------------  kilograms . .

4p
w here G, is th e  q u a n ti ty  o f coke b u r n t  in  th e  

t im e  re q u ire d  fo r  m e ltin g  a ch arg e  
o f m e ta l in  k i lo g ra m s ; 

z th e  t im e  n ecessary  fo r  m e ltin g  a  ch arg e  
of m e ta l in  m in u te s ;  

p  th e  q u a n ti ty  of a i r  necessa ry  fo r b u rn 
in g  a k ilo g ram  of coke w ith  th e  
th e o re tic a l q u a n ti ty  of a ir ,  in  cubic 
m e t r e s ;

P  th e  volum e of a ir  in  cubic m etres  p e r 
sq u a re  m e tre  of cross-section  of th e  
cu p o la  p e r  m in u te ;

D  th e  in te rn a l  d ia m e te r  of th e  cupola  in  
m etres .

As some of th e  carb o n  of th e  coke is consum ed 
in  th e  re d u c tio n  o f C 0 2 to  CO, th e  w e ig h t o f th e  
coke c h a rg e  should  be g re a te r  th a n  t h a t  g iv en  by 
E q u a tio n  (3), an d  ex p ressed  as a fu n c tio n  of 
th e  co m b u s tib ility  i t  w ill b e : —

G 2
2tt . D 2 . P  . 2

4 ( 2 - S r ) p

T he in v e s tig a tio n s  m ad e  on v a rio u s  cupolas 
w ith  ch arg es of m e ta l in  p ieces of v a rio u s  sizes 
have  show n t h a t  th e  t im e  n ecessa ry  fo r  m e ltin g  
a  c h a rg e  of m e ta l d ep en d s u p o n  num erous 
fa c to rs , p rin c ip a lly  th e  size a n d  sh ap e  of th e  
p ieces a n d  th e  h e ig h t  of th e  bed of m eta l 
ch arg e . .T h e  w ay in  w hich  th e  m eltin g  tim e  z 
d epends u p o n  th e  w e ig h t of th e  pieces g an d  th e  
h e ig h t h  in  m e tre s  of th e  ch arg e  of m e ta l m ay 
be exp ressed  a p p ro x im a te ly  by th e  follow ing 
e m p irica l f o r m u la : —

z =  18.7 h . go-osw mins. . .  . .  (5)
D e n o tin g  th e  w e ig h t o f a cubic m e tre  of m etal 

by y, one is th u s  ab le  to  c a lc u la te  th e  w e ig h t of a 
c h a rg e  Gm fo rm in g  a bed of h e ig h t h m etres in 
th e  c u p o la : —

7t . D 2 . y . h 
G m =  ---------------- kilograms.

4
S u b s ti tu tin g  in  th is  e q u a tio n  th e  v a lu e  of h 
o b ta in e d  from  E q u a tio n  (5) i t  g iv es : —

77 . D 2 . y  . Z
G rt

4 .  IS .7 -9°
k ilo g r a m s (6 )

I f  th e  coke c o n su m p tio n  expressed  as a per
c en tag e  re la tiv e ly  to  th e  ch arg e  of m e ta l is K , 
th e  ch arg e  of coke w ill b e :  —

Gm • E  v D 2 . y . 2 . E
kilograms (7)G , =

100 4 . 100 . 18.7 . 9°-°

(3)

C o m p arin g  E q u a tio n  (4) w ith  E q u a tio n  (7), 
i t  g iv e s : —

V . D 2 . y  . z . K  _  2 . 77 ■ D2 . P  . z
4 . 1 0 0  . 18 . 7 . 90-0698 ~~ 4  (2 — Sr) p  

w hence
p  =  K  . y (2 — Sr) p  

_  3 7 4 0  . 9°•0698
m.3/m.2/min. . .  (8)

T ak in g  in to  a cco u n t th e  f a c t  t h a t  some of the  
oxygen of th e  a ir  is em ployed  fo r  th e  ox id a tio n  
of th e  c h a rg e  of m e ta l a n d  t h a t  som e is lost 
th ro u g h  leaks in  th e  b la s t  p ipes, th e  q u a n tity  
of a ir  su p p lied  should  be g re a te r  th a n  t h a t  which 
is in d isp en sab le  fo r  th e  com bustion  of th e  coke. 
P ra c tic e  shows t h a t  th e  losses of a ir  re fe r re d  to 
a re  15 to  20 p e r  cen t. I t  is th e re fo re  necessary 
to  in crease  th e  vo lum e of b la s t as ca lcu la ted  
acco rd in g  to  F o rm u la  (8). A ssu m in g  th e  losses 
to  be 20 p e r  c e n t .,  th e  q u a n t i ty  of a i r  supplied  
to  th e  cu p o la ,.a llo w in g  fo r  th e  losses, w ill th e re 
fore b e : —

K . y (2 — Sr) p  .
cc =  ---------------------------- m.3/m .-/m in.

3740. 9°-0698 . 0 . 8 ' (9)

(4)

T able  I I  g ives th e  v a lu es of g 9 0695 as a fu n c tio n  
of th e  w e ig h t o f th e  pieces of m e ta l.

T ab le  I I I  g ives th e  vo lum e of th e  b la s t  as a 
fu n c tio n  of th e  c o n su m p tio n  of coke a n d  th e  
co m b u s tib ility  fo r  pieces o f a  m e ta l c h a rg e  w eigh
ing  40 k ilo g ram s, on  th e  a ssu m p tio n  t h a t  a
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cubic m e tre  of m e ta l ch arg e  (y) w eighs 3,000 k ilo
gram s (3 tons) an d  th a t  th e  th e o re tic a l q u a n ti ty  
of a ir  (p) req u ired  fo r b u rn in g  1 k ilo g ram  of 
coke is 7 cub. m.

The figures g iven  in  T able  I I I  show t h a t  when 
a good coke of low c o m b u s tib ility  is em ployed in 
a q u a n ti ty  of 9 to  10 p e r c en t., th e  q u a n ti ty  of 
a ir su p p lied  should  be ab o u t 100 m .3/m .2 p er 
m in ., a figure  p rev iously  fo u n d  by P ro f. B uzek, 
b u t if  a very  h ig h  su p e rh e a t te m p e ra tu re  of th e  
cupola is re q u ire d , th e  a m o u n t of coke em ployed 
should be increased  an d  co n sequen tly  th e  volum e 
of b las t increases. L ikew ise, w ith  sm all-sized 
coke of h igh  co m b u stib ility , th e  volum e of b las t 
should be increased  ap p rec iab ly .

T a b l e  I I .—  Values of as a Function of the
Weight of the Pieces of Metal.

0 kg- 10 20 30 40 50 60 70

g0.0698 1.174 1.233 1.200 1.294 1.314 1.333 1.345

A question  a rises h e re :  H ow  will th e  cupola  
behave if th e  b la s t is g re a te r  o r less th a n  t h a t  
calculated  acco rd ing  to  F o rm u la  (9) ?

E q u a tio n  (9) m ay be w r i t te n  in  a slig h tly  d if
fe ren t form  by s u b s ti tu tin g  g °-0MB from  E q u a 
tion  (5) —

I t  follows from  th is  eq u a tio n  t h a t  if  m ore b las t 
is supplied th a n  t h a t  c a lcu la ted  w ith o u t in creas
ing th e  coke em ployed (K ), th e  coke b u rn s  m ore 
rap id ly  in  th e  com bustion  zone th a n  th e  m eta l 
m elts. P ieces of th e  ch arg e  m ay th e n  reach  th e

T a b l e  I I I .—  Volume of the Blast as a Function of the 
Coke where g =  20 kilograms.

Sr

K
0.20 0.30 0.40 0.50 0.60 0.70

9 99 93
10 110 104 98
11 120 114 107 101
12 132 124 117 110 102
13 142 135 127 119 111 103
14 145 136 128 120 111
15 146 137 128 119
16 156 146 137 127
17 156 145 135
18 165 153 143
19 162 151
20 170 158
21 167

level of th e  tu y ere s , and  a t  th e  b e st th e  m eta l 
will be cold. A t th e  w orst, th e  cupola  m ay  
“  freeze u p .”

W ith  a view  to  v e rify in g  th is  a sse rtio n , e x p e ri
m ents w ere m ade in  th e  “ W eg ierska  G orka ”  
fou n d ry  on  a cupola  h a v in g  a d iam e te r  of

520 m m . (21 in .) . The av erag e  w e ig h t of th e  
pieces of th e  m eta l charg e  was 15 k ilogram s.

T he co n su m p tio n  of coke was fixed a t  13 p e r  
cen t, r e la tiv e  to  th e  m eta l ch arg e , an d  th e  b las t 
a t  98 m .3/ m .2 p e r  m in . Ooke in  sm all pieces 
was used  w hich caused  th e  co m b u stib ility  to  
a t t a in  as m uch  as 72 p e r cen t.

W ith  a q u a n ti ty  of b las t of 96 m .3/m .2 p er 
m in ., th e  iro n  w as su p e rh ea ted  to  an  a d eq u a te  
te m p e ra tu re . W hen , on th e  c o n tra ry , th e  volum e 
of th e  b las t was in creased , th e  te m p e ra tu re  of 
th e  m olten  iro n  fell, and  when P c was increased  
to 130 m .3/m .2 p e r  m in ., p ieces of u n m elted  iron  
ap p ea red  a t  th e  level of th e  tu y ere s .

W ith  a  b la s t less th a n  96 m .3/m .2 p er m in ., 
th e  te m p e ra tu re  of th e  iro n  also fell, b u t i t  was 
n o t fo u n d  t h a t  any  pieces of th e  m eta l charge 
a rriv e d  a t  th e  level of th e  tu y eres .

I n  th e  case of a  cupola  h a v in g  a d iam e te r of 
910 m m . (36 in .)  th e  w e igh t of th e  pieces of th e  
m eta l charg e  w as 35 k ilog ram s (77 lbs.). The 
coke em ployed w as of sm all size an d  h igh  com
b u stib ility . I t s  co n sum ption  was fixed a t  17 per 
cen t, w ith  a b las t of 140 m .3/m .2 pe r m in .

The b la s t w as p roduced  by a “  J a e g e r  ”  tu rb o 
blower w hich could only  g ive 113 m .3/m .2 per 
m in ., in  consequence of w hich th e  su p e rh ea t tem 
p e ra tu re  of th e  iron , in te n d e d  fo r  c a s tin g  th in -  
w alled p ipes, w as a l i t t le  too  low (1,390 deg. C. 
a f te r  filling  th e  fo reh e a rth ). The volum e of th e  
b last w as in creased  by u s in g  tw o turbo-blow ers, 
p e rm it tin g  a volum e of b las t equal to  140 m 3. /m .3 
p e r m in . to  be  a tta in e d . F if te e n  m in u te s  a f te r  
th e  q u a n ti ty  of b la s t h ad  been  increased , th e  
te m p e ra tu re  of th e  iron  h ad  risen  by 45 deg. C.

E x p e rim en ts  m ade on o th e r  cupolas w ith  
va rious q u a litie s  of coke and  charge  of iro n  have 
also show n t h a t  o p tim um  w ork ing  of a cupola 
is only  possible w ith  a defin ite  q u a n ti ty  of b last.

I t  has been show n why ir re g u la r it ie s  a p p ea r  in  
' th e  w ork ing  of a cupola  w hen th e  b las t is exces

sive. I t  is now necessary  to  ex p la in  why th e  
su p e rh e a t te m p e ra tu re  of th e  iron  fa lls  w hen th e  
volum e of b la s t d rops below norm al. Two causes 
c o n tr ib u te  in  th is . The firs t is t h a t ,  due to  the 
red u c tio n  in  th e  perfo rm an ce  of th e  cupola, cer
ta in  va lues fo r th e  h e a t  losses increase  p er u n it  
w eigh t of iron  m elted , b u t  above all th e  h e ig h t of 
th e  bed of th e  com bustion  zone, p recise ly  w here 
th e  su p e rh e a tin g  of th e  d ro p le ts  of m olten  iron  
occurs, is d im in ished  because th is  h e ig h t depends, 
in te r  alia , also u p o n  th e  volum e of th e  b las t in  
acco rdance  w ith  th e  follow ing e q u a tio n  : —

d /  P 2
H =  -  \  /    — 1 cm. (11)

2 V  (30p (1 — Q) y p . v Y

w here H  denotes th e  h e ig h t of th e  com bustion 
zone in  c m .;

d  th e  d ia m e te r  of th e  pieces or coke in 
cm .';



p  th e  th e o re tic a l q u a n ti ty  of a ir  necessary  
fo r  th e  com b u stio n  of one k ilo g ram  
of coke, in  m .3;

P  th e  b las t in  m .3/m .2 p e r m in . ; 
yp th e  specific g ra v ity  o f th e  pieces of 

c o k e ;
v th e  l in e a r  v e loc ity  of com bustion  of th e  

coke in  cm. p e r  m in . ;
Q th e  space be tw een  th e  pieces of coke 

occupy ing  1 m .3.

E q u a tio n  (11) w as fo rm u la te d  by  th e  au th o r*  
a n d  K . G ie rd z ie je w sk if  as th e  r e s u l t  of th e ir  
in v e s tig a tio n s  in  a  P o lish  fo u n d ry .

I t  h a s  been  fo u n d  t h a t  H , ca lcu la te d  by  m eans 
of th e  E q u a tio n  (11), ap p ro ach es v e ry  closely 
th e  v a lu e  fixed d u r in g  th e  o p e ra tio n  of th e  
cupola.

D IS C U S S IO N
M b. L . W . B o l t o n  (B r i tish  C a st I ro n  R esearch  

A ssociation) sa id  he  h a d  fo u n d  t h a t  th e  fig u re  
of 100 cub. m e tre s  of a i r  p e r  sq u a re  m e tre  of 
cross-sec tional a re a , w hich  w as a p p ro x im ate ly  
325 cub. f t .  p e r  sq. f t . ,  fo r cupolas m e ltin g  w ith  
n o rm al m e ta l to  ch arg e  coke ra tio s , w as r a th e r  
low er th a n  g en era lly  used  in  th is  c o u n try . I t  
h a d  been  fo u n d  fro m  a n  e x a m in a tio n  of a  la rg e  
n u m b er of B r i tis h  cupolas t h a t  th e  a v erag e  a ir  
su p p ly  used  w as b e tw een  110 a n d  130 cub. m e tres  
p e r  m in u te  p e r sq u a re  m e tre  of c ross-sectional 
a re a , a n d  m an y  cupolas w ere  g iv in g  exce llen t 
re su lts  w ith  th e  h ig h e r  figure. T he d ifference 
be tw een  th is  p ra c tic e  a n d  th e  e x p e rim e n ts  c a rried  
o u t by  th e  a u th o r  w ere, in  M r. B o lto n ’s op in ion , 
d u e  to  d ifferences in  th e  q u a lit ie s  of th e  coke 
used.

H e  ag reed  w ith  sp eak ers  on D r. B a rig o z z i’s 
P a p e r |  t h a t  every  cupo la  h a d  i ts  own p ecu la ri-  
tie s , b u t  r e g re t te d  t h a t  th e  P a p e r  m ade  no r e fe r 
ence to  b la s t p ressu re , as th is  w as a  fa c to r  of g re a t  
im p o rtan ce . T he n a tu re  of th e  coke, as well as 
th e  n a tu r e  of th e  charg es, could  have  co n siderab le  
in fluence  on th e  re s is tan c e  offered by th e  cupola  
to  th e  b la s t, a n d  w hen th is  re s is tan c e  w as h ig h , 
th e  volum e w hich  w ould g ive o p tim u m  re su lts  
would be affected . C e r ta in  cokes caused  a  h ig h  
re s is tan c e  to  th e  b la s t, an d  if  such  cokes w ere of 
a  ty p e  w hich  gave  poor re su lts  w hen w orked  w ith  
a h ig h  b la s t p re ssu re , th e n  th e  o p tim u m  volum e 
of a ir  w ould be low.

Pressure and V o id s
I t  w as th e  sp e a k e r’s op in io n  t h a t  th e  velocity  

o f th e  b la s t  th ro u g h  th e  com bustion  zone in  m any

* M. Czvzewski, “  O ptim um  H eigh t o f th e  Bed o f th e  Com
b u s tio n  Zone o f Coke ”  (in  P olish), “  P rzeg ląd  G orniczo- 
H u tn ic zy ,”  1935, p. 437.

f  K . G ierdziejew ski, “  A tte m p ts  to  M elt Iro n  for E ng ineering  
C astings by  M eans o f Coke P roduced  in  P o land  ”  (in  P olish .) 
“ P rzeg ląd  T echn iczny ,"  1936, p . 518.
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cupo las w as co n sid erab ly  h ig h e r  th a n  th e  figure 
of 100 cub. f t .  p e r  second su g g ested  by P ro f. 
B uzek . T h is figu re  allow ed fo r  th e  ex p an sio n  of 
th e  a i r  w hen  h e a te d  to  a p p ro x im ate ly  
1,600 deg. C ., b u t  i t  d id  n o t ta k e  in to  account 
th e  p re ssu re  re q u ire d  to  in je c t  th e  a ir .  I t  
assum ed  t h a t  th e  a i r  could  pass th ro u g h  voids 
be tw een  th e  coke w hich  to ta l le d  40 p e r  cen t, of 
th e  cross-sec tiona l a re a  of th e  fu rn a c e . E ven  in 
th is  c o u n try , w here  cu p o la  b la s t  p ressu res  were 
g e n e ra lly  low er th a n  in  m an y  o th e r  co u n trie s , i t  
could  be e s tim a te d  from  th e  p re ssu re  re q u ire d  to 
in je c t  th e  a ir  t h a t  th e  voids b e tw een  th e  coke, 
e tc ., in  th e  com b u stio n  zone m u s t he less th an  
20 p e r  cen t, of th e  to ta l  a re a . T he question  of 
b la s t  ve locity  w as of g re a t  im p o rta n ce  in  cupola 
m eltin g , as on i t  d ep en d ed  m an y  fa c to rs , such as 
o x id a tio n  losses of silicon , m an g an ese  a n d  carbon, 
m ax im u m  o u tp u t  fo r a g iv en  d ia m e te r , as well as 
th e  o p tim u m  b la s t  volum e.

Excessive Losses
A lth o u g h  th e  a u th o r ’s recom m ended  figure for 

o p tim u m  b la s t  volum e w ould  a p p e a r  low to  m any 
use rs  of B r i t ish  cupolas, th e  a llow ance he m ade 
fo r  loss of a ir  th ro u g h  lea k ag e  a n d  o x id a tio n  of 
th e  ch arg es  a p p e a re d  to  be excessive. I t  
am o u n te d  to  20 p e r  cen t, of th e  to ta l  a ir  sup
p lied  to  th e  cu po la , o r 25 p e r  cen t, of the  
th e o re tic a lly  e s tim a te d  a m o u n t. I t  was not 
u su a lly  fo u n d  in  n o rm al cu p o la  p ra c tic e  t h a t  the 
a i r  lo st du e  to  th e  o x ygen  co m b in in g  w ith  silicon, 
m an g an ese  a n d  iro n  exceeded  2 to  3 p e r  cen t, of 
th e  to ta l  a i r  su p p ly . T a k in g  th e  case of a 
39-in . d ia m e te r  cu p o la , w o rk in g  w ith  a  p ressure 
of 20-in. w a te r  g a u g e  in  th e  w in d  b e lt, in  o rder 
to  lose 15 p e r  cen t, of th e  a i r  su pp ly , a p e rtu re s  
o r  leak s in  th e  w ind  b e lt  a n d  b la s t  m a in  would 
re q u ire  to  to ta l  5 sq. in . T h is w as considerably 
m ore th a n  w as m e t in  a n  effic ien tly  designed  and 
o p e ra te d  cupola . I t  th e re fo re  a p p e a re d  th a t  
some of th e  fa c to rs  accep ted  by  th e  a u th o r  in  his 
ca lcu la tio n s  w ere  n o t  necessa rily  c o rrec t, and 
w hile th e  th e o re tic a l figu re  p u t  fo rw a rd  was 
fo u n d  to  be confirm ed by  p ra c tic a l t r ia l s  w ith 
P o lish  coke, a  d iffe re n t figu re  w ould  be requ ired  
fo r  o th e r  ty p es  of coke.

A ir - to -C o k e  R a tio
M r. A. C a m p i o n  sa id  he d o u b ted  w h e th er the  

a ir-to -co k e  r a t io  was of such  im p o rta n ce  as was 
o f te n  th o u g h t  in  d e te rm in in g  th e  tec h n iq u e  of 
th e  cupo la  o p e ra tio n s . I f  th e  a ir  w as n o t evenly 
d is t r ib u te d  o v e r th e  w hole a re a  of th e  cupola, 
ju s t  above th e  tu y e re  level, s a tis fa c to ry  an d  con
tro lle d  m e ltin g  was n o t  a t ta in e d .  T he sec re t of 
a ll successfu l fu rn a c e  o p e ra tio n s  w as re g u la r ity  
a n d  u n ifo rm ity  of co m b u stio n . U n e q u a l a ir  dis
t r ib u t io n  w ould  cause  a n  in c re ased  coke con
su m p tio n  a n d  a t  t h e  sam e t im e  g iv e  oxidised 
m e ta l. H e  knew  of cases w h e re  3 to  4 p e r  cent.



red u ctio n  in  th e  a m o u n t of coke re q u ire d  fo r 
m elting  h a d  been  ach iev ed  by even  d is tr ib u tio n  
of th e  a ir .

O p tim u m  S crap  S ize
M uch h a d  been  sa id  in  th e  P a p e r  on  th e  

su b jec t of th e  m a te r ia ls  o f th e  ch arg e , a n d  he 
agreed t h a t  th e  co n d itio n  of th e  c h arg e  m a te ria l  
profoundly  affected  th e  o p e ra tio n  of th e  cupola 
and also th e  q u a lity  of th e  m e ta l c as t. T he size 
of m a te ria ls  should  be se lected  to  s u i t  th e  size 
of cupola m o re  especially  w hen a h ig h  p e rce n t
age of steel w as used  in  th e  ch arg e . A good 
general ru le  w as to  use  no piece of s teel w hich 
was m ore th a n  o n e -th ird  th e  d ia m e te r  of th e  
cupola in  i ts  g re a te s t  d im ension .

The size of m a te r ia l  ch a rg e d  affected  th e  w ork 
ing of th e  cupola  to  a  g re a te r  deg ree  th a n  was 
commonly realised . T he coke size w as also im 
p o rtan t, an d  th e  ten d en cy  was now to  use a coke 
graded to  su i t  th e  cu p o la  size, a n d  th is  w as 
exceedingly beneficial, especially  in  th e  bed coke, 
as i t  p e rm itte d  a solid pack  w hich stood up  well 
to  th e  b last. T he whole se c re t of successful m elt
ing was in  the. m ak in g  a n d  b u rn in g  of th e  bed. 
Pressure of b las t w as only one fa c to r , a n d  he 
personally d id  n o t  a tta c h  a  g r e a t  d ea l of im p o rt
ance to  i t .  Only suffic ien t p re ssu re  w as req u ired  
to give a  p e n e tra tio n  to  th e  c e n tre  so as to  
ob tain  a u n ifo rm  com bustion  over th e  whole a rea  
and to  c a rry  th e  p ro d u c ts  of com bustion  to  th e  
cupola s tack . P re ssu re , of course, governed  th e  
velocity, an d , i f  i t  w as u n ifo rm , even com bus
tion  resu lted  w ith  th e  p ro d u c tio n  of m e ta l free

from  o x id a tio n  a n d  w hich  cas t easily  an d  
m ach in ed  well. T he coke consum ed in  m eltin g  
was also less w hen a ir  d is tr ib u tio n  was good.

M uch  dep en d ed  on th e  class of m a te r ia l  used. 
I f  a  h ig h  stee l m ix tu re  w as m elted , a consider
able p a r t  of th e  coke ch arg ed  was re q u ire d  for 
c a rb u r isa tio n  pu rposes an d , th e re fo re , w hen 
coke-to -m etal ra tio s  w ere m en tio n ed , i t  was 
d esirab le  to  s ta te  th e  class of m e ta l m elted , be
cause  th e  coke used  fo r  c a rb u ris in g  w as n o t 
c o n tr ib u tin g  h e a t  to  m e lt an d  su p e rh e a t th e  
m eta l.

F u nd am enta ls  o f C o n tro l

H e  h ad  reach ed  th e  conclusion t h a t  th e  id ea  
t h a t  every  cu p o la  w as a law  to  its e lf  was due 
p a r tly  to  th e  m eth o d  of a llow ing  th e  cupo la  to  
w ork  as best i t  could  w ith o u t m uch  c o n tro l of 
o p e ra tio n s , an d  p a r tly  because  th e  re a l reac tio n s  
h ad  n o t been th o ro u g h ly  s tu d ied  o r u n d ersto o d . 
K now ledge was b e in g  o b ta in e d  of th e  reac tio n s 
an d  th e  m a n n e r  in  w hich  th ey  m ig h t be con
tro lle d  every  tim e . T h ere  w as no reaso n  why 
cupo la  o p e ra tio n s  should n o t be  u n d e r  s t r ic t  con
tro l,  w hich w as e ssen tia l in  th e  p ro d u c tio n  of 
m odern  h ig h -d u ty  m a te ria l,  w here  every  phase 
of cu p o la  w ork in g  w as closely s tu d ied  an d  each 
con tro lled . T he co n tro l m u s t be ap p lied  to  
cu p o la  design  an d  co n stru c tio n , th e  se lection  of 
com position  a n d  size of c h a rg e  m eta ls , th e  s tru c 
tu r e  an d  g ra d in g  of th e  coke, a n d  d is tr ib u tio n  o f 
th e  a ir  in  a  re g u la r  m an n e r a ll over th e  a rea  
of th e  cu p o la  a t  th e  m e ltin g  zone.
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Paper N o. 673

Notes on the Design and Operation of the Open- 
Hearth Furnace for Melting Malleable Cast Iron

By G. R. S HO TTO N  (Member)

In  con sid erin g  th e  o p e n -h ea rth  fu rn a c e  as a 
m edium  fo r m eltin g  m alleab le  c a s t iro n , i t  is n o t 
th e  in te n tio n  of th e  a u th o r  to  d raw  a com parison  
w ith  o th e r b e tte r-k n o w n  ty p es  of m e ltin g  f u r 
naces, b u t  r a th e r  to  se t o u t  h is a ccu m u la ted  
experiences of th e  design  an d  o p e ra tio n  of th e  
o p en-hearth  fu rn ac e .

In  G re a t B r i ta in ,  th e  a ir  fu rn ac e , ro ta ry  f u r 
nace, cupola an d , to  a  lesser e x te n t,  th e  e lec tric  
furnace, a re  th e  m ost p o p u la r  m e ltin g  fu rn aces 
for the  p ro d u c tio n  of m alleab le  c a s t iro n . The 
open-hearth  fu rn ac e  has only been ad o p ted  in  tw o 
or th ree  p lan ts , an d  th e  re su lts  o b ta in e d  in  th ese  
p lan ts a p p ea r  to  have  v a rie d  considerab ly .

E ach  of th e  m e ltin g  fu rn ac e s  m en tio n ed  above 
has c e r ta in  ad v an tag e s , an d  w ith  th e  excep tion  
of th e  o p en -h ea rth  fu rn ac e , th e re  is a  co n sider
able am o u n t of pub lished  d a ta , av a ilab le  re g a rd 
ing th e ir  co n stru c tio n  an d  o p e ra tio n . I n  th e  case 
of th e  o p en -h ea rth  fu rn ac e , how ever, th e re  a re  
few d a ta  availab le  on  its  o p e ra tio n  fo r th e  p ro 
duction  of m alleab le  c a s t iro n , a lth o u g h  i t  is 
well know n as a  m e ltin g  m ed iu m  fo r th e  p ro d u c
tion of steel.

U ndoubted ly , th e  h ig h  in it ia l  co st of in s ta l
ling an  o p en -h ea rth  fu rn ac e  is th e  m ost serious 
d e te r re n t to  i ts  m ore g en era l ad o p tio n  in  m alle 
able foundries , th o u g h  i t  a p p ea rs  p robable  th a t  
a w ider know ledge of th e  re su lts  o b ta in a b le  m ig h t 
load t® the m ore g en era l use of th is  ty p e  of f u r 
nace. W hile th e  c a p ita l  cost is h ig h  in  com 
parison w ith  o th e r  ty p es of m e ltin g  fu rn aces , i t  
is q u ite  econom ical in  operation , p ro v ided  i t  can 
be ru n  a t  a  reaso n ab le  cap ac ity .

B efore co n sid erin g  th e  m ore im p o r ta n t  fe a tu re s  
of design an d  o p e ra tin g  d a ta ,  i t  is adv isab le  to  
exp lain  th e  basis on w hich th e  d a ta  have  been 
ob tained . The no tes on design, to g e th e r  w ith  
all th e  o p e ra t in g  d a ta  g iven , have  been  o b ta in ed  
on a new fu rn ac e  in s ta lla tio n  w ith  a c ap a c ity  of 
15 tons. T h is fu rn a c e  h as been in s ta lled  to  cope 
w ith  th e  m eta l sup p ly  fo r fo u n d ry  ex tensions 
which w ere n o t com ple te  w hen th is  P a p e r  was 
p rep ared . C onsequen tly , th e  fu rn a c e  h as been 
ru n n in g  below cap a c ity , and  th e re  is no d o u b t 
th a t  a f u r th e r  re d u c tio n  in  fuel costs w ill be 
o b tained  w hen o p e ra tin g  on  a  fu ll m e ta l o u tp u t.

The fu rn ac e  h a s  now been o p e ra tin g  fo r several 
m on ths, and  th e  o p e ra tin g  d a ta  g iven  a re  ex
t ra c te d  from  th e  a c tu a l d a ily  records o ver th is  
period .

As no figures a re  y e t  availab le  fo r re fra c to ry  
costs, those  g iven  in  th is  P a p e r  a re  based on 
re su lts  o b ta in ed  over th e  p a s t th re e  y ears  on an  
8 -ton  o p e n -h ea rth  fu rn ac e  of s im ila r design , 
which has now been su perseded  by th e  new 
15-ton fu rn ac e . T here  is no d o u b t t h a t  th e
la rg e r  fu rn a c e  w ill show a  sav in g  in  re fra c to ry  
cost, w hen expressed  in  te rm s  of cost p e r to n  of 
m e ta l m elted .

Fu rn ace Design
T he g en era l d esign  of an  o p en -h ea rth  fu rn ac e  

is well know n and  does n o t call fo r fu r th e r  
d e sc rip tio n . F ig . 1 is a  d iag ra m  show ing th e  
g en era l lay -o u t of th e  fu rn ac e  a n d  reg en e ra to rs . 
C e rta in  fe a tu re s  of th e  design  m ay  m ark ed ly  
affect th e  efficiency of th e  fu rn ac e , an d  these  
m ay n o t be so g en era lly  ap p rec ia ted . In  d is
cu ssin g  th e  m ost im p o r ta n t d e ta i ls  of design , i t  
should  be b o rne  in  m in d  t h a t  th e  sam e rem ark s 
will n o t necessarily  a p p ly  to  th e  la rg e  o p en -h earth  
fu rn aces  of 50 to  200 to n s cap ac ity  w hich are  
used  fo r  th e  p ro d u c tio n  of steel. T he follow ing 
no tes on design  a re  of a n  essen tia lly  gen era l 
c h a ra c te r , b u t  w here a c tu a l figu res a re  g iven  th ey  
w ill r e la te  to  th e  15-ton fu rn ac e  on  which th e  
o p e ra tin g  d a ta  w ere ob ta in ed .

T he gas- an d  a ir -p o rts  a re  show n in  F ig . 1, 
w hich gives a h a lf-e lev a tio n  an d  h a lf-p lan  of th e  
fu rn ac e  body, gas- an d  a ir-p o rts , a n d  regene
ra to rs . The g as-p o rt, w hich is th e  lower one, is 
a p p ro x im ate ly  14 in . w ide by 9 in . h igh  w here 
th e  gas e n te rs  th e  fu rn a c e  body. The a ir -p o r t  
above is ab o u t 12 in . h ig h  and  ex ten d s a lm ost th e  
fu ll w id th  of th e  fu rn ace , so t h a t  a b la n k e t of a ir  
effectively  keeps th e  flam e well down on th e  bed 
of th e  fu rn ace .

I f  th e  a ir -p o r t  is to o  sm all, d ifficulty  m ay  be 
exp erien ced  in  keep in g  th e  flam e down on th e  
bed of th e  fu rn ac e , a n d  th is  is e ssen tia l, since 
th e  fu rn a c e  crow n would be  qu ick ly  m elted  down 
if th e  flam e w ere allow ed to  im p in g e  d irec tly  
on  i t.  F o r  th e  sam e reason , th e  slope on th e
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p o rts  is h ig h ly  im p o r ta n t.  T he g a s -p o rt is 
m ad e  a b o u t 10 f t .  in  le n g th  in  o rd e r  to  g ive 
d ire c tio n  to  th e  gas flow, a n d  is  b u i lt  w ith  a 
slope of 1 in  4, i .e .,  th e  level o f th e  p o r t  rises 
1 f t .  in  ev ery  4 f t .  of le n g th . T his len g th , 
com bined  w ith  th e  slope of th e  p o r t ,  w ill 
effectively  d ire c t  th e  gas flam e dow n on to  th e  
bed of th e  fu rn a c e . I f  too  steep  a slope is

/
/

F i g . 1 . — D i a g r a m  o f  O p e n - H e a r t h  F u r n a c e .

em ployed, th e  flam e w ill s tr ik e  th e  fu rn a c e  bed 
too  sh a rp ly , an d  eddies of flam e m ay s tr ik e  u p 
w ard s to  th e  crow n, w hich w ould be m elted  
dow n in  a few  days u n d e r  such co n d itio n s. 
On th e  o th e r  h a n d , insufficien t slope on th e  gas- 
p o rts  w ould re su lt  in  th e  flam e develop ing  too 
h ig h  in  th e  fu rn a c e , a n d  th e  crow n w ould a g a in  
suffer.

T he a ir -p o r t  is sloped a t  a p p ro x im a te ly  th e  
sam e an g le  as th e  g a s-p o rt, b u t  does n o t need 
to  be so long. I n  th e  m o d ern  ty p e  of fu rn ace , 
th e  a ir -p o r t  has tw o dow n -tak es, a n d  th e  gas- 
p o r t  passes th ro u g h  a n d  beyond  th ese  a n d  has 
a sin g le  do w n -tak e . T h is c o n s tru c tio n  allows 
easy  access to  th e  p o r t  a n d  do w n -tak e , an d  so 
fa c i li ta te s  th e  c a r ry in g  o u t of m in o r re p a irs  
to  th e  p o rts , e tc . A t t h e  sam e tim e  i t  en
ables th e  g a s-p o rt to  be co n sid erab ly  longer th a n  
w ould be th e  case if  i ts  d o w n -tak e  was b u ilt 
be tw een  th e  fu rn a c e  body a n d  th e  a ir  down- 
ta k e , as w as th e  case in  th e  o lder designs.

F ig . 2 is a  p h o to g ra p h  of one end  of the 
fu rn a c e , show ing  th e  slope on th e  crow n of th e  
p o rts , a n d  th e  g e n e ra l c o n s tru c tio n  of th e  p o rt 
block a n d  dow n -tak es, th e  whole be in g  well 
b raced  w ith  b u ck -stav es a n d  tie -ro d s . I t  is 
good p ra c tic e  to  c o n s tru c t  an  a ir  space be
tw een  th e  fu rn a c e  body a n d  th e  gas dow n-take

F i g . 2 .— E n d  o f  F u r n a c e , s h o w i n g  P o r t  
B l o c e .

as show n in  F ig . 1, as th is  he lp s to  cool the 
b rickw ork  a d ja c e n t  to  th e  p o rts  a n d  dow n-takes 
a n d  so p re v en ts  serio u s e rosion  of th e  lin ing .

Fu rn ace  Body  
T he body o f th e  fu rn a c e  is r e c ta n g u la r  in 

shape , a n d  to  avo id  excessive w ear on th e  p o rt 
noses, w hile  a llow ing  fu ll d ev elo p m en t of the 
flam e, th e  len g th  of th e  b ed  should  be about 
tw o a n d  a h a lf  tim es  th e  w id th , fo r  a given 
c ap a c ity  of fu rn a c e . I t  should  be n o ted  th a t  
th e  av e ra g e  d e p th  of m o lten  m e ta l is usually  
ap p rec ia b ly  less in  p ro p o rtio n  to  th e  fu rn ace  
c ap a c ity  th a n  is th e  case in  th e  o p en -h earth  
fu rn a c e  o p e ra t in g  fo r  steel c a s tin g s . This 
fa c i li ta te s  ra p id  su p e rh e a tin g  of th e  m olten 
m e ta l to  m ee t fo u n d ry  re q u ire m e n ts .

T he crow n of th e  fu rn a c e  is a rch ed , w ith 
a b o u t 12 in . sp r in g  fro m  th e  s ide  w all to  the  
c e n tre  of th e  crow n. T he level of th e  crown 
m ay be ra ised  a  few  inches j u s t  in  f r o n t  of the



p o rt block to  allow in  p a r t  fo r th e  ra p id  ex
pansion  of th e  gases in  th e  fu rn ac e . This 
p rac tice  also helps to  g u a rd  a g a in s t  th e  flam e 
being deflected  a g a in s t  th e  crow n w hile th e  cold 
charge is m assed h igh  on th e  fu rn a c e  bed.

A g en era l view  of th e  fu rn ac e , to g e th e r  w ith  
th e  c h a rg in g  s ta g e  a n d  th e  e n tra n c e  to  th e  
valve p i t ,  is show n in  F ig . 3, w hich also shows 
th e  th re e  w o rk in g  doors th ro u g h  w hich  th e  
m etal is ch a rg ed  a n d  m a n ip u la te d , th e  m olten  
m etal b e in g  ta p p e d  from  th e  o th e r  side of th e  
fu rnace.

w hich w ill n o t be seriously  dep le ted  by th e  in 
com ing gas a n d  a ir  d u r in g  th e  15-m in. in te rv a l 
betw een  valve reversa ls. In  th e  15-ton fu rn ac e  
now u n d e r  c o n sid e ra tio n , th e  te m p e ra tu re  of 
th e  re g e n e ra to rs  reaches a b o u t 960 deg. C ., and  
shows a  te m p e ra tu re  d rop  of only a b o u t 60 to  
80 deg. C. on  each  rev ersa l of gas a n d  a ir  flow.

R evers ing V alves

T here  a re  m any  ty p es  of rev ers in g  valves g iv 
ing  good service  in  o p e n -h ea rth  fu rn aces. The 
essen tia l re q u ire m e n t of a good valve is re sis t-

F i g . 3 .— G e n e r a l  V i e w  o p  F u r n a c e  a n d  C h a r g i n g  S t a g e .

R eg en e ra to rs
The in ta k e  flues lead in g  from  th e  b o tto m  of 

the  dow n-takes to  th e  gas a n d  a ir  re g en e ra to rs  
should be of am ple  size, a n d  a re  lin ed  w ith  silica  
bricks. The level of th ese  in ta k e  flues is 
ap p ro x im ate ly  level w ith  th e  to p  of th e  re 
g en era to r b rickw ork , so t h a t  th e  e x h au s t gases 
sweep r ig h t  across th e  to p  of th e  re g en e ra to rs  
and  pass doivnw ards th ro u g h o u t th e  whole a rea  
of th e  “  honeycom b ”  b rickw ork , w hich is of 
good-quality  firebrick .

Since th e  re g e n e ra to rs  a re  re q u ire d  to  m a in 
ta in  a te m n e ra tu re  of betw een  900 a n d  1,000 
deg. C., i t  is im p o r ta n t  t h a t  th ey  be b u ilt  
sufficiently la rg e  to  en su re  a reserve  of h e a t

ance to  d is to r tio n , since i t  w ill be rea lised  th a t  
th e  e x h au s t gases a re  s ti ll  very  h o t w hen they  
pass th ro u g h  th e  valves to  th e  s tack  flue, and  
th e  valve m u s t be of ro b u s t c o n stru c tio n  if 
severe d is to r tio n  is to  be avoided.

T he a ir  rev ers in g  valve  is u su a lly  of th e  sim ple 
b u tte r f ly  ty p e , a n d  th is  w ill give efficient and  
co n tin u o u s serv ice  fo r m an y  years . A w ater- 
sealed  va lve  is p re fe ra b le  fo r th e  gas rev ersin g  
valve. T his w ill effectively  p re v e n t leak ag e  of 
gas in to  th e  s tack  flue an d  a t  th e  sam e tim e  will 
red u ce  d is to r tio n  on th e  valve p la tes. Since 
th e re  is considerab le  ev ap o ra tio n  of th e  w a te r, 
a  ball valve should  be fitted  to  m a in ta in  a con
s ta n t  w a te r  level.



M a in te n a n c e  o f th e  F u rn ace

T he o p e n -h e a rth  fu rn a c e  can  be o p e ra te d  con
tin u o u s ly  fo r sev era l m o n th s w ith o u t  an y  
len g th y  s to p p ag e  fo r  re p a irs . G en era lly  sp eak 
in g , th e  life  of th e  b rick w o rk  is in c reased  w hen 
th e  fu rn a c e  is m a in ta in e d  c o n tin u o u sly  a t  a te m 
p e ra tu re  a p p ro x im a tin g  to  m e ltin g  co n d itio n s. 
T his is effected  by k eep in g  th e  fu rn a c e  d am p ered  
dow n b e tw een  m e ltin g  p e riods ( i.e ., d u r in g  th e  
n ig h t  a n d  a t  w eek-ends), a n d  a  slow gas sup p ly  
is p u t  th ro u g h  th e  fu rn a c e  d u r in g  th e se  periods 
so t h a t  th e  te m p e ra tu re  of th e  fu rn a c e  body an d  
th e  re g e n e ra to rs  does n o t fa ll a p p rec ia b ly . T his 
is d e a lt  w ith  la te r  w hen d iscu ssin g  fu e l consum p
tio n .

A “  sw ill-h ea t ”  is u su a lly  c a r r ie d  o u t a t  th e  
w eek-end to  keep  th e  b ed  in  good co n d itio n . 
T h a t  is to  say , lim estone  is sp re ad  over th e  bed 
a n d  a ro u n d  th e  b re as ts  of th e  fu rn a c e , a n d  th e  
fu rn a c e  is o p e ra te d  a t  m e ltin g  te m p e ra tu re  fo r 
fo u r to  six  ho u rs . T he lim estone  a tta c k s  th e  
silica  san d  of th e  bed  a n d  fo rm s a  H m e-silica 
slag . A fte r  ta p p in g  th is  slag , th e  fu rn a c e m a n  
cu ts  off an y  p o rtio n s  of th e  bed  w hich h av e  been 
u n d e rm in ed , so t h a t  th e  level of th e  bed  is 
a p p rec iab ly  low ered. A f te r  “  d ry in g -u p  ”  th e  
bed w ith  w e t s ilica  san d , d ry  silica  san d  is 
sp re ad  th in ly  over to  re -fo rm  th e  bed, an d  
“ f r i t t e d  ”  on. T his p ro c ed u re  is e ssen tia l, since 
th e  h e ig h t  of th e  bed te n d s  to  rise  d u r in g  th e  
course  of a  w eek’s m eltin g , a n d  an y  sm all accu 
m u la tio n s  of slag  o r iro n  w hich  hav e  been 
abso rbed  in  th e  bed d u r in g  th e  week a re  u n d e r 
m ined  a n d  ta p p e d  w ith  th e  slag  re su ltin g  from  
th e  “  sw ill-h ea t.”  T he cost of th e  fu e l used  fo r 
th is  “ sw ill-hea t ”  m u s t, of course, be ta k e n  in to  
c o n sid e ra tio n  w hen ta k in g  o u t figures fo r fuel 
co n su m p tio n .

V ery  few re p a irs  to  th e  b rick w o rk  become 
necessary  d u r in g  th e  w ork in g  life  of th e  f u r 
nace . T he w o rk in g  life  v a rie s  acco rd in g  to  o p e r
a t in g  co n d itio n s, b u t  such re p a irs  as a re  neces
sa ry  can  u su a lly  be c a r r ie d  o u t a t  fixed ho liday  
periods.

T he life  of th e  p o r t  blocks, p a r tic u la r ly  th e  
noses of th e  p o rts , is th e  m ain  fa c to r  a ffec tin g  
r e p a ir  periods. U n d e r  n o rm al co n d itio n s, th e  
p o r t  blocks m u s t be re b u il t  a t  in te rv a ls  of fo u r 
to  six  m o n th s , a n d  th is  w ork  is u su a lly  c a rr ie d  
o u t d u r in g  tw o o r th re e  of th e  n o rm al B an k - 
ho lid ay  pe rio d s in  each  y e a r, a cco rd in g  to  th e  
a m o u n t of w ear a p p a re n t  ju s t  p r io r  to  a p a r 
t ic u la r  ho liday  p eriod . W hile  re p a irs  to  th e  
p o r t  blocks, e tc ., a re  b e in g  c a r r ie d  o u t, a d v a n 
ta g e  is ta k e n  of th e  o p p o r tu n ity  afforded  to  
em p ty  th e  re g e n e ra to rs  a n d  c lean  th e  b rick s be
fo re  re p la c in g  th em . T he b rick w o rk  of th e  re 
g e n e ra to rs  te n d s  to  “  fu r  up  ”  a f te r  some 
m o n th s , b u t  th is  w ork  can  u su a lly  be le f t  u n til

r e p a irs  to  th e  p o r t  blocks, e tc ., becom e neces
sa ry .

T he side w alls a n d  crow n of th e  fu rn a c e  will 
u su a lly  la s t  fo r  a p e rio d  of tw elve  to  tw enty- 
fo u r  m o n th s  be fo re  i t  becom es necessary  to  re 
bu ild  th em . T h e ir  w o rk in g  life  la rg e ly  depends 
on th e  m a in te n a n c e  of th e  p o r t  blocks in  good 
co n d itio n , so t h a t  th e  flam e does n o t im pinge 
d ire c tly  on th e  b rick w o rk  of th e  side w alls and 
crow n. A life  of a p p ro x im a te ly  tw o y ears has 
been o b ta in e d  u n d e r  good w o rk in g  conditions, 
a p a r t  from  m in o r r e p a ir s  to  th e  door jam b s, etc.

T he to ta l  cost of r e p a ir s  to  b rick w o rk , an d  the 
cost of s ilica  san d  a n d  p la s tic  re fra c to r ie s  for 
th e  ta p p in g  hole, e tc .,  w ill be m ore o r less in 
d e p e n d e n t of a c tu a l  to n n a g e  of m e ta l m elted. 
W hile  th e  15-ton fu rn a c e  u n d e r  co n sid e ra tio n  in 
th is  P a p e r  h a s n o t been  o p e ra t in g  fo r a sufficient 
tim e  to  afford  a n y  re liab le  cost figures for re 
fra c to r ie s , e tc ., th e  d a ta  o b ta in e d  from  a sim i
la r  8 -ton  fu rn a c e  over th e  p a s t  few  y ears  may 
affo rd  an  a p p ro x im a te  co m parison . In  th e  
op in io n  of th e  a u th o r ,  th e  15-ton  fu rn ac e , if 
o p e ra te d  a t  reaso n ab le  c ap a c ity , should  show an 
ap p rec ia b le  sav in g  over th e  figu res now quoted.

T he m a in te n a n c e  costs on  th e  8 -ton  capacity  
fu rn ac e , ta k e n  o ver a  p e rio d  of ap p ro x im ate ly  
th re e  y e a rs , d u r in g  w hich  p e rio d  eleven heats 
a v e ra g in g  6 to  8 to n s  each  w ere  m elted  in  each 
w o rk in g  w eek, a re  as fo llo w : —

S ilica  san d  an d  p la s tic  re fra c to r ie s  fo r  m a in ten 
ance  of fu rn a c e  bed a n d  ta p p in g  hole ... 4d. 
p e r to n  of m e ta l m e lted .

S ilic a  b rick s , s ilica  cem en t, fireb ricks, e tc ., used
on re tpair w ork, re b u ild in g , e tc   Is. 7d.
p e r  to n  of m e ta l m elted .

T he to ta l  r e fra c to r ie s  co st th e re fo re  ........ Is . l id .
p e r  to n  of m e ta l m e lted .

D u r in g  th e  sam e p e rio d , fluxes used  w hen m elt
ing  a n d  fo r “  sw ill-h ea ts ,”  e tc .,  av e ra g e  ap p ro x i
m a te ly  4 |d .  p e r  to n  of m e ta l m elted .

The to ta l  cost of a ll r e fra c to r ie s  ta k e n  over 
p e riods of tw o  o r  th re e  y e a rs  re m a in s  constan t, 
b u t  th e  co st p e r to n  of m e ta l m e lted  w ill n a tu r 
ally  v a ry  in  p ro p o rtio n  to  th e  o u tp u t  of m etal 
from  th e  fu rn a c e .

I t  is fu lly  ex p ec ted  t h a t  th e  to ta l  re fra c to ries  
cost ta k e n  over a p e rio d  on th e  15-ton fu rnace  
will n o t exceed by a  v e ry  g r e a t  a m o u n t th e  to ta l 
re fra c to ry  cost on th e  8 -ton  fu rn a c e  over a 
s im ila r .p e r io d . I t  th u s  follow s t h a t  if  th e  la rg e r 
fu rn a c e  is o p e ra te d  a t  a  reaso n ab le  cap a c ity , a 
la rg e  re d u c tio n  in  re fra c to r ie s  cost p e r  to n  of 
m e ta l m elted  should  be o b ta in e d , a n d  i t  would 
a p p e a r  reaso n ab le  to  e x p e c t t h a t  on th e  basis of
10-ton h e a ts  as a n  a v e ra g e  c h a rg e  (i.e .,  ap p ro x i
m ate ly  110 to n s  o u tp u t  of m o lten  m e ta l p er week) 
th e  to ta l  cost of all re f ra c to r ie s  u sed  would be 
red u ced  to  a f ig u re  of a b o u t Is . 7d. p e r  to n  of



m etal m elted . T he cost of f lu x in g  m a te r ia l  should 
show a  s lig h t decrease , an d  should  n o t exceed 4d. 
per to n  of m e ta l m elted .

Gas P ro d u cer

The success of th e  o p e n -h ea rth  fu rn a c e  will 
obviously be d e p e n d e n t to  a  g r e a t  e x te n t  on th e  
supply of a co n sis ten tly  good q u a lity  of p ro d u cer 
gas. I t  is n o t p roposed  to  deal w ith  p ro d u cer 
design in  d e ta il, since th e re  a re  m an y  d iffe re n t 
types of gas p ro d u cer av a ilab le , a n d  th e  choice 
of a p a r tic u la r  ty p e  of p ro d u cer w ill d ep en d  on a 
num ber of p u re ly  dom estic  fac to rs .

The fixed-bottom  p ro d u cer w ith  a  h an d - 
operated  c h a rg in g  h o p p e r is th e  s im p lest fo rm  of 
producer, an d  is cap ab le  of y ie ld in g  a n  exce llen t 
q u a lity  gas. V ery  close su p erv isio n  is necessary  
w ith th is  ty p e , how ever, since n eg lec t by th e  
operato rs can  re s u lt  in  p o o r-q u ality  gas a n d  
excessively h ig h  coal co n su m p tio n .

The gas p ro d u cer used  to  su p p ly  gas fo r  th e  
15-ton fu rn ac e  u n d e r  co n sid e ra tio n  is of a 
m echanical ty p e . T he g ra te  can  be ro ta te d  
slowly by m echan ical poiver, an d  has p loughs 
fixed in  such a m a n n e r  t h a t  th e  ash is p loughed 
from th e  bo ttom  of th e  ash bed as th e  g ra te  
ro ta tes . The g ra te  m akes one com plete  rev o lu 
tion  in two h ours, b u t  even  a t  th is  slow speed 
it is only o p e ra ted  in te rm it te n t ly .  T h e  tu y ere s , 
which are  fixed to  th e  g ra te  an d  r o ta te  w ith  it, 
a re designed so t h a t  th e  coal bed is a lte rn a te ly  
raised and  low ered as th e  g ra te  ro ta te s , th e  
u n d u la tin g  m otion th u s  im p a rte d  to  th e  coal bed 
being very effective as a m eans of k eep in g  th e  
coal bed in  an  open con d itio n , an d  so p re v en tin g  
free a ir  an d  carbon  d io x id e  fo rm ed a t  th e  tu y e re  
zone from  “  blow ing th ro u g h  ”  n e a r  th e  w alls of 
the  producer.

Some h and  p ok ing  is also necessary  from  th e  
top of th e  p ro d u cer to  p re v e n t th e  coal cak in g  a t  
the  d is tilla tio n  zone h ig h  u p  in  th e  coal bed, b u t  
the  am oun t of such p ok ing  necessary  is g re a tly  
reduced by th e  a g ita tio n  in d u ced  in  th e  coal bed 
bv th e  ro ta ry  m ovem ent of th e  g ra te  an d  tu y ere s . 
The efficient a g ita tio n  of th e  coal bed  is one of 
the m ost e ssen tia l fac to rs  in  p ro d u cer p rac tice  if 
a h igh -q u ality  gas is to  be de livered  to  th e  m elt
ing  fu rnace .

The coal feed is au to m a tic , an d  can  be re g u 
lated  to  give an y  re q u ire d  feed  be tw een  1 cw t. 
and  12 cwts. of coal p e r h r . T he coal is fed 
from a sm all s to ra g e  h o p p e r by m eans of a screw  
feed, which d e livers th e  coal in to  a sm all cone a t  
th e  top  of th e  p ro d u cer, th e  coal fa llin g  from  th is  
cone being  deflected  by a slowly ro ta t in g  shoe 
ju s t  ben ea th  th e  cone, so t h a t  i t  is u n ifo rm ly  
d is tr ib u te d  over th e  whole a re a  of th e  p ro d u cer.

The c u r re n t  co n sum ption  of th e  m o to r d riv in g  
the  coal feed m echanism  is a b o u t 0.50 kw. p e r h r .,  
and is ru n n in g  fo r 20 to  22 h rs. every  day . The 
g ra te  is ro ta te d  by a 2-h.p. m otor, abso rb in g

a p p ro x im ate ly  0.75 kw . p e r h r .,  b u t  th is  is only 
o p e ra tin g  fo r ab o u t 4 h rs . p e r  d ay , th e  period  
of o p e ra tio n  v a ry in g  from  15 to  30 m in .

T he a ir  sup p ly  is in d u ced  in to  th e  in ta k e  p ipe  
lead in g  to  th e  tu y e re s  by  m eans of a  s team  in 
jec to r, th e  steam  su p p ly  be in g  o b ta in e d  from  a 
sm all cross-tube  bo iler, which also p rov ides th e  
s team  fo r  a n o th e r  gas p ro d u cer feed in g  th e  
a n n ea lin g  p lan t.

T he c o n tro l of th e  s te am  a n d  a ir  m ix tu re  in  
th e  in ta k e  p ip e  is h ig h ly  im p o r ta n t, as too low a 
¡proportion o f steam  in  th e  m ix tu re  w ill r e s u lt  in  
th e  fo rm a tio n  of a heavy  c lin k er, while an  excess 
of steam  will red u ce  th e  te m p e ra tu re  of th e  lower

T a b l e  I.— Power Cost.
Rate of current consumption.

Motor.

Coal feed and distri
butor 

Coal elevator to 
staging 

Rotation of bottom 
pan

Current rating.

440 volts X 1 amp. 

440 volts X 1 | amp. 

440 volts X I f  amp.

Power 
used. 

Kw. per hr.

Daily consumption.

Motor.
Hours
operat

ing
daily.

Daily
power

consumption.
Units.

Total 
daily 

power 
cost a t 
Id. per 
kw. per 

hr.

Coal feed and dis 16 units
tributor 22 4 X 22 =  11 a t Id.

Coal elevator to per unit
staging 3 2 x 3  =  2 =  Is. 4d.

Rotation of pan 4 f  X 4 == 3 per day.

zone an d  re su lt  in  a n  u n d u ly  h ig h  p ro p o rtio n  of 
C 0 2 in  th e  gas ob ta in ed .

T he steam  p re ssu re  is k e p t  c o n s tan t by m eans 
of a b a la n c in g  valve in  th e  s team  supp ly  pipe, 
so t h a t  th e  a m o u n t of s team  ¡passing th ro u g h  th e  
in je c to r depends e n tire ly  on th e  a p e r tu re  a t 
w hich th e  in je c to r  is se t, an d  is th u s  capable  of 
fa ir ly  close re g u la tio n . T he p ressu re  of th e  
steam  an d  a ir  m ix tu re  in  th e  tu y e re  box is 
m easu red  on a gau g e  and  is con tro lled  by th e  
re g u la tio n  of th e  s te am  in je c to r . T h is ensures 
reaso n ab ly  c o n sis ten t cond itions in  th e  gas p ro 
du cer, a n d  a  good q u a lity  of p ro d u cer gas is 
m a in ta in e d  w ith o u t difficulty.

T he pow er consum ption  an d  cost, based on 
one p en n y  p e r  k ilo w a tt h o u r fo r th e  e lectric  
c u r re n t ,  a re  s e t  o u t  in  Table I.

A ssum ing 11 charges av erag in g  10 to n s  a re  
m elted  d u r in g  th e  week, th e n  th e  pow er cost per 
to n  of m e ta l m elted  is a p p ro x im ate ly  l . l d .  per
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to n , w hile on ch arg es a v e ra g in g  8 to n s  each , th e  
pow er cost w ould rise  to  1 .4d . p e r  to n  of m e ta l 
m elted .

O p e ra tio n  o f th e  F u rn ace

A lth o u g h  a so ak in g  flam e is m a in ta in e d  in  th e  
fu rn a c e  d u r in g  th e  n ig h t  an d  w eek-end periods, 
i t  is also necessa ry  to  ¡p rehea t th e  fu rn a c e  p r io r  
to  c h a rg in g .

D u r in g  th e  so ak in g  p e rio d , th e  a ir  v a lv e  is 
p ra c tic a lly  closed, th e  s ta ck  d am p er is low ered to  
leav e  on ly  a b o u t 1 in . of space  open  fo r  th e  
e x h a u s t gases, an d  a coal feed  of a b o u t I f  cwts.. 
o f coal p e r h r. is m a in ta in e d  on  th e  gas p ro d u cer. 
T he gas p ro d u c e r is o p e ra te d  a t  a  slow r a te ,  
th e  s te am  in je c to r  be in g  re g u la te d  to  m a in ta in  
a v e ry  low ¡pressure in  th e  tu y e re  b o x . . U n d e r  
th ese  co n d itio n s, ju s t  suffic ient gas is b e in g  fed 
to  th e  fu rn a c e  to  en su re  t h a t  th e  body of th e  
fu rn a c e  is a lm ost com plete ly  filled w ith  a g e n tle  
ro llin g  flam e, th u s  e n su rin g  t h a t  th e re  is  no 
serious d ro p  in  th e  te m p e ra tu re  of th e  fu rn a c e  
body, n o r in  th e  te m p e ra tu re  of th e  re g e n e ra to r  
b rick w o rk . A b o u t tw o  h o u rs  b e fo re  c h a rg in g  is 
d u e  to  com m ence, th e  coal feed  is in c reased  to  
6 cw ts. p e r  h r . ,  th e  a ir  a n d  s ta c k  d am p ers a re  
opened , a n d  a m eltin g  flam e is m a in ta in e d  to  
ra ise  th e  te m p e ra tu re  of th e  fu rn a c e  body and  
re g e n e ra to rs .

As soon as th e  fu rn ac e m e n  come on d u ty , th ey  
t a p  o u t  an y  sm all a cc u m u la tio n  of s lag  fo rm ed  
d u r in g  th e  p re h e a t  p e rio d , a n d  th e n  f e tt le  th e  
bed. I f  an y  slag  has re m a in e d  on  th e  fu rn a c e  
bed, i t  is rem oved by “  p u d d lin g  ”  i t  w ith  w et 
silica  san d , w hich  is a f te rw a rd s  ra k e d  o u t 
th ro u g h  th e  w ork in g  doors, an y  hollows o r cracks 
re m a in in g  in  th e  bed b e in g  a f te rw a rd s  filled u p  
w ith  d ry  silica  san d , w hich is “  f r i t t e d  ”  on 
befo re  c h a rg in g  is com m enced.

T he m e ta l is th e n  c h arg ed  th ro u g h  th e  w ork
ing  doors. T he fo u n d ry  sc rap , co n sis tin g  of 
feeders, sp ru es, re je c ts , e tc ., is f irs t charg ed , th e  
b u lk  be in g  ch arg ed  on th e  m iddle  of th e  bed, 
a n y  steel sc rap  to  be in clu d ed  b e in g  d is tr ib u te d  
a m o n g s t th e  fo u n d ry  sc rap  to  f a c i l i ta te  m eltin g . 
T he p ig -iro n  is th e n  “ peeled  ” in to  th e  fu rn ac e , 
th e  b u lk  of i t  b e in g  p laced  a t  th e  ends of th e  
fu rn a c e  bed. I t  is u su a l to  allow  an  in te rv a l  of 
a b o u t 10 to  15 m ins. a f te r  c h a rg in g  ab o u t tw o- 
th ird s  of th e  fo u n d ry  scrap . W hile  th is  p ro longs 
th e  c h a rg in g  tim e , i t  is  effec tive  in  speed in g  up  
th e  m elting -dow n  period  by red u c in g  th e  t e n 
dency  of th e  m olten  m eta l t r ic k l in g  dow n to  
reso lid ify  w hen i t  comes in to  c o n ta c t w ith  th e  
cooler m e ta l on th e  bed of th e  fu rn ac e .

D u r in g  th e  m eltin g -d o w n  perio d  th e  coal feed 
is a t  its  m ax im u m , b e in g  u su a lly  a t  th e  r a te  of 
6 to  7 cw ts. p er h r .,  an d  th e  s team  in je c to r  is 
a d ju s te d  to  g ive a h ig h e r  p re ssu re  in  th e  tu y e re  
box to  m a in ta in  s ta n d a rd  co n d itio n s in  th e  
p ro d u cer its e lf . A f te r  ab o u t one h o u r , m o lten

m eta l w ill beg in  to  acc u m u la te  on  th e  bed of 
th e  fu rn a c e , a n d  th e  fu rn a c e m a n  w ill th en  
h a s te n  th e  m e ltin g  by b re a k in g  u p  m asses of 
u n m elted  m e ta l, a n d  p u llin g  i t  in to  th e  pools 
of m o lten  m e ta l on th e  bed . T he co rrec t m an i
p u la tio n  of th e  c h a rg e  a t  th is  s ta g e  is a big 
fa c to r  in  o b ta in in g  ra p id  m eltin g .

A c h a rg e  of 8 to  10 to n s  sho u ld  be m elted 
dow n in  I f  to  2 h rs . a f te r  com ple tion  of charg in g . 
T he c h a rg e  should  now be c o n tin u a lly  rab b led  to

T a b l e  I I .— Daily Time Table for Two 10-ton Heats.

Time.

4.0 a.m.

6.0 a.m.

6.20 a.m. 
7.30 a.m. 
8.50 a.m.

9.55 a.m. 
10.10 a.m.

10.55 a.m.

11.00 a.m.

11.50 a.m. 

12.15 p.m.

1.20 p.m.
3.40 p.m.
3.55 p.m.

4.40 p.m.

5.30 p.m. 
5.45 p.m. 
5.50 p.m.

7.00 p.m.

Operation.

Commence preheat

Furnacemen come on duty. 
Slag tapped and furnace 

bed fettled 
Commence charging 
Charging completed 
Pools of molten m etal col

lecting on bed. F u r
naceman commences to 
m anipulate unm elted 
m aterial to  hasten m elt
ing

Charge completely molten 
Test sample taken for 

analysis 
Laboratory report re 

ceived
Tapping commenced. Air 

valve and stack damper 
closed slightly 

Tapping completed and 
bed fettled 

C om m ence c h a rg in g  
second heat 

Charging completed 
Charge completely molten 
Test sample taken for 

analysis 
Laboratory report re 

ceived and m etal tapped 
Tapping completed 
B ath fettled
Gas flues opened for clean

ing
Gas flues sealed. Air 

valve and stack damper 
closed sufficiently to 
m aintain soaking flame 
in furnace

Coal feed.

6 to  7 cwts. per 
hr.

Feed stopped.

6 cwts. per hr.
7 cwts. per hr. 
Not altered.

6 cwts. per hr. 
N ot altered.

5 cwts. per hr.

5 cwts. per hr.

6 cwts. per hr.

7 cwts. per hr. 
6 cwts. per hr. 
N ot altered.

5 cwts. per hr.

Feed stopped.

I f  cwts. per hr.

ra ise  th e  co lder m e ta l fro m  th e  bed  of th e  
fu rn a c e  a n d  to  help  to  m e lt th e  ¡rem aining pieces 
of so lid  m e ta l f lo a tin g  in  th e  b a th .  U nder 
n o rm al co n d itio n s, a n  8-ton  c h a rg e  w ill be com
p le te ly  m o lten  in  a b o u t 2 f  h rs . a f te r  com pletion 
of c h a rg in g , a 10-ton  c h a rg e  ta k in g  p e rh ap s 
20 m ins. lon g er.

T he fu rn a c e m a n  n o tes  th e  tim e  w hen  th e  
c h arg e  becom es com ple te ly  m o lten , an d  con
t in u e s  to  ra b b le  th e  m e ta l a t  f re q u e n t  in te rv a ls  
to  e n su re  t h a t  th e  c h a rg e  is th o ro u g h ly  m ixed ,
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an d  a b o u t 15 m in u te s  a f te r  m e ltin g  has been 
com pleted , w hen th e  m e ta l ch arg e  is well m ixed , 
a sm all sam ple  of m e ta l is lad led  o u t and  cas t 
in to  a  ch ill m ould . T his is quenched  an d  
d rilled , an d  th e  d r illin g s  a re  h u r r ie d  to  th e  
lab o ra to ry  fo r  th e  e s tim a tio n  of to ta l  carbon  an d  
silicon. A b o u t 45 m in u te s  a re  absorbed  by th e  
quench ing  an d  d r ill in g  of th e  t e s t  sam ple  an d  
th e  su b seq u en t analysis.

W hile th is  is in  p rogress, th e  fu rn ac e m a n  will 
con tinue  to  rab b le  th e  m e ta l b a th , w hich usually  
receives suffic ient su p e rh e a tin g  d u r in g  th is  
period to  enab le  ta p p in g  to  com m ence im m e
d iate ly  th e  an aly sis is ap p ro v ed  by th e  lab o ra 
tory . I f  a d ju s tm e n t of a n a ly sis  is considered  
necessary, su itab le  a d d itio n s  a re  m ad e  to  th e  
bath , an d  a f te r  a  th o ro u g h  ra b b lin g  of th e  charge  
to ensu re  u n ifo rm ity  of an aly sis, th e  m e ta l is 
tapped . As th e  m eta l is sh an k ed  from  th e  f u r 
nace in  1-cwt. lad les, a sm all ta p p in g  hole is 
used. A 10-ton ch arg e  w ill n o rm ally  be ta p p e d  
in ab ou t 50 m in u te s , th o u g h  th is  can  be m odi
fied to  su i t  th e  re q u ire m e n ts  of th e  fo u n d ry .

A fte r th e  m eta l has all been ta p p e d , th e  slag  
is d ra in ed  from  th e  fu rn a c e  bed, an d  th e  la t t e r  
is fe ttled  as before . C h a rg in g  of th e  n e x t h e a t  
can th en  com m ence, a f te r  an  in te rv a l  of 10 to  
20 m inu tes to  “  f r i t  ”  on an y  san d  ad d ed  to  th e  
bed when fe tt l in g .  U sually  th e  second h e a t  can  
be m elted  a n d  ta p p e d  in  15 to  30 m in u te s  less 
tim e th a n  was occupied  by th e  f irs t h e a t.  A 
typical da ily  t im e ta b le  fo r tw o 10-ton h e a ts  
would be as shown in  T able  I I .

As in s tan ced  in  th e  schedule  se t  o u t in  
Table I I ,  a  10-ton ch arg e  w ill n o rm ally  ta k e  
about 3^ hours from  com pletion  of c h a rg in g  to  
com m encem ent of ta p p in g . T his is eq u iv a len t 
to ab ou t 5J h o u rs ’ to ta l  tim e , from  com m ence
m ent of ch arg in g  to  com pletion  of ta p p in g . No 
very g re a t re d u c tio n  in  t im e  is a p p a re n t  w ith  
sm aller charges, as an  8-ton h e a t  occupies 5 to  
5J- hours overall, an d  a 6-ton h e a t  ta k e s  4£ to  
4 | hours from  com m encem ent of c h a rg in g  to  
com pletion of ta p p in g .

M e ltin g  Losses
M elting  losses a re  very  co n sisten t, an d  l i t t le  

difficulty is exp erien ced  in  ta p p in g  m eta l to  th e  
requ ired  analysis. The iro n  p ro d u ced  is a  low 
to ta l-carbon  w hite  iro n  su itab le  fo r  th e  p ro d u c
tion  of b lac k h ea rt m alleab le  c a s t  iro n . M ost of 
the m eltin g  losses ta k e  p lace  d u r in g  th e  m eltin g - 
down period , only a  s lig h t ch an g e  in  an aly sis 
being a p p a re n t  d u r in g  th e  su p e rh e a tin g  p eriod .

The m eltin g  loss on to ta l  carb o n  is u su a lly  be
tween 0.32 and  0.40 p e r c en t., th e  re q u ire d  to ta l  
carbon be ing  of th e  o rd e r of 2.4 p e r  cen t. E x 
cept u n d e r  c e r ta in  ab n o rm al co n d itio n s, th e  
m etal is u su a lly  ta p p e d  w ith  a to ta l  carb o n  con
te n t  w ith in  +  0.05 p e r cen t, of th e  desired  
figure.

T he silicon c o n te n t n o rm ally  shows a  m eltin g  
loss of be tw een  0.30 a n d  0.35 p e r  c en t., th e  re 
q u ired  silicon c o n te n t be ing  ab o u t 1.0 p e r cen t. 
The n o rm al v a r ia tio n  of silicon c o n te n t in  th e  
m eta l ta p p e d  is w ith in  +  0.03 p e r  cen t.

O ccasionally  th e  losses on to ta l  carb o n  and  
silicon w ill v a ry  o u tsid e  th e  above lim its , b u t 
as th is  is d e tec ted  w hen th e  te s t  sam ple is 
analysed , th e  m eta l in  th e  fu rn ac e  can  be cor
rected  befo re  ta p p in g . Such ab n o rm al v a r ia 
tio n s  in  m eltin g  losses u su a lly  coincide w ith  an  
ap p rec iab le  change  in  th e  tim e  occupied in  m elt
in g  dow n. O ccasionally  a charg e  is m elted  down 
in a n  ap p rec iab ly  sh o rte r  t im e  th a n  is usual, 
a n d  th e  m e ltin g  losses u n d e r  such co n d itio n s a re  
lower. C onversely, if  th e  m elting-dow n tim e  is 
p ro longed , g re a te r  o x id a tio n  of th e  ch arg e  will 
ta k e  p lace, an d  th e  losses on to ta l  carbon  and  
silicon  w ill be g re a te r .

P ro v id e d  t h a t  th e  q u a lity  of gas supp lied  to  
th e  fu rn a c e  is m a in ta in e d  a t  th e  no rm al s ta n 
d a rd , th e  m elting-dow n tim e  fo r a  g iven  size of 
charg e  is fa ir ly  re g u la r , a n d  consecu tive  charges 
can  be ta p p e d  w ith in  th e  lim its  of analysis given 
above.

Fuel Costs
T he cost of bo th  fu e l an d  pow er will show a 

r a th e r  w ide ra n g e  of v a r ia tio n , w hen expressed  
in  te rm s  of cost p e r  to n  of m e ta l m elted . The 
fu e l absorbed  d u r in g  th e  soak ing  periods, i.e ., 
d u r in g  th e  n ig h t  an d  a t  w eek-ends, to g e th e r  
w ith  th e  fu e l absorbed by th e  “  sw ill-heat ” a t  
th e  w eek-end, w ill he  re la tiv e ly  h ig h  w hen com
p a red  w ith  th e  fu e l used fo r  a c tu a l m eltin g .

T he fu rn ac e  is soak ing  fo r ab o u t 9 h rs. every  
day , d u r in g  w hich  period  th e  coal feed is be
tw een  1.0 an d  1.5 cwts. p e r h r .  The sam e feed 
is used  fo r  th e  w eek-end period , w ith  th e  ex
cep tio n  of th e  “  sw ill-hea t ”  periods, w hich to ta l  
be tw een  6 an d  10 h rs. in  d u ra tio n , d u r in g  which 
tim e  th e  coal feed  is a t  th e  r a te  of 5 to  6 cwts. 
p e r  h r . A sim ple ca lcu la tio n  w ill th u s  show 
t h a t  a p p ro x im ate ly  140 cw ts. of coal p e r week 
w ill be absorbed in  ad d itio n  to  th e  coal used 
fo r  th e  final p re h e a tin g  of th e  fu rn ac e  an d  in
m eltin g  th e  a c tu a l charges. T his figure  is con
firm ed by a c tu a l coal consum ption  figures
o b ta in e d  over a period . The coal consum ed 
d u r in g  so ak in g  a n d  “ sw ill-hea t ”  periods will, 
th e re fo re , be fa ir ly  s ta n d a rd  over an y  given 
p eriod , in d ep e n d en t of th e  to n n ag e  of m eta l 
m elted .

The coal consum ed w hen m eltin g  th e  charge, 
in c lu d in g  th e  coal u tilise d  fo r  th e  final p re h ea t 
e ach  m o rn in g , w ill v a ry  acco rd ing  to  th e  size 
o f th e  c h arg e  m elted , h u t  will n o t. be in  s t r ic t  
p ro p o rtio n . I t  is th u s  a p p a re n t  t h a t  if  th e  
fu rn a c e  is w orked a t  low c ap ac ity , th e  coal
consum ed in  m eltin g  will show a  s lig h t increase  
w hen expressed  in  cw ts. of coal p e r to n  of m eta l



m elted , w hile th e  coal u til is e d  fo r  so ak in g , e tc ., 
w ill show a  fig u re  w hich , expressed  in  te rm s  of 
co n su m p tio n  p e r  to n  of m e ta l m elted , w ill v a ry  
in  in v erse  p ro p o rtio n  to  th e  to n n a g e  of m e ta l 
m elted .

F u e l  co n su m p tio n  fig u res a re  g iv en  in  T ables 
I I I  an d  IV  fo r  th e  o p e ra tio n  o f th e  fu rn a c e  on

periods, e tc ., of 1.60 cw t. of coal p e r  to n  of 
m e ta l m elted . On th e  o th e r  h a n d , if the  
fu rn a c e  is  b e in g  o p e ra te d  on ch arg es av erag in g  
10 to n s  each  (110 to n s  p e r w eek), th e  fu e l con
su m p tio n  on so ak in g  pe rio d s , e tc ., w ill only be 
a t  th e  r a te  of 1.28 cw t. p e r  to n  of m e ta l m elted, 
a n d  th e re  w ould  be a c o rre sp o n d in g  red u ctio n

T a b l e  I I I .— Coal Consumption for Soaking Periods and Sw ill Heats.

Soaking.—
Daily (Monday to Friday), 9 hours a t 1J cwts. per hr. 
D itto (Saturday), 14 hours a t 1^ cwts. per hr.
D itto  (Sunday), 12 hours a t 1J cwts. per hr. . .

Total fuel used during soaking periods

12 cwts. daily for 5 days. 
18 cwts.
15 cwts.

93 cwts. per week.

Swill heat.—
(Sunday), 8 hrs. firing a t  6 cwts. per hr.

Total fuel used weekly apart from actual melting

48 cwts. per week.

..  | 141 cwts.

Note.—This coal consumption is fairly standard over each weekly period, and bears no relation to the capacity 
a t which the furnace is worked.

T a b l e  IV .— Fuel Consumption on Melting.
Case (1).—Based on average charges of 10 tons each, i.e., 110 tons of m etal m elted per week.

Preheat 2 hours a t 7 cwts. per hour on 6 days 84 cwts. per week.
Melting Charging, etc., hours a t 6 cwts. per hour on 11 heats 99 „ „ „

Melting down, 2£ hours a t 7 cwts. per hour on 11 heats 192 „ „ „
Superheating, 1 hour a t 6 cwts. per hour on 11 heats 66 „ „ „
Tapping and fettling, 1 hour a t 5 cwts. per hour on 11 heats 55 ,, „ „

Total fuel to melt 11 heats of 10 tons each 496 cwts.

This is equivalent to  4.51 cwts. of coal per ton of metal melted.

Case (2).—Based on average charges of 8 tons each, i.e., 88 tons of m etal m elted per week.

Preheat 2 hours a t  6 cwts. per hour on 6 days 72 cwts. per week
Melting Charging, etc., 1J hours a t 6 cwts. per hour on 11 heats 99 „ „ „

Melting down, 2 \  hours a t 7 cwts. per hour on 11 heats 173 „ „ „
Superheating, 1 hour a t 6 cwts. per hour on 11 heats 66 „ „
Tapping and fettling, § hour a t 5 cwts. per hour on 11 heats 51 „ „ „

Total fuel to melt 11 heats of 8 tons each 461 cwts.

This is equivalent to 5.24 cwts. coal per ton of m etal melted.

8-ton  and  on 10-ton h e a ts . U n fo r tu n a te ly , no d a ta  
a re  y e t  av a ilab le  fo r  la rg e r  h e a ts  over a  period , 
b u t a  f u r th e r  re d u c tio n  in  fu e l costs is c e r ta in  
to  be ex p erien ced  w hen re g u la r ly  m e ltin g  h e a ts  
of 12 to  15 to n s. T he figures g iv en  a re  th e  
ca lcu la ted  coal co n sum ptions based on th e  r a t 
in g  of th e  a u to m a tic  coal feed  a n d  th e  tim e  
tak e n  on th e  v a rio u s s tag es  of m e ltin g . These 
figures can  be ta k e n  as re p re se n tin g  th e  a v erag e  
a c tu a l coal co n su m p tio n , w hich  n a tu ra l ly  v a rie s  
som ew 'hat from  h e a t  to  h e a t, b u t  w hich is 
checked w eekly by a  com parison  of th e  ca lcu 
la te d  co n su m p tio n  w ith  th e  a c tu a l coal con
su m p tio n  ov er each  w eekly period .

I f  th e  fu rn a c e  is b e in g  o p e ra te d  on  ch arg es 
a v e ra g in g  8 to n s  each  (i.e ., 88 to n s  p e r  w eek), 
th is  w ill show a fu e l co n su m p tio n  fo r soak ing

in  co n su m p tio n  r a te s  if  s t i ll  la rg e r  m etal 
ch arg es w ere re g u la r ly  m elted .

The to ta l  fu e l c o n su m p tio n  p e r  to n  of m etal 
m elted  w ill he th e  sum  of th e  fu e l used  on soak
in g  a n d  on a c tu a l  m e ltin g .

F o r  110 to n s  p e r  w eek th is  equals 
1.28 p lu s 4.51 

=  5.79 cw ts. p e r to n  o f m e ta l m e lted .
F o r  88 to n s  p e r  w eek i t  is 

1.60 p lu s 5.24 
=  6.84 cw ts. p er to n  o f m e ta l m e lted .

To th e  figures of T ab les 111 an d  IV  m u st be 
ad d ed  th e  coal used  on th e  b o ile r su p p ly in g  steam  
to  th e  g as p ro d u cers . T h is b o ile r uses ap p ro x i
m a te ly  8 to n s  of coal p e r  w eek, a n d  su pp lies a 
d u p lic a te  g a s p ro d u c e r  also, w hich  prov ides gas
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for th e  a n n e a lin g  p la n t.  H a lf  of th is  coal should 
be a llocated  toi th e  m e ltin g  fu rn a c e  ( i.e ., 4 to n s 
per w eek), an d  th is  w ill ra ise  th e  fu e l consum p
tion  figu re  by 0.73 an d  0.91 fo r  110 to n s o u tp u t  
and 88 to n s o u tp u t  re sp ec tiv e ly .

T h erefo re  th e  gross fuel co n su m p tio n  used on 
th e  e n tire  m e ltin g  p la n t  w ill now b e :  —
On 110 tons 'weekly o u tp u t  

5.79 p lus 0.73 
=  6.52 cw ts. o f coal per to n  o f m e ta l m e lted . 

On 88 tons w eek ly  o u tp u t  
6.84 p lus 0.91 

=  7.75 cw ts. o f coal per to n  o f m e ta l m e lted .
These figures w ill b e a r  com parison  w ith  an y  

o ther ty p e  of m e ltin g  fu rn a c e  cap ab le  of o p e ra t
ing on low to ta l-ca rb o n  w h ite  iro n . I t  is con-

h igh  cost of th e  fuel used w hen th e  fu rn ac e  is  n o t 
a c tu a lly  m eltin g  m eta l, to g e th e r  w ith  th e  cost of 
r e fra c to ry  m a te ria ls  used  fo r m a in ten a n ce  an d  
re p a irs , has a p ro fo u n d  effect on m e ltin g  costs 
w hen expressed  in  te rm s of cost p e r to n  of m eta l 
m elted .

C onclusion
In  conclusion, th e  p rin c ip a l a d v an tag e s  an d  

d isa d v an tag e s  of th is  fu rn ac e  can  be briefly  sum 
m arised  as fo llo w s: —

T he h ig h  c a p ita l  cost is a serious d isad v an tag e , 
as in  a d d itio n  to  th e  cost of th e  fu rn ac e  itse lf, 
gas-p ro d u cin g  p la n t  also m u s t be in sta lled .

S ince th e  fu rn ac e  p ro p er is c o n stru c ted  of 
silica  b ricks, i t  is necessary  to  m a in ta in  its  tem 
p e ra tu re  fa ir ly  n e a r  to  m eltin g  te m p e ra tu re  when

T a b l e  V .— Total Melting Costs.
Case (1).—10-ton charges (110 tons per week).

Gross fuel cost (including boiler), 6.52 cwts. a t 21s. per ton 
Power costs on gas-producer plant

Total cost of fuel and power
Refractory and repairs
Fluxes used for melting and swill heats

Total melting and maintenance costs (excluding labour) . .

Case (2).—8-ton charges (88 tons per week).

7s. Od. 
0s. 1. Id.

7s. 1. Id.
Is. 7.0d. "I Estimated. 
0s. 4 .0d. > See

    J text.
9s. O .ld . per ton of 

metal melted.

Gross fuel cost (including boiler), 7.75 cwts. a t 21s. per ton 
Power costs on gas-producer plant

Total cost of fuel and power
Refractories and repairs
Fluxes used for melting and “ swill heats ”

Total melting and maintenance costs (excluding labour) . .

8s. Id. 
0s. 1 .4d.

8s. 2.4d.
Is. 11. Od. ~) Estimated. 
0s. 4.5d. )* See

----------------J text.
10s. 5.9d. per ton of 

metal melted.

sidered probable t h a t  th e  fu e l co n su m p tio n  m ay 
fall below 6 cw ts. of coal p e r  to n  of m eta l m elted  
if the  fu rn ac e  is o p e ra ted  co n tin u o u sly  on la rg e r  
heats of 12 to  15 to n s each. As h e a ts  of over 
10 tons have n o t y e t  been m elted  w ith  any  degree  
of re g u la rity , th is  is, fo r th e  tim e , a m a t te r  of 
con jectu re  an d  c a n n o t y e t  be checked over any 
lengthy period .

T o ta l O p e ra t in g  Costs
The to ta l cost of o p e ra tin g  th e  o p e n -h ea rth  f u r 

nace will be th e  sum  of th e  fu e l cost, p lus th e  
power costs, plus cost of re fra c to r ie s  an d  fluxes. 
These costs have  a ll been item ised  u n d e r  th e ir  
d ifferen t head in g s an d  th ey  a re  now assem bled in 
Table V.

A p a rt from  affo rd in g  a fa ir ly  close s ta te m e n t 
of o p e ra tin g  costs on th e  o p en -h ea rth  fu rn ac e , 
these figures also serve to  em phasise  th e  r a th e r  
wide v a r ia tio n  in  m eltin g  costs d e p en d e n t on th e  
o u tp u t from  a p a r t ic u la r  fu rn ac e . T he re la tiv e ly

n o t in  o p e ra tio n . V io len t f lu c tu a tio n s  of tem 
p e ra tu re  would re su lt  in  spa llin g  of th e  silica 
b rick s an d  necessita te  m ore fre q u e n t shut-dow ns 
fo r re p a irs . I t  is also im p o r ta n t  t h a t  th e  tem 
p e ra tu re  of th e  re g en e ra tiv e  cham bers be m a in 
ta in e d  n e a r  w ork ing  te m p e ra tu re . T here fo re  th e  
am o u n t of fuel absorbed in  soak ing  periods is 
re la tiv e ly  h ig h  com pared  w ith  th e  fu e l used  in 
a c tu a lly  m eltin g  th e  ch arge , an d  i t  th u s  follows 
t h a t  th e  to ta l  fuel cost m ay become uneconom ic- 
a lly  h ig h  if  th e  fu rn ac e  is o p e ra ted  well below 
c ap ac ity . I f  th e  fu rn a c e  is o p e ra ted  a t  norm al 
c ap ac ity , fu e l costs a re  re la tiv e ly  low, as 
ev idenced  by th e  d a ta  g iven  in  th e  section  
d e a lin g  w ith  m e ltin g  costs.

T he fu rn a c e  can  be  o p e ra ted  co n tinuously  fo r 
long  periods, a n d  will, in  fa c t, y ield  b e tte r  re su lts  
u n d e r  such co nd itions. On th e  o th e r  h a n d , any  
m ajo r re p a irs  w hich m ay  become necessary  will 
necessita te  a  com plete  s h u td o w n  fo r several days.



Since  th e  su p p ly  of m o lten  m e ta l fo r  th e  
fo u n d ry  is in te r m it te n t ,  i t  p rec lu d es th e  use  of 
a  fu lly -m ech an ised  c o n tin u o u s  m o u ld in g  system . 
U n d e r c e r ta in  co n d itio n s  th is  m ay  be a  d is a d v a n 
ta g e . O n th e  o th e r  h a n d , i t  su p p lies  a  la rg e  bu lk  
of m e ta l (acco rd in g  to  th e  fu rn a c e  c ap a c ity )  
w hich  is a ll of a u n ifo rm  analy sis .

I t  a d m its  a close c o n tro l of an a ly sis . M e ltin g  
losses a re  fa ir ly  c o n s ta n t, b u t  w hen  v a r ia tio n s  
do occur, th e  an a ly s is  c a n  be c o rre c te d  befo re  
ta p p in g  th e  m eta l. I n  th is  re sp ec t, i t  is  u su a l 
to  ta k e  a  b a th  sam ple  of m o lten  m e ta l fo r  
an a ly sis  a b o u t 45 m in u te s  be fo re  th e  c h a rg e  is 
d ue  to  be ta p p e d .

T he m o lten  m e ta l c an  be su p e rh e a te d  to  su it  
fo u n d ry  re q u ire m e n ts  by h o ld in g  th e  c h arg e  in  
th e  fu rn a c e  u n t i l  th e  re q u ire d  te m p e ra tu re  is 
reach ed . D u r in g  th is  p e rio d  th e  slag  lay e r cover
in g  th e  m e ta l w ill p re v e n t an y  serio u s o x id a tio n  
of th e  ch arg e .

Close su p e rv is io n  a n d  tec h n ica l c o n tro l a re  
e sse n tia l, ow ing to  th e  so m ew hat com plex n a tu r e  
of th e  o p e n -h e a r th  fu rn a c e  an d  g as-p ro d u ce r 
p la n t .

I t  w ill be e v id e n t fro m  th e  d a ta  g iv en  t h a t  th e  
o p e n -h e a r th  fu rn a c e  is a  co m p a ra tiv e ly  cheap  
m e ltin g  u n i t  w hen o p e ra te d  n e a r  m ax im u m  c a p a 
c ity , a n d  m ig h t be co n sid ered  a n  econom ical 
p ro p o sitio n  even  w hen o p e ra te d  dow n to  ab o u t 
h a lf  c ap a c ity . On sm alle r o u tp u ts , how ever, th e  
o p e ra t in g  costs m ay  qu ick ly  becom e p ro h ib itiv e .
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a  s im ila r  ty p e  of fu rn a c e  tw e n ty  y ears  ago, con
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he  w ould have  been  m uch  h a p p ie r , fo r th e re  w ere 
m an y  difficulties to  be e n co u n te red .

T he P a p e r  w ould  be v a lu ab le  to  anyone  p ro 
po sin g  to  o p e ra te  such  a  fu rn ac e , fo r  th e re  w ere 
a g r e a t  m an y  a d v a n ta g e s  in  connec tion  w ith  th e  
q u a lity  of th e  w ork  w hich could be th e re b y  
p roduced . T he p o in ts  ra ised  by  M r. S h o tto n  
w ere well w o rth  a t te n tio n  w here  a h ig h -g rad e  
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s i l i c o n  c o n t e n t  o r  o t h e r  c o n s t i t u e n t s  o f  t h e  m e t a l .
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re m a rk s  by a sk in g  how M r. S h o tto n  g o t r id  of 
th e  “  b e a r  ” w hich h a d  a  ten d e n cy  to  fo rm  in 
th e  bed of th e  fu rn ac e . I t  could  be a  v ery  g re a t 
n u isan ce .

M b . H . A . . F o x  a s k e d  i f  a n y  t e s t s  h a d  b e e n  
m a d e  o n  t h e  m e t a l  a s  b e t w e e n  t h e  b e g i n n i n g  a n d  
t h e  e n d  o f  a  t a p ,  a n d  i f  t h e r e  w a s  a n y  a p p r e 
c i a b l e  v a r i a t i o n  i n  t h e  c o m p o s i t i o n .

M r . S h o tto n ’s R ep ly

M b . S h o t t o n , re p ly in g , sa id  th e re  w ere a  con
sid e rab le  n u m b er of in i t ia l  d ifficu lties in  o p e ra t
in g  one of th ese  fu rn a c e s , a n d  i t  was la rg e ly  by 
ex p e rien c e  t h a t  one a t ta in e d  c o rre c t p ractice .

T he “  b e a r  ”  on  th e  bed  of th e  fu rn ac e  was 
com posed la rg e ly  of re s id u a l iro n , a n d  m ost of 
i t  was rem oved  d u r in g  th e  “ sw ill-h ea t.”  Occa
sionally  th e y  g o t ox id ised  iro n  t h a t  d id  n o t go 
aw ay  w ith  th e  “ sw ill,”  a n d  in  such cases they 
had  fo u n d  i t  h e lp fu l to  p u t  on some fe rro 
m an g an ese , w hich  w as q u ite  effec tive  in  reducing  
th e  iro n . A c tu a lly  th e re  w as n o t m uch  trouble  
fro m  th a t  cause. I t  w as a  m a t te r  of careful 
fu rn a c e  p ra c tic e . I t  w as e ssen tia l, a f te r  the 
m eta l h a d  been  d ra w n  fro m  th e  bed, t h a t  the 
bed should  be d ried  off a n d  p u d d led  w ith  wet 
silica  san d  to  rem ove a n y  re m a in in g  pools of 
iron .

As to  th e  loss of c a rb o n , silicon an d  other 
e lem en ts  if  th e  c h a rg e  w as allow ed to  s tan d  in 
th e  fu rn a c e  d u r in g  m e ltin g , t h a t  d id  have a 
ve ry  b ig  effect. H e  h a d  fo u n d  t h a t  th e  m elting  
losses on th e  ch arg e  v a r ie d  d ire c tly  w ith  the 
m eltin g -d o w n  tim e . I f  fo r a n y  reaso n  th e  m elt
ing-dow n tim e  w as p ro lo n g ed , th e  losses on sili
con a n d  c a rb o n  w ere  v e ry  m uch  g re a te r . The 
p la n t  d id  n o t suffer fro m  ap p rec ia b le  hold-ups, 
b u t  th e  te s t  sam ples ta k e n  d id  show v aria tio n  
if  th e  m eltin g -d o w n  w as p ro lo n g ed .

T h ere  was n a tu r a l ly  a  s lig h t v a r ia tio n  in  the 
an a ly sis  of a  ta p  as b e tw een  th e  top  and  the 
b o tto m  m e ta l. T he to p  m e ta l was n o t only the 
h o tte s t ,  b u t  i t  w as in  c o n ta c t  w ith  th e  flame for 
a lo n g er p e rio d . H e  fo u n d  th e  silicon and  m an
ganese  show ed no a p p rec ia b le  ch an g e , b u t  there  
w as a loss of ca rb o n  to w a rd s  th e  en d  of a  heat, 
w hich  m ig h t be a n y th in g  fro m  0.05 to  0.15 per 
cen t. H is  p ra c tic e  w as to  “  p ig  b ack  ”  th e  end 
of th e  h e a t  by  p u t t in g  in  a  l i t t le  p ig -iro n  on 
th e  fu rn a c e  b re a s ts  so t h a t  i t  j u s t  m elted  down 
in to  th e  re m a in in g  tw o  o r th re e  tons. This 
he lped  to  keep  u p  th e  c a rb o n  c o n te n t a t  the 
en d  of th e  h e a t .  T he loss w as n o t  serious, b u t 
i t  d id  ex is t.
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Paper N o. 674

Relationship between the Quality of Iron and Steel 
Castings and the Nature of the Materials of the Melt

By Dr.-lng. P: BARDENHEUER

The m ost im p o r ta n t  co n d itio n s fo r  th e  p roduc
tion  of sound c a s tin g s  of h igh  q u a lity  in  th e  iron  
and steel fo u n d ry  a re  th e  use of sa tis fac to ry  
m ateria ls fo r th e  m elt a n d  th e i r  a p p ro p ria te  and  
correct m e ta llu rg ica l t r e a tm e n t  d u r in g  th e  m e lt
ing process. U n til  a  few  y ears  ago, th e  m eans 
available fo r ex am in in g  th e  q u a lity  of th e  raw  
m ateria ls w ere s till  in ad e q u a te , a n d  th e  m e ta l
lurgical processes ta k in g  p lace  d u r in g  th e  m elt- 
ing op era tio n  h a d  likew ise n o t been in v es tig a te d  
to  any g re a t  e x te n t . I t  was o ften  fo u n d  th a t  
c erta in  m ate ria ls , fo r in s tan c e , fo u n d ry  pig, 
despite sa tis fac to ry  chem ical com position  and  
sa tis fac to ry  m eltin g  cond itio n s, p ro d u ced  cas t
ings which w ere of u n sa tis fa c to ry  q u a lity  in  
m any respects, while th e  sam e p ig -iro n  from  
another source, b u t w ith  th e  sam e com position  
and m eltin g  co nd itions, re su lte d  in  good cas tin g s 
in every respec t.

Only th e  developm ent of su itab le  an a ly tic a l 
m ethods fo r d e te rm in in g  th e  gases an d  oxides 
in iron and  its  alloys has p ro v id ed  m e ta llu rg is ts  
w ith valuab le  m eans fo r ex am in in g  th e  raw  
m ateria ls an d  p ro d u c ts  from  fresh  p o in ts  of view 
and e lu c id a tin g  th e  in fluence of th e  gases and  
oxides on th e  q u a lity  of th e  p ro d u c ts . A t th e  
same tim e, on th is  basis, ways an d  m eans have 
been discovered fo r  e lim in a tin g  th e  p reviously  
unexplained  d efec ts of th e  m a te ria ls , an d , in  
add ition , fo r in v e s tig a tin g  an d  im p ro v in g  th e  
processes fo r th e  p ro d u c tio n  of iro n  a n d  steel. 
P a r tic u la r ly  in  connection  w ith  steel p ro d u c tio n , 
very considerab le  p rogress h as th u s  been m ade , 
b u t th e  new' know ledge has n o t been ap p lied  to  
very g re a t  a d v an tag e  in  re g a rd  to  th e  m e ta llu r 
gical problem s of th e  iro n  an d  steel fo u n d ry . 
The follow ing rem ark s  a re  in te n d e d  to  p rov ide 
a co n trib u tio n  to  th e  e lu c id a tio n  of th e  re la tio n 
ships betw een th e  n a tu re  of th e  m a te ria ls  of th e  
m elt, th e ir  m e ta llu rg ic a l t r e a tm e n t  d u r in g  m el
tin g  an d  th e  q u a lity  of th e  p ro d u c ts .

C h a ra c te ris tic s  o f D efects  caused in Ferro u s  
C astings by Gases and O xid es

C onsiderable d ifficulties m ay  be p ro d u ced  in  
iron  and  steel fo u n d ries  by gases w hich have

e ith e r  been dissolved in  th e  m olten  m eta l o r have 
been fo rm ed  by reac tio n . A p a r t  from  th e  occur
ren ce  of blowholes which a re  form ed d u r in g  
so lid ification , an d  which in  m an y  cases re n d e r  
th e  c a s tin g  useless, gases which only se p a ra te  
o u t  a f te r  so lid ification  m ay  im p a ir  th e  
m echanical p ro p e rtie s  of th e  m a te ria l  w ith o u t 
any  visib le de fec ts  show ing in  th e  cas tin g . 
H y d ro g en  an d  n itro g e n  a re  th e  m ost im p o r ta n t 
of th e  dissolved gases, w'hile carb o n  m onoxide

TEMPERATURE °C

F i g . 1 .— S o l u b i l i t y  o f  H y d r o g e n  
i n  I r o n  i n  R e l a t i o n  t o  T e m 
p e r a t u r e . (S lE V E R T S .)

fo rm ed by th e  re ac tio n  of carb o n  w ith  oxides is 
th e  p rin c ip a l reac tio n  gas.

The dissolved, gases a re  e ith e r  a lread y  p resen t 
in  th e  m a te ria ls  of th e  m elt o r a re  absorbed 
d u r in g  re m e ltin g . T h eir b eh av io u r in  re la tio n  
to  th e  te m p e ra tu re  is b e s t shown by th e  solu
b ility  cu rv e  of hyd ro g en  in  iro n . F ig . 1 show's 
th is  cu rve  acco rd ing  to  S ie v e rts .1 T he solu
b ility  increases w ith  th e  te m p e ra tu re  u p  to  
th e  m e ltin g  p o in t, w hen i t  increases 
sud d en ly  to  a b o u t tw ice th e  v a lu e  and  
th e n  increases slowly a g a in  in  th e  liq u id  phase, 
a lth o u g h  m ore ra p id ly  th a n  in  th e  solid phase. 
N itro g e n  behaves q u ite  sim ila rly . I n  m ost types
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of s tee l a n d  fo u n d ry  iro n , th e  so lu b ility  con
d itio n s  a re  fu n d a m e n ta lly  th e  sam e as in  p u re  
iro n .

T he m o lten  m e ta l is th u s  cap a b le  of ab so rb in g  
v e ry  co n sid erab le  q u a n ti t ie s  of gas, a n d  on cool
in g  i t  g ives off th e  gases a g a in  in  acco rd an ce  
w ith  th e  sam e law . I f  th e  m o lten  m e ta l was 
s a tu ra te d  w ith  gases, th e n  d u r in g  th e  solidifica^ 
t io n  of th e  m e ta l in  th e  m ould , con sid erab le  
q u a n ti t ie s  of gas a re  l ib e ra te d  in  acco rdance  
w ith  th e  s teep ly  fa ll in g  so lu b ility  cu rv e , an d  are  
cap ab le  of fo rm in g  blowholes in  th e  ca s tin g .

T he sam e d e fec ts  m ay  also be fo rm ed  by 
rea c tio n  gases. T he l a t t e r  o ften  in i t i a te  th e  
se p a ra tio n  of dissolved gases w hich, d e sp ite  th e  
s a tu ra t io n  of th e  m e ta l, a n d  w ith o u t th is  s tim u 
la tio n  by re a c tio n  gases, w ould have  re m a in e d  in 
so lu tio n  u n t i l  a f te r  th e  so lid ification  of th e  
m eta l. I n  th e  o p e ra tio n  know n as “  k ill in g  ”  
th e  steel, th e  very  re ac tiv e  oxides, fe rro u s  oxide 
an d  m an g an o u s ox ide, a re  co n v erted  in to  silica  
Or v e ry  u n re a c tiv e  s ilic a te s  by  th e  a d d itio n  of 
silicon, an y  fo rm a tio n  o r se p a ra tio n  of gas be ing  
su p p ressed  in  m ost cases. A co rre sp o n d in g  effect 
is p ro d u ced  by  th e  a d d itio n  of a lu m in iu m .

T he d e te r io ra t io n  of th e  m echan ical p ro p e r
t ie s  by dissolved gases is less know n th a n  th e  
obviously p e rcep tib le  d e fec ts  caused  by blow
holes. I f  a liq u id  s teel h a s abso rbed  so m uch 
h y d ro g en  th a t ,  u pon  cooling, th e  s a tu ra t io n  
v a lu e  is only  a t ta in e d  a f te r  so lid ification  is 
en d ed , th e n , as th e  te m p e ra tu re  fa lls , h y drogen  
se p a ra te s  o u t in  acco rdance  w ith  th e  d im in ish 
in g  so lu b ility . I t  m ig h t be assum ed t h a t  th is  
gas w ould escape from  th e  m a te r ia l  w ith o u t any 
h a rm fu l consequences, b u t  co n d itio n s a re  r a th e r  
d iffe ren t.

T he h y d ro g en  is dissolved in  th e  a to m ic  fo rm  
in  th e  iro n . I n  th is  fo rm , i t  is ab le  to  diffuse 
th ro u g h  iro n  u n im p ed ed  even a t  room  te m p e ra 
tu r e .  I f ,  how ever, d u r in g  th e  cooling  of th e  
iro n , th e  c ry s ta l is no  lo n g er ab le  to  keep th e  
h y d ro g en  in  so lu tio n , ow ing to  th e  d im in ished  
so lu b ility , an d  on i ts  w ay to  th e  su rfa ce  th e  
h y d ro g en  comes to  a g ra in  b o u n d a ry  o r some 
o th e r  free  p lace in  th e  steel o r a  non-m eta llic  
inclusion , tw o h y d ro g en  a tom s com bine to  fo rm  
a  m olecule. M olecu lar hyd ro g en  is inso lub le  
in  s teel, a n d  is no  lo n g er ab le  to  escape from  i t  
by d iffusion . I t  collects in  n a rro w  cav itie s 
u n d e r  h ig h  p re ssu re , as m ay  be observed in  th e  
case of b lis te r  fo rm a tio n  in  p ick lin g .

T his process is i l lu s tra te d  by  th e  follow ing 
sim ple e x p e r im e n t.2 A m ild  steel rod  a b o u t 
200 m m . (8 in .)  long  w as p ro v id ed  a t  one end  
w ith  a n  a x ia l bore t ig h t ly  closed by a  p re ssu re  
gau g e . A tom ic h y d ro g en  w as l ib e ra te d  on th e  
su rfa ce  by  e lec tro ly tic  p ick lin g  a n d  d iffused  in  
t h a t  fo rm  in to  th e  steel. I n  th e  bo re , how ever, 
i t  was co n v erted  in to  m olecu lar h y d ro g en  to  
w hich th e  steel w as im perv ious. T he p re ssu re

of th e  m olecu la r h y d ro g en  in  th e  bore  increased  
ve ry  ra p id ly , a n d  a t  300 a tm . th e  e x p erim e n t 
h a d  to  be d isc o n tin u ed . In  a n  e x ac tly  sim ilar 
m an n e r , hyd ro g en  se p a ra te d  from  th e  iron 
c ry s ta l in  consequence of th e  re d u c tio n  in  solu
b ili ty  can  very  ra p id ly  acc u m u la te  on th e  g ra in  
b o u n d a rie s  u n d e r  p re ssu re s  of m an y  tho u san d  
a tm o sp h eres . I t  p roduces consid erab le  stresses 
in  th e  m a te r ia l  an d  can  m ak e  its  w ay to  the  
o u ts id e  only  w ith  th e  d e s tru c tio n  of th e  s tru c 
tu re .  A t e lev a ted  te m p e ra tu re s , th e  hydrogen 
also re a c ts  w ith  th e  oxides, su lph ides, carb ides, 
e tc ., fo rm in g  th e  co rre sp o n d in g  hyd ro g en  com
pounds, w hich  a re  also inso lub le  in  steel, and 
a re  th e re fo re  u n a b le  to  d iffuse, so t h a t  they  
p ro duce  th e  sam e d e fec ts  as m olecu lar hydrogen.

A ccord ing  to  in v e s tig a tio n s  by H o u d rem o n t 
a n d  K o rsc h a n 3 a n d  by  B en n ek , Schenk  and 
M ü lle r ,1 flak iness in  steels is to  be a t t r ib u te d  to 
local a ccu m u la tio n s  of h y d ro g en  u n d e r  high 
p re ssu re .

K o rb e r an d  M eh o v a r,5 a f te r  h e a tin g  freshly 
ro lled  ra ils  fo r  one h o u r a t  200 to  600 deg. C., 
o r even a f te r  long  s to ra g e , fo u n d  a  very  con
s id e rab le  increase  in  th e  e lo n g a tio n  an d  reduc
t io n  in  a re a  in  th e  te n s ile  te s t .  T he cause  of 
th is  im p ro v em en t can  only  be th e  expulsion  of 
h y d rogen . T h is w as confirm ed by f u r th e r  ex
p e rim en ts  w ith  fresh ly  ro lled  r a i ls ,6 in  which 
th e  h v d ro g en  c o n te n t  fe ll from  2.13 to  0.1 ml. 
pe r 1Ö0 g ram s, b o th  a f te r  h e a tin g  fo r one hour 
a t  200 deg. C. a n d  a f te r  s to r in g  th e  ten s ile  te s t 
specim ens fo r  seven w eeks a t  room  te m p e ra tu re . 
A t th e  sam e tim e , th e  e lo n g a tio n  in  th e  tensile  
te s t  in c reased  by a b o u t 50 p e r  cen t, a n d  th e  con
t r a c t io n  in  a re a  by  a b o u t 100 p e r cen t. In  
s im ila r  e x p e rim e n ts , D resch er a n d  S c h ä fe r ,7 in 
th e  case of cas t s tee l of a te n s ile  s tre n g th  of 
a b o u t 60 kg . p e r sq. m m ., fo u n d  t h a t  h ea tin g  
fo r 60 h o u rs a t  100 deg . C. re su lte d  in  an  in
crease  in  th e  e lo n g a tio n  fro m  7 to  24 p e r cent, 
a n d  in  th e  c o n tra c tio n  fro m  8 to  36 p e r  cent.

A g e in g  o f C astings

I t  is o f te n  observed  t h a t  m ach in e  p a r ts  of 
g rey  iro n  o r cas t s tee l a re  d is to r te d  w hen they 
have  been  a t  th e  w o rk in g  te m p e ra tu re  fo r some 
tim e . E x p e rien c e d  p ra c t ic a l  m en , w ith o u t being 
aw are  of th e  causes, o f te n  p re v e n t  th is  by keep
in g  th e  p a r ts  in  s to ra g e  fo r  a consid erab le  leng th  
of tim e , o f ten  a  whole y ea r, be fo re  m ach in ing . 
O th ers  expose th e  c a s tin g s  in  d ry in g  cham bers 
fo r one o r  m ore  d ays to  a  te m p e ra tu re  of about 
200 deg. C. In  all cases, th e  r e s u l t  of th e  t r e a t 
m e n t is t h a t  th e  cas tin g s , a f te r  m ach in in g , no 
lo n g er w arp  in  serv ice  fo r  th e  re a so n  t h a t  the 
gases he ld  in  th e  m a te r ia l  u n d e r  h ig h  pressure 
have been expelled , th e re b y  eq u a lis in g  th e  s tra in .

V a rio u s  d ifficu lties in  th e  v itre o u s  enam elling  
of g rey  iro n  c a s tin g s  a n d  s tee l m ay  be a tt r i -



bu ted  to  th e  gases re m a in in g  u n d e r  h igh  p ressu re  
in th e  cas tin g .

All th ese  ex p erim en ts  an d  observ a tio n s show 
th a t  th e  gases l e f t ' i n  th e  cas tin g s  a f te r  so lid i
fication g re a tly  im p a ir  th e  m echan ical p ro p e rtie s  
of th e  m a te r ia l  a n d  can  lead  to  ap p rec iab le  
trouble . E v en  th o u g h  s im ila r  in v es tig a tio n s  have 
no t y e t been  m ade on o th e r  cas t m eta ls , i t  m ay 
oe concluded from  ex ten siv e  w orks experience  
th a t  also th e  q u a lity  of th ese  m eta ls  m ay  be 
d e trim en ta lly  affected  by hyd ro g en  in  th e  sam e 
way.

A fte r  th is  g en era l acco u n t of th e  c h a ra c te ris tic s  
of th e  defects p roduced  by gases and  oxides in 
cast p ro d u c ts , i t  is in te n d e d  to  deal in  w h a t 
follows w ith  th e  problem  as to  how th e  gases 
and oxides find th e i r  w ay in to  th e  cas t m eta l 
and how th e  d efec ts caused by th em  m ay be 
preven ted .

Gases and O x id e s  in P ig -tro n
U n til th e  th resh o ld  of th e  p rev ious cen tu ry , 

the g re a te r  p ro p o rtio n  of iron  cas tin g s w ere m ade 
d irectly  from  th e  b las t fu rn ac e , an d  th is  m ethod 
of w orking was also re ta in e d  long a f te r  th e  in tro 
duction  of th e  cupola  fu rn ac e . As th e  p roduc
tion  of th e  b las t fu rn a c e  cam e to  be increased  
more and  m ore by in c re as in g  th e  h e ig h t, b las t 
pressure and  fu rn ac e  te m p e ra tu re , se rious diffi
culties arose th ro u g h  th e  n um erous fa u lty  c a s t
ings caused by blowholes, a n d  consequen tly  th is  
method of w ork ing  h ad  g ra d u a lly  to  be 
abandoned en tire ly . A fte r  th e  so lid ification  of 
the  iron  in  th e  p ig  bed and  re m e ltin g  in th e  
cupola o r re v e rb e ra to ry  fu rn ac e , th e  behav iour 
of the  iron was sa tis fac to ry .

Even a f te r  th is  t r e a tm e n t,  how ever, th e  iron 
often  produced d e fec tiv e  cas tin g s  as th e  develop
m ent of b la s t-fu rn a ce  sm eltin g  proceeded in th e  
above d irec tio n , p a r tic u la r ly  w hen th e  b la s t
furnace o u tp u t  beg an  to  be increased  by a rtif ic i
ally in creasing  th e  b u rd e n  by la rg e  q u a n ti t ie s  of 
scrap. Of th e  E n g lish  sp ec ia lis ts  in  p a r tic u la r , 
F le tch er8 has p o in te d  to  th e  d ifficulties caused 
in th is  way in  th e  iron  fou n d ry .

M oldenke,9 th e  w ell-know n A m erican  fo u n d ry - 
man, has d e a lt  very  ex h au stiv e ly  w ith  th is  
problem. H e  c ited  cases in  w hich so m uch scrap  
was added to  th e  b u rd en  t h a t  th e  b la s t fu rn aces 
became cupolas. A sav in g  in  coke of 30 per 
cent, and  an  increase  in  o u tp u t  of 60 p er cen t, 
were ce rta in ly  a tta in e d , b u t w hen th is  p ig  was 
used in th e  fo u n d ry , th e  co m pla in ts re g a rd in g  
porous cas tin g s becam e v erv  in s is ten t.

The l i te ra tu re  shows th a t  serious efforts have 
been m ade in  m an y  q u a r te rs  to  e x p la in  an d  
remove the difficulties, b u t  up  t il l  now th e  
results have n o t been wholly successful, ev id en tly  
because i t  has been im possible to  g a in  a com plete 
p ic tu re  of th e  m ore deep ly-ly ing  causes.

A ccording to  th e  p re se n t know ledge of th e  pro
cesses ta k in g  p lace in  th e  b la s t fu rn ace , th e  iron 
is a lread y  com plete ly  alloyed w ith  carbon , sili
con, m an g an ese  an d  phosphorus w hen i t  reaches 
th e  h o tte s t  zone of th e  fu rn a c e  in  f ro n t  of th e  
tu y eres . D u r in g  its  passage  th ro u g h  th is  zone 
i t  is su b jec ted  to  in te n se  o x id a tio n . I n  a d d i
t io n  to  co n siderab le  am o u n ts  of iro n , th e  alloy
ing  e lem en ts w hich have  th e  g re a te s t  affinity  for 
oxygen, above all silicon an d  m anganese , a re  
affected  by th e  o x id a tio n . As show n ex p eri
m en ta lly  by W ris t,10 a  fo u n d ry  iro n  h as m uch 
h ig h er silicon an d  m an g an ese  co n ten ts  above th e  
tu y ere s  th a n  th e  iro n  w hen tap p e d .

T he iro n  to g e th e r  w ith  oxides of iro n  a n d  i ts  
accom pany ing  e lem en ts a n d  slag th u s  tr ic k le  
from  th e  p lane of th e  tu y ere s  dowm in to  th e  
h e a r th , w here, as in  th e  h e a r th  ty p e  of fu rn ac e , 
th e  m olten  iron  is covered by a lay e r of slag.

F i g . 2 .— S i l i c o n  R e d u c t i o n  i n  R e l a t i o n  
t o  t h e  T e m p e r a t u r e .

The slag  has th e  im p o r ta n t fu n c tio n  of r e ta in 
ing  th e  oxides w hich descend w ith  th e  iron . The 
se p a ra tio n  of th e  oxides from  th e  m eta l is m ore 
com plete, th e  lower th e  c o n te n t of th ese  oxides 
in  th e  slag  an d  th e  th ic k e r  th e  lay e r of slag. 
I f ,  how ever, w hen em ploying  a  h ig h -iro n  bu rd en  
—fo r in s tan ce , w hen th e  b u rd e n  is en riched  w ith  
sc rap —th e  lay er of slag  is only  very  th in ,  i t  
m ay easily  h a p p en  t h a t  th e  co n ce n tra tio n  of 
oxides in  th e  sm all q u a n ti ty  of slag becomes so 
g re a t  t h a t  f u r th e r  ab so rp tio n  of oxides is re n 
d e red  d ifficult. Also, even w hen th e  slag  h as n o t 
y e t reach ed  sa tu ra t io n , th e  ab so rp tio n  of oxides 
is re n d e re d  difficult w hen th e  p a th  of th e  oxide- 
c o n ta in in g  iro n  alloy th ro u g h  th e  lay e r of slag 
is only very  sh o rt. T he com plete rem oval of th e  
slag  d u r in g  ca s tin g  has p a r tic u la r ly  u n fav o u rab le  
consequences, because fo r th e  first period  th e  iron  
is n o t covered w ith  slag  a t  all. I n  such cases, 
th e re fo re , oxides of iro n , silicon an d  m anganese  
can  pass in to  th e  m olten  iron . I n  an  iron  con
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ta in in g  silicon a n d  m an g an ese , th e  oxygen  passes 
over to  th ese  e lem en ts  a n d  iro n  an d  m an g an ese  
s ilic a te s  a re  m ain ly  fo rm ed .

As show n by F ig .  2, th e  re d u c tio n  of silica  
by carb o n , w hich  even  a t  1,400 deg. 0 .  a lre ad y  
proceeds a t  a n  ap p rec iab le  ve loc ity , increases 
ra p id ly  w ith  r is in g  te m p e ra tu re .  M an g an ese  
s ilic a te s  in  p a r t ic u la r  a re  v e ry  d ifficult to  reduce . 
I f  th e  c o n d itio n s  in  th e  iro n  b a th  a re  n o t ve ry  
fa v o u ra b le  fo r  th e  re d u c tio n  of th ese  ox ides by 
th e  carb o n , e ith e r  because th e  te m p e ra tu re  is 
n o t v e ry  h ig h  or th e  tim e  be fo re  ta p p in g  is 
too  sh o rt , th e  re a c tio n  of th e  ca rb o n  w ith  these  
oxides co n tin u e s  a f te r  ta p p in g .

W ith  fa ll in g  te m p e ra tu re ,  th e  c o n d itio n s  be
come in c re as in g ly  u n fa v o u ra b le  to w a rd s  th is  
re a c tio n  so t h a t  i t  soon ceases a n d  c a n n o t proceed 
to  th e  end . As a ru le , c av itie s  in  th e  p igs im ply  
t h a t  th e  ev o lu tio n  of gas h as c o n tin u e d  up  to  
th e  so lid ificatio n  of th e  iro n . I n  th e  case of 
fo u n d ry  p ig , th e  re a c tio n  betw een  th e  oxides 
re ta in e d  in  th e  iro n  a n d  th e  carb o n , w hich 
re ac tio n  h as n o t been com ple ted  in  th e  h e a r th  
of th e  b la s t fu rn a c e  a n d  in  th e  p ig  bed, m ay 
also c o n tin u e  a f te r  th e  re m e ltin g  of th e  iro n  in  
th e  cupo la  u n t il  so lid ification  in  th e  m ould , th u s  
re su ltin g  in  th e  p ro d u c tio n  of c a s tin g s  w ith  
cav itie s . A fo u n d ry  p ig  p ro d u ced  from  a low- 
iro n  b u rd e n , t h a t  is to  say  w ith  a n  a b u n d a n t  
q u a n ti ty  of slag , e x h ib its  a p e rfe c tly  q u ie t  be
h a v io u r b o th  d u r in g  so lid ification  of th e  p ig  and  
also in  th e  c a s tin g  a f te r  re m e ltin g  in  th e  cupola .

U n sa tis fa c to ry  b eh av io u r is o ften  observed p a r 
t ic u la r ly  in  th e  case of h igh -silicon  fo u n d ry  p ig . 
T h is is very  p ro b ab ly  on a cco u n t of th e  fa c t 
t h a t  th e  p ig  h as been k illed  by silicon in  a 
s im ila r  m a n n e r  to  steel. E v en  th o u g h  th e  carbon  
c o n te n t of p ig -iro n  is m uch  h ig h er th a n  th a t  of 
steel, th e  silicon c o n te n t is also  h ig h e r  a n d  th e  
te m p e ra tu re  low er. T hus, in  th e  h e a r th  of a 
b las t fu rn ac e , a  p ig  w hich  has a  c e r ta in  carbon  
c o n te n t, a n d  boils v igorously  w ith  a low silicon 
c o n te n t, can  be k illed  by in c re as in g  th e  silicon 
c o n te n t so t h a t  i t  no lon g er boils, s im ila r  to  th e  
b eh av io u r of m o lten  steel.

I f  a  h igh -silicon  iron  lies q u ie tly  in  th e  h e a r th  
on a cco u n t of th e  absence of any  b o ilin g  m ove
m en t, th e  eq u a lisa tio n  of c o n ce n tra tio n  w ith in  
th e  m e ta l b a th  is re n d e re d  v e ry  d ifficult, so th a t ,  
w ith in  n a rro w ly  lim ited  re ac tio n  zones, a s ta tio n 
a ry  co n d itio n  be tw een  th e  oxides an d  carbon 
of th e  b a th  is v ery  soon a t ta in e d  a n d  f u r th e r  
re a c tio n  no lon g er ta k e s  p lace. R e a c tio n  can 
only  c o n tin u e  u p o n  c a s tin g  w hen m echan ical 
m ix in g  of th e  iron  occurs, a n d  th is  re su m p tio n  
of th e  re ac tio n  is fav o u red  by th e  fa c t  t h a t  
upon c a s tin g  an  a d d itio n a l o x id a tio n  ta k e s  place 
th ro u g h  th e  m o lten  m e ta l com ing in to  c o n ta c t 
w ith  th e  a ir .  T he sam e can  occur a f te r  re m e lt
ing, T hus, w hereas a low -silicon iron  can  boil

v igorously  in  th e  h e a r th  of th e  fu rn ac e , th e  
ox ides be in g  red u ced  as f a r  as a c e r ta in  con
d itio n  of e q u ilib riu m , i t  is possible, in  an  iron  
k illed  by a h ig h e r silicon  c o n te n t,  fo r a  consider
ab ly  g re a te r  q u a n ti ty  of ox ides to  be le ft, in 
consequence of th e  in co m p le te  e q u a lisa tio n  of 
c o n c e n tra tio n , a n d  th e n  such oxides only reac t 
d u r in g  an d  a f te r  c a s tin g  o r a f te r  rem e ltin g .

T he ox ide  c o n te n t  of th e  p ig  is com para tiv e ly  
low, b u t  i t  m u s t be rem em b ered  t h a t  even very 
low oxygên  c o n te n ts  can  e x e r t  a  d ec id ed  influence 
on th e  b e h av io u r of th e  p ig , since  in  th e  reac tion  
of only  0.001 p e r  cen t, o f oxygen  w ith  th e  carbon 
w hich  is a lw ays p re se n t in  excess, th e  volume 
of carb o n  m onox ide  fo rm ed  is ab o u t 40 p er cent, 
of t h a t  of th e  iro n  a t  1,100 deg. C.

In  a d d itio n , th e  fo rm a tio n  of re ac tio n  gases 
in  th e  m o lten  iro n  be fo re  an d  d u r in g  solidifica
tio n  in i t ia te s  th e  l ib e ra t io n  of th e  dissolved gases. 
As in  th e  case of th e  k illin g  of stee l by silicon
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F i g . 3 . — A m o u n t  o f  C 0 2 p e r  l i t r f  o f  
W a t e r  r e l a t e d  t o  T i m e  d u r i n g  
w h i c h  A i r  w a s  b l o w n  t h r o u g h  o r

t h e  W a t e r  a l l o w e d  t o  S t a n d .

or a lu m in iu m , d issolved gases m ay  re m a in  in 
so lu tio n  in  iro n , d e sp ite  su p e rsa tu ra t io n , pro
v id ed  no re a c tio n  gases a re  fo rm ed .

F o r  rem o v in g  th e  d isso lved  gases from  th e  iron, 
i t  is a d v a n ta g e o u s  t h a t  th e  b a th  in  th e  h earth  
of th e  b la s t fu rn a c e  should  boil. As is well
know n, bo iling  is d u e  to  th e  re ac tio n  of the
m eta l ox ides w ith  c a rb o n  to  fo rm  ca rb o n  m on
ox ide, w hich is inso lub le  even  in  iro n . The 
bubbles of ca rb o n  m onox ide  p ro d u ce  in  th e  m etal 
itse lf  a n d  on i ts  su rfa ce  a n  a tm o sp h e re  of carbon 
m onoxide, in  w hich  th e  h y d ro g en  a n d  n itrogen  
p ressu re  is eq u a l to  zero , so t h a t  th e  p a r tia l
p ressu re  of th ese  gases in  th e  m e ta l b a th  ten d s
to  equ alise  w ith  th e  low er p re ssu re  of th e  same 
gases in  th e  su rro u n d in g  a tm o sp h e re , th e  dis
solved gases b e in g  th u s  g ra d u a lly  rem oved  from 
th e  b a th .

T he process of th e  ex p u ls io n  of dissolved gases 
from  th e  m e ta l b a th  is i l lu s t r a te d  by th e  follow
ing ex p erim en t. C arbon  d iox ide  w as passed  for
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30 m in u te s  in to  tw o id e n tic a l vessels filled w ith  
d istilled  w a te r . T h en  a ir  free  from  carbon  d i
oxide was passed  th ro u g h  th e  w a te r  in  one of 
th e  vessels, w hile th e  second vessel was allowed 
to  s ta n d  q u ie tly  in  th e  a ir .  A sam ple  w as ta k e n  
from  both every  te n  m in u te s  an d  th e  carbon  
dioxide c o n te n t d e te rm in e d  in  i t .  The re su lt 
is shown in  F ig . 3. T he a ir  w hich was blown 
th rough  h ad  g ra d u a lly  rem oved a lm ost all th e  
carbon d iox ide from  th e  w a te r  w ith in  an  h o u r, 
while th e  carb o n  d iox ide  c o n te n t of th e  w a te r  
in th e  second vessel w as m a in ta in e d  d u r in g  th a t  
tim e.

V igorous bo iling  of th e  b a th  is th u s  th e  only 
possible m eans of rem oving  gas from  th e  iron  
in th e  h e a r th  of th e  b la s t  fu rn ac e . I f  th e  sili
con co n ten t be so h ig h  th a t ,  w ith  th e  g iven  com 
position an d  te m p e ra tu re , th e  iro n  b a th  is k illed , 
there  is p ra c tic a lly  no  evo lu tio n  of dissolved 
gases. I t  m u s t fu r th e rm o re  be borne in  m ind  
th a t  if  th e  iro n  is to  hav e  a h ig h  silicon con
ten t, th e  b las t fu rn a c e  should  be o p e ra te d  a t  a 
correspondingly  h ig h e r te m p e ra tu re , an d  as th e  
solubility  of gases in  iro n  in creases w ith  th e  
tem p e ra tu re , th is  is an  a d d itio n a l reason  fo r 
generally  ex p ec tin g  t h a t  th e  g as c o n te n t of th e  
iron will be h ig h er w ith  in c re a s in g  silicon co n ten t.

The B eh av io ur o f Gases and O x id e s  in th e  
R e m eltin g  o f P ig -Iro n  and S tee l

The slow so lid ification  of th e  iro n  in  th e  pig 
bed has th e  a d v a n ta g e  t h a t  th e  g re a te r  p o rtio n  
of th e  dissolved gases escapes from  th e  iron . 
A nother p o rtio n  m ay  escape d u r in g  sto rag e . 
D uring  rem eltin g , th e  dissolved gases a re  g iven  
off more com pletely by th e  iro n , th e  slower th e  
ra te  of h e a tin g , an d  th e  lower th e  c o n te n t of 
the fu rn ace  a tm o sp h ere  in  th e  gases w hich are  
to be rem oved. In  th is  resp ec t th e  re v e rb e ra to ry  
fu rnace  an d  s till  m ore so th e  crucib le  fu rn ac e  
are to  be p re fe rre d  to  th e  cupola.

D u rin g  re m e ltin g  w ith  access of th e  fu rn ac e  
atm osphere, i t  is a lw ays necessary  to  ta k e  in to  
account th e  possib ility  t h a t  th e  iro n  will absorb 
gases th ere fro m , p a r tic u la r ly  hydrogen , w hen i t  
is exposed to  t h a t  a tm o sp h ere  fo r a considerab le  
tim e a t  a h igh  te m p e ra tu re  or even in  th e  m olten  
s ta te . In  a slow -m elting  cupola , th e  m olten  
m ate ria l m ay becom e so s a tu ra te d  w ith  gases as 
to p roduce porous cas tin g s. A h igh  gas ab so rp 
tion  is observed in  p a r tic u la r  w hen, in  conse
quence of low tu y ere s , th e  m o lten  iro n  in  th e  
h earth  of th e  fu rn ac e  is exposed to  an  in ten se  
c u rre n t of b las t.

The oxides le f t  in  a  finely d iv ided  co nd ition  
in th e  p ig -iron  a f te r  so lid ification  c an n o t be 
en tire ly  rem oved th e re fro m  d u r in g  re m e ltin g  in  
the  cupola e ith e r  by m echan ical se p a ra tio n  o r 
by chem ical re ac tio n  w ith  th e  carbon , because 
th e  tim e  e lap sin g  from  m eltin g  to  p o u rin g  is in 
sufficient for th a t  purpose . In  m an y  cases, th e

re ac tio n  s till  c o n tin u es  in  th e  c a s tin g  ladle an d  
in  th e  m ould , so t h a t  defectiv  e cas tin g s  a re  
un avo idab le . T he oxides fo rm ed  in  th e  fu rn ac e  
on th e  su rfa ce  of th e  ch arg e  m ay, on th e  con
t r a r y ,  accu m u la te  in  th e  slag , b u t  if th e  b las t 
e n te r in g  th e  fu rn ac e  from  th e  tu y ere s  im pinges 
a t  too h igh  a velocity  on th e  iro n  so t h a t  th e  
la t t e r  is v igorously  w h irled  up  o r even form ed 
in to  sp ray , i t  is conceivable th a t  th e re  w ill be 
a g re a te r  a d d itio n a l ab so rp tio n  of oxides.

The a b so rp tio n  of gases an d  oxides d u r in g  m elt
ing  in  th e  cupola  is lim ited  to  a m in im um  if  th e  
m eltin g  o p e ra tio n  is accele ra ted  as m uch as 
possible by blow ing sufficient am oun ts of com
bustion  a ir  th ro u g h  tu y ere s  of ad eq u a te  size and  
well d is tr ib u te d  over th e  fu rn a c e  cross-section.

In  re v e rb e ra to ry  fu rn aces, th e  iro n  charged  
m elts m ore slowly. I f  th e  fu rn a c e  a tm osphere  be 
fav o u rab le , a  g a s-co n ta in in g  iro n  can give off 
m ore gas th a n  i t  absorbs. As soon as i t  is m elted  
and  its  dissolving cap ac ity  fo r gases has increased  
considerab ly , i t  is rem oved from  any  fu r th e r  
ac tio n  by th e  fu rn ac e  gases by th e  fa c t t h a t  i t  
sinks below th e  covering  of slag. The oxides and 
p a r tic le s  of slag a re  able to  se p a ra te  from  th e  
m olten  m eta l in  th e  u su a lly  long tim e  elapsing  
before th e  b a th  has reach ed  th e  necessary  cas t
ing  te m p e ra tu re , p rov ided  th ey  are  n o t reduced 
by th e  carbon . C onsequently , w hen th e  m eltin g  
o p e ra tio n  is p ro p e rly  conducted , i t  is easier to  
produce  sa tis fac to ry  cas tin g s from  a re v e r
b e ra to ry  fu rn ac e  th a n  from  a cupola.

F o r  th e  p ro d u c tio n  of steel cas tin g s from  th e  
re v e rb e ra to ry  fu rn ac e , th e  w ork ing  cond itions to  
be observed a re  th e  sam e as those know n fo r th e  
p ro d u c tio n  of steel in  th e  Siem ens fu rn ace . The 
ch arg e  gen era lly  consists of a sm all p ro p o rtio n  
of p ig  an d  a la rg e  p ro p o rtio n  of scrap . In  th e  
o p e n -h ea rth  process, th e  m elter has alw ays con
sidered  i t  of g re a t  im p o rtan ce  to  en su re  th a t ,  
a f te r  m eltin g , th e  steel s till  co n ta in s so m uch 
carbon  t h a t  th e  b a th  is ab le  to  boil vigorously 
fo r a c e r ta in  tim e  u n til  th e  desired  carbon  con
te n t  has been a tta in e d  in  th e  m olten  m etal, 
because if  th is  re q u ire m e n t be n o t satisfied, 
th e  steel does n o t m erely  cause difficulties 
th ro u g h  considerab le  evo lu tion  or se p a ra tio n  of 
gas d u r in g  so lid ification , b u t  i t  also has poor 
tech n ica l an d  m echanical p ro p erties .

F ro m  p re sen t know ledge of th e  o p en-hearth  
process, carbon  is th e  m ost pow erful an d  m ost 
effective  deoxid iser. A ccording to  th e  equ i
lib riu m  R elationships betw een carbon  and  oxygen 
in  th e  s teel b a th , only very  l i t t le  oxygen is stab le  
in  th e  p resence  of a  h ig h  carbon  c o n ten t, b u t  th e  
m ore th e  carbon  is rem oved from  th e  b a th  by 
d e ca rb u risa tio n , th e  g re a te r  is th e  q u a n ti ty  of 
oxygen 'which can  be absorbed by th e  steel in  th e  
fo rm  of fe rro u s oxide. The th eo re tic a l v a ria tio n  
of th e  oxygen c o n te n t in  th e  steel b a th  w ith  th e  
carbon  c o n te n t d u r in g  an  o p en -h ea rth  m elt is
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show n in  F ig . 4 on  th e  basis  of th e  e q u ilib r ia  
d e te rm in e d  by V ach er an d  H a m il to n .”  A d é ca r
b u risa tio n  of from  0.6 p e r cen t, to  a b o u t 0.05 p er 
cen t, a t  a  r a te  of a b o u t 0.25 p e r cen t, c a rb o n  
p e r h r . h as  been ta k e n  as basis. T h is  d ia g ra m  
shows t h a t  th e  ca rb o n  c o n te n t  of th e  b a th , as 
long as i t  is p re se n t  in  a d e q u a te  c o n c e n tra tio n  
an d  can  re a c t,  is th e  p r im a ry  d ec id in g  fa c to r  
fo r th e  oxygen  c o n c e n tra tio n . As m ore carb o n  
d isa p p e a rs  from  th e  b a th , so m o re  oxygen  passes 
in to  th e  b a th  from  a  s lag  rich  in  ferrousi ox ide. 
I n  th e  case  of a  low ca rb o n  c o n te n t  of th e  b a th , 
th e re fo re , th e  oxygen  c o n te n t  of th e  b a th  c an  be 
k e p t  low on ly  u n d e r  a  slag  w hich  is poor m  
fe rro u s  ox ide. T he d ia g ra m  in  F ig . 4, how ever,
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c o n te n t  m ay  be ev en  s lig h tly  in c reased  by these  
ad d itio n s . I n  any  case, how ever, k eep in g  th e  
ox ides aw ay from  th e  b a th  is a lw ays m ore sa tis 
fa c to ry  a n d  re liab le  th a n  an y  m easu re  fo r th e ir  
su b seq u e n t rem oval.

T he b o ilin g  of th e  s tee l b a th  h as th e  im por
t a n t  fu n c tio n  of rem o v in g  th e  dissolved gases. 
T h is process h a s a lre ad y  been  fu lly  d e a lt  w ith  in 
d iscu ssin g  th e  p ro d u c tio n  of p ig -iro n . F o r  in 
s tan ce , a cco rd in g  to  th e  a u th o r ’s in v es tig a tio n s , 
th e  h ig h  n i tro g e n  c o n te n t  of basic-B essem er steel 
w hich  is c h a rg e d  m o lten  in to  th e  o p en -h earth  
fu rn a c e  in  th e  d u p lex  process fa lls  to  a b o u t one- 
t h i r d  of i ts  o r ig in a l v a lu e  a f te r  a sh o rt  boiling. 
V igorous a n d  suffic iently  long  bo ilin g  of th e  steel 
is p a r tic u la r ly  e sse n tia l w hen th e  ch arg e  con
ta in s  m u ch  ru s ty  sc rap . As is well know n, iron
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F i g . 4 . — C a r b o n  a n d  O x y c e n  C o n t e n t s
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also shows th e  a d v a n ta g e  of “  c a tc h in g  ”  th e  
c a rb o n  in  o p e n -h ea rth  m eltin g . F o r  in s tan c e , a 
s tee l c a u g h t w ith  0.25 p e r cen t. C w ould c o n ta in  
som ew hat less th a n  0.01 p e r cen t. O in. th e  case 
of eq u ilib riu m  acco rd in g  to  th e  cu rv e . I f ,  how
ever, th e  sam e m e lt was d eca rb u rised  dow n to  
a b o u t 0.05 p e r  cen t. C an d  re ca rb u rised  subse
q u e n tly , i t  w ould  absorb  v ery  considerab le  
a m o u n ts  of oxygen , w hich  u n d e r  o rd in a ry  co nd i
tio n s  cou ld  be  rem oved from  th e  b a th  a g a in  only 
to  a sm all e x te n t  by th e  carb o n  su b sequen tly  
ad d ed . I t  is n o t possible to  re ly  u pon  th e  re 
m oval of oxygen by th e  su b seq u en t a d d itio n  of 
deo x id ise rs  (fo r in s tan c e , m an g an ese  o r silicon), 
because th e  oxygen  is n o t  rem oved  d irec tly  by 
th ese  ad d itio n s , b u t  is m ere ly  co n v erted  in to  
a n o th e r  chem ical com pound. The to ta l  oxygen

0 2. 
Per cent.

h 2.
Ml. per
100 g.

Total gas. 
Ml. per
100 g.

Nickel 0.035 30.0 86.1

Chromium metal .. 0.045 7.60 200.0
„ 0.011 5.45 56.9

Tungsten powder . . 0.45 52.4 793.3

Cobalt metal 0.13 3.30 183.5
J> >» 0.032 2.36 52.9

Ferro-chromium . . 0.063 1.83 103.0
„ 0.014 1.99 25.1

Ferro-tungsten 0.046 7.6 75.4
» 0.031 3.1 46.8
„ 0.030 6.7 46.1

Ferro-molybdenum 0.171 21.1 274.0
0.142 12.8 230.0

»> 0.096 7.0 150.0

ru s t  d iffers from  th e  p u re  ox ides of iro n  by its 
c o n te n t of chem ically -com bined  h y d ro g en . I t  
shou ld  be b o rn e  in  m in d  t h a t  th ro u g h  1 p e r cent, 
of r u s t  a d h e rin g  to  th e  c h a rg e  p e r  to n  of steel, 
ab o u t 2.5 cub ic  m e tre s  of h y d ro g en , t h a t  is a t  
0 deg. C. a n d  760 m m . H g  a lm o st tw e n ty  tim es 
th e  volum e of th e  s tee l, a re  offered  to  th e  steel 
b a th  a n d  a re  p a r t ly  ab so rbed  by i t .

A b s o rp tio n  o f Gas by th e  S te e l fro m  A llo y in g  
M a te r ia ls

I t  has been  em p h asised  t h a t  dissolved gases 
can  only  be rem oved  fro m  th e  steel b a th  by in 
ten s iv e  b o iling . F o r  th is  reaso n  i t  is necessary  
to  p re v e n t gases fro m  e n te r in g  th e  steel b a th  
a f te r  th e  te rm in a t io n  of th e  b o ilin g  pe rio d . In  
th e  p ro d u c tio n  of alloy  steels in  p a r t ic u la r ,  i t  is 
o ften  im possib le to  av o id  a d d in g  alloying 
m a te ria ls  to  th e  s tee l b a th  a f te r  th e  te rm in a tio n  
of th e  boil. T hese a llo y in g  m a te r ia ls ,  how ever,
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som etim es have  a  h ig h  c o n te n t of gases and  
oxides w hich m ay  e x e r t  a  d e tr im e n ta l effect on 
th e  finished steel if  th ey  a re  ad d ed  to  th e  h igh ly  
heated  m eta l b a th  w ith  its  h ig h  cap ac ity  for 
dissolving gases.

Table I  gives th e  re su lts  of th e  oxygen and  
gas analysis of a n u m b er of a lloy ing  m a te ria ls , 
th e  oxygen c o n te n t be ing  expressed  as a  p e r
cen tage, th e  hyd ro g en  c o n te n t in  m l. p e r  100 
grm s. an d  th e  to ta l  q u a n ti ty  d e te rm in e d  by th e  
vacuum  m e ltin g  m ethod  in  m l. p er 100 grm s. 
I t  should be p o in ted  o u t t h a t  th e  h ig h es t a v a il
able ex p erim e n ta l figures have been selected  in  
o rder to  show th e  c o n te n ts  w hich m u st be ex 
pected in  these  alloys in  u n fa v o u ra b le  cases.

If ,  fo r in stan ce , fe rro -a lloys h a v in g  a  h igh  
hydrogen c o n te n t a re  ad d ed  to  th e  fin ished steel,
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even a well deoxidised  an d  k illed  steel w ill o ften  
become wild w hen p oured  an d  will cause th e  
ingots to  rise. T his o b se rvation  m ay  be m ade 
even w ith  tra n s fo rm e r steel h a v in g  ab o u t 4 p er 
cent. Si if  th e  steel has been alloyed in  th e  ladle 
w ith  fe rro-silicon  c o n ta in in g  hydrogen .

The effect of th e  su b seq u en t a d d itio n  of 
m ate ria ls  co n ta in in g  h ydrogen  to  a m olten  b a th  
of m eta l is c learly  i l lu s tra te d  by th e  follow ing 
exam ple. E lec tro ly tic  copper, which is  well 
known to  c o n ta in  la rg e  q u a n ti t ie s  of h y d rogen , 
was slowly m elted  in  a h ig h -freq u en cy  fu rn ac e . 
A ladle sam ple, w hen h e a ted  in  vacu u m  a t  400 
deg. C., gave only 0.012 m l. H , p e r 100 grm s. 
of m eta l. E le c tro ly tic  copper to  th e  a m o u n t 
of o n e-th ird  of th e  w e igh t of th e  ch arg e  was 
then  added  to  th e  m olten  b a th . A fresh  sam ple 
gave 0.60 m l. H 2 p e r  100 grm s. of m e ta l, i.e .,  
50 tim es th e  a m o u n t o rig in a lly  fo u n d . T he re 
su lts  a re  show n in  F ig . 5. H y d ro g en  is th u s

g reed ily  absorbed by th e  m olten  m eta l of h igh  
d isso lv ing  cap ac ity .

I t  is th e re fo re  seriously  recom m ended th a t  all 
a lloy ing  m a te ria ls  subsequen tly  to  be ad d ed  to  
th e  fin ished  m olten  m eta l should  be p rev iously  
a n n ea led  fo r ex p ellin g  th e  gases. I n  do ing  th is , 
care  should  be ta k e n  to  see t h a t  th e  t re a tm e n t 
tak e s  place a t  a te m p e ra tu re  a t  w hich  th e  solu
b ility  of gases in  th e  alloy is n o t very  g re a t,  
p re fe ra b ly  a t  a du ll red  h e a t, and  in  a n  a tm o 
sphere  from  w hich  th e  a b so rp tio n  of gases is 
im possible.
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D IS C U S S IO N
M r. T. R . W a l k e r  (E n g lish  S teel C o rp o ra 

tio n ) re m a rk ed  t h a t  th e  P a p e r  followed m any  
o th ers  w hich D r. B a rd en h e u er h ad  published  in 
th e  G erm an  tech n ica l P re ss  co ncern ing  th e  
effects of gases, especially  hydrogen , in  m eta ls 
an d  p a r tic u la r ly  in  steel. D r. B a rd en h eu er 
c la im ed  th a t  th e  effect of hydrogen  in  steel 
w as alw ays d e le terious, and  M r. W alk er asked 
w h e th er i t  was now estab lished  beyond doubt 
t h a t  hydrogen  w as th e  re a l an d  only cause 
of h a ir  cracks. T h ere  h ad  been a good deal of 
a rg u m e n t re g a rd in g  th is  m a tte r ,  in  which D r. 
B a rd en h e u e r  h ad  ta k e n  a p ro m in e n t p a r t.

E x p ress in g  a g reem en t w ith  D r. B a rd en h e u e r’s 
re m a rk s  concern ing  th e  effect of th e  gases in 
p ig -iro n  on th e  p ro p e rtie s  of th e  re s u l ta n t  steel, 
M r. W alk er asked w h e th er he h ad  been ab le  to  
tra c e  any  g en era l re la tio n  be tw een  th e  am o u n t 
of g as in  p ig -iron , and  e ith e r  th e  co u n try  of 
o r ig in  or th e  process em ployed in  m a n u fa c tu r
ing  th e  p ig . F o r  exam ple, i t  was commonly 
assum ed in  th is  c o u n try  t h a t  Sw edish p ig  gave 
b e tte r  re su lts  w hen c e r ta in  typ es of steel w ere 
b e in g  m an u fa c tu re d  th a n  E n g lish  p ig  of sim ila r 
analysis. W as t h a t  a ttr ib u ta b le  to  a  d ifference 
in  gas c o n te n t betw een  th e  tw o ty p es of p ig? 
A gain , in  th e  m a n u fa c tu re  of c e r ta in  ty p es of 
iro n  cas tin g s, some m akers a tta c h e d  a g re a t  
deal of im p o rtan ce  to  th e  use of cold-blast iron 
and claim ed t h a t  i t  gave  im proved resu lts . W as 
t h a t  also connected  w ith  th e  gas c o n te n t of 
d iffe re n t ty p es of iron?
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Case o f  F e rro -M an g an ese

A lth o u g h  D r. B a rd e n h e u e r  h a d  g iv en  th e  
re su lts  of th e  gas c o n te n t fo r  d iffe re n t a lloy ing  
m a te r ia ls  he  h a d  o m it te d  re fe re n ce  to  fe rro 
m an g an ese , w hich , how ever, d e fin ite ly  c o n ta in ed  
gases. I f  sam ples of fe rro -m an g an ese , of th e  
sam e g ra d e  h u t  m a n u fa c tu re d  by  d iffe re n t 
m ak ers , w ere t r e a te d  w ith  cold w a te r , gases w ere 
evolved, th e  volum e of gas fro m  th e  sam e w eig h t 
of fe rro -m an g an ese  b e in g  d iffe re n t fo r d iffe re n t 
m akes. P re su m a b ly  th is  w as d u e  to  th e  fa c t 
t h a t  th e  d iffe re n t m akes of fe rro -m a n g an e se  con
ta in e d  d iffe re n t c o n s titu e n ts .

D r. B a rd e n h e u e r  h a d  also o m itte d  an y  r e fe r 
ence to  th e  n itro g e n  c o n te n t of fe rro -a llo y s ; 
a lth o u g h  th is  w as u n im p o r ta n t  in  m ost cases, 
i t  w as of specia l im p o rta n ce  in  fe rro -ch ro m iu m . 
F e rro -ch ro m iu m  c o n ta in in g  h ig h  c o n te n ts  of 
n itro g e n  w as be in g  used  b o th  in  A m erica  and  
G re a t B r i ta in  on acco u n t of th e  effect i t  h ad  
on th e  m ech an ica l p ro p e rtie s  and  th e  g ra in  size 
of th e  re su ltin g  steel, w hich  w as com m only h igh- 
ch ro m iu m  steel. I n  t h a t  case a t  an y  ra te  
i t  w as e v id e n t t h a t  th e  effect of g as c o n te n t in 
th e  fe rro -a llo y  w as s ig n ifican t in  d e te rm in in g  
th e  p ro p e rtie s  of th e  r e s u l ta n t  steel.

M a jo r  D iff ic u ltie s  fo r  Iro n fo u n d e rs

D e . B a r d e n h e u e r ,  d ea lin g  w ith  th e  qu estio n  
as to  w h e th er h y d ro g en  caused  h a ir  c racks, sa id  
t h a t  th e  p resence  of hyd ro g en  h ad  a t  an y  r a te  an 
im p o r ta n t  effect a n d  w as u n d o u b ted ly  one of 
th e  causes, p ro b ab ly  th e  m ost im p o r ta n t  one, b u t  
w as n o t th e  only cause  of h a ir  c rack in g .

M an y  re fe ren ces w ere to  be fo u n d  as to  th e  
d iffe re n t b eh av io u r of v a rio u s  k in d s  of p ig -iro n  
h a v in g  th e  sam e chem ical com position b u t  of 
d iffe re n t o rig in . To-day th e re  was no d o u b t th a t  
th is  b e h av io u r h a d  its  o rig in  in  th e  gas and  
ox ide c o n te n t of th e  p ig -iro n . F o u n d ry  p ig -iro n  
from  sm all b la s t fu rn aces , especially  co ld-b last 
i ro n , g en era lly  c o n ta in ed  less gas. W ith  la rg e r  
fu rn aces  an d  h ig h e r te m p e ra tu re , and  also w ith  
h ig h e r  p re ssu re  a n d  especially  w ith  a sm all p ro 
p o rtio n  of slag , th e  d ifficulties in  fo u n d ry  p ra c 
t ic e  th e re b y  arose. T he su p e r io r ity  of Sw edish 
p ig -iro n  h a d  i ts  o rig in  in  its  g re a te r  p u r i ty ;  i t  
c a r r ie d  less su lp h u r  an d  o th e r  d e le te rio u s com
p o n en ts .

D ifficulties such as th o se  w ith  w hich  th e  iron - 
fo u n d e r h ad  to  co n ten d  d id  n o t a rise  in  n e a rly

th e  sam e degree  as in  s te e lm ak in g  p ra c tic e , be
cause  bo iling  rem oved  th e  d issolved gases and 
th e  ca rb o n  red u ced  th e  oxides. I n  th e  m eltin g  
of c a s t  iro n , th e  rem oval of th ese  im p u ritie s  
w as im possible, because  th e re  w as no bo iling  and 
th e  te m p e ra tu re  w as too  low.

F e rro -m an g a n ese  w as n o t m en tio n ed  in  th e  
P a p e r ; b u t  i t  h ad  been estab lish ed  th a t  from  80 
to  100 m l. of g a s  m ig h t  be c o n ta in ed  in  100 
g ra m s o f fe rro -m an g an ese . T he g as co n ten t of 
c a rb o n -rich  fe rro -a llo y s w as g en era lly  low er th an  
in  alloys w hich  w ere  p o o re r in  carb o n . N itrogen  
w as d e te rm in e d , b u t  was n o t m en tio n ed  in  the 
P a p e r .  M oreover i t  m ig h t be m en tio n ed  th a t  in 
som e iro n  alloys, fo r  in s ta n c e  in  ferro-chrom ium , 
th e  n i tro g e n  w as com bined as ch rom ium  n itrid e . 
In  o th e r  alloys th e  n itro g e n  o ccu rred  as a gas 
dissolved in  th e  m eta l. G en era lly  sp eak in g , the  
n itro g e n  c o n te n ts  w ere ab o u t th e  sam e as those 
of hy d ro g en .

M r . B e n s i m o n  (F ra n c e ) , re fe r r in g  to  th e  s ta te 
m e n t t h a t  h y d ro g en , th o u g h  th e  m ost im p o rta n t 
cause, w as n o t th e  on ly  cause  of h a ir  cracks, 
asked  w h e th e r  i t  w as possible to  d is tin g u ish  be
tw een  th e  d if fe re n t causes to  w hich  th e  d ifferen t 
k in d s  of de fec ts  w ere a t t r ib u te d .  D id  all the  
causes o p e ra te  to g e th e r  o r  d id  th ey  operate  
sing ly , each  g iv in g  rise  to  a p a r t ic u la r  k ind  of 
d e fec t?

D e . B a e d e n h e u e e  re p e a te d  t h a t  h a ir  cracks 
could  n o t be a t t r ib u te d  en tire l} ' to  th e  presence 
of h y d ro g e n ; h a ir  c rack s w ere  ru p tu re s  caused 
by forces w hich o ccu rred  in  th e  m a te ria l.  As 
he h a d  e s tab lish ed  in  1925* h a ir  c rack s an d  flakes 
in  ch rom ium -n ickel steels cou ld  be caused by 
c ry s ta l  se g reg a tio n . I n  la te r  P a p e rs  he showed 
t h a t  local r u p tu re s  q u ite  s im ila r  to  th e  fo rm ation  
of p ick lin g  b lis te rs  w ere  cau sed  by hydrogen 
u n d e r  h ig h  p ressu re . T h is hyd ro g en , however, 
becam e l ib e ra te d  d u r in g  th e  p e rio d  of d im in ish 
ing  so lu b ility  b ro u g h t a b o u t by low er tem p era 
tu re . F in a lly , sh r in k a g e  s tresses  could co n trib u te  
to  th is  effect. T h u s th e  c rack s o ccu rred  a t  those 
places w here  th e  a m o u n t of s tre sses exceeded a 
c e r ta in  l im it. I n  m o st cases sh r in k a g e  stresses in 
th e  in g o t only  d e te rm in e d  th e  d ire c tio n  in  which 
th e  h a ir  c rack s r a n ; if  th e  sh r in k a g e  stresses 
of in g o ts  w ere  so s tro n g  t h a t  th is  fo rce  alone 
w ould d e s tro y  th e  in g o t, th e  c rack s  a lw ays had 
a  ve ry  la rg e  ex ten sio n .

* “ Die F locken  im  N ick e lch ro m sta h l,"  M itt. K .- W ilh. Inst. 
E isenfo rschung , D üsseldorf, 1925, pp . 1-15.
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Paper N o. 675

Process of Crystallisation in Commercial Alloys*
By Dipl.-Ing. W . PATTERSON

For e x am in in g  th e  processes accom pany ing  th e  
solidification of m olten  m eta ls th e re  e x is t a n u m 
ber of m ethods of in v e s tig a tio n  w hich, by ascer
ta in in g  th e  changes in  p ro p e rtie s  d u rin g  
cry sta llisa tio n , m ake i t  possib le to  describe th is  
technically  so im p o r ta n t  process. R e feren ce  
may be m ade to  th e  m ethods fo r d e te rm in in g  
mould filling pow er, sh rin k a g e , c av ity  fo rm atio n , 
lib e ratio n  of gas, e lec tr ica l co n d u c tiv ity , specific 
heat, e tc ., as well as to  th e  m eta llo g rap h ica l 
etching m ethods. The scope of th e  p re sen t 
P ap er is in te n d e d  to  exam ine  w h e th er d irec t 
therm al analysis is su itab le  fo r s tu d y in g  solidifi
cation  a t  th e  ra te s  of cooling o b ta in in g  
d u ring  th e  c a s tin g  of alloys an d  w h a t in fo rm a 
tion  can be o b ta in ed  from  tho  re su ltin g  curves. 
The ideas developed w ill th e n  be exem plified by 
the resu lts  of some e x p e rim e n ts  m ade  in th is  
d irection .

T h e o re t ic a l P a r t
F irs t  of all, th e  ded u ctio n s which can  be m ade 

theo re tically  from  th e  shape of th e  cooling curve 
of a com m ercial alloy w ill be ex am in ed . I n  th is  
connection, i t  is possible to  consider th re e  p r in 
cipal lines of th o u g h t.

(I) In  th e  in v es tig a tio n  of c o n s titu tio n a l d ia 
gram s, th e rm al analysis serves exclusively  to  
establish th e  ran g e  of ex is ten ce  of th e  phases 
which occur. F o r  th is  p u rpose , th e  m elt u n d e r  
investiga tion  is h ea ted  or cooled ve ry  slowly w ith  
te m p e ra tu re  v a r ia tio n s  of 1 to  5 deg. C. per 
min. I n  th e  te m p e ra tu re  ran g es  w here  th e re  is 
no tra n s fo rm a tio n , th e  tim e - te m p e ra tu re  curve  
has th e  w ell-know n N ew ton  fo rm  (F ig . 1). I f ,  
however, c ry sta ls se p a ra te  o u t, th e  h e a t  of 
c ry sta llisa tion  lib e ra te d  a t  th e  sam e tim e  a lte rs  
th e  d irec tio n  of th e  curve, o r  th e  cu rv e  bends 
and assum es a h o rizo n ta l d irec tio n  if th e  se p a ra 
tion of c ry sta ls  proceeds a t  c o n s ta n t te m p e ra 
tu re . By p lo ttin g  th e  b reaks and  c r itic a l p o in ts  
thus ob tained  in  th e  c o n c e n tra tio n -te m p e ra tu re  
d iag ram  an d  jo in in g  th e  p o in ts  to g e th e r, a 
large nu m b er of th e  lines in  th e  c o n s titu tio n a l 
d iag ram  are  o b ta in ed  in  th e  w ell-know n m an n e r.

The d e te rm in a tio n  of th e  th e rm a l d a ta  of 
alloys is, how ever, also of considerab le  im p o rt
ance in  th o  in v es tig a tio n  of com m ercial m elts.

I t  is well know n t h a t  com m ercial alloys, in  a d d i
tio n  to  th e  e lem ents ad d ed  in te n tio n a lly , also 
c o n ta in  o th e r  e lem en ts as im p u ritie s . These 
u n w a n ted  com ponents m ay  be d e te rm in ed  by a 
com plete chem ical analysis, b u t th ey  a re  m an i
fe s t in  th e  v a r ia tio n  of th e  c h a ra c te r  of th e  cool
ing  curve, e ith e r  by th e  fa c t t h a t  a te m p e ra tu re  
in te rv a l is observed in s tea d  of th e  c r itic a l p o in t 
or new th e rm a l effects a re  produced  by new 
typ es of s t ru c tu re  o r tran s fo rm a tio n s . T h ere 
fo re , if  only a  p a r t ia l  chem ical analysis is a v a il
able, i t  is possible from  th e  in te rp re ta tio n  of th e  
cooling cu rve  to  decide w h e th er a fu lle r  analysis 
is necessary . B y reco rd in g  th e  cooling curves,

* P resen ted  on beha lf o f th e  Technischer H aup tausschuss fiir 
Giessereiwesen.

F i g ,  1 . — F o r m  o f  C o o l i n g  C u r v e  i n  t h e  
H o m o g e n e o u s  R e g i o n  ( a )  a n u  t h e  C a s e  
o f  C r y s t a l l i s a t i o n  P r o c e s s e s  ( b ) .

th e re fo re , chem ical analysis can  be supplem ented  
or checked to  a  c e r ta in  e x te n t.

( I I )  The re su lt  of th e  th e rm a l analysis of cast 
specim ens can  also be in te rp re te d  in  a  second 
d irec tio n . I t  is a  w ell-know n fa c t t h a t  w ith  in 
c reasin g  r a te  of cooling, th e  com m encem ent of 
th e  changes of phase or of tra n s fo rm a tio n s  is 
re ta rd e d . B efore  th e  com m encem ent of th e  fo r
m atio n  of a new  phase, under-cooling  se ts in. 
F o r  o rg an ic  substances, th e  influence of u n d e r
cooling on th e  size of g ra in  of th e  crysta llised  
s ta te  h as been defined by T am m ann  and  h is colla
b o ra to rs  to  th e  effect th a t ,  w ith  in creas in g  
under-coo ling , th e  n u m b er of th e  nucle i an d  th e  
m easu rab le  r a te  of c ry s ta llisa tio n  increase  a t  
firs t a n d  th e n  fa ll a g a in  a f te r  passing  th ro u g h  a 
m ax im um . The size of g ra in  of each c ry sta llin e  
g ro u p  is o b ta in ed  from  th e  p o sitio n  of these  tw o 
curves re la tiv e ly  to  one an o th e r.
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T he a p p lic a b ili ty  of T a m m a n n ’s c ry s ta ll is a tio n  
laws to  th e  process of so lid ification  of m eta llic  
m elts h as been  re p e a te d ly  co n te s ted  on v a rio u s  
g ro u n d s  o r i t s  effect h as been  co n sid ered  to  be 
of secondary  im p o rta n ce . I n  re c e n t y e a rs , how 
ev er, th e  in c rease  in  th e  m easu rab le  r a te  of 
c ry s ta llin e  g ro w th  a n d  th e  n u m b er of n u c le i 
w ith  th e  deg ree  of u n d er-co o lin g  h as in te r  a lia  
been sa tis fa c to r ily  estab lish ed  in  th e  case of 
m e ta ls  of low m e ltin g  p o in t by  T am m an n  a n d  his 
co llab o ra to rs , a n d  also by C zochra lsk i, as well as 
by  E . Je n c k e l a n d  co llab o ra to rs .

I n  th e  c ritic ism  of T a m m a n n ’s law s, th e  m is
ta k e  fre q u e n tly  m ade  is t h a t  of re g a rd in g  th e  
c ry s ta llised  s ta te  as b e in g  d e te rm in e d  ex c lu 
sively by th e  d e g ree  of under-co o lin g . T am m an n  
h im self, as long ago as 1903, ex pressed  th e  pos
s ib ility  of in o cu la tio n  o r in i t ia t io n  by  o th e r

F i g . 2 .— E f f e c t  o f  U n d e r c o o l i n g  o f  t h e  
E u t e c t i c  C r y s t a l l i s a t i o n  o n  t h e  D i s 
p l a c e m e n t  o f  t h e  Q u a n t i t a t i v e  P r o 
p o r t i o n s .

ty p es of c ry s ta l a n d  th e  re su ltin g  in creased  
n ucleus fo rm a tio n  in  th e  fo llow ing w ords :

“  A t th e  b o u n d a ry  face  betw een an  u n d e r
cooled m elt an d  a  c ry s ta l w hich is g ro w in g  in  
th e  m elt, th e re  f re q u e n tly  occurs th e  fo rm a
tio n  of a  new  ty p e  of c ry s ta l w hich  covers th e  
first c ry s ta l u n ifo rm ly , as if  every  p o in t on 
th e  b o u n d a ry  face w ere th e  p lace of th e  firs t 
new fo rm a tio n . T he n u m b er of c ry s ta llis a tio n  
c en tre s  on such a b o u n d a ry  face is th e re fo re  
very  considerab le  a n d  v ery  m uch  g re a te r  th a n  
in  th e  m elt i t s e l f .”

T he fre q u e n tly  observed effect of ve ry  sm all 
a d d itio n s  on th e  s t ru c tu re  of eas t in g o ts  does 
n o t th e re fo re  c o n tra d ic t  th e  v a lid ity  of these  
laws.

F u r th e rm o re , th e  under-coo ling  of m eta llic  
m elts, as m easu red  u n til  recen tly , w as of such a 
low va lue  t h a t  th e re  was g re a t  re lu c ta n c y  to

a scribe  to  such s lig h t te m p e ra tu re  d ifferences 
th e  fa r-re a c h in g  d ifferences w hich  th e  s tru c tu re  
of a c a s tin g  m ay  e x h ib it. F u r th e r  re m a rk s  on 
th e  deg ree  of und er-co o lin g  w ill be m ade  in  the  
e x p e rim e n ta l p a r t  of th is  P a p e r .

C ry s ta llis a tio n  o f O rg a n ic  Salts

T h ere  a re  v a rio u s  reaso n s why th e  law s govern
ing  c ry s ta ll is a tio n  w ere d iscovered  th ro u g h  in 
v e s tig a tio n s  c a r r ie d  o u t  on  o rg a n ic  sa lts .

(1) M ost of th e  su b s tan ces  in v e s tig a te d  were 
t r a n s p a r e n t  w hen liq u id .

(2) The free z in g  p o in t lay  in  th e  v ic in ity  of 
th e  room  te m p e ra tu re ,  so t h a t  th e  in v estig a 
tio n s  w ere v ery  co n sid erab ly  sim plified .

(3) A t such  te m p e ra tu re s , th e  a tom ic  m obility  
is re la tiv e ly  low. T he course  of th e  reactions 
can  th e re fo re  be d e te rm in e d  w ith o u t com plicated

F i g .  3 . — O c c u r r e n c e  o f  a  N e w  P h a s e  ( n ) 
i n  C o n s e q u e n c e  o f  P r o n o u n c e d  C r y s t a l  
S e g r e g a t i o n  i n  a  M e l t  o f  C o n c e n t r a  
t i o n  C .

m eans. T he c ap a c ity  fo r u n d er-co o lin g  often 
am o u n ts  to  m an y  degrees, a n d  th e  tim e  elapsing  
b efore  sp o n tan eo u s  n u c leu s fo rm a tio n  se ts in 
can  be m easu red  in  m in u te s . T he r a te  of grow th 
can be m easu red  in  m illim e tre s  p e r m in u te  by 
m eans of a  s to p -w atch .

(4) A h ig h  d eg ree  of p u r i ty  can  be a tta in e d  
m uch m ore eas ily  in  th e  case of o rg an ic  sub
s tan ces  th a n  in  th e  case of m eta ls .

W ith  m eta ls , c o n d itio n s  a re  m uch  m ore un 
fav o u rab le . O p ac ity  m akes th e  in te rp re ta tio n  
of th e  re su lts  d ifficult. I t  is only  q u ite  recen tly  
t h a t  i t  h as  been possible to  p ro d u ce  very  pure  
m eta ls . T he h ig h  te m p e ra tu re s  involved mean 
h ig h  re ac tio n  veloc ities . In  th e  case of subjec
tiv e  m ea su re m e n t, th e  p e rio d  e lap sin g  before 
sp o n tan eo u s  n u c leu s fo rm a tio n  se ts in  very  soon 
becom es im m easu rab ly  sh o rt . J e n c k e l, fo r in
s tan ce , has m easu red  r a te s  of c ry s ta ll in e  grow th 
of up  to  850 m m . p e r m in . a t  4 deg. C. u n d e r



cooling in  th e  case of lead . H e re , th e  d u ra tio n  
of th e  e x p e rim e n ts  was only 5 secs, and  was 
ap p ro ach in g  th e  l im it  of th e  skill of th e  in v e s ti
g a to r. In  such cases, th e rm a l an aly sis em ploy
ing  m easu rin g  a p p a ra tu s  of th e  m ax im um  pos
sible se n s itiv ity  could be ap p lied  an d  s im u lta n e 
ous m easu rem en t a t  d iffe re n t p o in ts  in  th e  m elt 
would enab le  th e  connec tions betw een  u n d e r
cooling, g ra in  size an d  s t ru c tu re  to  be e s ta b 
lished.

Effects o f U n d e rc o o lin g

Besides a c tin g  on th e  g ra in  size, under-coo ling  
also acts in  a second way.

(1) I f ,  fo r exam ple, a  p r im a ry  solid so lu tio n  
undercools, th e  p a rtic le s  w hich c ry sta llise  f irs t 
have a d iffe re n t com position  from  th ose  which 
would s e p a ra te  o u t  on slow cooling. U n d e r
cooling, th e re fo re , also influences th e  deg ree  of 
crysta lline  seg reg a tio n , a n d  by m ea su rin g  th e  
under-cooling, i t  is possible to  m ake  ded u ctio n s 
reg ard in g  seg reg a tio n .

(2) A fte r  p rev ious p r im a ry  c ry s ta llis a tio n , 
eu tec tic  so lid ification  m ay  also se t  in  a f te r  an  
under-cooling stag e . I t  m u s t be concluded from  
th is  th a t  an  excessively la rg e  n u m b er of p rim ary  
crystals a re  se p a ra te d  o u t, because th e  availab le  
tem p e ra tu re  in te rv a l is increased  by th e  u n d e r
cooling. C onsequently , th e re  is a d isp lacem en t of 
the  q u a n ti ta t iv e  p ro p o rtio n  of th e  s tru c tu ra l  
constitu en ts . F ig . 2 i llu s tra te s  th is  possib ility  
in th e  case of a  very s lig h t under-coo ling  (A) 
and a m ore p ronounced  u n d er-coo ling  (B ). The 
d isplacem ent of th e  q u a n ti ta t iv e  p ro p o rtio n s  will 
be seen from  th e  lever d ia g ra m  shown in  both  
cases.

N e w  C ry s ta l Types D isclosed

( I I I )  A th ird  possib ility  which would be ob
servable by th e rm a l analysis is th e  d e tec tio n  of 
new cry sta l ty p es d u e  to  seg reg a tio n . The 
d iag ram  of F ig . 3 is in te n d e d  to  show how such 
new fo rm atio n  can  occur. I n  th e  case of th e  
com position C selected  fo r  c o n sid e ra tio n , th e  
solidified m elt should , accord ing  to  th e  d iag ram , 
consist exclusively of solid so lu tions. Since, 
w ith th e  assum ed ra te  of cooling, e q u a lisa tio n  of 
co n cen tra tio n  w ith in  th e  se p a ra te d  c ry s ta ls  is 
insufficient, th e  m ean com position  of th e  solid 
solutions is n o t shown by th e  so lidus cu rve  a m , 
b u t by th e  d o tte d  line  a m '.  W hen  th e  e u tec tic  
te m p e ra tu re  is  reached , th e re fo re , th e re  is s till  
a re sid u a l m elt w hich cry sta llises  eu tec tica lly  
w ith se p a ra tio n  of th e  solid so lu tions m  an d  n. 
I t  m u st he re  be p o in ted  o u t th a t  a m ' is n o t an  
equ ilib rium  curve, b u t m erely in d ica te s  th e  m ean 
chem ical com position  of th e  c ry sta ls  se p a ra te d  a t  
each te m p e ra tu re . Only th e  o u te rm o st zone of 
B-rich solid so lu tions is  in  eq u ilib riu m  w ith  th e  
m elt.

To su m m arise  th e  fo rego ing , i t  m ay  be said 
t h a t  th e rm a l analysis could  be of va lue  in  th e  
follow ing cases : -—

(1) As an  in d ic a to r  of th e  chem ical com posi
tio n  by  show ing th e  presence of a d d itio n a l 
e lem en ts w hich h av e  escaped  an  incom plete  
analysis. T h erm al analysis, to  a  c e r ta in  e x te n t, 
th u s  checks chem ical analysis.

(2) F o r  a sc e r ta in in g  under-coo ling  phenom ena 
which m ay be expec ted  to  affect bo th  th e  g ra in  
size an d  th e  s t ru c tu re  of th e  cas tin g , an d  also 
th e  d isp lacem en t of th e  q u a n ti ta t iv e  p ro p o rtio n s 
of th e  c o n s titu e n ts  in  th e  s tru c tu re .

(3) F o r  d e te c tin g  new  ty p es of c ry s ta ls  which 
owe th e ir  fo rm a tio n  to  seg reg a tio n . In  th is  
case, th e re fo re , th e rm a l analysis can  ass is t in  
m eta llo g rap h ica l in te rp re ta tio n .

I n  a d d itio n , ded u ctio n s can  p robably  be m ade 
from  th e  shape of th e  cooling cu rv e  re g a rd in g  
th e  p ecu lia ritie s  in  th e  bu ild -u p  of v a rio u s types 
of s tru c tu re ,  th e  causes of w hich  p e rh ap s reside  
in  th e  p resence of an iso tro p ic  reg ions in  th e  m elt.

E x p e rim e n ta l W o r k
Only one m ethod , sa tis fy in g  th e  follow ing p r in 

c ip a l co n d itio n s, is su itab le  for th e  th e rm a l 
e x am in a tio n  of th e  possib ilities in d ic a te d  in  th e  
fo rego ing  : —

(1) T he m easu rin g  p o in t in  th e  m elt should 
possess th e  le a s t  possible m ass in  o rd e r to  obviate  
any  buffer ac tion  on th e  th e rm a l effects.

(2) The in d ic a tin g  in s tru m e n t should  in d ica te  
and  reco rd  th e  m easu red  v a lu e  w ith  th e  least 
possible re ta rd a t io n .

T he a p p a ra tu s  em ployed re su lted  from  a m odi
fication  of th e  m easu rin g  a r ra n g e m e n t on th e  
K u rn ak o w  p rin c ip le . T he m ethod  consists in  
a llow ing  a ra y  of l ig h t  reflected  by th e  m irro r  of 
a  g a lv an o m eter, co n tro lled  by th e  therm ocoup le  
c u rre n t , to  fa ll on a revo lv ing  d ru m  ro u n d  which 
is secured  s ilv er b rom ide  p a p e r, th u s  reco rd ing  
a tim e - te m p e ra tu re  cu rve. T he m ir ro r  ga lvano
m ete r is of ve ry  l ig h t  c o n stru c tio n  an d  th e  
m oving  system  is co m p ara tiv e ly  dead  b e a t. The 
m ax im um  deflection  of th e  ga lv an o m eter is re g u 
la te d  by m eans of a v a riab le  resis tan ce .

A ny d esired  te m p e ra tu re  ra n g e  can  be 
a d ju s te d  by tu rn in g  th e  suspension knob on th e  
ga lv an o m ete r, th u s  o b v ia tin g  th e  necessity  for 
com pensa tion  c u rre n ts  an d  th e  possible d is tu rb 
ances w hich th ey  m ay  in tro d u ce . The w id th  of 
th e  d ru m  is 180 m illim e tres . Thus, by a d ju s tin g  
a ra n g e  of 90 deg. C. i t  is possible to  m easure  
ve ry  a cc u ra te ly  am o u n ts of 0.1 deg. C. =  0.2 
m illim e tre . T he Le C h a te lie r  therm ocouple  was 
used , and  in o rd e r to  be able to  m easure  rap id ly - 
o ccu rrin g  processes, th e  ju n c tio n  should be as 
sm all as possible. F o r  m easu rin g  th e  tem p e ra 
tu re ,  i t  is b e st to  use an  u n p ro tec te d  ju n c tio n , 
which, how ever, is only possible if  n e ith e r  a reac 
tio n  of th e  m e lt w ith  “th e  p la tin u m  n o r p e n e tra -

203



tio n  of th e  m e lt  in to  th e  p ro te c tiv e  sh ea th  is to  
be fea red .

I n  o th e r  cases, a  th in  o u te r  p ro te c tiv e  tu b e  o r 
a  c o a ted  ju n c tio n  m u s t  be em ployed. I t  is, how 
ev er, th e n  no lo n g er possible to  reco rd  a cc u ra te ly  
processes w hich  ta k e  p lace ra p id ly . B y c a re fu l 
m a n ip u la tio n  an d  by em ploy ing  d o u b le  bore  p ro 
te c tiv e  tu b e s  only  2 m m . th ic k , i t  is  possib le to  
fo rm  th e  th erm o co u p le  ju n c tio n  so t h a t  only a 
h em isp h e rica l p a r t  of th e  ju n c tio n  p ro jec ts  and  
th e  m e lt c an n o t p e n e tra te  in to  th e  p ro tec tiv e  
tu b e .

To in v e s tig a te  th e  p ro p o rtio n a lity  of th e  d e 
flection  of th e  m ir ro r  g a lv a n o m ete r, a  second 
m ir ro r  g a lv a n o m ete r w as conn ec ted  in  p a ra lle l, 
by m eans of w hich  th e  sam e c u rv e  could  be 
reco rd ed , if  d esired  w ith  d iffe re n t te m p e ra tu re  
g ra d ie n ts . B y w o rk in g  in  th is- w ay, i t  is also 
possible to  reco rd  a p ilo t cu rv e  by m eans of th e  
f irs t g a lv a n o m ete r, d e ta ils  b e in g  reco rd ed  by 
m eans of th e  second g a lv an o m ete r. A la rg e  
in s ta l la t io n  fo r  m easu rem en ts  a t  4 to  8 d iffe re n t 
p o in ts  in th e  m elt o r  of a  c a s tin g  is be in g  con
s tru c te d  w ith  th e  a ssis tan ce  of th e  G erm an  
N a tio n a l R esearch  A ssocia tion .

Experim ental  Results
The ideas developed in  th e  fo reg o in g  w ill now 

be com pared  w ith  th e  re su lts  of som e ex p eri
m en ts . F ig . 4 shows th e  f reez in g  cu rv e  of p u re  
co p p er used  fo r c a lib ra tio n  purposes. T he r a te  
of cooling, 30 deg. C. jper m in . in  .the  m o lten  
p a r t ,  is low (cooling in  a sm all fu rn a c e ) . A fte r  
a  s l ig h t u n d er-coo ling , a p ronounced  a r re s tm e n t  
is observed, from  w hich  th e  cu rv e  bends v e ry  
su d d en ly  a f te r  free z in g  is com pleted .

T he shape  of th e  cooling cu rv e  of a lu m in iu m  
of h ig h  p u r i ty  (99.99 p er cen t.)  show n in  F ig . 5 
is v e ry  s im ila r. The m elt w eighed  ab o u t 50 
g ram s an d  w as cooled in  th e  a ir  in  a carbon  
c rucib le . I n  th e  m olten  reg io n , th e  r a te  of cool
ing  w as ab o u t 130 deg. C. p e r  m in . I n  th is  
case, th e  cu rv e  ex te n d s  re c til in e a r ly  p a ra lle l to  
th e  tim e  ax is  d u r in g  c ry s ta llisa tio n . A d is tu rb 
an ce-free  cu rve  an d  chem ical p u r i ty  a re  in  con
fo rm ity  w ith  one an o th e r.

A co rresp o n d in g ly  u n ifo rm  course  of th e  cool
ing  cu rv e  can  be exp ec ted  in  th e  free z in g  of a 
p u re ly  b in a ry  e u te c tic . T w en ty  g ram s of a 
S ilu m in  (A lpax) alloy w ith  13 p e r  c en t. S i, 0.3 per 
cen t. F e  an d  0.3 p e r  cen t. M n w ere  m elted  a t  a 
fu rn a c e  te m p e ra tu re  of 750 deg. C ., an d  a fte r  
be in g  m a in ta in e d  a t  th e  te m p e ra tu re  fo r 5 m ins.

F i g . 5 . — C o o l i n g  C u r v e  o f  H i g h - P u r i t y  
A l u m i n i u m  (99.99 p e r  c e n t . ) .  R a t e  o f  
C o o l i n g  130 d e g . C .  p e r  m i n .

w ere allow ed to  cool in  s t i l l  a ir .  T he curve 
(F ig . G) co rresponds to  a h y p e r-e u tec tic  Silum in 
alloy, th e  e u te c tic  c ry s ta ll is a tio n  be ing  m arked 
by a long c r it ic a l  p o in t w hich , how ever, pre
m a tu re ly  fa lls  s lig h tly  to w ard s  th e  end . This 
d ro p  is to  be  a t t r ib u te d  m a in ly  to  th e  small 
a m o u n t of im p u r it ie s  p re se n t. T he commence
m en t of th e  p r im a ry  s e p a ra t io n  of silicon is

F i g . 6 . — C o o l i n g  C u r v e  o f  S i l u m i n , w i t h  
13 p e r  c e n t . Si,  0.3 p e r  c e n t . Mn, a n d  
0.3 p e r  c e n t . Fe.  R a t e  o f  C o o l i n g , 153
DEG. C. PER M IN .

m ark ed  by  a  ben d . D esp ite  th e  previous 
c ry s ta ll is a tio n  of silicon , s e p a ra t io n  of the  
e u te c tic  on ly  com m ences a f te r  und er-co o lin g  of
3.1 deg. C.

A n o th e r S ilu m in  alloy  w as su b jec ted  to  th erm al 
an alysis u n d e r  th e  sam e c o n d itio n s  as th e  above

[—  1mm -»)

F i g . 4 .— C o o l i n g  C u r v e  o f  P u r e  C o p p e r  
i n  t h e  F r e e z i n g  I n t e r v a l . R a t e  o f  
C o o l i n g  30 d e g . p e r  m i n .



Tnelt. I n  a d d itio n  to  12 p e r cen t. Si, th e  m elt 
co n ta in ed  0.25 p er cen t. F e , 0.4 p er cen t. M g, 
and 0.5 p er cen t. M n. T he cu rv e  corresponds 
to  a liy p o -eu tec tic  m elt. A fte r  p ronounced  
under-cooling  of th e  p r im a ry  se p a ra tio n  of 
a lum in ium  m ixed c ry sta ls , ex te n d in g  in  its  lowest 
po in t to  below th e  e u tec tic  e q u ilib riu m  te m p e ra 
tu re , c ry s ta llis a tio n  of th e  b in a ry  eu te c tic  ta k e s  
place w ith o u t u n der-coo ling  in  a te m p e ra tu rę  
in te rv a l, an  in d ic a tio n  t h a t  some of th e  im 
p u ritie s  a re  dissolved. F u r th e rm o re , a t  th is  
ra te  of cooling, w hich  was 150 deg. C. p e r m in . 
in th e  liq u id  reg io n , tw o o th e r  effects occur 
(in d icated  by a rrow s). I n  th e  m icroscopic ex
am in a tio n  of these  tw o m elts a f te r  so lid ification , 
in th e  first case, only p r im a ry  lam e lla r Si c ry s ta ls  
and a u n ifo rm ly  developed e u tec tic  of coarse  
tvpe w ere observed. I n  th e  case of th e  alloyed 
S ilum in  alloy, on th e  c o n tra ry , besides- th e  binary- 
eu tectic , zones of eu te c tic  developm en t w ere to

F i g . 7.— C o o l i n g  C u r v e  o f  S i l u m i n , w i t h  
12 p e r  c e n t . S i, 0.25 p e r  c e n t . F e , 0.4 
PER CENT. M g , AND 0.5 PER CENT. M n . 
R a t e  o f  C o o l i n g , 150 d e g . C .  p e r  m i n .

be seen, these  co n ta in in g  M g2Si c ry sta ls  an d  also 
probably a com plex co n ta in in g  m an ganese. The 
presence of slig h t am o u n ts  of fo re ig n  elem ents 
and th e  occurrence  of new  c ry s ta l ty p es  a re  th u s  
evinced in th e  cooling curves.

Figs. 6 and  7 showed th a t  u n d er-coo ling  of 
several degrees can  occur b o th  be fo re  th e  com
m encem ent of p rim a ry  c ry s ta llisa tio n  an d  also 
before th e  se p a ra tio n  of th e  eu tec tic . D esp ite  
th e  p resence  of p r im a ry  c ry sta ls  w hich, in  th e m 
selves, o ugh t to  have  an  in i t ia t in g  o r in o cu la tin g  
action, i t  is possible fo r th e  eu te c tic  re s id u a l 
m elt to  under-cool. I n  o rd e r to  check th is  
observation , some q u asi-eu tec tic  m elts of th e  
Al-Si system  w ere m ade an d  su b jec ted  to  th e rm a l 
analysis u n d e r th e  sam e cond itions.

The com positions of th e  m elts a re  show n in 
F ig . 8. I t  w ill be observed t h a t  in  th e  h yper-
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eu te c tic  m elts, u n d er-co o lin g  of ab o u t 2.5 deg. C. 
occurs, w h ils t in h y p o -eu tec tic  m elts i t  is a b sen t 
o r  only  v ery  s lig h t. F u r th e rm o re ,  th e  fa m il ia r  
p ro n o u n ced  u n d er-co o lin g  c ap a c ity  of th e  
p r im a ry  a lu m in iu m  solid so lu tion  se p a ra tio n  is 
c learly  show n.

T he d iffe re n t b e h av io u r of p r im a ry  c ry s ta ls  on 
th e  in it ia t io n  of e u te c tic  c ry s ta ll is a tio n  w as also 
observed in  a  s im ila r  m a n n e r  in  th e  case of some 
o th e r  b in a ry  system s. I n  T ab le  I ,  th e  first

T a b l e  I .— Binary Systems Exhibiting Eutectic 
U nder-cooling.

System.

The eutectic 
residual melt 
under-cools in 

the case of 
primary 

separation of

Freezing point of 
the components

A. B.

Degi Deg.
Al-Al2Cu A1 660 590
Mg-Mg3Al2 .. Mg 650 455
Al-Al3Mg2 .. AI 660 454
Al-Zn A1 660 419.4
Sb2Zn3-Zn . . Sb2Zn3 566 419.4
Si-Al Si 1,414 660

colum n shows th e  system s in v es tig a te d , th e  
second colum n th e  k in d  of c ry s ta l, a f te r  th e  
p r im a ry  se p a ra tio n  of which th e  re s id u a l m elt 
c an  under-coo l, an d  th e  la s t  co lum n shows th e  
freez in g  p o in ts  of th e  p u re  com ponents. (T aken  
from  M. H a n se n , “  S tru c tu re  of th e  B in a ry  
Alloys ”  (A u fb au  d e r  Z w eisto ffleg ierungen), 
B e rlin , J .  S p rin g e r , 1936).)

I t  w ill be  seen  t h a t  in  b in a ry  system s, th e  
p r im a ry  se p a ra tio n  of th e  com p o n en t h a v in g  th e  
h ig h e r  m e ltin g  p o in t has l i t t le  in fluence  on  th e  
in i t ia t io n  of e u te c tic  c ry s ta llisa tio n . T he e u te c tic  
residua) m elt freezes a f te r  under-coo ling . W ith

is und er-co o lin g  only of th e  p r im a ry  c ry s ta llisa 
tio n . I n  th e  case of th e  se p a ra t io n  of A l2Cu, 
th is  is so p ro n o u n ced  t h a t  th e  low est po in t 
reach ed  by th e  u n d er-co o lin g  is below th e  eu tec tic  
te m p e ra tu re .  I n  F ig .  10 on th e  c o n tra ry , u n d e r
cooling is w ell-p ronounced  in  th e  case of both 
c ry s ta ll is a tio n  processes.

In  th e  e x p e rim e n ts  so f a r  d iscussed , th e  ra te  
of cooling  w as a b o u t 100 to  150 deg . C. p e r m in. 
U nder-coo ling  a m o u n ted  to  severa l degrees

F i g . 1 0 .— P r i m a r y  S e p a r a t i o n  d o e s  n o t  
S u p p r e s s  U n d e r - C o o l i n g  o f  E u t e c t i c  
C r y s t a l l i s a t i o n .

m easu red  in  th e  m idd le  of th e  sam ple. This 
m eans, how ever, t h a t  befo re  th e  com m encem ent 
of f reez in g , th e  e n ti re  m e lt m u s t have  u n d e r
cooled, a n d  since d u r in g  cooling  in  th e  liquid 
reg io n  th e re  is a ten n p e ra tu re  g ra d ie n t  from  th e  
m iddle  to  th e  edge of th e  sam ple , i t  is to  be 
assum ed t h a t  th e  d eg ree  of und er-co o lin g  is not 
in co n sid e rab ly  g r e a te r  in  th e  o u te r  zones.

F i g . 9.— E x a m p l e s  o f  D i s t i n c t  I n i t i a t i o n  
o f  E u t e c t i c  C r y s t a l l i s a t i o n  o f  
P r i m a r y  C r y s t a l s .

re g a rd  to  th e  co m ponen t of low er m eltin g  p o in t, 
u n d er-co o lin g  of th e  re s id u a l m e lt is m ore  or 
less ab sen t. I t  m u s t th e re fo re  be assum ed th a t  
th e  p r im a ry  c ry s ta ls  e x e r t  an  in o cu la tin g  ac tio n  
on th e  e u te c tic  re s id u a l m elt.

F ig s . 9 a n d  10 show some of th e  cooling curves 
of th is  e x p e rim e n ta l series. I n  th e  fo rm er, th e re

F i g . 11.— C o o l i n g  C u r v e s  o f  T w o  S i l u m i n  
A l l o y s  : (1) 13.11 p e r  c e n t . S i ( r a t e  o f  
COOLING, 110 DEG. C. PER M IN .) .  (2) 11.5 
PER CENT. S i ( r a t e  OF COOLING, 2,400 DEG.
C . PER M IN .) .

W h en  th e  r a te  of cooling  is f u r th e r  increased , 
fo r  exam ple  by c a s tin g  in  a m e ta l m ould , u n d e r
cooling o u g h t to  be m u ch  g re a te r .  A n i llu s tra 
tio n  w ill confirm  th is  a n d  also show th e  efficiency 
of th e rm a l an aly sis. F ig . 11 show s p o rtio n s  of
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th e  cooling cu rv e  of tw o S ilu m in  alloys. The 
alloy c o n ta in in g  13.11 p e r cen t. S i, so lid ify ing  
slowly in  a c ru cib le  in  th e  a ir  ( r a te  of cooling 
abou t 110 deg. C. p er m in .) serves as a k in d  of 
pilo t o r c a lib ra tio n  alloy in  th e  in v es tig a tio n  
of alloys in  th e  reg io n  be tw een  500 an d  600 deg. 
C. I t  a lw ays g ives th e  sam e cu rv e  p ro v id ed  th e  
experim en ta l co n d itio n s a re  k e p t c o n s ta n t. The

prim ary  c ry s ta llisa tio n  of th e  silicon lies ju s t  
above th e  e u te c tic  c r it ic a l  p o in t, which w as still 
recorded on th e  second rev o lu tio n  of th e  d ru m  
(periphery  500 m m .). The e u te c tic  under-cooling  
is 3 deg. C. The second sam ple  w ith  ab o u t 11.5 
per cent. Si was p o ured  in  a th ick -w alled  iron 
mould of 20 mm. in te rn a l  d iam e te r. T he ra te  
of cooling is accord ing ly  h ig h er, be in g  ab o u t 40 
deg. C. per sec. in th e  liqu id  reg io n , th is  co rre 
sponding to  2,400 deg . C. pe r m in . D esp ite

F i g . 13. —S i l u m i n  M o d i f i c a t i o n .

th is h igh ra te  of cooling, th e  c ry s ta llis a tio n  pro
cess is still de tec ted  by th e  a p p a ra tu s .

F o r th e  com m encem ent of th e  a lu m in iu m  crys
ta llisa tio n , m axim um  under-coo ling  is 6 deg. C. 
below th e  e u tec tic  eq u ilib riu m  te m p e ra tu re  of 
the  p ilo t alloy. E u te c tic  c ry s ta llis a tio n  com 
mences in  consequence of in o cu la tio n  by th e  
p rim ary  c ry sta ls  a t  th e  p o in t m ark ed  by an

arro w , p e rh ap s even before. The m ost p ro 
nounced c ry s ta llisa tio n , which in  consequence of 
th e  h e a t  of c ry s ta llis a tio n  lib e ra te d  a lm ost re 
su lts  in  m a in ten a n ce  of th e  te m p e ra tu re  of th e  
m elt, only ta k e s  place 23 deg. C. below th e  
c r itic a l p o in t of th e  p ilo t curve. The in v es tig a 
tio n  of th e  effect of such considerab le  u n d e r
cooling is one which shows m uch prom ise and  
to  w hich th e rm a l analysis can  be usefu lly  app lied . 
The proposed in v es tig a tio n s  em ploying a num ber 
of therm ocoup les in  d iffe ren t zones of th e  m elt 
should be p a r tic u la r ly  in fo rm a tiv e .

C onclusion

To conclude, re fe ren ce  w ill be m ade to  an 
o b se rv atio n  show ing th e  fu r th e r  re la tio n sh ip s  be
tw een  th e  re su lt  of th e rm a l analysis an d  t h a t  of 
m icroscopic e x am in a tio n . I n  th e  “  m odifica
tio n  ”  of S ilu m in  w ith  sodium , a very  fine eu tec 
t ic  is fo rm ed. The te m p e ra tu re  of i ts  fo rm atio n  
is some degrees lower th a n  in  th e  unm odified 
m a te ria l  w ith  coarser developm ent of th e  eu tec 
t ic . In  th e  case of sem i-m odified m a te ria l, th e  
s tru c tu re  shows zones of fine and  coarse eu tec tic ,

F i g . * 1 4 .— H e r e d i t y  P h e n o m e n a  i n

S i l u m i n .

o ften  c learly  se p a ra ted  b u t in  o th e r cases ch arac 
te rised  by a co n tin u o u s tra n s it io n  of th e  degree 
of fineness. In  th e  case of p a r tia l  m odification , 
th e  cooling curve  shows a stepped  fo rm atio n  d u r
in g  th e  c r itic a l p o in t, as is in d ic a te d  d iag ram - 
m atica lly  in  F ig . 12. The len g th  of th e  
tw o steps ap p ea rs  to  be a  m easu re  of th e  q u a n ti
ta t iv e  p ro p o rtio n s  of coarse an d  fine eu tec tic . 
F ig . 13 shows th e  curves of such an  experim en
ta l  series. D iag ram s A and  D a re  th e  cooling 
curves of unm odified  and  co rrec tly  m odified 
S ilu m in  w ith o u t step p ed  fo rm atio n . In  th e  case 
of th e  sam ple (B) m odified w ith  0.1 p er cen t. N a 
th e re  a re  tw o d is tin c t steps, th e  lower of which 
is a p p a re n tly  connected  w ith  th e  se p a ra tio n  of 
th e  finer s tru c tu re . The effect of 2 p e r cen t, of 
m od ify ing  sa lt alone is less (C), th is  be ing  shown 
by a d isp lacem en t of th e  len g th  of th e  step .

The sam e step p ed  fo rm atio n  was also observed 
in  th e  case of some so rts  of rem elted  S ilum in . 
C hill-cast an d  san d -cast b a rs , 20 m m. in



d ia m e te r , w ere m ade  s im u ltan eo u s ly  fro m  m elts 
of d if fe re n t o rig in s . C e n tra lly -lo ca ted  p ieces 
a b o u t  35 m m . long  w ere saw n fro m  th ese  b a rs  
a n d  rem e lted  u n d e r  th e  sam e c o n d itio n s  in  a 
fu rn a c e  c o n tro lled  by a  re g u la to r , a n d  w ere 
m a in ta in e d  a t  te m p e ra tu re  fo r  10 m in u te s . T he 
c rucib les w ere th e n  stood  in  th e  a ir  fo r  cooling 
an d  a t  th e  sam e tim e  th e  te m p e ra tu re  v a r ia tio n  
was m easu red  by m ean s of a  th erm o co u p le  w ith  
u n p ro te c te d  ju n c tio n . U pon  ex am in in g  th e  
h a rd n ess  of th ese  specim ens, w hich h a d  been  
m elted  u n d e r  th e  sam e c o n d itio n s  a n d  cooled a t  
th e  sam e r a te ,  i t  w as fo u n d  t h a t  th e  specim ens 
from  th e  ch ill c a s tin g  w ere  h a rd e r  a f te r  re m e lt
in g  th a n  th e  san d -cas t specim ens. T hus, fo r  a 
fu rn a c e  te m p e ra tu re  of 650 deg. C ., th e  h a rd 
ness of th e  sa n d -ca s t specim en  w as fo u n d  to  be 
53.6 a n d  t h a t  of th e  ch ill-cast specim en 57.2. 
F ig . 14 shows th e  cu rv es of such a  rem e lted  
S ilu m in  w ith  d iffe re n t len g th s  of s tep  in  th e  case 
of san d  c a s tin g  a n d  chill c as tin g . M icroscopic 
e x a m in a tio n  show ed e u te c tic  a rea s  of d iffe re n t 
degrees of fineness in  th e  case of such s tep p ed  
fo rm atio n . I t  m u st be le f t  to  f u r th e r  in v e s tig a 
tio n  to  a s c e r ta in  w h e th er th is  n o t im m ed ia te ly  
exp licab le  fo rm a tio n  of an  a p p a re n tly  in  b o th  
cases b in a ry  e u te c tic  of d iffe re n t degrees of fine
ness a n d  a t  d iffe re n t te m p e ra tu re s  in  th e  sam e 
sam ple  is to  be a t t r ib u te d  to  th e  p resence  of 
an iso tro p ic  zones in  th e  m elt.

D IS C U S S IO N
T he firs t sp eak er w as P r o f e s s o r  A. P o r t e v i n  

(F ra n c e ) , who re m a rk ed  on th e  p e rfe c tio n  of 
th e  curves p ro d u ced  by th e  a u th o r , w hich  re p re 
sen ted  a f u r th e r  step  to w ard s th e  com ple tion  of

th e  w ork  p e rfo rm ed  by T am m an n  a n d  Professor 
P iw o w arsk y , a n d  show ed a  new  a p p lic a tio n  of 
th e rm a l analy sis . In  o rd e r to  o b ta in  such p e r
fe c t cu rves, he  sa id , i t  w as n ecessary  to  use very 
a c c u ra te  m ethods a n d  ve ry  p recise  a p p a ra tu s  for 
m ea su re m e n t, w hich  w as n o t a lw ays availab le  ; 
w ith o u t such  m eth o d s an d  a p p a fa tu s  i t  would no t 
be possible to  o b ta in  th e  p recise  q u a n ti ta t iv e  
re su lts  g iv en . I t  w as a  new  a p p lic a tio n  of p re
c ision  th e rm a l analysis.

W ith  re g a rd  to  th e  double  supercoo ling  effect, 
P ro fe sso r P o r te v in  ra is e d  th e  q u estio n  as to  
w h e th e r a possible d is tin c tio n  should  be draw n 
be tw een  th e  cases w here, be fo re  th e  eu tectic  
coo ling  o ccu rred , th e  firs t m odification  had 
a lre ad y  ta k e n  p lace. H e  sugg ested  t h a t  in  th a t  
case, possibly, th e re  w as no  d ire c t  effect on the 
s t ru c tu re  of th e  m e ta l, w h ereas in  those  alloys 
w here  b o th  those  effects took  p lace, i t  was pos
sible t h a t  t h a t  m ig h t be  th e  cause of th e  change 
in  th e  s tru c tu re .  T he n a tu r e  of th e  p ro -eu tectic  
c o n s t itu e n t  m ig h t a c t u p o n  th e  e u te c tic  s tru c 
tu r e  in  a  d iffe re n t w ay, acco rd in g  to  w he ther it 
was o r w as n o t th e  “  d ire c tiv e  c o n s t itu e n t  ” of 
th e  e u te c tic  ag g reg a te .*

P r o f e s s o r  E . P i w o w a r s k y  (G erm any) said 
t h a t  w here  th e re  w as a b re ak  in  th e  cu rv e  of the  
eu te c tic  c ry s ta ll is a tio n  i t  w as a lw ays possible to 
d is tin g u ish  a c h an g e  in  th e  s t ru c tu re  of th e  
m eta l. One p a r t  of th e  cu rv e  w as defin itely  to 
be c o rre la te d  w ith  th e  ex is ten ce  of a coarse 
s t ru c tu re ,  a n d  th e  o th e r  p a r t  of th e  cu rve  w ith  
th e  fine s t ru c tu re  in  th e  m e ta l.

♦ A. P o rtev in , “ S tru c tu re  o f E u te c t ic s ,”  I n s t i tu te  o f M etals , 
M arch , 1923.
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The Progress of Inverse Segregation during 
Solidification*

By Dr. JOSEPH ALEXANDER VERO

In tro d u c tio n
In  th e  ex ten siv e  l i te r a tu r e  d ea lin g  w ith  in 

verse seg reg a tio n , ex p e rim e n ts  a re  described 
which were c a r r ie d  o u t m a in ly  to  p rove or d is
prove d iffe ren t th eo rie s  of seg reg a tio n , while 
im p o rtan t p a r tic u la rs  w hich u n d o u b ted ly  w ere 
germ ane to  th e  u n d e rs ta n d in g  of th is  in te re s t 
ing phenom enon  have  been e n tire ly  neg lected . 
To fill up  one of th e  e x is tin g  gaps, th e  p re sen t 
in v estiga tion  w as c a r r ie d  o u t ;  a n d  in  o rd e r to  
visualise th e  fo rm a tio n  of inverse  seg reg a tio n  
du ring  so lid ification , th e  follow ing p a r tic u la rs  
were tak e n  in to  a c c o u n t : — (1) H ow  th e  e x te n t  
of inverse  se g reg a tio n  changes w ith  th e  p ro 
gress of so lid ification , in  th e  solid p a r t  of th e  
in g o t; and  (2) w h e th er a n d  how th e  av erag e  
composition of th e  solid p a r t  an d  th a t  of th e  
liquid a re  changed  d u r in g  so lid ification .

P revious W o r k
The l i te ra tu re  of th e  su b je c t recen tly  has been 

reviewed in  s e p a ra te  P a p e rs , 1 2 a n d  by r e fe r 
ence to  these  i t  w ill suffice to  m en tio n  only those  
experim ents w hich a re  ak in  to  th ese  described 
in the  p re sen t re search .

In  th e  d iscussion on G en d ers’ P a p e r 3 su p p o rt
ing the  gas p re ssu re  th eo ry . A rc h b u tt  m en tions 
th a t a bled in g o t m ade from  a n  a lu m in iu m - 
copper alloy (11.57 p e r cen t. Cu) co n ta in ed  a t  
the p e rip h e ry  12.27 p er cen t, of copper, th u s  
in d ica tin g  th e  p resence  of inverse  seg reg a tio n  
a t an  early  stag e  of so lid ification .

Bled in go ts w ere p roduced  a n d  ex am in ed  by 
W. Godecke,1 5 a g a in  w ith  th e  in te n tio n  of show
ing th a t  th e  first fo rm ed solid shell of th e  in g o ts 
consists of p r im a ry  c ry s ta ls  rich  in  th e  h igh- 
m elting  p o in t c o n s titu e n t of th e  cas t alloy. The 
shells d iffered , how ever, from  th e  c a s t alloy in  
th e ir com position by a few h u n d re d th s  of 1 per 
cent, only, while 1 p e r cen t, or m ore  w as ex
pected from  co n sid e ra tio n  of th e  e q u ilib riu m  
d iagram . H e re fro m  i t  is concluded t h a t  th e  
residual liq u id  m ay  n o t be se p a ra te d  from  th e  
solid shell, and  t h a t  i t  is in co rre c t to  assum e 
norm al segregation  due to  th e  fo rm ation  of th e  
prim ary  c ry sta ls  and  proceeding to  th e  final 
inverse segregation.

* P resen ted  on b eha lf o f ithe M agyar O utodei Szakem  berek  
Egyesulte.

T H E  P R E S E N T  R E S E A R C H
E x p e rim e n ta l

T he e x p erim e n ta l alloy, composed of 95 p er 
c en t, of com m ercial a lu m in iu m  a n d  of 5 p er 
c en t, of “  B an ca  ”  t in  was p re p a re d  in  a  gas 
fired fu rn ac e . T his alloy solidifies, acco rd ing  to  
th e  eq u ilib riu m  d iag ra m  of th e  A l-Sn a lloys,3 
over a  v ery  wide te m p e ra tu re  ra n g e , th e  
p r im a ry  a n d  th e  secondary  c o n s titu e n t differ 
m uch from  each o th e r, an d  in  ad d itio n  i ts  a n a ly 
sis is very  sim ple ; th u s  i t  is very  su itab le  for 
seg reg a tio n  ex p erim en ts .

D efin ite  p o rtio n s of th is  alloy w ere re 
m elted , well s t i r r e d  an d  th e n  sam ples w ere 
ta k e n  by m eans of a sm all p lum bago  spoon. 
T he m ould , 100 m m. h ig h , h ad  a  d iam e te r  of 
65 m m. a t  th e  top  an d  of 45 m m. a t  th e  bo ttom  
a n d  a wall th ick n ess of 20 m m . ; a t  th e  bo ttom  
i t  w as open. B efore p o u rin g , th e  m ould was 
p re h ea te d  to  125 +  5 deg. C. The alloy was 
c as t a t  th e  te m p e ra tu re  of 750 +  10 deg. C. On 
p o u rin g , th e  m ould stood on a level bed of 
s lig h tly  p reh ea ted  m ould ing  sand , and  im m e
d ia te ly  by th e  side of th e  m ould a  cav ity  was 
m ade in  th e  sand . A fte r  a  p a r t  of th e  alloy 
had  solidified in  th e  m ould, th e  la t t e r  was t il te d  
a n d  th e  liq u id  re s id u e  ra n  in to  th e  cav ity  of 
sand .

T he p i t  sam ples gave th e  o r ig in a l composi
t io n  of th e  alloy. B y m ak in g  tw o ra d ia l cu ts 
th ro u g h  th e  shell, sam ples w ere o b ta in ed  g iv ing  
in fo rm a tio n  on th e  averag e  com position of th e  
solidified p a r ts  of th e  in g o ts  ; th e  re m a in d e r of 
th e  shells was th e n  m ach ined , lay e r by lay er— 
th e  lay ers  w ere 2 m m. deep—to  d e tec t th e  
seg reg a tio n . The re s id u a l liq u id  w hich solidified 
in  th e  conical c av ity  of san d  was sam pled by 
ta k in g  tw o ra d ia l  cu ts  re ac h in g  th e  cen tre .

A nalysis was effected by d issolving th e  sam ple 
in  HC1 an d  t i t r a t i n g  w ith  F eC l3; p ro p e r choice 
of m ethods an d  s ta n d a rd ise d  ca re fu l w ork  re 
su lted  in  a n  accu racy  of +  0.01 pe r cen t.

E x p e rim e n ta l Results
T he re su lts  of a n a ly tic a l e x am in a tio n  to g e th e r  

w ith  th e  d a ta  c h a ra c te ris in g  th e  stages of solidi
fica tion  w ere collected in  th e  u p p e r p a r t  of th e  
T able  I .  The p rogress of so lid ification  is  in d i
c a ted  in  th e  second colum n of th is  tab le  by the



re la tio n  of th e  cross-sections of th e  whole in g o t 
an d  of th e  shell, c a lcu la te d  as a  r a tio  of th e  
c o rre sp o n d in g  w e igh ts . S ince  th e  com positions 
of th e  s in g le  m elts  v a ry  to  som e e x te n t ,  th e  
d iverg en ces of th e  t in  c o n te n ts  of th e  sing le  
lay e rs  from  th e  o r ig in a l com position  of th e  co rre 
sp o n d in g  m e lt a re  show n in  th e  low er p a r t  of th e  
T ab le  I ,  en ab lin g  com parisons to  be  m ade 
be tw een  th e  d iffe re n t cas tin g s .

C a s tin g  I  in d ic a te s  th e  e a r l ie s t  s ta g e  of so lid i
fica tion . I t  w as 2 to  3 m m . th ic k ;  th in n e r  shells 
could  n o t  be p ro d u ced , as th e y  b roke  dow n and  
fell from  th e  m ould  d u r in g  in v ers io n . A t th is  
s ta g e  of so lid ification  th e re  is a s lig h t, b u t  d is
t in c t ,  se g reg a tio n  of th e  in v erse  ty p e  ; th e  a v e r
age com positions b o th  of th e  b led in g o t and  
of th e  re s id u a l liq u id  ag ree  a c c u ra te ly  w ith  th e  
com position  of th e  m elt. T he l a t t e r  observ a tio n s 
also p roved  v a lid  fo r  th e  la te r  cas tin g s , ex cep t 
in  th e  case of S am ple  I I I ,  w hich  w ill be d iscussed  
la te r .  T hus th e  liq u id  p a r t  of ch ill c a s t  in g o ts  is 
n o t affected  by an y  se g reg a tio n  ta k in g  p lace  in  
th e  solidified p a r ts  of in g o ts  a n d  consequen tly  th e  
se g reg a tio n  is only  connected  w ith  those  p a r ts  
w here so lid ificatio n  has a lre ad y  begun .

W ith  th e  p ro g ress of so lid ification , th e  segre- 
g a tio n  s te ad ily  in creases in  e x te n t ,  as is in d i- "3 
ca ted  especially  in  th e  d a ta  in  th e  low er p a r t  of ^  
T ab le  I ;  th is  increase  is f irs t q u ite  slow (v ide  ~  
c a s tin g s  I I  a n d  I I I ) ,  b u t  as soon as th e  h a lf  -g 
cross-section  of th e  in g o t has solidified, i t  be- .5s 
comes m ore ra p id  a n d  th e  m a jo r  p a r t  of th e  
to ta l  seg reg a tio n  a rises  d u r in g  th e  so lid ification  | 
of th e  in te rn a l  p a r ts  of th e  in g o t.

T his p rogress of se g reg a tio n  is c learly  show n w 
by F ig . 1, w h ere in  th e  e x te n t  of se g reg a tio n , «
expressed  by th e  d ivergence  of th e  e x trem e  t in  ^
c o n te n ts  from  th a t  of th e  cas t alloy, is p lo tted  
a g a in s t  th e  cross-section  re la tio n sh ip s  in d ic a tin g  
th e  s ta g e  of so lid ification . T he positiv e  va lues, 
r e fe r r in g  to  th e  p e r ip h e ry  of th e  cas tin g s , in 
crease  in  a  u n ifo rm  m an n e r, w hile  th e  cu rv e  of 
th e  n e g a tiv e  d iv erg en ces show s a steep  deflection  
b e g in n in g  a t  a b o u t th e  cross-section  ra t io  of 0.6.
T he a lte ra t io n  of th e  n e g a tiv e  va lu es is due , a t  
le a s t p a r tly , to  th e  d iffe re n t th ick n ess  of th e  
in n e rm o st layers.

B o th  curves of F ig . 1 have  a d is t in c t  te n 
dency  to  ru n  in to  th e  0 p o in t of th e  co -o rd in a tes  
re p re se n tin g  th e  o r ig in a l com position  of th e  cas t 
alloys, th o u g h  th e  n e a re s t  e x p e r im e n ta l p o in ts  a t  
a b o u t 0.2 cross-section  r a tio  lie  a l i t t le  d is ta n t  
from  th e  0 p o in t. H e re  th e  course of th e  
cu rv es is n o t p e rfe c tly  d e te rm in ed  ; th e  curves as 
d raw n  d o u b tless ly  fit in to  th e  e x p e rim e n ta l 
p o in ts . I f  so, th e n  th e  com position  of th e  f irs t 
fo rm ed  lay e r of chill c a s t  in g o ts  m u s t be id e n 
t ic a l w ith  t h a t  of th e  c a s t  alloy.

T he ex p erim en ta l a lloy  solidifies over a v e ry  
w ide tem p e ra tu re  range, an d  th u s , on  b leeding 
th e  shell re m a in in g  in th e  m ould is obviously
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n o t p e rfec tly  solid , b u t p a s ty ;  one m ig h t th in k  
th a t  fu r th e r  cooling  m ay  produce  changes in  th e  
d is tr ib u tio n  of t in  a n d  t h a t  th e re fo re  th e  exam i
na tio n  of th e  shells does n o t g ive  a t r u e  p ic tu re  
of th e  a c tu a l s ta te .  To c la r ify  th is  d o u b tfu l 
point, one of th e  c a s tin g s , No. I l l ,  was quenched 
in ice w a ter, to g e th e r  w ith  th e  m ould , im m e
d iate ly  a f te r  b leed ing . On q u en ch in g , th e  in n e r  
su rface of th e  shell w as im m ed ia te ly  cooled by 
the w a ter, w hile th e  p e rip h e ry  fa c in g  th e  m ould 
was obviously k e p t h o t by th e  h eav y  m ass of 
iron. T hus q u en ch in g  rev ersed  th e  d irec tio n  of 
h eat flow in  th e  s h e ll ; neverth e less , i t  w as u n 
able to  give rise  to  an y  d ifference  in  th e  d is t r i 
bution of t in  in  com parison  w ith  th e  sim ila r 
casting  No. I I ,  b u t  th e  av erag e  t in  c o n te n t was 
considerably lower th a n  th a t  of th e  cas t alloy. 
On quenching , th e  shell was covered by m any 
cracks and  th e  w a te r  which e n te re d  th em  caused

F i g . 1 .— P r o g r e s s  o f  I n v e r s e  S e g r e g a t io n  
a s  p r e s e n t e d  b y  t h e  E x t r e m e  V a l u e s  o f  
C o m p o s i t i o n .

appreciable corrosion , due to  th e  g re a t  p o ten 
tia l difference betw een  t in  and  a lu m in iu m  ; in  
consequence of th e  o x id a tio n  of a lu m in iu m , 
lower t in  co n ten ts  w ere ob ta in ed .

C o rre la tio n  o f th e  Results w ith  S eg reg a tio n  
T h e o rie s

The fa c t t h a t  th e  seg reg a tio n  is s lig h t in  th e  
early  stages of so lid ification  a n d  th a t  its  m a jo r 
effect takes place d u r in g  th e  second p a r t  of 
solidification, proves in  th e  f irs t in s tan c e  th e  
correctness of th a t  th e o ry  t h a t  th e  seg reg a tio n  
is a consequence of th e  m ig ra tio n  of th e  re s id u a l 
liquid from  th e  cen tre  tow ard s th e  o u ts id e  of 
the ingot a t  some stag e  p r io r  to  com plete  soli
dification. The m ig ra tin g  liq u id  w ill become 
richer in  th e  low er m eltin g  p o in t c o n s titu e n t 
w ith fa lling  te m p e ra tu re . A t a n  e a rly  stag e  of 
solidification, th e  solid shell is th in  a n d  th e  
tem p era tu re  d iffe ren tia l betw een i ts  in te rn a l  
and e x te rn a l p a r ts  m ay  be only sm all; th u s

m ig ra tin g  liq u id  will also be en rich ed  in  th e  
fusib le  c o n s t itu e n t  to  a  sm all e x te n t  a n d  th e  
m ig ra tio n  of a liq u id — w hich does n o t differ 
m uch from  th e  o rig in a l com position  of th e  alloy 
— m ay p roduce  s lig h t changes in  th e  local com
p o sition  of th e  c a s tin g . W ith  th e  p rogress of 
so lid ification , how ever, th e  te m p e ra tu re  d ifferen 
t ia l  e x is tin g  in  th e  solidified p a r t  an d  th e  en 
r ich m en t of th e  fusib le  c o n s titu e n t d u r in g  its  
m ig ra tio n  increase , g iv in g  rise  to  a m ore ex
ten siv e  seg reg a tio n .

W ith  re g a rd  to  th e  cause of th e  m ig ra tio n  of 
th e  re s id u a l liq u id , th e re  a re  d iv e rg e n t opinions. 
I t  is n o t  th e  a u th o r ’s in te n tio n  to  d raw  conclu
sions from  th e  re su lts  in  th is  re spec t, b u t  an  
o b se rv atio n  n o ted  in  m an y  cases, an d  which is 
n o t discussed in  th e  l i te ra tu re ,  is w orth  d e ta il
in g . Im m ed ia te ly  before  th e  end  of solidifica
tio n , a visib le co n tra c tio n  of th e  re s id u a l liqu id  
occurs a t  th e  bo ttom  of th e  sh rin k ag e  cav ity , 
and  in  consequence po ro sity  ap p ea rs  betw een 
th e  p r im a ry  crysta ls , b e in g  visible a t  low m ag 
n ifications. T his ob se rv atio n  is ex p la in ab le  only 
b y  su c tio n  ac tio n  e x e rted  by th e  p reviously  
solidified p a r ts  of th e  in g o t, b u t  n o t by th e  
ev o lu tion  of gases ; gas evolved close to  th e  su r
face of th e  c a s tin g  would p re fe ra b ly  d isap p ea r 
in  th e  a ir ,  r a th e r  th a n  d rive  th e  re s id u a l liqu id  
th ro u g h  some obviously e x is tin g  resis tan ce  to 
w ards th e  o u tsid e  of th e  cas tin g .

T he conclusion t h a t  th e  com position  of th e  
f irs t fo rm ed solid lay e r of chill cas t in g o ts  is 
id en tica l w ith  th e  com position of th e  cas t alloy, 
as shown by F ig . 1, is in  co n tra d ic tio n  to  th e  
fu n d a m e n ta l assu m p tio n  g en era lly  used in  ex 
p la in in g  th e  phenom ena of seg reg a tio n . A ccord
in g  to  i ts  final fo rm ,1 th is  assum ption  say s: — 
“ F ro m  co n sid era tio n  of th e  eq u ilib riu m  d ia 
g ram  of a b in a ry  alloy system , i t  is possible to  
v isua lise  one ty p e  of seg reg a tio n . The first 
c ry sta ls  to  se p a ra te  from  th e  m olten  alloy a re  
rich  in  h ig h e r m eltin g  p o in t c o n s titu e n t and  
occupy a position  close to  th e  m ould face. As 
so lid ification  proceeds, th e  c ry sta ls  grow  to 
w ards th e  c e n tre  of th e  in g o t, p u sh in g  before 
th em  th e  re s id u a l liq u id , which is becom ing con
t in u a lly  en rich ed  in  th e  lower m eltin g -p o in t 
c o n s titu e n t.  The la t t e r  m ig h t be expec ted  to  
be fo u n d , th e re fo re , in  g re a te s t  q u a n ti ty  in  th e  
ce n tra l,  la s t  so lid ify in g  p a r t  of th e  in g o t. The 
seg reg a tio n  in  th is  case is described as ‘ n o r
m a l,’ . . . ”  T his in te rp re ta tio n  of th e  process 
o f so lid ification  m ay  be found  in  every  P a p e r  or 
te x t  book d ea lin g  w ith  se g reg a tio n ; its  o rig ina l 
a u th o r  is u n c e r ta in . I t  is, how ever, possible to  
p u rsu e  its  ex is tence  as f a r  as to  1906, when 
C. R . A ndrew s gave a  sim ila r d esc rip tio n  of th e  
process of so lid ification  in  th e  discussion of 
T a lb o t’s7 re p o r t  on th e  seg reg a tio n  in  steel 
in g o ts .



T he co ncep t in  q u estio n  re s ts  upon  tw o fa c ts  :
(1) T h a t, acco rd in g  to  th e  eq u ilib r iu m  d ia g ra m , 
c ry s ta ls  rich  in  th e  h ig h  m e ltin g -p o in t c o n sti
t u e n t  s e p a ra te  f irs t fro m  th e  m elt ; a n d  (2) t h a t  
on p o u rin g  in to  m e ta llic  m oulds, th e  solidifica
t io n  b eg ins a t  th e  m ould  face  a n d  proceeds th e n , 
lay e r by  lay e r, to w a rd s  th e  c e n tre  of th e  in g o t. 
A co m b in a tio n  of th ese  fa c ts , p o s tu la t in g  t h a t  
th e  f irs t fo rm ed  solid  lay e r of th e  in g o t consists 
e ssen tia lly  of th e  f irs t fo rm ed  c ry s ta ls , led  to  
th e  op in io n  o u tlin e d . T he tw o fa c ts , how ever, 
a re  q u ite  in d e p e n d e n t of each  o th e r , a n d  t lie ir  
co m b in a tio n  is, g e n era lly  sp e ak in g , in ad m is
sible ; on th e  c o n tra ry , n e ith e r  does th e  e q u ili
b riu m  d ia g ra m  in d ic a te  t h a t  th e  firs t se p a ra te d  
c ry s ta ls  fo rm  a  p e rfe c tly  so lid  lay e r, n o r m ay  i t  
be assum ed t h a t  th e  shell g ro w in g  in w ard s  con
sists  solely of p r im a ry  c ry sta ls .

B ecause th e  d is tr ib u tio n  of th e  c o n s titu e n ts  
of an  alloy is p robab ly  u n ifo rm  in  th e  filled m ould 
befo re  th e  c ry s ta ll is a tio n  beg ins, a solid lay e r 
be in g  r ich  in  th e  h ig h  m e ltin g  p o in t c o n s titu e n t 
could be p ro duced  only by some m o tio n — such as 
th e  m ig ra tio n  of th e  c o n s titu e n ts . T his m ig ra 
tio n , how ever, is n o t to  be ded u ced  fro m  con
sid e ra tio n s  of th e  e q u ilib riu m  d iag ra m , b u t  only 
if  a t  le a s t one of th e  fo llow ing possib ilities  proved 
c o r r e c t :— (1) if  p rio r to  c ry s ta ll is a tio n , a c o rre 
sp o n d in g  co m p o s itio n -g rad ien t w ere p re se n t (in 
verse  L u d w ig -S o re t effect) ; (2) if  th e  p r im a ry  
c ry s ta ls  fo rm ed in  th e  m elt could ch an g e  th e i r  
o r ig in a l p o sitio n  in versely , as ad v an ced  by 
W a tso n ,8 o r (3) if  th e  re s id u a l liq u id  w ould he 
squeezed o u t from  th e  reg io n  of p r im a ry  crys
ta ll is a tio n , by some co n siderab le  increase  in  
volum e. T he f irs t  tw o possib ilities  need  n o t  be 
co n sid ered 9 10 an d  also th e  th i r d  one does n o t 
occur in  every  case of seg reg a tio n . T hus th e re  
is no reason  to  assum e, even from  c o n sid e ra tio n s  
of th e  e q u ilib riu m  d iag ra m , th e  e a rly  fo rm a
tio n  of a solid shell, r ich  in  th e  h ig h -m e ltin g - 
p o in t c o n s titu e n t, since e x p e rim e n ta l re su lts  d is 
prove th is  o p in ion .

B u t  in d ep e n d en tly  from  th e  c ircu m stan ce  
w h e th er th e  above possib ilities m ay  be a c tiv e  or

n o t on  so lid ification , th e y  d o u b tless  a re  processes 
of w hich  th e re  is no  in d ic a tio n  in  th e  eq u ilib riu m  
d ia g ra m . T he e q u ilib r iu m  d ia g ra m  g ives in 
fo rm a tio n  only  on th e  succession of th e  processes 
a n d  re ac tio n s  of c ry s ta ll is a tio n , b u t  n o t on th e  
d is tr ib u tio n  of th e  a lloy ing  e lem en ts  in  a cast
ing , an d  n e ith e r  th e  one no r th e  o th e r  ty p e  of 
se g reg a tio n  m ay  be d e riv ed  from  th is  d iagram . 
T he com positions of c a s tin g s  cooled u n d e r several 
co n d itio n s  w ere d o ub tless u n ifo rm , if  only th e  
processes in d ic a te d  in  th e  eq u ilib riu m  d iag ram  
d id  tak e  place on solid ification  an d  if  secondary 
fa c to rs  d id  n o t  p lay  a p a r t .  On ex p la in in g  
th e  phen o m en a  of se g reg a tio n  th e  equ ilib rium  
d ia g ra m  m ay  be used  only so f a r  as to  show 
t h a t  a t  som e s ta g e  of so lid ification  th e re  is 
a re s id u a l liq u id  d iffe rin g  in  com position  from 
th e  c a s t alloy  a n d  b e in g  th u s  able to  produce 
local changes of th e  com position  of th e  casting , 
if  i t  is fo rced  to  m ig ra te  by secondary  factors.

A f u r th e r  consequence of th ese  considerations 
is t h a t  th e  d if fe re n tia tio n  of “  n o rm al ”  and 
“  in v erse  ”  se g reg a tio n  m ay  n o t be postu lated  
w ith  re fe re n ce  to  th e  e q u ilib r iu m  d iag ram . I t  
is, how ever, n o t su g g ested  to  re je c t  these  fam ilia r 
p rem ises, b u t  on ly  o th erw ise  to  ex p la in  th e ir  
o rig in , th e  one ty p e , fo r ex am p le, as “  n o rm al,”
i .e .,  f re q u e n t  in  s tee l in g o ts .
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Paper N o. 677

General Principles Applicable to the Compounding 
of Alloys by Melting*

By PROF. ALBERT PORTEVIN (Honorary Member)

By accen tin g  th e  in v ita tio n  to  p re se n t a P a p e r  
on behalf of th e  A ssociation  T echn ique  de F o n 
derie, th e re  w as th e  o b lig a tio n  im posed to  deal 
with th e  g en era l su b je c t recom m ended  by th e  
In te rn a tio n a l C o m m ittee  of F o u n d ry  T echnical 
Associations, since i t  w as th e  F re n c h  d e leg a tio n  
which suggested  i t .  T he su b je c t is  of o u ts ta n d 
ing in te re s t because of i ts  fu n d a m e n ta l im p o rt
ance to  fo u n d in g  an d  also because i t  has n o t 
so fa r  been to  th e  a u th o r ’s know ledge th e  o b jec t 
of a genera l discussion. T he only gen era l con
ceptions of th e  su b je c t t h a t  a re  availab le  in  
French tech n ica l l i t e r a tu r e  a re  those to  be 
found in  th e  le c tu re  courses g iven  to  th e  
studen ts of th e  P a r is  F o u n d ry  School an d  a re , 
therefore, only av a ilab le  to  a very  lim ited  
public.1 M oreover, th is  sc a rc ity  of in fo rm a tio n  
is a difficulty w hich adds to  those  re su ltin g  from  
a study of th e  su b jec t. T hus, th e  m a t te r  p re 
sented m u st p e rfo rce  be in  th e  n a tu re  of a 
lesson, and  because of th is  a re q u es t is  m ade 
in advance for sy m p a th e tic  co n sid e ra tio n  if  th e re  
should he in co rp o ra ted  any  lapses or in e x a c ti
tudes in w hat is a g en era l d id a c tic  exposé, which 
the  au th o r has developed in  a  som ew hat novel 
form. The su b jec t will be covered  w here  possible 
by exam ples, and  especially  by g en era l ru les, 
whilst risk in g  th e  n o n -ap p licab ility  of p re m a tu re  
generalisa tions in  p a r tic u la r  cases.

P A R T  l .~ T H E  P R O B L E M  S T A T E D

The problem  to analyse  and  solve c an  be  p o stu 
lated as follow s: —

B eing given raw  m e ta llic  m a te ria ls  c u rre n tly  
available and  p a r tic u la r ly  in d u s tr ia l  m eta ls , 
the  problem  is to  produce econom ically  a liqu id  
homogeneous alloy, re ad y  fo r  ca s tin g , w ith o u t 
changes ac tin g  adverse ly  a g a in s t th e  usefu l 
p roperties of th e  c a s tin g .
U nder th is  very  condensed fo rm  th is  hypo

thesis calls for some a d d itio n a l e x p la n a tio n s . 
“  Econom ically ”  im plies m eltin g  losses of th e  
lowest possible o rd e r, b u t  a t  th e  sam e tim e  w ith 
out hav in g  recourse  to  irksom e m eltin g  p ro 

* P resented  on b eha lf o f th e  A ssociation Technique de F onder ie 
de France.

cesses in  re la tio n  to  th e  p rice  of th e  alloy an d  its  
usages. T hus, fo r  c a s t iro n , recourse  w ill u sually  
be m ade  to  th e  cupola , an  econom ic m ethod  of 
m eltin g  only used  a t  th e  m om ent in  q u ite  r a re  
cases in  connec tion  w ith  copper alloys. T his also 
im plies, from  th e  cost p rice  p o in t of view, th a t  
th e  fo u n d ry  scrap should  he re-u sed ;  t h a t  is to  
say , re -e n te r  in to  la te r  fu rn a c e  charges, so as to  
en su re  co n tin u o u s p ro d u c tio n . T his condition  
s tresses an d  defines th e  p h ra se  “  w ith o u t ac tin g  
adverse ly  a g a in s t ,”  fo r by re p ea te d  m eltin g s th e  
a lte ra tio n s  to  th e  b a th  a re  accu m u la tiv e  an d  be
come progressively  no ticeab le  by re p e titio n .

“  L iq u id  A llo ys.”— Processes fo r m ak in g  alloys 
by electro lysis, c em en ta tio n , com pression o r reac 
tio n  in  th e  solid s ta te  can  n a tu ra lly  be ex
cluded , as also can  those  c a rr ie d  o u t fo r  th e  
o b jec t of m ak in g  m as te r  alloys or “  a d d itio n s .” 
“  Changes a c tin g  adversely  ” can , m oreover, he 
w idened to  em brace v a rio u s p o in ts of view, such 
as chem ical change  m od ify ing  th e  specific pro
p e rtie s  of th e  cas t m eta l o r th e  soundness 
(d ep en d in g  upon  physical defects) of th e  ac tu a l 
c a s tin g  o r physical ch an g e  th ro u g h  m odification  
of- th e  so lid ifica tion  crysta llisa tion . These 
changes a re  ex trem ely  d iverse  acco rd ing  to  th e  
alloy an d  th e  m eltin g  co nd itions. The lim its of 
to le rab le  ch an g e  are  above all v a riab le  w ith  th e  
alloy, th e  ty p e  of change  and  its  use.

“  R ead y  fo r ca s tin g  ”  im plies th a t  th e  liqu id  
alloy is a t  th e  re q u is ite  te m p e ra tu re  and  has the  
chem ical com position  w ith in  th e  specified lim its ,  
such lim its  b e in g  v a riab le  w ith  th e  alloy and  
be in g  d iffe ren t, fo r exam ple, in  th e  cases of 
co inage an d  a n ti- f r ic tio n  alloys. T his equally  
im plies t h a t  th e  alloy is ad eq u a te ly  p ro tec ted  
a g a in s t  th e  changes o ccu rrin g  d u rin g  casting .

T he so lu tion  of th is  problem  is th e re fo re  de
p e n d en t on th e  tw o follow ing fu n d a m e n ta l fac
to rs  : — (A) R aw  m a te r ia ls ;  an d  (B) m eltin g  con
d itio n s . These m u st be b riefly  exam ined  fo r a 
p ro p e r u n d e rs ta n d in g  of th e  problem .

P A R T  I I —  F A C T O R S  IN  T H E  P R O B LE M
(A) H aw  M a ter ia ls .— T he raw  m a te ria ls  a re  

those  w hich e n te r  in to  th e  m ake-up  of th e  m elt
in g  ch arge . T hey a re  defined by th e  chem ical
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n a tu re  a n d  th e i r  p h y sical s ta te .  F ro m  th e  p o in t 
of view  of chem ical n a tu re ,  th e  c h a rg e  can  in 
c lude :— (1) M eta llic  com p o n en ts  called  v irg in  
m e ta ls  of v a ry in g  p u r i ty 2 ; (2) alloys a lre ad y
c a rry in g  th e  sam e com position  as th e  d esired  
alloy . T hese m ay  co n sis t of scrap— fo u n d ry , 
m ach in e  shop , o ld  (casting 's d isca rd ed  th ro u g h  
obsolescence) ; alloys c a s t as an a lysed  in g o t,  t h a t  
is to  say  of th e  d esired  com position  ; (3) m a s te r  
alloys, t h a t  is to  say , alloys specia lly  com pounded  
u n d e r  spec ia l c o n d itio n s  a n d  of a  com position  
d iffe re n t from  t h a t  of th e  d e s ired  alloy  ; an d
(4) a d d itio n s  m ade  w ith  d iverse  o b jec ts, to  be 
re fe r re d  to  la te r ,  an d  in  p a r t ic u la r  in c lu d in g  
those  d e s tin e d  to  fo rm  m e ltin g  fluxes.

The n a tu r e  o r chem ica l com position  of v irg in  
m eta ls , an aly sed  in g o ts , m a s te r  alloys an d  a d d i
tio n s  is well know n ; th is  is n o t so, how ever, of 
sc rap , a n d  th e re in  lies a  g rav e  source  of diffi
cu ltie s  a n d  of fa ilu re  in  th e  fo u n d ry  n o t  pos
sessing  fa c ilitie s  fo r so r tin g  a n d  c lass ify ing  
sc rap . C lassifica tion  should  be b ased  on con
s id e ra tio n s  of (a) th e  o r ig in  of th e  sc rap  w hich 
allows i ts  g e n e ra l chem ical com position  to  be 
e stab lish ed .

T h is  chem ical com position  is know n fo r  t h a t  
e m a n a tin g  from  in te rn a l  m a n u fa c tu re , t h a t  is, 
fo u n d ry  sc rap  a n d  cu s to m ers’ re tu rn s .  I n  o th e r  
c ircu m stan ces  i t  is  necessary , o r a t  le a s t d e s ir
able, to  u n d e r ta k e  chem ical analyses, o r hav e  
reco u rse  to  some m eth o d  of ra p id  c h a ra c te r is a 
tio n  o r d iffe re n tia tio n . F o r  te s ts  of a physical 
ty p e , one c an  c ite  colour in  th e  case of b rass , 
f r a c tu re  w ith  c a s t iro n , sc ra tc h  h a rd n ess o r bend  
te s t  fo r l ig h t  alloys. F o r  com position  te s ts  th e re  
is, in  th e  case of a lu m in iu m  alloys, th e  “  sp o t ”  
t e s t .3 To avo id  excessive a n a ly tic a l te s tin g , in- 
g o ttin g  em b rac in g  m eth o d ica l m ix in g  can  he 
p ra c tised .

F ro m  th e  p o in t of view  of physica l s ta te ,  th e  
size a n d  shape of th e  p ieces should  he considered  
as m uch  in  th e  d irec tio n  of ra p id i ty  of m e ltin g  
as in  th e  sense of m e ltin g  losses a n d  changes. 
The q u estio n  should  th e re fo re  he  ex am in ed  in  
co n ju n c tio n  w ith  m eltin g  processes an d  m eltin g  
co n d itio n s to  he d e a lt w ith  la te r .  F o r  th e  p re 
se n t i t  w ill suffice to  d raw  a t te n tio n  to  re d u c tio n  
to  su itab le  size w hich can  be ach ieved  by b re a k 
ing  u p ;  by m e ltin g  a n d  ca s tin g  in to  no tch ed  
in g o ts  ; by sh e a rin g  w hen th e  m e ta l is m alleab le , 
o r  ex is ts  as m alleab le  sh ee t or w ire , o r  sm ash ing  
up  in  th e  case of f rag ile  m ate ria ls .

B— M e lt in g  C o n d itio n s

O u ts ta n d in g  a m o n g s t co n d itio n s in flu en cin g  
th e  com p o u n d in g  o f alloys, a re  th e  fo llo w in g :.— 
B1— m eth o d  of h e a tin g  u su a lly  know n as ty p e  of 
m e ltin g  fu rn a c e ;  B2— m eltin g  a tm o sp h ere , (or 
m e ltin g  flux) an d  B3— n a tu re  of th e  fu rn ac e  
ch am b er o r m e ltin g  m edium . C o n d itio n s B2 an d

B3 define th e  chem ical n a tu r e  of th e  ex te rn a l 
m ilieu , t h a t  is to  say , th e  su b s tan ces  o r gaseous 
phases (a tm o sp h eres), liq u id s  (fluxes and  slags) 
a n d  solids (walls) in  c o n ta c t w ith  th e  alloy and 
cap ab le  of re a c tin g  w ith  i t .  T hey  th u s  govern  as 
a  fu n c tio n  of th e  te m p e ra tu re  th e  changes of the 
m eta l ; th e y  a re  in te rc o n n e c te d . T he choice of 
a tm o sp h e re  o r  m e ltin g  flux  m u s t depend  upon 
th a t  of th e  fu rn a c e  ch am b er an d  reciprocally . 
They a re , how ever, equally  in  re la tio n  w ith  the 
m eth o d  of h e a t in g , as w ill be show n.

B I — M e th o d s  o f H e a t in g  and T y p e  o f Furnace  
fo r  th e  M e ltin g  o f A llo ys

T h ere  a re  tw o  m a jo r  classes of fu rn a c e :  (i) 
C om bustion  o r flam e fu rn aces , (a) sh a ft, (b) 
h e a r th  an d  (c) c ru c ib le , an d  (ii) E lec tric  fu r
naces, (d ) re s is tan ce , (e) in d u c tio n  an d  (/) arc.

W h en  choosing a n  alloy  m e ltin g  fu rn ace , the 
follow ing fa c to rs  m u s t  be ta k e n  in to  considera
t io n  : (1) th e  p rec isio n  of te m p e ra tu re  contro l it 
is possible to  im pose, (2) th e rm a l acceleration 
an d  (3) th e  a tm o sp h e re  an d  re fra c to ry  walls 
w hich  can  r e a c t  w ith  th e  ch arg e  o r alloy. These 
la s t  tw o  fa c to rs  will he ex am in ed  la te r . A tten 
tio n  is d ra w n  to  th e  a g ita tio n  of th e  liqu id  bath 
w hich c h a ra c te ris e s  in d u c tio n  fu rn ac e s  as this 
co nsiderab ly  in creases th e  speed of hom ogénéisa
tio n  ; b u t  i t  also en h an ces  th e  re ac tio n  ra te  of 
th e  liq u id  b a th  w ith  e x te rn a l  su rro u n d in g s .

T he fo llow ing re m a rk s  seem  germ an e  to  the 
su b je c t : —

S h a f t  fu rn ac e s  a re  b u t  l i t t le  used, although 
th is  ty p e  of fu rn a c e  has re ce n tly  been tr ie d  out 
fo r  b rass  m eltin g .

A rc fu rn ac e s  can  on ly  be p ra c tic a lly  employed 
fo r  m e ltin g  alloys of h ig h  m e ltin g  p o in t since 
th e  a rc  h as a  te m p e ra tu re  of 3,700 deg. C. It 
is p r im a r ily  used  fo r  m ak in g  spec ia l steels, 
d e sp ite  th e  r isk  of c a rb u r is a tio n .

The h e a r th  fu rn a c e  is su ite d  fo r th e  m anufac
tu r e  of la rg e  to n n a g e s  ; th e re  a re  drawbacks 
w hich re su l t  from  i ts  fu n d a m e n ta l  p rin cip le , and 
am o n g st th ese  is th e  c o n ta c t be tw een  th e  sur
face of th e  b a th  a n d  th e  p ro d u c ts  of combus
tio n .

I t  can  th u s  be s ta te d ,  fo r  th e  sake of sim pli
fica tion , t h a t  th e re  is th e  choice of th re e  fu r
naces, th e  c ru c ib le , e le c tr ic  re s is tan c e  and  in
d u c tio n . A m ongst fa c to rs  d ese rv in g  of con
s id e ra tio n  is t h a t  of th e  th e rm a l acce le ra tio n , as 
i t  is o f ten  n eg lec ted .

C ru c ib le  fu rn a c e s  h e a te d  by poor q u a lity  gas. 
an d  e lec tric  fu rn ac e s  u s in g  m e ta llic  resistances 
show b u t  slow te m p e ra tu re  in crease  ; oil-fired 
fu rn ac e s , on th e  o th e r  h a n d , h av e  a n  im p o rtan t 
th e rm a l acce le ra tio n .

O bviously, i t  is a lw ays w o rth  w hile  to  increase 
th e  speed o r red u ce  tim e  of m e ltin g , because by 
so d o in g  th e  h e a t  losses th ro u g h  ra d ia tio n  and



fum ing (w hich a re  p ro p o rtio n a l to  th e  len g th  of 
tim e ta k e n  in  m eltin g ) a re  red u ced , and  also, 
and o ften  v ery  seriously , th e  changes such  as 
oxidation  and  gas a b so rp tio n , to  be considered  
la te r, a re  s im ila rly  red u ced . I t  is, how ever, 
very im p o r ta n t t h a t  th e  m e ltin g  process should 
allow of a p recise  te m p e ra tu re  co n tro l, an d  if 
possible i t  should  also b r in g  ab o u t th e  m ix in g  
of th e  m elted  m a te ria ls . I n  th is  re sp ec t th e  in 
troduction  of th e  in d u c tio n  fu rn a c e  in to  th e  
brass fo u n d ry  has b ro u g h t a b e tte r  u n ifo rm ity  
and very  low zinc  losses.

B 2 — M e ltin g  A tm o s p h e re
The a tm osphere  o r gaseous phase in  co n tac t 

with th e  m eta l should  be considered  from  a  dua l 
aspect— its  chem ical n a tu r e  an d  p ressu re . L eav
ing aside p recious m eta ls  fo r  w hich th e re  is no 
a lte ra tio n  in  a ir ,  a t  n o rm al p ressu res, i t  is pos
sible to p o stu la te  th e  follow ing d iverse  cases of 
m elting : —

(1) M eltin g  w ith o u t chem ical change, by 
carry ing  o u t m e ltin g  in  vacuo, u n d e r  cond itions 
of an in e r t  or in ac tiv e  gas o r an  a tm o sp h ere  in 
equilibrium  or a p ro te c tin g  flux.

(a) M elting  u n d e r  an  in e r t  or in a c tive  gas, 
as, for exam ple, th e  m e ltin g  an d  c a s tin g  of re 
fined copper in  hyd ro g en  or n itro g e n  or m ag 
nesium or calcium  in a rg o n .1 I t  is w orth  n o tin g  
th a t c e rta in  m eta ls com bine w ith  n u m erous gases 
in considerable q u a n ti ty ,  as is th e  case w ith  
calcium or m agnesium  in  c o n ta c t w ith  oxygen, 
nitrogen and  h y d rogen . On th e  su rface  of th e  
bath, a local a tm o sp h ere  can  be c rea te d , as fo r 
example carbon m onoxide, by d ry  o r w e ll-b u rn t 
charcoal.5

(b) M elting  u n d e r  an a tm osphere  in  equ ili
brium. This would be th e  case w ith  steel, in  an 
atm osphere of CO +  C 0 2 or H  +  C H , in  p ro p o r
tions defined by th e  te m p e ra tu re  an d  th e  carbon  
content of th e  m eta l. A ccord ing ly , th e re  will be 
carburisa tion  or d e ca rb u risa tio n .

(c) F usion  u n d e r  a p ro te c tin g  flu x .  I t  is 
essential th a t  th is  flux be p ra c tic a lly  im perm eable  
to gas of th e  a tm o sp h ere  above i t ,  as u n d e r  these  
conditions i t  ten d s  to  p u t  itse lf  in  chem ical 
equilibrium  sim u ltan eo u sly  w ith  th e  m eta l and  
the a tm osphere, which l a t t e r  causes re a c tio n  be
tween these  tw o phases. T his leads in  c e r ta in  
cases to  th e  use of considerab le  th icknesses of 
flux, if an  exce llen t p ro tec tio n  be so ugh t. An 
exam ple is afforded by th e  m ethod  of m eltin g  
m agnesium  used by Dow C hem ical C om pany (60 
per cent. M gC l, +  40 p e r cen t. KC1 o r N aC l). 
The w eight of flux is from  45 to  50 p e r cen t, 
the w eigh t of th e  m eta l be ing  m elted  an d  serves 
a t  th e  sam e tim e  to  p ro te c t i t  a g a in s t th e  a tm o 
sphere and  th e  walls of th e  crucib le .

(d ) M e ltin g  in  vacuo.— T he p h ra se  defines 
m elting  u n d e r  n e g a tiv e  p ressures of th e  o rd er

of 0.01 to  1 m m . in  fu rn ac e s  of sm all c ap ac ity , 
an d  from  1.0 to  2 m m. fo r la rg e r  fu rn ac e s  (in 
p ra c tic e  4 -ton  fu rn ac e s  a re  used fo r th e  ca s tin g  
of n icke l alloys an d  specia l steels).

I f  vacu u m  m eltin g  is ad v an tag eo u s  in  respec t 
to  n o n -o x id a tio n  a n d  d e g as ify in g  (ex trem ely  
v a ria b le  fac to rs , b e in g  v ery  effective in  th e  cases 
of p a lla d iu m  an d  ta n ta lu m  an d  feeble w ith  a lu 
m in iu m ), y e t c o n tra r ily  i t  in tro d u ces c e r ta in  
tro u b le s6 especially  in  p ronounced  v acu a  ( <  0.01 
m m .) fo r  th e re  a re  such fa c to rs  as th e  v ap o risa 
tio n  of th e  m eta l th ro u g h  bo iling , d is tilla tio n  
or e v ap o ra tio n , an d  s u b lim a tio n ; th e  v ap o u r 
tension  of m eta ls increases ex p o n en tia lly  w ith

te m p e ra tu re  (log p  =  -  +  b). T hus, M g,

Ca an d  Be a re  pu rified  by s u b lim a tio n ; iro n  of 
which th e  bo iling  p o in t is 3,235 deg. C. sublim es 
a t  1,300 deg. u n d e r  sufficient vacuum . C hrom ium  
possesses, w hen ap p ro ac h in g  its  m e ltin g  p o in t, 
a v ap o u r p ressu re  so g re a t  t h a t  i t  c an n o t be so 
m elted , because i t  sublim es p rio r  to  th is . The 
m eltin g  of a m e ta l u n d e r  h igh  vacuum  is th u s  
only possible by c re a tin g  a red u c tio n  of section 
a n d  so b r in g in g  a b o u t a s ta g n a tio n  of vapours 
a t  th e  su rface  of th e  m eta l b a th . To overcom e 
th is , th e re  is th e  possib ility  of in tro d u c in g  e ith e r  
in e r t  or n e u tra l  gases, especially  some ra re  gases, 
so as to  o b ta in  p ressu res of a few m illim etres.

In te re s t in g  fac to rs  in  th is  connection  a re  (a) 
th e  re d u c tio n  of even re fra c to ry  oxides fo rm in g  
th e  w alls of fu rn aces  by th e  carbon  of th e  m eta l 
as is th e  case w ith  steels an d  cas t irons, or 
v a rio u s m eta ls  such as T i, W , Al, e tc ., and  (b) 
th e  v a p o risa tio n  of th e  m a te ria ls  in co rp o ra ted  
in  th e  co n stru c tio n  of fu rn aces an d  no tab ly  th e  
h e a tin g  e lem ents such as N ichrom e, P t ,  Mo, etc .

(2) M e ltin g  w ith  C hem ical Change.-—T his is 
th e  g en era l case in  th e  fo u n d ry  w ith  an  a tm o
sp here  fo rm ed by a ir  or fu rn ac e  gases. As a 
re su lt  th e re  is o x id a tio n  an d  m aybe n itro g en i- 
sa tio n  (in  th e  case of M g an d  Ca) sim ultaneously  
w ith  gas ab so rp tio n . In  th is  re sp ec t i t  should be 
po in ted  o u t t h a t  th e  presence of sm all q u a n tit ie s  
of com pounds decom posing w hen h o t in  th e  p re 
sence of m eta l, such as w a te r  v ap o u r, o r 
am m onia  gas h as a ve ry  ac tiv e  ac tio n  by l ib e ra t 
in g  th e  gaseous e lem ents to  th e  a tom ic s ta te  
w hence follows a  serious ab so rp tio n  of H  and  N . 
T here  a re  chem ical changes of w hich th e  m ag n i
tu d e  v a rie s  w ith in  w ide lim its  acco rd ing  to  th e  
m eta ls m elted  a n d  th e  physical s ta te  of th e  
p ro d u c ts  of reac tio n , as w ill be shown la te r .

Y e t i t  should  n o t be necessary  to  p re sen t th e  
sim ple or cu m ula tive  change as a general and 
necessary  re su lt, since re m e ltin g  can  be exac tly  
a p u rif ica tio n  process of a  “  changed  ”  m eta l. 
E v en  o x id is in g  co n d itio n s d u r in g  m eltin g — a 
process com m only used in  m eta llu rg y  (as fo r in 



sta n ce  in  th e  p ro d u c tio n  of copper a n d  iro n )— 
can  be u se fu lly  used  in  th e  fo u n d ry  (as in  th e  
case of th e  e lim in a tio n  of th e  F e  a n d  A1 im p u r i
t ie s  in  t in  alloys.

(3) M e ltin g  w ith  B e  f in in g .— T h is re fin in g  can 
be u n d e r ta k e n  by th e  g en era l processes of chem is
t r y ,  such  a s : -—

(a) S im p le  d eca n ta tin n .  F o r  exam ple , th e  u n 
d is tu rb e d  m e ltin g  in  th e  c ru c ib le  of cem en ted  
b a r  an d  so e lim in a tin g  th e  n u m ero u s s ilic a te  in 
clusions, o r a g a in  th e  p assage  of p ig -iro n  
th ro u g h  th e  m ix e r  b rin g s  a b o u t by d e c a n ta tio n  
th e  se p a ra tio n  of th e  m an g an ese  su lp h id e .7 
M ag n esiu m , as rece iv ed  fro m  th e  e lectro lysis 
p la n t , can  be freed  by th is  m eans from  p r a c t i 
cally  a ll th e  in c lu d ed  m ag n esiu m  ch lo rid e  (th e  
Cl c o n te n t c a n  be red u ced  fro m  th re e  to  < 0 .0 1  
p e r c e n t.) .  T in  a n d  i ts  a n ti- f r ic t io n  alloys w hen 
chan g ed  by c o n ta m in a tio n  w ith  iro n  fro m  th e  
m e ltin g  ch am ber c o n ta in  th e  h e av ie r  F e S n 2, 
w hich  can  be red u ced  dow n to  so m eth in g  of th e  
o rd e r of 0.1 p er cen t, of F e .

(b) “ S t ic k in g  ”  or co agu la tion  w ith  w e ig h t  
increase. B y an  a d d itio n  of a  m ix tu re  of M g F 2, 
B aC l2, e tc ., to  m olten  m ag n esiu m , th e  fo rm er 
sp re ad s  its e lf  slowly th ro u g h  th e  liq u id  an d  in 
duces a c o ag u la tio n  of th e  inclusions (H e ren g u e l, 
Thesis, L ille , 1936, p . 30) ju s t  as a lb u m en  is 
used  fo r c lean in g  w ine.

(c) F il tra t io n .  T h is process is v ery  seldom  
used on acc o u n t of th e  d ifficu lty  of f in d in g  filters 
sufficiently  re s is ta n t  to  th e  ac tio n  of h o t liq u id  
m eta ls , in  a  m a n n e r  s im ila r  to  th e  cold f i lt ra 
t io n  of m ercu ry  th ro u g h  cham ois le a th e r . I t  is, 
how ever, possible to  p o in t to  th e  case of th e  
fo rced  f iltra tio n  of m ag n esiu m  th ro u g h  a 
m eta llic  c lo th  sh ee t an d  p e rfo ra te d  iro n  shee t 
(H e ren g u e l, T hesis, L ille , 1936, p. 31).

(d) E x tr a c tio n  or A b so rp tio n  by F lu x  or S lag . 
T his is th e  g en era l process of m e ta llu rg y  used 
in co n nec tion  w ith  steel, iro n , copper, e tc . All 
h e a r th  fu rn a c e  m e ta llu rg y , th e  S iem ens fu rn a c e  
or th e  e le c tr ic  fu rn a c e  is based  on th e  use of 
slags w hich allow  a  ch arg e  e n tire ly  m ade  up  
from  sc rap  from  a n y  s o u rc e ; th e  use of soda ash  
b rin g s  a b o u t a  ra p id  d e su lp h u risa tio n  of cas t 
iron .

All th e  re ac tio n s  a re , g en era lly  sp eak in g , con
sid e rab ly  acce le ra ted  by  m ovem ents g iv in g  an  
em ulsion  a n d  th e re b y  m a te ria lly  in c re a s in g  th e  
su rfa ce  c o n ta c t (U g in e -P e rr in  process). M ore
over, i t  c an  be s ta te d  t h a t  th e  d e te r io ra t io n  of 
m e ta l d u r in g  m e ltin g  is th e  re su l t  of poor te c h 
n ique. C hanges of a  m e ta l o r  an  alloy due to  
a tm o sp h e re  c an  ta k e  p lace d u rin g  c a s tin g , and  
hence th e  c a s tin g  processes c a r r ie d  o u t in  h y d ro 
g en  o r o th e r  gases, as fo r  exam ple  in  th e  case of 
refined  copper, w hich is beyond  th e  scope of th is  
P a p e r .  To sim p lify  m a tte rs ,  i t  is  p roposed  to

consider in  w h a t follows solely th e  m eltin g  in 
a ir  o r in  th e  fu rn a c e  gases u n d e r  n o rm al pres
su re  w ith  o r  w ith o u t  a  flux.

B 3—F u rn ace C h a m b e r o r  M e ltin g  M edium
R e fra c to ry  m a te ria ls  used  as fu rn a c e  fabrics' 

such  as c rucib les, p an s, h e a r th s , e tc ., a re  e ither 
ox ides o r ox id ised  p ro d u c ts  (silica , a lu m in a , sili
ca tes  of a lu m in a , m ag n esia , z irco n ia , beryllia, 
c h ro m ite , e tc .)  o r ca rb o n  (g ra p h ite )  o r carbides 
(silicon  ca rb id e , e tc .)  o r p e rh ap s  m eta ls  (iron, 
c a s t iro n , e tc .) . T hey  re a c t  on th e  m olten  m etal 
a n d  th e  m eta llic  ox ides fo rm ed  d u r in g  m elting, 
as well as on  th e  fluxes responsib le  fo r or ac
c e le ra tin g  th e  ch an g es in  th e  m e ta l. A study 
of th ese  re ac tio n s  w ould re q u ire  a complete 
c h a p te r  of ch em istry  to  deal w ith  i t ,  so i t  is 
p roposed  th e re fo re  only  to  g ive som e sh o rt and 
m uch  sim plified  in d ic a tio n s  ap p licab le  to  normal 
c o n d itio n s  of m e ltin g . These dep en d  upon  tem 
p e ra tu re  a n d  p re ssu re , as h as a lre ad y  been shown 
w hen d ea lin g  w ith  m e ltin g  in  vacuo.

G en era lly  sp e a k in g , i t  is necessary  to  d is tin 
g u ish  be tw een  cases w h ere  th e  re fra c to ry  is of 
a n  acid  or basic  c h a ra c te r , c a rb u ris in g  and 
ox id isab le  o r red u cib le .8a B sic lin ings are used 
fo r m e ta ls  g iv in g  basic  ox ides a n d  fo r basic 
fluxes. These in c lu d e  m ag n esia , b e ry llia  (ex
c e p t fo r  th e  c a rb o n a te s )  a n d  ch ro m ite  (which is 
n e u tra l) .  A cid lin in g s  a re  used  w hen th e re  are 
acid  p ro d u c ts , such  as s ilica  (ex cep t fo r the 
fluorides), z irc o n ia , a lu m in a  (ex cep t fo r silica); 
reco u rse  c an  also be h a d  to  c h ro m ite  an d  silicates 
of a lu m in a  (n e u tra l) .

N e u tra l  lin in g s  such  as ch ro m ite  an d  silicates 
of a lu m in a  o r m ag n e s ia  a re  fa ir ly  difficult to 
a t ta c k  in  b o th  cases. C a rb u r is in g  a n d  oxidisable 
m a te r ia ls  o x id ise  in  a i r  a t  h ig h  tem p era tu res  
(a b o u t 1,650 deg . C. fo r g ra p h ite  an d  1,700 deg. 
C. fo r  silicon  c a rb id e ). T hey  w ill re s is t solid 
oxides, m o st a re  re d u ce d  by fu sib le  oxides (of 
C u, F e  a n d  N i). S ilicon  ca rb id e , w hich is both 
c a rb u r is in g  an d  silico n isin g , re a c ts  n o t only on 
th e  easily  red u c ib le  oxides, b u t  on m eta ls such 
as F e , Co, C r, P t ,  a ll m e ltin g  a t  high 
te m p e ra tu re s . "b

I ro n  can  be used  fo r  m e ltin g  m e ta ls  immiscible 
w ith  i t ,  such  as N a , P b , M g. E v en  Sn, which 
alloys w itll iro n  an d  iro n  alloys, can  be so 
m elted , u n d e r  th e  c o n d itio n  t h a t  th e  cas t iron 
used  is of poor m ech an ica l q u a lity , t h a t  is to  say, 
c a r ry in g  la rg e  g ra p h ite  flakes (w hich prevent 
f u r th e r  p ro g ress  of th e  d isso lu tio n  of th e  iron).

In  th e  ch an g es in  m e ta l d u r in g  m e ltin g , which 
o ften  show u p  in  a lo w erin g  of th e  m echanical 
p ro p e rtie s , i t  is necessary  to  rem em b er the 
chem ical ro le  of th e  fu rn a c e  ch am b er. F o r  ex
am ple , re p e a te d  re m e ltin g s  of t in  an d  a n tif r ic 
t io n  m eta ls  g ive  a  fra g ile  m e ta l, designated  
“  b u r n t . ”  T hese ch an g es a re  a t t r ib u te d  to 
o x id a tio n  since  th ey  a re  d u e  to  th e  p resence of a



definite com pound  F e S n 2 form ed by th e  action  
of th e  iro n  in  w hich th e  m e ltin g  w as c a r r ie d  ou t.

H ere  a re  show n all th e  com plex ities of changes 
d u rin g  m e ltin g  w hich d o m in a te , as w ill be show n, 
the com pound ing  of alloys. I t  is  a  v e ritab le  

in tro d u c tio n  to  th e  fo u n d ry  ”  w hich can  only 
be se t o u t in  g en era l te rm s. C onfin ing  th e  su b 
jec t to  th e  n o rm al c o n d itio n s  of th e  fo u n d ry , 
th a t  is to  say , w ith o u t specia l a tm o sp h eres and  
using o rd in a ry  p ressu res, f irs t of a ll, th e re  will 
be p o stu la ted  (1) th e  p rin c ip les  u n d e rly in g  th e  
m elting  of in d u s tr ia l  m e ta ls  and  th is  w ill be 
followed by (2) th e  p rin c ip les  of m e ltin g  an d  th e  
com pounding of in d u s tr ia l  alloys.

P A R T  I I ! — P R IN C IP L E S  O F  M E L T IN G  
IN D U S T R IA L  M E T A L S

The o p e ra tio n  of m e ltin g  a  m e ta l calls in to  
play its  calorific, physical and  chem ical p ro p e r
ties. The calorific  p ro p e rtie s , specific h e a t, 
la ten t h e a t of fu sion , a re  only to  be considered  
in th e  l ig h t  o f  choice of fu rn a c e  from  th e  ang le  
of th e  re q u is ite  speed o f m e ltin g , th e  im p o rtan ce  
of which has a lre ad y  been stressed . These 
factors have been th e  su b je c t of d e te rm in a tio n s  
by various a u th o rs  (E n d o , T oep ler, V in c en tin i 
and Omodei, B o rn em an n  and  S au erw ald , W rig h t-  
son, Saburo , U m ino, S ch w artz , e tc .) . ’ T he con
sideration  of physical co n stan ts , m e ltin g  tem p era 
tures 8/ and  bo iling  p o in ts  9' lead  w ith  t h a t  of 
chemical p rop erties  a t  high tem p era tu res  to  th e  
conception of an  in te rv a l or m a rg in  o f tem p era 
ture  for superhea ted  liqu id  0«— 0/ fo r a m e ta l  
and fixed  conditions o f m e ltin g — an  in te rv a l in 
which i t  should be possible to  hold  i t  in  th e  

• actual p ractice  of th e  m e ltin g  of t h a t  m eta l.
The lower l im it  is precise ly  defined and  in  

absolute te rm s by th e  m e ltin g  te m p e ra tu re . The 
upper lim it 0„. or th e  l im it  of accep tab le  liqu id  
superhea ting  is a fu n c tio n  of several phenom ena 
and i t  is defined w ith  very  m uch less p recision , 
due to  th e  p resence of a n u m b er of v a riab le  
factors. T he p h enom ena of l im itin g  c h a ra c te r  
which in te rv e n e  a re  : —•

(1) P h y s ic a l : bo iling  an d  v o la tilisa tio n .
(2) C h e m ic a l: co n sis tin g  p rin c ip a lly  of th e  

action  of th e  gases of th e  a tm o sp h ere , e ith e r  
ox idation  or a b so rp tio n  o f gases (H , N , CO, 
etc.) and , secondly, of th e  re ac tio n  on th e  
walls an d  th e  fluxes. To th ese  cou ld  be added

(3) C ry sta llin e , co rresp o n d in g  w ith  th e  to ta l  
d isap pearance  of th e  c ry s ta llin e  o rg a n isa tio n  
th ro u g h  m eltin g  an d  co rresp o n d in g  to  th e  
phenom ena of c ry s ta llin e  su p e rh e a tin g  h av in g  
th e ir  repercussion  on th e  c ry s ta llis a tio n  a f te r  
m elting , b u t th e  few serious fa c to rs  ac tu a lly  
availab le  in  th is  re sp ec t co rrespond  to  re la 
tively  sm all te m p e ra tu re  m arg in s  of w hich 
th ere  is no need  to  ta k e  acco u n t in  p rac tice .

I t  is th u s  w o rth  w hile to  ex am in e  th e  conse
quences t h a t  m ay  be deduced  from  boiling , from  
o x id a tio n  an d  from  a b so rp tio n  of gas.

(1) B o iling . P r im a r ily , i t  is obvious t h a t  th e  
bo iling  p o in t 9s is in  ev ery  case th e  u p p e r  lim it 
of th e  adm issib le te m p e ra tu re  8s <  9e which m ay 
re p re se n t th e  m e ltin g  cond itio n s. T he d ifference 
9e _  Oj, th e  b o ilin g  a n d  th e  m eltin g  p o in ts  of 
m eta ls , is m ost fre q u e n tly  th e  g re a te r  th e  m ore 
the m e ta l is re fra c to ry .

R . L o ren z  an d  W a lth e r  H e rz 10 have  shown
rp

th a t  th e  ra tio  , th e  abso lu te  m eltin g  an d  boil- 
le

ing  p o in ts , was on a n  av erag e  0.5583 fo r 
e lem en ts ; 0.7183 fo r in o rg an ic  substances and  
0.62 as a  g en era l av erag e  fo r 412 substances— 
elem ents, o rg a n ic  a n d  in o rg an ic  bodies. In  one 
case only, t h a t  of t in  gave a ra tio  well u n d e r 
0.198.

On th e  o th e r h an d , P ro fesso r G. L onginescu11 
has estab lish ed  th e  r a tio  T :c £ ^ /n  =  K , a con
s ta n t ,  w here—

T  =  abso lu te  m eltin g  or bo iling  p o in t. 
d  =  d en sity  in  th e  solid  o r liq u id  s ta te . 
n  =  n u m b er of a tom s in  th e  m olecule.
K  =  50 fo r th e  solid s ta te  and  100 for th e  

liqu id  s ta te .
As th e  re la tio n  of solid an d  liqu id  d en sitie s is 

ra n g ed  betw een  1 an d  1.2, i t  th e re fo re  follows

th a t  =  0.5 to  0.6.

I t  can  be concluded th a t
8e ^  1.8 8 ,  +  218 .

0e -  8 ,  Zh 0 .8  8 /  - |-  2 18 .

I n  fa c t, ta k in g  in to  co n sid era tio n  th e  la te s t  
pub lished  values fo r these  physical ' co n stan ts , 

T f
i t  h as been fo u n d  t h a t  ,=- is :—

J-e
0.7 fo r Mo (a re la tiv e ly  v o la tile  m eta l).
0.6 to  0.7 fo r W , C r, F e , N i, Co, Mg.
0.5 to  0.6 for T i, V , M n, Au, Ag, Cu, Cd 

an d  Z n .
0.3 to  0.5 fo r Al, Sb, P b , H g .
0.2 fo r S n  (a  m eta l n o tab ly  s tab le  in  th e  liqu id  

s ta te ) .
As has been s ta te d , v a p o risa tio n  ta k in g  place 

before bo iling  lim its  th e  m arg in  of liqu id  su p er
h e a tin g , th e  know ledge o f %s in  a d d itio n  
su p p ly in g  a p o in t of th e  e x p o n en tia l curve of

v ap o risa tio n  (log p  =  -s- h) d e te rm in ed  fo r a

n u m b er of m eta ls (N a , Z n , M g, Ca, Al, Cu and 
Be) by v a rio u s  a u th o rs  (P illin g , R odebusch and 
W alte rs , B a u e r an d  B ru n n e r , R u d b e rg ), th e  co
efficient h o f th e  fo rm u la  b e in g  of th e  o rd er of 
7 to  9. F o r  exam ple, in  a ir ,  u n d e r  a tm ospheric  
p ressu re , th e  ev ap o ra tio n  becom es no ticeab le



w hen th e  te m p e ra tu re  exceeds 715 deg. C. fo r 
zinc, 626 fo r lead  a n d  1,023 fo r  s ilv er (K ru p -  
kowski a n d  B aliclci), of w hich  th e  b o ilin g  p o in ts  
a re  re sp ec tiv e ly  918, 1,740 a n d  2,100 deg. C. 
T he m a rg in  of s u p e rh e a tin g  is, how ever, no tab ly  
re s tr ic te d  by th e  chem ical changes.

(2) C hem ical C hange .— T his m ay  be d ue  to  o, 
th e  m e ltin g  c h an g e  ex p ressed  e ith e r  by th e  
oxygen  c o n te n t  o r  im p u r i ty  abso rbed  or, in 
versely , th e  loss of a n  e lem en t, o r a g a in  th e  
low ering  of a  p ro p e rty , a fo u n d ry  p ro p e rty  (such 
as ru n n in g  pow er), a m ech an ica l p ro p e rty , 
soundness, e tc . On th e  o th e r  h an d , th is  ch an g e  
o r q u a lity -d ep irec ia tio n  is a fu n c tio n  o f th e  te m 
p e ra tu re  of th e  liq u id  m eta l 0, of th e  m e ltin g  
pe rio d  i  an d  of th e  su rfa ce  S o f c o n ta c t w ith  
e x te rn a l su r ro u n d in g s .12

a  =  f  (8, t, S)
A g a in , th e  adm issab le  change  th ro u g h  m eltin g  

dep en d s n o t  only on th e  l im it  o f change  la id  down 
fo r  th e  m e ta l, b u t  also  in  th e  case of q u a n ti ty  
p ro d u c tio n  on th e  re -u se  of s c ra p 13 of m ise an  
m ille ,*  M , a n d  th e  p ro p o rtio n  of sc rap  r .  
T h is q u estio n  h as been an a ly sed  by R . de F le u ry 14 
who, in  d ea lin g  w ith  th is  su b je c t d rew  some 
re m a rk ab ly  sim ple  conclusions by p o in tin g  o u t 
t h a t  ch an g e  in  q u a lity  th ro u g h  m e ltin g  w as in 
d e p en d e n t of th e  in i t ia l  s ta te  b e fo re  m eltin g , 
t h a t  is to  say  rep ro d u ces its e lf  w ith  th e  sam e 
in te n s ity  a t  each  re m e ltin g . T hus if  N  is th e  
n u m b er of re m e ltin g s  necessary  so t h a t  con
s ta n tly  re m e ltin g  th e  sam e q u a n ti ty  of m e ta l of 
th e  in i t ia l  q u a lity  Q^, one m ay  cause  th is  q u a lity  
to  fa ll to  th e  low er level Q ;, th e re  is

Qo- -  Qi = N a  . . . (2).
I f ,  on th e  o th e r  h a n d  M is th e  m ise au

m ille , t h a t  is to  say  th e  re la tio n  of th e  w e ig h t
of th e  ch arg e  to  be m elted , o r  th e  ch arg e , to  th e
w eig h t of th e  c a s tin g s  o b ta in e d , th e  n u m b er 
n  of o p e ra tio n s  d e p re c ia tin g  th e  m e ta l to  th e
low er l im it  of v a lu e  Q; w ill be g iv en  by th e
e x p o n en tia l e q u a tio n :  —

(M -  1)« M -  N
( l - a ) " -  —  =  . (3).

M M -  1 K '
an d  fp r  a n  e q u ilib ra te d  m a n u fa c tu r in g  system  
ta k in g  b ack  fo r re m e ltin g  a ll th e  sc rap  m ade, 
m ig h t c o n tin u e  w ith o u t re ac h in g  fin a lity , th u s

M <  N (1 -  r) . . (4).
These form ulae d e m o n s tra te  th e  in te rd e p e n 

dence of M , r ,  N , Q/ an d  a .  M a n d  r  a re  essen
t ia l  to  th e  co n d itio n s of tec h n ica l a n d  p ro fes
sional e x p lo ita tio n  as u p o n  th em  depend  th e  
co n cep tion  a n d  c a r ry in g  o u t of m o u ld in g , n o tab ly  
in  re sp ec t to  feed in g  heads and  th e  feed in g  of 
c a s tin g s

* Translator’s Note.— No equ ivalen t expression has been found  
for th is  phase, which is the  relationship betw een the  w eight of th e  
charge to  bem elted an d  th e  w eight o f  th e  castings obtained .

Qi is a lim ite d  q u a lity  w hich  can  on  occasion 
be defined in  p a r tic u la r ly  c le a r  te rm s , b u t in 
o th e r cases q u ite  u n p rec ise ly  an d  in  an  a rb itra ry  
m an n e r d e p e n d e n t u p o n  spec ifica tions an d  in
spec tio n  co n d itio n s. F o r  ex am p le  w ith  Alpax 
(a lu m in iu m -silico n  a p p ro a c h in g  eu te c tic  com
po sitio n ) th e re  is a  sh a rp  d ro p  in  th e  m echanical 
p ro p e rtie s  w hen th e  iro n  c o n te n t reaches 0.8 per 
cen t. A g a in , fo r  o th e r  alloys q u ite  sm all v a ria 
tio n s  in  t i ta n iu m  hav e  a v ery  ap p rec iab le  effect. 
Y e t, m ost f req u e n tly , th e  ch an g e  in  properties 
is p ro g ressiv e  an d  th e  l im it  is co nven tional.

G iven a  p ro p e r p ic tu re  of th e  m an u fa c tu rin g  
cond itions and  th e  values and  Qi, N  and conse
q u e n tly  a  a re  th e re b y  lim ite d  an d  th u s  for any 
g iv en  c o n d itio n s  of m e ltin g , n o tab ly  th e  tim e of 
m e ltin g  t ,  one can  define from  e q u a tio n  1 a 
l im ite d  v a lu e  6S fo r  6.

P u t t in g  aside  c o n ta m in a tio n  by solid contact 
(w alls an d  tools) an d  if  th e  chem ical change by 
th e  free  su rfa ce  only be ta k e n  in to  consideration , 
t h a t  is to  say , th e  a tm o sp h e re  by ox id a tio n  or 
gas ab so rp tio n , S becom es th e  su rface  of the 
b a th , w hich  i t  seem s w o rth  w hile to  reduce, 
bestow ing  a d v a n ta g e s  fro m  th e  p o in t of view of 
fu rn a c e  ch am b ers  o r deep crucib les and  eve^ 
th o se  n a rro w ed  to w a rd s  th e  to p .

The o x id a tio n  of m e ta ls  in  th e  liqu id  sta te  
has been  th e  su b je c t of a n o tew o rth y  research  by 
K ru p k o w sk i a n d  B a lick i, who show ed, so far 
as i t  ta k e s  p lace fo r  th e  o x id a tio n  of m etals in 
th e  solid  s ta te ,  th e  im p o r ta n t  p a r t  played by 
th e  physical s ta te  of th e  ox id ised  layer formed 
on th e  su rface .

In  th e  iso th e rm  c o n d itio n  in  a ir  th e  ra te  of 
o x id a tio n  is low a n d  c o n s ta n t if  th e  oxide formed 
is inso lub le  an d  solid  (W 2 =  K f) .

The r a te  of o x id a tio n  is ra p id  if  th e  oxide 
fo rm ed  is soluble in  th e  m olten  m eta l or is in
soluble a n d  liq u id  (W  =  K t) .  I n  an  unchanged 
a tm o sp h e re  of a i r  (as fo r  ex am ple  in  a  tall 
c rucib le) oxygen  is ab so rbed  a n d  th e  speed is 
co n tro lled  by i ts  d iffusion  in  th e  a ir .  The in
soluble solid ox ides th e re fo re  p lay  th e  p a r t  of 
p ro tec to rs , a n d  th is  c an  be  p ro fitab ly  used to 
p ro te c t m e ta l d u r in g  m e ltin g  a n d  d u r in g  casting 
by sm all a d d itio n s  of o x id isab le  e lem en ts such as 
Al, S i, P ,  e tc .

On th e  o th e r  h an d  th e re  is a sh a rp  increase 
in th e  r a te  of o x id a tio n  w hen  inso lub le  oxide 
becom es liq u id , t h a t  is to  say , w hen th e  in v arian t 
te m p e ra tu re  o f th e  tw o p h ase  liqu id  oxide- 
m e ta l system  is exceeded as, fo r  exam ple, in 
th e  case of C u-C uO , a t  1,200 deg. C. T h is often 
su p p lies a  v a lu e  to  th e  l im it  of superhea ting  
0s b u t, m oreover, th is  l im it  can  also re su lt in 
a  ra p id  increase  in  th e  r a te  of o x id a tio n  results 
ing  from  th e  e x p o n e n tia l  a m o u n t of the 
phenom enon in  re la tio n  to  th e  abso lu te  tern- 

tr
p e ra tu re  T (log W =  — — ).



K now ledge of th e  ab so rp tio n  of gases is less 
ad v an ced ; if  v a rio u s  in v e s tig a to rs  (S iev erts , 
Iwase, L iickem eyer, H a ase , Schenck, e tc .)  have 
given so lu b ility  va lu es in  re la tio n  to  te m 
p e ra tu re , th e  r a te s  of a b so rp tio n  a re  scarcely 
Known. Seem ingly  th e y  o u g h t to  be in  re la tio n  
to th e  te m p e ra tu re  to  confo rm  to  th e  c o rre 
sponding law s fo r  o x id a tio n , e v e ry th in g  con
nected w ith  i t  b e in g  p ro fo u n d ly  in fluenced  by 
sta te— atom ic or m olecular.—of th e  g a s .15 I t  is 
in th is  m an n e r t h a t  th e  p resen ce  of w a te r  
vapour o r am m onia  is responsib le  fo r a ra p id  
absorption of H  an d  N  by v a rio u s  m eta ls  (Al,
Fe, e tc .) , an d  th a t ,  on th e  o th e r  h an d , i t  is 
im p o rtan t, from  th e  p o in t of view  of th e  
rap id ity  of th e  a b so rp tio n  of gases, n o t to  ex
ceed c e r ta in  te m p e ra tu re s , as, fo r  "exam ple, 900 
deg. C. fo r a lu m in iu m  in  th e  presence of h y d ro 
gen. T here  is once a g a in , from  th is  p o in t of 
view, an  u p p e r  l im it  0S fo r th e  m arg in  of 
liquid su p e rh ea tin g .

Thus, u n d e r th e  tr ip le  asp ec t of v ap o risa 
tion, o x id a tio n ,18 gas ab so rp tio n , th e re  is an  
upper lim it to  th e  v a lu e  0S of th e  te m p e ra tu re  
reached in th e  liq u id  s ta te ,  b u t  th is  te m p e ra tu re  
is a fu nction , n o t on ly  of th e  m eta l, b u t  also 
of all th e  m eltin g  co n d itio n s (see P a r t  I I ) ,  and 
even of th e  ve ry  conceptions of m a n u fa c tu re  
and use. I t  is, m oreover, to  show th e  effect of 
these m ultip le  fac to rs  t h a t  th e  su b je c t has tak e n  
so long developing. I t  should  be un d ersto o d  
it is necessary to  ta k e  th e  low er v a lu e  of th e  
tem p era tu re  co rresp o n d in g  to  these  d iverse 
phenom ena to  e v a lu a te  0S, th e  u p p e r  l im it of 
the adm issible m arg in  fo r  liq u id  su p e rh ea tin g . 
This m arg in  can  in  th e  en d  be v e ry  n a r ro w ; as 
for instance w ith  m an ganese, because o f its  
liability  to  oxidise, i t  c a n n o t be  m elted  in  a ir .
Its  m arg in  of liq u id  su p e rh e a tin g  is th e re fo re  
nil. U nder these  co n d itio n s i t  is necessary  to  
work in a con tro lled  a tm o sp h ere . A gain , fo r 
calcium, th e re  is only a tim e  m a rg in  w hen m elt
ing in vacuo, o>r s till b e t te r  in  argon .

G enerally speak in g , by m o d ify in g  th e  a tm o 
sphere, th e  p ressu re , th e  shape  of th e  fu rn ac e  
chamber and above all by  se p a ra tin g  th e  m etal 
from its  e x te rn a l su rro u n d in g s  by  fluxes or 
coverings, th e  adm issible te m p e ra tu re  l im it 0« 
can be considerab ly  in fluenced . I t  m u s t n o t be 
forgotten , t h a t  so f a r  only th e  case of “ c h a n g e ,”  
a >  0, has h ad  co n sid era tio n . Y e t th e re  
can be, as h as been s ta te d , m e ltin g s  w ith o u t 
change a  =  0 or even  w ith  re fin in g  a  <  0.

In  any case, u n d e r  n o rm al fo u n d ry  cond itions 
(m elting in  a ir  o r  in  fu rn ac e  gases an d  a t  a tm o 
spheric p ressu re ), th e  m arg in  of adm issib le 
su p erh ea tin g  0S — Bf is very  v a r ia b le  w ith  cer
ta in  m etals, an d  zero  as h a s been  p o in ted  o u t 
for some, y e t th e  m a rg in  becom es v ery  w ide fo r 
others as in  th e  case of t in .  T h is m arg in  can
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also be increased  if  a re fin ing  a f te r  m e ltin g  and 
before c a s tin g  is  p rac tised .

R efin ing  a f te r  M e ltin g
T he e x am in a tio n  of th e  re fin in g  of m eta ls is 

beyond th e  scope of th e  su b jec t. I t  is fe lt, 
how ever, desirab le  to  reca ll t h a t  i t  is done by 
a d d itio n s  (d eo x id an ts , o x id an ts  o r g ra in -re fin 
ing ), by  th e  a c tio n  of fluxes an d  a g ita tio n , by 
bub b lin g  gas th ro u g h  i t,  by s e t tl in g  an d  dé
c a n ta tio n , e tc ., n o t to  speak  of p r io r  t re a tm e n ts  
of degasifica tion  by m eltin g  u n d e r p ressu re , slow 
preso lid ifica tion , ra p id  rem e ltin g , e tc . They 
a re  c ited  fo r th e  pu rp o se  of reca llin g  t h a t  i t  is 
possible so to  a c t in d ire c tly  on th e  m arg in  of 
adm issib le su p e rh ea tin g .

P A R T  IV .— M E L T IN G  C O N D IT IO N S  A N D  T H E  
C O M P O U N D IN G  O F  IN D U S T R IA L  A L L O Y S

D efin itio n s
A p a r t  from  ra re  excep tions, th e  in d u s tr ia l  

alloys in  comm on use a re  m ain ly  composed of 
one m eta l in  a p re d o m in an t p ro p o rtio n  w ith  re 
sp ec t to  th e  o th e r  m eta ls  an d  e lem ents m ak in g  
up  th e  alloy, th e  p ro p o rtio n  of th is  m a jo r m eta l 
being  u su a lly  of th e  o rd e r of 50 p e r cen t, and  
freq u e n tly  even exceed ing  90 pe r cen t. I t  is th is  
m eta l w hich m oreover enab les tech n ica l alloys to  
be classified an d  described  as alloys of iron , 
copper, a lu m in iu m , e tc . T his m eta l m ay  be re 
g a in e d  as th e  p r in c ip a l o r  basic m eta l of th e  
alloy, th e  o th e r  c o n s titu e n t m e ta ls  be ing  th e  
secondary  com ponents or added  m etals.

The a d d itio n s  m ay  be d is tin g u ish ed  u n d e r th e  
follow ing h eads : —

(1) C o n stitu tio n a l, i.e .,  those  m eta ls  whose p ro 
p o rtio n  p re sen t is u su a lly  included  in  th e  o rd i
n a ry  chem ical an aly sis of th e  alloy, such as t in  
in th e  bronzes, silicon in  A lpax, etc.

(2) C om pensa tory , i.e .,  those  com ponents added 
to  m ake  up  fo r  any  defic it in  com position  due 
to  m e ltin g  losses caused  by v o la tilisa tio n  o r by 
any  o th e r  change  of th e  com ponents added  in 
th e  shape of alloys to  th e  ch arg e , such as zinc 
in  th e  b rasses, phosphorus in  th e  phosphor- 
b ronzes, silicon in  p ig-irons, e tc .

(3) R e fin in g , i .e .,  those  com ponents added  to  
fa c i li ta te  th e  e lim in a tio n  o r th e  d ilu tio n  of cer
ta in  im p u ritie s , such as O, S, N , gas, etc . 
E xam ples of th ese  a re  d eo x id an ts , d e su lp h u ris in g  
ag en ts , e tc .

(4) P ro tec tiv e , i .e .,  those  com ponents added 
to  p re v e n t u n d esirab le  changes d u rin g  m eltin g  or 
la te r  d u r in g  p o u rin g . E xam ples which have a l
read y  been  c ited  a re , Ca an d  Z r  w ith  M g, P  
in  th e  case of C u, e tc .

(5) G ra in -re fin in g , i.e .,  those com ponents, such 
as N a  fo r e u tec tic  m ix tu re s  of Al and  Si (A lpax)- 
Such g ra in -re fin in g  a d d itio n s  m ay become neces
sa ry  ow ing to  th e  p resence of an y  of th e  aforo-



m en tio n ed  com p o n en ts, e.g ., th e  a d d it io n  of 
Z r  m ay  cau se  a co arsen in g  of th e  g ra in  of 
M g, w hich  m u s t th e n  be re fined  ag a in ;

A spects o f th e  P ro b le m
T he p rob lem  u n d e r  co n s id e ra tio n  h as a  double 

o b je c t :— (1) To d e te rm in e  th e  m eth o d  of a d d in g  
or in tro d u c in g  th e  d iffe re n t com ponen ts of th e  
a llo y ; a n d  (2) to  e stab lish  th e  o rd e r in  w hich  
th ese  a d d itio n s  m u s t be  m ade . T he f ir s t  p o in t 
m ay be considered  fro m  tw o  p o in ts  of view , 
e ith e r  (a) a cco rd in g  to  th e  n a tu r e  of th e  
e lem en ts a d d e d ; or (b) acco rd in g  to  th e i r  fo rm  
an d  q u a n ti ty .

(а) As re g a rd s  th e  n a tu re  of th e  com ponen ts 
ad d ed , th e re  a re  tw o e x tre m e  cases to  be  con
s id e red  in  p ra c tic e , e ith e r  th e  c h a rg e  is p re p a re d  
from  m eta ls  a n d  o th e r  com ponen ts in  th e  fo rm  
of v irg in  m eta ls , o r i t  is p re p a re d  by s ta r t in g  
w ith  a n  alloy, e ith e r  in  th e  fo rm  of sc rap  or 
in g o ts  of alloys specia lly  com pounded  fo r  th is  
p u rpose  ( s ta n d a rd  alloys of g iven  an a ly sis). B e
tw een  th ese  tw o ex trem es, th e re  is th e  gen era l 
case w hich  is th e  m ost com m on in  p ra c tic e  and  
in  w hich  th e  ch arg e  is m ade  up  of p a r t ly  v irg in  
m eta l an d  p a r t ly  of alloys a lre a d y  com pounded . 
T he f irs t e x tre m e  is necessarily  e n c o u n te re d  in  
th e  in i t ia l  m a n u fa c tu re  of an y  alloy, a n d  th is  
case will th e re fo re  be discussed first.'

(б) As re g a rd s  th e  fo rm  an d  q u a n ti ty  of th e  
com ponents, th e re  a re  tw o  p o in ts  of view  w hich 
lead  to  opposite  conclusions, acco rd in g  to  th e  
p re v a ilin g  c o n d it io n s : th e  r a te  of so lu tio n  re 
su lts  in  f ra g m e n ta t io n  w ith  re d u c tio n  in  th ic k 
ness an d  co n seq u en t in crease  in  th e  exposed s u r 
faces of th e  f ra g m e n ts , w hich  is th e  g en era l case 
w here  c o n s t itu e n t  e lem en ts a re  ad d ed , or 
changes du e  to  a tm o sp h e ric  ac tio n  increase  w ith  
th e  su rface  and  te n d  to w ard s  th e  fo rm a tio n  of 
la rg e r  a g g reg a te s  o r ag g lo m era tio n , w hich occurs 
w ith  scrap , such  as tu rn in g s ,  pow dery  m a te ria l,  
s t r ip  a n d  w ire  c u tt in g s , o r th e  in c lu sio n  [o r 
b o n d in g ] in  a cem en t o r a m olten  m eta l, as 
w ith  ox id isab le  ad d itio n s .

A lte rn a tiv e s  a re  p re sen te d  h e re  v e ry  s im ila r 
to  th ose  en co u n te red  w hen co rts idering  th e  p a r t  
p layed  by a g ita tio n , w h e th er m echan ical as p ro 
duced  by ra b b lin g  o r m ix in g , o r e le c tro m ag n e tic  
as p ro d u ced  in  in d u c tio n  fu rn aces . T he la t t e r  
offer a d v an tag e s  in  a r r iv in g  a t  a chem ical and  
th e rm a l h o m ogeneity  by p re v e n tin g  local su p e r
h e a tin g , an d  th e  lib e ra tio n  of th e  gases in  a s ta te  
of su p e rs a tu ra t io n , a lth o u g h  th e re  a re  also d isa d 
v a n ta g es  in  in h ib i t in g  th e  p o u rin g  off of th e  in 
soluble im p u r it ie s  (inclusions) an d  in te n s ify in g  
chem ical in te ra c t io n  bv m u ltip ly in g  th e  n u m b er 
of c o n tac ts  w ith  th e  enclosing  m edium , e ith e r  
th e  gaseous p hase  (a tm o sp h e re), th e  solid phase  
(w alls of th e  c ru cib le  o r c o n ta in e r) , o r th e  liq u id  
p hase (m olten  fluxes, slag ). I t  is fre q u e n tly  
d ifficult to  s e p a ra te  th e  effects of th e  th re e  non-

m eta ilic  phases on th e  m e ta llic  phase , fo r, as 
a lre ad y  p o in te d  o u t, th ey  r e a c t  c o n jo in tly  and 
co n tin u o u sly , th e  a c tio n  of th e  l in in g  b e in g  asso
c ia te d  w ith  t h a t  of th e  o x id is in g  atm osphere 
w hile th e  re a c tio n  p ro d u c ts  c o n tr ib u te  to  the 
fo rm a tio n  of th e  slag.

P ro p e rtie s  and F acto rs  O p e ra tin g
V a rio u s  fa c to rs  an d  p ro p e rtie s  have  to  be con

s id e red  in  th e  m e ltin g  process an d  th e  com
p o u n d in g  of a llo y s ; th e  p r in c ip a l of these  are 
e n u m e ra te d  below, a n d  these  w ill be considered 
from  th e  p o in t of view  of th e  com ponents as 
well as fro m  th e  s ta n d p o in t  of th e  final a lloys: 
11) R e la tiv e  p ro p o rtio n s  of th e  com ponents 

p re sen t.
(2) R e la tiv e  d e n sitie s  of th e  com ponen ts present.
(3) H e a ts  of m ix in g  o r co m b in a tio n .
(4) F u s ib i l i ty  (a n d  m isci- \  D e f i n i n g  the

b ili ty ) . I ran g e  of super-
(5) V o la til ity . , I h e a t  o f  t h e
(6) C hem ical ch an g es a n d  / liq u id  fo r both

p a r tic u la r ly  o x id isa- I th e  com ponents
b ility . I a n d  th e  alloy.

(7) A b so rp tio n  of gas. '
(8) V elocity  of m u tu a l  so lu tio n .

B efo re  rev iew in g  th e  v a rio u s  possible or re
com m ended m ethods of co m p o u n d in g  according 
to  th e  re la tiv e  im p o rta n ce  of th ese  facto rs, the 
av a ilab le  d a ta  re g a rd in g  th ese  phenom ena and 
p ro p e rtie s  m u s t f irs t be s tu d ied .

R e la tiv e  P ro p o rtio n s  an d  D en s itie s  o f the  
C o m p o n e n ts

T he p ro p o rtio n s  of th e  com ponen ts a re  deter
m ined  by th e  chem ica l com position  so ugh t, with 
a n  accu racy  o r to le ran c e  d ep en d in g  on th e  type 
of alloy a n d  its  su b seq u en t d u ty .  T he densities 
a re  a lso know n, e ith e r  in  th e  solid  s ta te  or in 
th e  liq u id  s ta te ,  w ith  a n  accu racy  usually  ade
q u a te  fo r  all p ra c tic a l p u rp o ses  u n d e r  considera
tio n  h ere . I t  m ay  be s ta te d  t h a t  th e  difficulties 
en co u n te re d  in  th e  co m p o u n d in g  of alloys in
crease  w ith  th e  m a g n itu d e  of th e  differences in 
th e  q u a n ti ta t iv e  p ro p o rtio n s  a n d  d en sitie s  of the 
m eta llic  co m p o n en ts, since th ese  differences 
ad v erse ly  a ffect th e  ease w ith  w hich  th e  requisite 
hom ogeneity  is o b ta in e d  in  th e  m olten  state. 
M oreover, w hen th e se  d ifferences a re  very  large, 
c e r ta in  a rtifices, to  w hich re fe re n ce  w ill be made 
la te r ,  m u s t  be  a d o p ted .

H e a t  o f M ix in g  an d  C o m b in a tio n
I t  h a s  a lre ad y  been  s ta te d  t h a t  th e  to ta l  heat 

w hich m u s t be a p p lie d  to  t h e  c h a rg e , including 
th e  h e a t  of fu sio n , is in te re s t in g  as a  gu ide  to 
th e  fu sio n  m echan ism  of th e  m eta ls  in  special 
re la tio n  to  th e  r a te  o r  d u ra t io n  of m e ltin g . In 
th e  p re se n t  case, th e y  hav e  to  b e  considered  as 
c h illin g  th e  liq u id  b a th  by th e  in tro d u c tio n  of 
cold, o r solid , m e ta l. I t  m ay  be asked  whether



th e  h e a t lib e ra te d  d u r in g  th e  fo rm a tio n  of th e  
alloy is ab le  to  ba lan ce  th is  cooling ac tio n , e ith e r
(a) by th e  h e a t  l ib e ra te d  by m ix in g , so lu tion  
o r co m b in a tio n , or (b) by th e  h e a t of re ac tio n  
due to  th e  occu rren ce  of re d u c tio n  processes.

As re g a rd s  th e  q u a n ti t ie s  of h e a t  evolved 
during  m ix in g , th e  resea rch es of M asuo Kawa^- 
kami (1930)10a in d ic a te  t h a t  fo r th e  b in a ry  alloys 
which he in v e s t ig a te d : (1) those  w hich do n o t 
yield in te rm e d ia te  com pounds u n til  th e  liq u id u s 
have n e g a tiv e  h e a ts  of m ix in g , e .g ., Pb-C u, 
Al-Sn, Sn-Sb, e tc ., w hile (2) those fo rm in g  in te r-  
m etallic com pounds u p  to  th e  liq u id u s  have  a 
positive h e a t of re ac tio n , in d ic a tin g  th a t  these  
•compounds a re  n o t decom posed by fu sion , e.g., 
Al-Cu, Sn-M g, etc . ; (3) c e r ta in  alloys, such as 
Cu-Au and  A g-A u, on th e  o th e r  h a n d , produce 
no change in  te m p e ra tu re  and  re p re se n t ex 
amples of idea l so lu tion .

These re su lts  co n cern in g  th e  p resence of defi
nite com pounds m ay be reconciled  to  th e  form s 
of the  liqu idus, w hich a re  in  re la tio n  vri th  th e  
degree of d issoc ia tion  of th e  d e fin ite  com pounds 
according to  which th e  m ax im um  of th e  liq u id u s 
in a s ta te  of t ru e  e q u ilib riu m  w ith  th e  defin ite  
■compound is e ith e r  low an d  fla tten e d  o r steep  
and high (as w ith  N i-A l). In  in d u s tr ia l  alloys, 
compounds of th e  l a t t e r  ty p e  ra re ly  o c c u r ; they  
are, m oreover, n o t  to  be looked upon  as m as te r  
alloys, for bo th  th e  ben efit of th e  fu s ib ility  an d  
th a t due to  th e  c o n tr ib u tio n  of th e  h e a t of reac 
tion which fa c ili ta te s  th e  fo rm atio n  of th e  alloy 
are lo s t ; a t  th e  v ery  m ost th e ir  use can  be env is
aged in c e r ta in  cases fo r e q u ilib ra tin g  th e  m e l t 
ing points! of th e  m as te r  alloy added  an d  of th e  
basic m etal.

These hea ts  of fo rm atio n , how ever, w hich a re  
usually re la tiv e ly  low, a re  a u g m e n ted  by th e  
heats of reac tio n , m ain ly  th e  q u a n ti t ie s  of h e a t 
due to re d u c tio n ; e.g ., on th e  a d d itio n  of th e  
reducing m eta ls A1 o r P  to  m olten  m eta ls  or 
alloys susceptib le to- m ore o r less o x id a tio n , such 
as alloys of cop p er or steels. T his m ay  be used 
advantageously  to  increase  th e  f lu id ity  of th e  
molten alloy.

F u s ib ility  and L iq u id  M is c ib ility
Solidification curves a re  of g re a t  v a lue , if  n o t 

indispensable, fo r th e  scientific  p re p a ra tio n  of 
alloys, since th ey  fu rn ish  p recise  and  e ssen tia l 
in form ation  re g a rd in g  th e  m isc ib ility  in  th e  
liquid s ta te  an d  of th e  fu s ib ility  of b in a ry  and  
te rn a ry  alloys an d  som etim es even of q u a te rn a ry  
alloys.

(a.) L iq u id  M isc ib ility .— The curves in d ic a te  
the lim its of co n ce n tra tio n  an d  te m p e ra tu re , th e  
gaps in th e  m isc ib ility  process, an d  hence th e  
regions of liq u id  h e te ro g en e ity , i.e ., of th e  n o n 
alloyed s ta te , in  w hich th e  liq u id  alloy is no t 
stable, p a r tic u la r ly  if  th e re  is a m ark e d  d iffer
ence betw een th e  d en sitie s  of th e  tw o phases.

E xam ples of th is  a re  alloys of C u-P b  w ith  a h igh  
c o n te n t of P b  as well as P b  bronzes. These d a ta  
a re  also v a lu ab le  in  th e  choice an d  th e  use of 
th e  m a s te r  alloys, i .e .,  th e  a u x ilia ry  alloys for 
th e  com pound ing  of a re q u ire d  final alloy. I t  is 
possible to  alloy an  a d d itio n  of a  m e ta l B  non- 
m iscib le w ith  a m eta l A by u sin g  m a s te r  alloys of 
B w ith  a n o th e r  m eta l C which is m iscib le w ith  
bo th  A a n d  B, e .g ., to  alloy P b  w hich is non- 
m iscible w ith  Al, an  alloy of P b  w ith  M g m ay  be 
used. C onversely, to  add  a m eta l B to  A which 
is n o t re ad ily  m iscib le w ith  i t ,  an  in te rm e d ia te  
alloy of B w ith  a  th ird  m e ta l C which is no t 
m iscible w ith  A m ay  be used, so th a t  C finally  
se p a ra te s  o u t. An exam ple  of th is  is afforded by 
th e  sm all ad d itio n  of a sodium  d eox id ising  a g en t 
to  m olten  steel th ro u g h  th e  m edium  of an  alloy 
w ith  P b , which is non-m iscible w ith  F e  and  m ore 
d ense th a n  th e  l a t te r ,  so th a t  i t  ac ts  m erely  as 
th e  vehicle fo r th e  in tro d u c tio n  of th e  sodium .

(b) F u s ib il i ty .—F o r  each  alloy com position , 
th e  curves g ive th e  lower l im itin g  te m p e ra tu re  
6/ of th e  m eltin g  ra n g e  or of th e  liqu id  su p e r
h e a tin g , th ese  te m p e ra tu re s  be ing  m oreover th e  
lower l im it of th e  zone or reg io n  of th e  hom o
geneous liqu id  phase, i .e ., th e  liq u id u s, except 
in  th e  gaps of non^m iscibility , a t  th e  liq u idus 
h o rizo n ta l, w here  0/ follows th e  c o n to u r 
bou n d in g  th e  he terogeneous liq u id  phase .

V ery  l i t t le  gen era l in fo rm a tio n  can  be given 
re g a rd in g  th e  v a r ia tio n  of 0/ in  alloys, since 
th e  liq u id u s is v e ry  v a ria b le  an d  d iffers from  
alloy to  alloy. The m ore com m on re la tio n sh ip s 
e n co u n tered  in  in d u s tr ia l  alloys m ay, how ever, 
be co n v en ien tly  sum m arised  a s  follow s: —

(I) L iq u id u s descend ing  u n ifo rm ly  from  th e  
m eta l w ith  th e  h ig h e r  m eltin g  po in ts, e .g ., Cu- 
Sn bronzes, C u-Z n brasses, Sb-Sn a n ti- f r ic tio n  
alloys.

( I I )  L iq u id u s w ith  a low eu tec tic  p o in t, e.g., 
Al-Si A lpax , Fe-C  irons, S n -P b  so ft solders.

( I I I )  L iq u id u s  w ith  one o r m ore m ax im a, 
som etim es h ig h e r th a n  th e  m eltin g  p o in ts  of 
th e  c o n s titu e n t m eta ls , e.g ., M g-Sn, N a-Sn , 
A l-N i.

These co n sid era tio n s of fu s ib ility  a re  fu n d a 
m en ta l to  th e  com pound ing  of alloys and  in 
dispensable in  th e  choice and  use  of m aste r 
alloys ( in tro d u c tio n  of ad d itio n s of h igh  m elt
in g -p o in t, v o la tile , oxidisable, e t c . ) ; a  vola^ 
t ile  an d  ox id isab le  ad d itio n  such as P  can  th u s  
be added  in  th e  sh ap e  of alloys, w ith  d ifferen t 
m e ltin g  p o in ts , S n -P  o r C u -P , w hile  a h igh  
m eltin g  p o in t an d  oxid isab le  m eta l, such as 
C r, c a n  also be added  as a ferro -a lloy  w ith  
a su itab le  m eltin g  p o in t, ow ing to  th e  presence 
of C o r Si.

V o la t ib i l i ty
T he b o ilin g  p o in t or 0e of b in a ry  alloys 

have  been d e te rm in e d  by L eitg ab e l. The



m ore g e n e ra l sh ap e  of th e  c u rv es  p lo tte d  
shows a  v e ry  sh a rp  d ro p  on o ne  side  
of th e  m e ta l to  th e  h ig h e s t Qe a n d  a slow 
increase  o n  th e  o th e r  slope fo r th e  m ore vo la
t i le  m e ta l. I t  a p p e a rs  t h a t  th e  a d d it io n  of a 
v o la tile  e lem en t o r  m e ta l (e .g .,  P ,  N a , Z n , Cd) 
to  a m o lten  m e ta l w ith  a  h ig h  m e ltin g  p o in t 
u su a lly  e n ta ils  co n sid erab le  losses of h e a t  and  
i t  becom es necessary  to  red u ce  th e  te m p e ra tu re  
of th e  m o lten  b a th  by  th e  a d d itio n  of o th e r  
a llo y in g  e lem en ts  o r alloys in  th e  com bined 
s ta te ,  o r to  use m a s te r  alloys.

In  e x ce p tio n a l cases, w h ere  re fe re n ce  is m ade 
to  re fin in g  ad d itio n s  be fo re  d isp e rsa l, e .g .,  de
o x id a tio n  of steel w ith  N a , M g o r C a, c e r ta in  
artifices  m u s t be u sed  to  p ro m o te  th e i r  r a p id  
m ix in g  w ith  th e  b a th  by a t ta c h in g  to  a  rab b le , 
o r b e tte r  s till  by enclosing  th e m  in  a  c a r tr id g e  
o r o th e r  su itab le  recep tac le , w hich w ill e ith e r  
m elt in  th e  b a th  o r  re q u ire  w ith d ra w in g  a g a in , 
o r  by  en casin g  th em  in  r e f ra c to ry  cem en t.

As th ese  a d d itio n s  a re  of low d e n s ity  (0.97 to  
1.7) th e y  m u s t be w e ig h ted  by a n o th e r  e lem en t 
a lre a d y  a  c o n s t itu e n t  of th e  alloy o r one 
im m iscib le w ith  th e  l a t te r .  .

To a d d  sod ium  ( 6  = 9 7  d eg ., d  = 0.97) to  
m o lten  steel ( 0 / =  1,600 d eg ., d = 7), G lasunov”  
used cy lin d rica l c a r tr id g e s  w ith  th e  u p p e r  end  
p e rfo ra te d  a n d  covered  w ith  paraffin , a n d  th e  
lower end  closed w ith  P b  so as to  o b ta in  a m ean  
d e n sity  h ig h e r th a n  t h a t  of th e  m o lten  s te e l;  
before th e  c a r t r id g e  is m elted , th e  N a  escapes 
th ro u g h  th e  holes, fo rm in g  je ts  of v a p o u r w hich 
p e n e tra te  th e  b a th . L ig h t, v o la tile  o r  com bust
ible a d d itio n s  can  also be in tro d u c ed  in to  th e  
m olten  m eta l in  th e  fo rm  of a p ro jec tile .

A lth o u g h  th e re  m ay  be a m ark ed  difference in 
d e n s ity  an d  th e y  m ay  be v o la tile  a n d  ox id isab le , 
some v ery  fu sib le  e lem en ts such as t in  can  be 
ad d ed  in  sm all q u a n ti t ie s  by m eans of c a r tr id g e s  
or c o n ta in e rs  to  ve ry  h o t b a th s  such as m olten  
steel, since th ey  m e lt in s ta n ta n e o u s ly  a n d  te n d  
to  v o la tilise  if  re m a in in g  on th e  su rface  of th e  
ch arg e . L it t le  in fo rm a tio n  is av a ilab le  of th e  
v o la ti li ty  of alloys w hich in  c e r ta in  cases reduce  
th e  m arg in  of su p e rh e a tin g  f a r  below 0,, as 
a lread y  in d ic a te d .

C h e m ic a l C hanges, O x id a t io n  and A b s o rp tio n  
o f Gas

T here  a re  h a rd ly  an y  q u a n ti ta t iv e  d a ta  re g a rd 
in g  th e  o x id isab ility  of alloys ; b u t  i t  m ay  be 
reca lled  t h a t  o x id a tio n  is se lective , i .e .,  i t  ta k e s  
place first w ith  th e  m ore ox id isab le  com ponen ts 
p re se n t w hich  a c t as re d u c in g  a g en ts  of th e  
o th e r  oxides p ro d u ced , a n d  secondly, th e  ox ide 
of a  m e ta l has only a v ery  w eak  so lu b ility  in  th e  
o th e r  m o lten  m eta ls , a lth o u g h  th ese  m ay  dissolve 
a  f a i r  p ro p o rtio n  of th e i r  own oxides.

I t  follows th e re fo re  t h a t  th e  m o st o x id isab le  
elem ents an d  m e tils  w ill p rov ide  a p ro tec tio n

a g a in s t  o x id a tio n  if  th e ir  ox ides a re  solid  a t  the  
te m p e ra tu re  of th e  m o lten  c h a rg e , w hence the 
in te re s t  a t ta c h in g  t o  th e  in i t ia l  fu sio n  in  a ir 
of th e  p r in c ip a l m e ta l o r  of th e  alloy a lready 
fo rm ed , by th e  p rev io u s a d d itio n  of sm all q u an 
t i t ie s  of d eo x id is in g  a g en ts .

T he so lu b ility  of h y d ro g en  in  alloys has been 
in v e s tig a te d  by S iev erts , h is re su lts  in d ica tin g  
t h a t  th e  so lu b ility  in  a  m e ta l (copper o r pal
lad iu m ) can  be co n sid erab ly  increased  or re
du ced  by a llo y in g  w ith  o th e r  m eta ls . These re
su lts , how ever, re la te  to  only  tw o m eta ls and 
m oreover th e re  is l i t t le  in fo rm a tio n  available 
on th e  r a te  of ab so rp tio n  of gases which will 
p e rm it  th e  d e d u c tio n  of an y  law s o r general 
h y po theses in  re sp ec t of th e  com pounding  of 
alloys from  th e  p o in t of view  of th e  va ria tio n s 
in  th e  l im it  of ad m issib le  su p e rh e a tin g  0S. All 
t h a t  m ay  be sa id  is t h a t  th is  la t t e r  fac to r is 
closely r e la te d  to  th e  m o st v o la tile  and  more 
ox id isab le  e le m en t p re se n t in  th e  bath. 
W h a t  a p p e a rs  m ost c e r ta in  is  t h a t  th e  range 
of s u p e rh e a tin g  to  th e  g re a te s t  e x te n t  appears 
to  co rresp o n d  w ith  th e  e u te c tic  alloys.

C o m p o u n d in g  o f A llo y s  fro m " C o m p o n e n t  
M e ta ls  o r  V ir g in  M e ta ls  * —

A ssum e t h a t  A is th e  p r in c ip a l o r  basic m etal 
a n d  B one of th e  m e ta ls  o r  e lem en ts  which has 
to  be  ad d ed . C o n su lta tio n  of tex tbooks of 
fo u n d ry  p ra c tic e  o r in q u iry  from  p ra c tic a l foun- 
d ry m en  as re g a rd s  g e n e ra l in s tru c t io n s  fo r the 
o rd e r in  w hich  th e  c o n s t itu e n t  e lem en ts  o r  m etals 
of a n  alloy should  be  ad d ed , b rin g s  to  lig h t the 
m ost c o n tra d ic to ry  a d v ic e ; acco rd in g  to  some 
a u th o r i t ie s  th e  co m p o n en t w ith  th e  highest 
m e ltin g  p o in t should  f irs t be m elted , others 
fa v o u r  s t a r t in g  w ith  th e  co m p o n en t h av in g  the 
low est m e ltin g  p o in t. T h e  on ly  p o in t on which 
th e re  is m o re  o r less g e n e ra l a g ree m e n t is th a t  
th e  com p o n en ts to  be ad d ed  la s t  a re  those which 
a re  th e  m o st o x id isab le  a n d  th e  m o st volatile.

In  th is  s ta te  of a ffa irs , m e ta llu rg is ts  m ust 
accep t as a  s ta r t in g  p o in t  t h a t  p rin c ip le  which 
a p p e a rs  th e  m ost sim ple  from  a  p ra c tic a l point 
of view  : F i r s t  m e lt  th e  p r in c ip a l m e ta l and  then 
ad d  th e  a d d itio n s  in  th e  o rd e r  of th e ir  m elting 
p o in ts  a n d  w ith  d e c re as in g  m a rg in  of super
h e a tin g . H en ce  in  co m p o u n d in g  a bronze, a 
C u-Sn alloy, r ich  in  C u, th e  cop p er should  first 
be m elted  a n d  th e  Sn  th e n  a d d e d ; in  m ak in g  an 
a n ti- f r ic t io n  m e ta l of Sn-C u r ic h  in  S n , th e  tin  
should  be m elted  f irs t a n d  th e  C u th e n  added. 
T h is p rocess m ay  be te rm e d  “  w o rk in g  w ith  con
s ta n t  h e a tin g  a n d  solid  a d d it io n s ,”  fo r  th e  varia
tio n s  in  th e  te m p e ra tu re  of th e  b a th  a re  p rin 
c ip a lly  d u e  to  th e  ch illin g  effect (ex c lu d in g  exo
th erm ic  re ac tio n s) of th e  a d d itio n s .

T he q u estio n  of th e  re la tiv e  q u a n ti ta t iv e  pro
p o rtio n s  of th e  m eta ls  c an  th e re fo re  be se t aside



for th e  m o m ent, a n d  p r im a ry  co n sid era tio n  
given to  th e  “  adm issib le  m arg in  of su p e rh e a t
in g .” An e x am in a tio n  w ill be m ade  of th e  p r in 
cipal cases an d  phen o m en a  w ith  th is  m ethod  of 
procedure in  o rd e r  to  a r r iv e  a t  th e  essen tia l 
m odifications and  co rrec tions.

Phenom ena O c c u rrin g  on th e  A d d it io n  o f a
Solid C o m p o n e n t B to  th e  M o lte n  M e ta l A

If  th e  p rin c ip a l m eta l A m elts a t  a  te m p e ra 
tu re  0 w ith in  th e  te m p e ra tu re  ra n g e  0.,' — 0A 
and a m eta l B is ad d ed  w ith  a m eltin g -p o in t 
range 0b» — 0b in  such sm all q u a n ti ty  t h a t  th e  
tem p era tu re  0 is n o t su b s ta n tia lly  a lte re d  (which 
depends as a lread y  s ta te d  on th e  th e rm a l p ro 
perties of th e  tw o m eta ls), an d  if  B ra p id ly  
acquires th e  te m p e ra tu re  of A, a  d is tin c tio n  
can be d raw n  be tw een  th e  follow ing cases: —

I .—The th e rm a l ra n g es  of su p e rh e a t of th e  
liquid m etals A an d  B have  a com m on ra n g e  of 
tem p e ra tu re ; th e  ra n g es  can  hence be sa id  to  be 
concordant. T ake  th e  te m p e ra tu re  0 in  th is  
common ran g e , w hen th e  m eta l B will m e lt and  
diffuse th ro u g h  ch arg e  A. Two se p a ra te  cases 
can be d is tin g u ish ed  he re  : la— w here  te m p e ra 
tu re  0 is above th e  m ax im u m  of th e  liq u id u s of 
the fusion d iag ram  of A-B. T he so lu tion  of th e  
added com ponent B is d e te rm in e d  by th e  r a te  of 
diffusion of th e  tw o m o lten  m eta ls , which as a 
rule is very  h ig h . In  a d d itio n , m echan ical s t i r 
ring will cause a ra p id  eq u a lisa tio n  of th e  re la 
tive co n cen tra tio n s an d  re su lt  in  th e  p ro d u c tio n  
of an alloy of hom ogeneous com position . The 
m an u factu re  of th is  alloy is n o t d ifficult an d  will 
serve as a ty p e  to  w hich i t  is desirab le  to  reduce 
every p ra c tic a l case of alloy m a n u fa c tu re . 
E xa m p les: A lloying of b ronze to  lead  (C u-alloy 
w ith  30 per cen t. P b ) , alloys of A1 w ith  M g, Sb, 
Zn and Sn, Cu-A g alloys.

W here c e r ta in  d eo x id is in g  a g e n ts  a re  added, 
such as Al, to  ox id ised  m eta ls , such as C u, th e  
particles of m olten  Al m ay  be co ated  w ith  a 
film of ALOj, w hich p rev en ts  p ro p e r d if fu s io n ; 
ag ita ted  s t i r r in g  is th e n  necessary  w ith  th e  a d d i
tion of a flux fo r d isso lv ing  th e  Al sk in .

16.— T em p era tu re  0 is low er th a n  th e  m a x i
m um  of th e  liq u id u s in  the  A -B  d iagram . As 
before, B will m elt a n d  d iffuse th ro u g h  A and  
produce w ith in  th e  liq u id  an  in te rm e ta ll ic  com
pound AmBn co rresp o n d in g  to  th e  m ax im um  of th e  
liquidus. T his com pound, w hich can  be de
canted , is responsib le  fo r h e te ro g en e ity  d u rin g  
tap p in g , th e  first c as tin g s  o r in g o ts  h a v in g  a 
d ifferen t com position  from  those  c a s t la te r .

E x a m p le s : M a n u fa c tu re  of a P b -N a  alloy (in  
practice , th e  re ac tio n  is sufficiently  exo th erm ic  
to cause th e  te m p e ra tu re  of th e  ch arg e  to  rise  
above th e  m ax im um  of th e  l iq u id u s ; a d v an tag e  
may be tak e n  of th is  by p o u rin g  a t  th is  p o in t) .

I I — M a rg in  o f S u p e rh e a tin g  o f A is Low er a t 
th e  M e ltin g  P o in t  o f B .  In  th is  case, th e  
te m p e ra tu re  0 of th e  m olten  b a th  does n o t reach  
th e  m eltin g  p o in t of B, w hich th e re fo re  does n o t 
m e lt a n d  m u s t be d issolved in  A ; th e  s ta te  of 
su p e rh e a tin g  of B has th u s  also an  im p o r ta n t 
influence. T h ree  d iffe re n t cases m u s t be con
sid e red  h e r e : -—

IIo — M eta l B is enclosed by a film of oxide 
which is very  a d h e re n t an d  com pletely  iso lates 
B fro m  A ; B th e n  c an n o t dissolve A.

E x a m p le : Al ad d ed  in  solid in go ts to  a  eu tec 
t ic  of P b -S n  (refin in g  of “ c la ire  de so u d u re  ” *). 
E v en  w hen ad d ed  to  th e  b a th  a t  600 deg ., th e  
Al does n o t dissolve.

l i b —T he m eta l is enclosed by a film of oxide 
w hich  is  e v en tu a lly  p e n e tra te d  by A. S o lu tion  
of B in  A a t  f irs t zero g ra d u a lly  increases (see 
below). T he p e rm eab ility  of th e  oxide increases 
w ith  a n  e lev a tio n  of te m p e ra tu re . I t  is th e  
h ig h e r, th e  f u r th e r  rem oved th e  te m p e ra tu re  is 
from  th e  m eltin g  p o in t of A. The m echanism  
of th is  p e n e tra tio n  has n o t y e t been s tu d ied .

E x a m p le :  S o lu tio n  of copper a d d itio n s  in  t in  
(m a n u fa c tu re  of a n ti- f r ic t io n  m eta l), so lu tion  
of F e  ad d itio n s  in  c e r ta in  special solders. The 
so lu tion  of th ese  a d d itio n s  is zero a t  low tem 
p e ra tu re s  if  th e  su rface  of th e  m eta l has n o t been 
b roken . T his case is en co u n tered  w ith  re fra c 
to ry  d eo x id an ts  such  as S i ; also th e  m eltin g  
p o in t of th e  a d d itio n  m u st freq u e n tly  be lowered 
when w ork ing  w ith  a  m as te r  alloy. M oreover, 
flux d issolving th e  oxide should be added  while 
a g ita tin g .

l i e . — T here  is no co a tin g  of oxide or if  p resen t 
i t  h as no re ta rd in g  ac tion  (exa m p le s: so lu tion  of 
P b  an d  Sn, th e  m a n u fa c tu re  of solders), o r its  
a c tio n  is destroyed  (see case l i b  above).

W here  th e  A-B d iag ra m  does n o t disclose any 
d e fin ite  com pounds, th e re  is sim ple so lu tion  of 
B in  A governed  by th e  velocity  of diffusion in  
th e  liq u id  of th e  a tom s of B co n ta in ed  in  th e  
liqu id  film, s a tu ra te d  w ith  B, of th e  alloy (A +  B) 
su rro u n d in g  B ; so lu tio n  is  ra p id  an d  accelerated  
by in c reas in g  th e  te m p e ra tu re , an d  f ra g m e n ta 
tio n  of th e  m a te ria ls  increases th e  a re a  of th e  
exposed surfaces, and  above all m echanical s t i r 
r in g  accelerates diffusion w ith in  th e  m olten  m ass.

E x a m p le s : S o lu tion  of Zn an d  Sn (m an u fa c tu re  
of spec ia l t in n in g  alloys), so lu tion  of h igh  m elt
in g -p o in t e lem ents in  in d u s tr ia l  m eta ls , even 
those m eltin g  a t  a h igh  te m p e ra tu re  such as Fe, 
o r  e lem en ts less fu sib le  in  m eta ls  m e ltin g  a t  m ode
ra te  te m p e ra tu re s  such as Al (alloys of Al w ith  
C r, C u, F e , M n, Mo, N i, S i, T i). T his case is 
necessarily  found  w here th e  m eans availab le  fo r 
m e ltin g  th e  m eta ls  do  n o t allow th e  m elting -

* Translator’s Note.— This is though t to  be a special ty p e  of 
solder.



p o in t of B to  be reach ed , w hen th e  alloy  o b ta in e d  
by p u re  d iffusion  is f re q u e n tly  n o t hom ogeneous, 
e .g ., to  alloy 0« w ith  F e , th e  fo rm er  b e in g  th e  
le a s t  fu sib le  of th e  P t  fam ily  (0 /=  2,700 deg. C .), 
F a l lo t19 o b ta in e d  so lu tio n  in  su p e rh e a te d  iron  
by m eans of an  in d u c tio n  fu rn a c e  a n d  o p e ra t in g  
in  vacuo  fo u n d  i t  necessary  to  re m e lt th re e  tim es 
to  en su re  p ro p e r  hom o g en e ity  of th e  alloy.

T his is n o t  a n  in d u s tr ia l  process a n d  th e  ques
t io n  a rises  as to  w h e th e r m eta ls  a n d  e lem en ts 
w ith  v ery  h ig h  m e ltin g  p o in ts , such  as W , M o, 
C r ., e tc ., shou ld  only  he alloyed by m ean s of 
m a s te r  alloys w ith  low er m e ltin g  p o in ts , com 
p o u n d ed  in  th e  e lec tr ic  fu rn a c e  a n d  u sed  fo r 
m an y  y e ars  u n d e r  th e  g e n e ra l c lassifica tion  of

F i g . 1 .— L im i t  of S t jp e b h e a t in g  =  L im it e  de
SITRCHAUFFE.

ferro-alloys. W h ere , how ever, these  fe rro -a lloys 
a re  ad d ed  to  m olten  iro n , a t  a te m p e ra tu re  
low er th a n  th a t  of m o lten  steel, th e  m e ltin g  
p o in t of th ese  ad d itio n s  is f u r th e r  red u ced  by 
th e  in co rp o ra tio n  of o th e r  e le m en ts ; th u s  S i is 
ad d ed  to  N i (0 / =  1,260 deg. C. fo r 6  p e r  cen t. 
S i), to  fe rro -ch ro m e (e .g ., 10 to  12 p e r cen t. Si 
fo r 50 to  55 p e r  cen t. C r), to  fe rro -m olybdenum  
(e .g ., 10 p e r  cen t. S i fo r 40 to  45 p e r  cen t. M o), 
to  fe rro - t i ta n iu m  a n d  so on. H e re  a g a in  th e  
s ta te  of g ra n u la tio n  is of m a jo r  im p o rta n ce  from  
th e  p o in t of view  of th e  ra te s  of so lu tio n  an d  
o x id a t io n ; th e  size of th e  g ra in s  m u s t th e re fo re  
be co n tro lled 90 w ith  each  ferro -a llo y  if  th e  a d d i

tio n s  a re  to  be m ad e  in  th e  lad le  or in  th e  ta p 
p in g  sp o u t of th e  cupo la  (in  th e  l a t t e r  case, the  
g ra in s  m u s t  be d is tr ib u te d  w ith  a u n ifo rm  velo
c ity  in  a ll d irec tio n s  w here  th e y  w ill a g ita te  the  
m e ta l by  ed d y in g , e .g ., a t  th e  m o u th  of the 
sp o u t o r w here  th e  s tre a m  of m eta l e n te rs  the 
lad le ).

I n  th ese  cases of m ore  o r less ra p id  solution, 
th e  d iffe re n tia l d e n s ity  fa c to r  m ay  e n te r , for if 
th e  d e n s ity  of B is m u ch  less th a n  t h a t  of A, 
B w ill rise  to  th e  s u r f a c e ; lum ps of B m u st then 
be enclosed in  p e rfo ra te d  co n ta in e rs , e ith e r  of 
m eta l o r r e fra c to ry  m a te ria ls ,  such  as g rap h ite , 
a cco rd in g  to  th e  c o n d itio n s  ru lin g , an d  a  handle 
of su ita b le  le n g th  used  to  keep th em  beneath 
th e  su rfa c e  of th e  m o lten  b a th .

I n  all cases, th e re  is a ten d e n cy  in  favour 
of th e  co m p o u n d in g  of m a s te r  alloys form ed by 
th e  a d d itio n  e le m en t a n d  th e  base m eta l and 
w ith  a m a rg in  of s u p e rh e a tin g  confo rm ing  with 
th e  l a t t e r  so t h a t  th e  co n d itio n s o b ta in ed  are  as 
se t o u t  in  case I  above.

I t  should  be  n o ted  t h a t  w here  th e  A-B dia
g ra m  in d ic a te s  th e  fo rm a tio n  of a definite 
com pound , th e  su rfa ce  of B in  c o n ta c t w ith  A 
w ill becom e covered  w ith  a film of th e  la tte r. 
T he ve loc ity  o f so lu tio n  w ill th e n  depend on 
th e  d iffusion  of th e  a to m s of B w ith  respec t to 
A (o r inversely ) w ith in  th is  film of th e  solid 
com pound. T he so lu tio n  of th e  ad d itio n  is slow 
(N i in  S n , F e  in  S n ), a t  le a s t w hen th e  tem 
p e ra tu re  is ra ised  above t h a t  of th e  m elting 
p o in t o r  th e  d isso c ia tio n  p o in t of th is  com
p o u n d  (e .g ., iadd ition  of Sb in  an ti-fric tio n  
alloys, so lu tio n  w hich  is v e ry  slow a t  300 deg. 
becom ing v e ry  r a p id  a t  500 d eg .). S o lu tion  can 
be a cce le ra ted  in  th is  case  by u s in g  B in  small 
lum ps.

S u m m aris in g , i t  m ay  be s ta te d  t h a t  th e  use 
of fe rro -a llo y s is n o t e sse n tia l in  p rincip le  in 
cases l a ,  lb  a n d  l i e  w h ere  no film liable to 
r e ta r d  so lu tio n  is fo rm ed , e ith e r  in  th e  form 
of a. d e fin ite  com pound  or as a n  oxide.

On th e  o th e r  h a n d , in  case I l a ,  i t  is an  ad
v a n ta g e  to  use a  m a s te r  alloy  above th e  m elting 
p o in t of B. E x a m p le :  R e fin in g  of solders
w ith  Al, w hich  is m e lted  s e p a ra te ly  an d  alloyed 
w ith  th re e  tim es  i ts  w e ig h t of so lder. The solder 
th u s  o b ta in e d  w ill d issolve m o re  qu ick ly  (for 
reasons of econom y th e  te m p e ra tu re  of th e  solder 
b a th  c a n n o t as a w hole be ra is e d  to  th e  m elt
in g  p o in t of Al).

I n  cases I l a  w ith  slow so lu tio n  (ad d itio n s  with 
h ig h  m e ltin g  p o in ts ) , l i b  an d  l i e  (w ith  the 
fo rm a tio n  of a r e ta r d in g  c o a tin g ), some change 
in  th e  b a th  m ay  ta k e  p lace, i .e .,  red u ctio n  of 
0 „ by  in c re a s in g  th e  d u ra t io n  of th e  m elting 
process'; th is  m ay  be avo ided  w ith  heavy  m etals 
l i t t le  su scep tib le  to  th e  ab so rp tio n  of gases, by 
th e  a d d itio n  of p ro te c tiv e  fluxes. T his will,



however, n o t ap p ly  to  v o la tile  ad d itio n s , w here 
0 , is depressed  in  sp ite  o f th e  a d d itio n  of 
fluxes and  i t  is p re fe ra b le  to  use a m as te r  alloy. 
Exam ple : In  m ak in g  alloys of Cd a n d  N i, th e re  
is a considerab le  loss of Cd if  th e  b a th  even 
when c a re fu lly  covered  is on ly  50 deg. above 
the  m eltin g  p o in t o f Cd. T he use  of m as te r  
alloys m ay also be fa v o u red  in  th e  follow ing 
case, which is d e riv ab le  fro m  case I.
I I I .— M e ltin g  P o in t  o f A is above th e  M a rg in  

of S u p e rh e a tin g  o f B . T h is case a rises  w here 
the a d d itio n  B is e ith e r  v ery  v o la tile  o r very 
oxidisable ; recourse  can  a g a in  be m ade  to  v a rio u s 
artifices fo r in tro d u c in g  th e se  a d d itio n s , as a l
ready o u tlin ed  above. E xam ples a re  th e  a d d i
tion of P , N a , Z n , M g, to  th e  h ig h  m eltin g - 
point m eta ls Cu an d  Fe.

The com ponent B m ay  be m elted  w ith in  i ts  
m argin of su p e rh e a tin g , a d d in g  l i t t le  by l i t t le  to  
the m olten m eta l A a n d ' 1 ow ing to  th e  e levated  
tem p era tu re  in  such a w ay as to  increase  p ro 
gressively bo th  th e  c o n ce n tra tio n  an d  th e  tem 
p eratu re , w hile  re m a in in g  w ith in  th e  m a rg in  of 
superhea ting  of th e  alloys in  th e  d ia g ra m  (eleva
tion of te m p e ra tu re  m ay be avo ided  by a d d in g  B 
in the  solid s ta te ) .  T he th e rm a l cu rv e  of th e  
operation is M P betw een 0 / and  0S on th e  d iagram . 
This v a ria tio n  in  te m p e ra tu re  is, how ever, n o t 
feasible in  c u r re n t  fo u n d ry  p ra c tic e , b u t  m ay  be 
employed fo r co rresp o n d in g  m as te r  alloys, such 
as Al-Cu, P -S n .

The sam e applies to  th e  inverse  process in 
which in creas in g  am o u n ts  of th e  m ore fusib le  
m etal a re  added  in  th e  so lid  s ta te  to  th e  h ig h er 
m elting-po in t m e ta l w hen m olten , so as to  in 
crease progressively  th e  c o n ce n tra tio n  by red u c 
ing th e  te m p e ra tu re  an d  to  re m a in  w ith in  th e  
m argin of su p e rh e a tin g  in  th e  d ia g ra m ; th e  
therm al cu rve  of th is  o p e ra tio n  is M P  in  th e  
diagram , a lth o u g h  th is  m uch eas ie r m ethod  m u st 
also be considered .

C om pounding A llo ys  fro m  P re v io u s ly -P re p a re d  
A llo ys

In  th is  case th e  ch arg e  is e n tire ly  m ade  up  of 
scrap and  in g o ts  a lre ad y  h a v in g  th e  final com
position sough t. T he only  p re ca u tio n  to  be 
taken  is to  reduce  to  a m in im um  th e  losses in 
oxidisable and  v o la tile  e lem ents an d  to  m ak e  up 
for any losses an d  chem ical changes su s ta in e d , 22 

e ith e r by : (1) R e d u c tio n  to  a m in im u m  of th e  
exposed su rfaces, by p rev ious b r iq u e tt in g  or 
covering w ith  c e m e n t; (2 ) em ploying  a flux fo r  
fusion and  p ro tec tio n  w hich dissolves th e  oxides 
form ed on th e  su rface  an d  p re v en ts  a tm o sp h eric  
a ttack , th e  m ore so in  view  of th e  h ig h  s ta te  of 
division of th e  m a te ria ls  ( tu rn in g s , w ire , th in  
sheets, e tc .)  ; ad d itio n a lly , th e r e  is th e  p o te n tia l  
use of charcoal on su rfaces, a n d  (3) p ro tec tiv e  
ad d itio n s w ith  deo x id is in g  a n d  co m p en sa tin g  
action.

T he s im p le s t case in  fo u n d ry  p rac tice , which 
req u ire s  th e  le a s t n u m b er of p re ca u tio n s  and  
tec h n ica l sk ill, is th e  m eltin g  of s ta n d a rd  ingots,
i.e .,  of in g o ts  specia lly  p re p a re d  as reg ard s  com
po sitio n  an d  shape , re d u c in g  to  a m in im um  th e  
difficulties of processing. T his is th e  lim itin g  
case of a m as te r  alloy ex te n d ed  to  all alloys, 
in s te a d  of be ing  re s tr ic te d  to  th e  in tro d u c tio n  of 
c e r ta in  e lem ents.

T his in i t ia l  d n g o ttin g  re p re se n ts  a  f irs t so lid i
fication  of th e  alloy, a  so lid ification  w hich can  
be c a r r ie d  o u t a t  will, in s tea d  of be ing  dep en 
d e n t on a c tu a l c a s tin g  o p e ra tio n s  in  th e  fo u n 
d ry . I t  is th u s  possible to  c o n tro l th e  cond i
tio n s  of th is  so lid ification  to  effect d egassing  and  
w ith  th e  m in im um  of seg reg a tio n . The p re p a ra 
t io n  of a n  in g o t is th u s  freq u e n tly  valuab le  from  
th e  p o in t of view  of soundness a n d  final h e te ro 
gen eity .

I f  th e  ch arg e  is  p a r tly  m ade up  of com ponent 
m eta ls  a n d  p a r tly  of alloys a lread y  form ed , th e  
la t t e r  should  be considered  as a n  e lem en t of th e  
ch arg e  w ith  a  p ro p o rtio n , den sity , m e ltin g  p o in t 
an d  a  m arg in  of su p e rh ea tin g  all d e te rm in ed , 
an d  in  consequence th e  co n sid era tio n s and  ru les 
en u n c ia te d  above w ill ap p ly  here.

P A R T  V .— S U M M A R Y  A N D  C O N C L U S IO N S

I.— C o m p o u n d in g  o f A llo ys  in th e  Fo un dry
The tw o sim p lest cases p e rm ittin g  c o n s tan t 

h e a tin g  of th e  ch arg e  an d  d ispensing  w ith  th e  
need  fo r a special a tm o sp h ere , w ith  o r w ith o u t 
a flux, a re  as follows : —

(1) R em e ltin g  of alloy in g o ts  w ith  th e  re 
q u ired  com position  (s ta n d a rd  alloy in g o ts).

(2) P re p a ra t io n  of alloys s ta r t in g  w ith  m eta ls 
a n d  alloys w ith  c o n co rd an t ra n g es  of m eltin g  
or su p e rh ea tin g . ( I t  should  be rem em bered  th a t  
th e  use of a flux an d  th e  m eltin g  r a te  enable  
th e  m a rg in  of su p e rh e a tin g  to  be considerably  
in creased  in  th is  case.)

All cases c an  be red u ced  to  one or o th e r  of 
these  ty p es o r  a t  le a s t very  close to  e ith e r. This 
m ay be done e ith e r  by (1 ) m ak in g  in i t ia l  ingo ts , 
o r (2 ) by  u s in g  m a s te r  alloys chosen w ith  m a r
g in s  of su p e rh e a tin g  in  a g reem en t w ith  those 
of th e  o th e r  e lem en ts in  th e  charge  (m etals or 
alloys). I t  ap p ea rs  t h a t  th is  m ethod  of in te r 
p re ta tio n  ac tu a lly  only begs th e  q uestion , since 
i t  is s till  necessary  to  com pound alloys e ith e r  
as in g o ts  of th e  re q u ire d  com position o r as 
m a s te r  a llo y s; th is  is ac tu a lly  w h a t ta k e s  place. 
The d ifficulties of an  alloy a re  re la te d  to  a 
p rev ious o p e ra tio n , w hich m ay  be o u tside  c u r re n t  
m a n u fa c tu re , o r a g a in  be c a rr ie d  o u t by specia
lists .

R ecourse  can  u su a lly  be had , fo r  th e  o b ta in in g  
of m a s te r  alloys, to  all so rts  of cond itions of 
com pound ing , w hich a re  e ith e r  un u sab le  o r too 
co m plica ted  fo r  o rd in a ry  fo u n d ry  p ra c tic e . I t  is
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beyond th e  scope of th is  P a p e r  to  e n te r  deep ly  
in to  th e  q u estio n  of th e  m a n u fa c tu re  of m a s te r  
alloys, a n d  th e  su b je c t h a s . been confined to  
o u tlin in g  som e fu n d a m e n ta l  p rin c ip les .

I I . —C h o ice  and C o m p o u n d in g  o f M a s te r  A llo ys  
o r  A d d it iv e  A llo ys

T he choice of th e  com position  of a m a s te r  alloy 
d esigned  fo r in c o rp o ra tin g  an  a lloy ing  e lem en t 
M is d e te rm in e d  by th e  fo llow ing  c o n sid e ra tio n s  •

(1) A m e ltin g  p o in t close to  t h a t  of th e  base 
m e ta l or alloy  a n d  a  m a rg in  of su p e rh e a tin g  
co m p arab le  w ith  i t .

(2) C hem ical h om ogeneity , i .e .,  absence of 
seg reg a tio n , d e m a n d in g  th e  use  of e u te c tic  
alloys a n d  p o u rin g  in  th in  seam s.

(3) P ro p o r t io n  of M  sufficient to  red u ce  th e  
p ro p o rtio n  of th e  m a s te r  alloy  to  be ad d ed .

(4) A d eq u a te  chem ica l s ta b ili ty .
(5) I f  possible h a v in g  a  com position  in  which 

th e  com ponen ts a re  in  sim ple  p ro p o rtio n s  to  
each  o th e r  (£, \ ,  \ ,  A T\y), ta k in g  in to  c o n 
s id e ra tio n  an y  su b seq u en t losses to  sim plify  
an d  acce le ra te  c a lc u la tio n . 23

(6 ) P e rm it  easy  fra g m e n ta t io n  fo r a d ju s t 
m e n t of th e  w e ig h t of m a te r ia l  to  be ad d ed  to  
th e  ch arg e . T h is  m ay  be done e ith e r  by c a s t
in g  n o tch ed  in g o ts  o r  by g e tt in g  sam ples 
cap ab le  of b e in g  sp li t  upi by  d r ill in g  o r sh e a r
in g  o r by p rev ious b re a k in g  u p  to  th e  req u ired  
size, or by m ak in g  fra g ile  alloys w hich  c an  be 
b ro k en  w ith  a  h am m er ( te n d in g  to w a rd s  
m a te ria ls  defined  as com pounds of a  non- 
m eta llic  c h a ra c te r) .
T his m ay  be done th ro u g h  th e  use of b in a ry , 

te rn a ry  a n d  m ore com plex alloys fo rm ed  by th e  
e lem en t M , e ith e r  w ith  a base  m eta l, o r w ith  
o th e r  e lem en ts of th e  alloy, o r  even  w ith  a d d i 
tio n a l e lem en ts w hich do n o t ad v erse ly  affect 
th e  q u a lit ie s  of th e  final alloy.

I n  all cases, th e  d iag ra m s form  th e  s ta r t in g  
p o in t a n d  p ro v ide  th e  in d isp en sab le  basis fo r 
th e  choice of th e  m a s te r  alloys. T he freq u e n tly  
im p o r ta n t  p a r t  p layed  by c e r ta in  im p u r itie s  or 
e lem ents, how ever, in  re sp ec t of fu s ib ili ty  and  
so lu b ility , such  as carb o n  in  th e  fe rro -a llo y s , 
should  also be k e p t in  m ind .

I n  one case, fu sib le  p h o sphorus o r re fra c to ry  
silicon is su p p lied  to  th e  fo u n d ry  in  th e  fo rm  of 
alloys w ith  d iffe re n t m e ltin g  p o in ts  a n d  w ith  
d iffe re n t base m eta ls , e.g ., P  w ith  Sn, Z n , Cu, 
F e , e tc ., an d  S i w ith  Al, C u, N i o r F e .

C o m p o u n d in g  o f M a s te r  A llo ys
F o r  th is  pu rp o se  all k in d s  of processes can  

be em ployed fo r com pound ing  th e  alloys w hich 
m ay p rove too com plex fo r  o rd in a ry  fo u n d ry  
use o r even  q u ite  useless in  fo u n d ries . The 
m a rg in  of s u p e rh e a tin g  m u s t be co n sid erab ly

e x te n d ed  by u s in g  specific a tm o sp h e res , o r m elt, 
in g  in  vacuo, e tc .,  w hich  en ab le  th e  tem p e ra 
tu re s  a n d  d u ra tio n  of s u p e rh e a tin g  to  be in 
creased , th u s  p ro m o tin g  th e  r a te  of so lu tion .

V a rio u s  m eth o d s of co m p o u n d in g  m ay be 
used  : M ix in g  m eta ls  a lre ad y  in  th e  liq u id  s ta te , 
m e ltin g  a t  te m p e ra tu re s  w hich  a re  v a rie d  d u rin g  
co m p o u n d in g , e .g ., in  th e  e lec tr ic -a rc  fu rnace , 
th e  re s is tan c e  fu rn a c e , th e  in d u c tio n  fu rnace , 
fo r co m p o u n d in g , fo r re d u c tio n  w ith  C, Si, and 
m as te r  alloys c o n ta in in g  h ig h  m eltin g -p o in t 
e lem en ts  (S i, C r, T i, Z r) , o r even v o la tile  con
s t i tu e n ts  (fe rro -p h o sp h o ru s) ; by cem en ta tio n  to 
avo id  im p u r itie s , as in  a cem en ted  b a r  as used 
to  be used fo r c ru c ib le  s teels24 ; by th e  com
p ression  a n d  s in te r in g  of p o w d ers; by e lectro 
lysis in  th e  m olten  s ta te  (exam ple  of borides of 
a lk a lin e  m eta ls , a lk a lin e  e a r th s  of no rm al or 
specia l re fra c to ry  com position ) o r in  th e  aqueous 
s ta te  ; by a lu m in o th e rm y  and  silico -therm y , etc. ; 
by th e  re d u c tio n  of sa lts  such as chlorides, m etals 
such as Al (p re p a ra tio n  of m a s te r  alloys of Al 
w ith  Co, M o, T i ) . 25 M ore  g en era lly  all chem ical 
processes fo r  th e  p re p a ra tio n  of e lem en ts can be 
used w ith  a d v a n ta g e . T he use of these  m aster 
alloys h as been  w idely  developed  in  steel-foundry  
p ra c tic e  a n d  in  n o n -fe rro u s  fo u n d rie s  han d lin g  
Cu, N i an d  Al.

I n  g e n e ra l, th e  p ra c tic a l ru le  follow ed in  the 
m a jo r i ty  of th ese  v a rio u s  ty p es  of fou n d ries  re
g a rd in g  th e  o rd e r  of a d d in g  th e  com ponents to 
th e  b a th  is as follows : — (1) P r in c ip a l  m eta l or 
base a lloy  ; (2) m a s te r  alloys ; an d  (3) before 
p o u rin g , v o la tile  e lem en ts  o r final add itions 
(ex cep t w here  th e  in te ra c t io n  of th e  la t te r  m ust 
be com ple ted  to  p e rm it  q u iescen t p o u rin g ).

To com plete  th is  o u tlin e  of th e  p rin c ip les  for 
co m p o u n d in g  alloys in  fo u n d ry  p ra c tic e , re fe r
ence should  also be m ade  to  th e  choice and  use 
of m e ltin g  fluxes a n d  slags, b u t  th is  subject 
m erits  s e p a ra te  d iscussion  on b ro a d  lines and for 
th is  reaso n  w ill n o t be discussed  here .

C o n clu s io n

I n  th is  s tu d y  of th e  g e n e ra l p rin c ip les  applic
ab le  to  th e  co m p o u n d in g  of alloys, a n  a tte m p t 
has been m ad e  to  re g a rd  th e  whole su b je c t from 
i ts  v a rio u s  asp ects a n d  to  e n u m e ra te  th e  d if
fe re n t  fa c to rs  a n d  co n d itio n s  e n te r in g , w ithou t 
losing  s ig h t of th e  incom p le ten ess of th e  investi
g a tio n  an d  th e  e x tre m e  g e n e ra lisa tio n s  which 
have  been  m ade to  effect s im p lic ity  ; th e  p resen t 
P a p e r  does n o t a d v an ce  a d o c tr in a ire  theory, 
b u t  is only a  te n ta t iv e  a t te m p t  to  a r r iv e  a t  a 
sy s té m a tisa tio n , in co m p le te  as well as im perfect, 
in  o rd e r to  p ro m o te  o b se rv a tio n s , com parisons 
a n d  c ritic ism s as well as a d iscussion  which i t  is 
hoped will lead  to  a m ore  sa tis fa c to ry  analysis 
an d  sy n th esis  of th is  im p o r ta n t  p rob lem  on more 
co n cre te  a n d  m ore concise  lines.



R E F E R E N C E S .

1 Lessons by R . Lemoine on the  com pounding of copper alloys, 
and by P. B astien on the  com pounding o f alum inium  alloys. W orth 
while reference has been m ade to  M. D annenm uller on com pounding 
antifriction alloys.

2 “ P urity  ”  should perhaps include elements not usually analysed, 
such as gases. Gases m ay be more abun d an t in  certain  type9 or 
under certain conditions o f com pounding. F or exam ple, the  
gas content of alum inium  depends on the  electrolysing conditions.

3 The classification of scrap has been well set ou t for alum inium  
alloys, both from the mechanical and physical aspects, by Bosshard, 
and rules for admissible and inadmissible m ixes have been form u
lated by Irm ann. Their results a re w orth studying  and  am plifying.

4 See Herenguel, Lille Thesis, 1936, p. 10.
5 Under certain  conditions, charcoal ash can react w ith the  m etal. 

For instance, in lead baths, i t  form s silicates from  its ash.
6 See W. Kroll, Zeit. Elektrochem ., Vol. X L II, 873, 1936.
7 Keeping alum inium  in a stand-by furnace before casting, 

formerly carried out, should have resulted in a  décantation , not 
of the alumina, as would be though t (an illusory décantation  because 
of too small a difference in density), b u t of gas inclusions.

8 Everything w ritten  in  connection w ith furnace cham bers 
naturally applies to  all solid m aterials in  con tact w ith m olten 
alloys, such as those used for stirring  or for the  in troduction  of 
materials forming the  charge.

8a D ata upon the  a ttack  o f refractory-lined furnace cham bers 
by metal, oxides and  m olten salts are to be found in  the research 
work of R. Winzer (A ngew andte Chemie, 1932).

86 The action of silicon carbide on the m etallic oxides o f Al, 
Ca, Co, Cu, Cr, Fe, Mg, Mo, Mn, Ni, Ti, W has been dealt w ith by 
L. Baraduc-Muller (Rev. M et., V II, p. 683, 1910).

9 Résumés are to  be found in  the  A ppendices to  th e  Metallo- 
graphic Course of the  French Foundry  School, pages 1 to  5, 1936 
edition.

10 Zeit. an. allg. Chemie, 94, 1 and 24 (1926) ; 122, 51 (1922).
11 Journ. Chim. Phys., (1903), p. 289, 296, 391 ; Bull. Chim. Soc. 

roumaine Sci., X X V I, Dec., 1923.
12 In  this connection it is germ ane to  po in t ou t th a t the  change, 

everything being equal and for furnace chambers geometrically 
the same, decreases w ith the  mass of m etal to  be melted, since it 
increases w ith the surface S, which should be in relationship w ith the
mass unit M and th a t the  ratio  — decreases as one of the linear 

M
dimensions, depth  or w idth  of the liquid bath . Also, unless special 
precautions are taken, there is no advantage to  be gained from 
laboratory meltings using small masses for the  study  o f alloys.

13 I t  is to be understood th a t no regard is paid to  the  contam ina
tion resulting from the  in troduction  in to  the  b a th  o f foreign 
substances mechanically entrained, such as metallic powders, 
oxides, slags, sands, which resu lt from carelessness.

14 Fundam ental im portance o f m ise a yi m ille in foundry p rac
tice. Bull. A .T.F., X II, p. 2, Jan .-F eb ., 1938.

15 As a  natural consequence for the  melting of m etals prone to  
the absorption of gas, there is a  series of practical precautions : 
Melting a9 rapidly as possible ; thu s  charge the  m aterials in to  the  
furnace and the furnace cham ber as h o t as possible ; avoid  reducing 
atmospheres in pan furnaces ; in  crucible practice avoid dam pness 
in the fuel, atm osphere or tools ; reduce the  tim e o f con tac t w ith 
the atmosphere whenever dealing w ith liquid metals.

16 For some metals, sulphurisation can be added.
16a Reference should also be m ade to  the thermo-chem ical 

researches on the direct determ ination  o f the  heats of form ation of 
binary and ternary  alloys o f Co-Al, Co-Sb, Co-Si, Co-Sn, Cu-All 
Cu-Sn, Cu-Zn, Fe-Al, Fe-Sb, Ni-Al, Ni-Sb, Ni-Sn, Sb-Zn, Fe-Ni-Al, 
Fe-Co-Al, Cu-Ni-Al, Fe-Al-Si, by  F r. K oerber.W . Oelsen, W. Midde, 
and H. Lichtenberg (M itt. K .W .I., vol. xix, No. 1, pp. 1 -26 ; 
No. II, pp. 13-159 ; No. XV, pp. 209-219).

17 Sieden von Metallen und Legierungen bei A tm ospharendruck. 
Zeit. f. anorg. u. allg. Chemie, 202, p. 305, (1931).

18 R.U.M., 8 th  Series, IV , October, 1930.
19 Annales de Physique, 2ème Série, vol. 10, p. 312, October, 1938.
20 Cf. P. F . Viandon. L ’emploi des ferro-alliages en fonderie. 

Bull. Assoc. Techn. Fonderie, X , p. 326, Sept., 1936.
21 Previous oxidation of the  m etal A m ay take  place when B is a 

reducing agent, such as Al, in order to  p reven t violent exotherm ic 
reactions.

22 We shall not here recall the considerations advanced regarding 
the classification of scrap referred to  previously.

25 Thus a proportion o f 50/50 is used for m aster alloys of Al-Fe, 
Al-Cu, Cu-Mg, Cu-Ni, and 75/25 for Al-Ti, Cu-Si.

24 I t  is possible to  extrapolate  for high m elting-point m etals 
w ith volatile chlorides or halides (Si, Mo, Ti).

25 Certain chlorides and fluorides can in fac t be used d irectly  
for introducing the  elements to the bath, such as Ti to  a ba th  of an 
Al alloy.

D IS C U S S IO N

P r o f e s s o r  P o r t e v i n , in tro d u c in g  h is P a p e r , 
sa id  t h a t  th e  w ork discussed th e re in  arose from  
th e  F re n c h  proposal a t  th e  W arsaw  C ongress to  
s tu d y  th e  com pounding  of alloys. B eing  a P ro 
fessor, he  h ad  fe l t  i t  h is d u ty  as a  s tu d e n t  of 
th e  su b je c t to  collect an d  co lla te  a ll availab le  
know ledge. T he P a p e r  was, how ever, th e  first 
review  of th e  su b jec t an d  was necessarily  incom 
plete . H e  hoped th a t  d iscussion m ig h t enable  
h im  to  im prove  on h is m ethods a n d  resu lts . 
T he P a p e r ,  he  said , w as pe rh ap s som ew hat doc
t r in a i r e  a n d  abso lu te  a n d  he asked p a r tic u la r ly  
t h a t  those who h a d  p ra c tic a l ex p erien ce  of fo u n 
d ry  w ork would g ive h im  th e  benefit of th e ir  
c ritic ism s, w hich  would help  h is s tu d e n ts  and  
h im self to  m odify  an d  im prove upon  th e  re su lts  
a lread y  o b tained .

P r o  f e s  s o p . E . P i w o w a r s k y  (G erm any), in  
th a n k in g  P ro fe sso r P o r te v in  fo r a n  exceedingly 
va luab le  re p o rt,  sa id  t h a t  th e  m a te ria ls  covered 
th e re in  w ere p e rh ap s th e  m ost im p o r ta n t of all 
w hich w ere before in d u s try  a t  th e  p re sen t tim e. 
W hen  u s in g  m eta ls , i t  was necessary  to  ensu re  
th a t  th e y  w ere m elted  p ro p erly  an d  t h a t  th e  
c o rrec t a f te r - tre a tm e n t  w as c a rr ie d  o u t ; all th e  
v a rio u s o p e ra tio n s  m u st be su b jec t to  close con
tro l, an d  t h a t  co n tro l m u st be exercised by some
one who com bined in d u s tr ia l  know ledge of p rac 
t ic a l co n d itio n s w ith  a scientific  m eta llu rg ica l 
back g ro u n d , such as P ro fesso r P o rte v in  had  
supp lied . S p eak in g  m etap h o rica lly , he  said  i t  
was a  qu estio n  now adays n o t m erely  of m ak in g  
bricks, b u t  of b u ild in g  th e  b ricks in to  a wall 
by m ean s of a  m o r ta r  w hich was rep resen ted  
by th e  k in d  of know ledge th a t  P ro fesso r P o rte v in  
h a d  b ro u g h t fo rw ard . Only in  t h a t  w ay could 
th e  re q u ire m e n ts  of m odern  cond itions be fu l
filled.

T h e  C h a i r m a n  (M a jo r M iles) h igh ly  com
m ended  th e  logical w ay in  w hich th e  P a p e r  had  
been  p re sen ted , p a r tic u la r ly  as i t  involved so 
m an y  p ra c tic a l de ta ils .

P re v e n tin g  S u lp h u r P ick -U p

M r . R .  C h a v y  (F ran ce ) p o in ted  o u t t h a t  alloys 
of h ig h  n icke l c o n te n t absorbed su lp h u r  gases 
v ery  easily , a n d  inasm uch  as very  h ig h  su lp h u r 
c o n te n t oils w ere now being  used in  m eltin g  f u r 
naces in  F ra n c e , some difficulties w ere encoun
te re d  d u e  to  some of th e  cas tings produced  being
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v ery  b r i t t le .  In  o rd e r  to  overcom e t h a t  diffi
c u lty , some silicon w as ad d ed  a t  th e  b e g in n in g  
of th e  m e ltin g  to  red u ce  th e  su lp h u r  p ick -u p  
by th e  m e ta l, a n d  as a re su lt  m uch  b e t te r  c a s t
in g s w ere  p ro d u ced . I t  w ould  be p re fe ra b le  to  
a d d  th e  silicon a t  th e  en d  of th e  m elt, b u t  i t  
w as d o n e  a t  th e  b e g in n in g  to  p ro te c t  th e  b a th  
a g a in s t  th e  a tm o sp h ere .

P ro fessor P o r te v in ’s R ep ly
P r o f e s s o r  P o r t e v i n  also com m ented  t h a t  t h e  

exam ple  g iv en  by M r. C havy  w as one in  which 
a n  a d d itio n  w as m ade  a t  th e  b eg in n in g  of the  
fu s io n ; i t  is a n  ex am ple  of “ p ro tec tiv e  ”  ad d i
tio n  a g a in s t  a l te ra t io n s  d ue  to  th e  a tm o sp h ere ; 
i t  is co n seq u en tly  d iffe re n t fro m  th e  case of final 
d eo x id is in g  o r d e su lp h u ris in g  ad d itio n s.
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Paper No. 678

Control of the Solidification of Castings by 
Calculation*

By N. C H V O R IN O V , Met. Eng.

The m echanical p ro p e rtie s  of a sound  cas t 
steel com pare  fav ourab lj- w ith  th ose  of a fo rged  
steel. I f  steel c as tin g s  a re  to  be p laced  on th e  
same p lane as fo rg ed  steel, th e n  th e  first con
dition  to  be considered  is th e i r  soundness. F ro m  
the  p o in t of view of serv ice  stresses th e  fa tig u e  
lim it is o ften  a  dec id in g  fa c to r . A ccord ing  to  
Moore1 th e  ra tio  of th e  e n d u ran c e  l im it  to  th e  
tensile s tre n g th  of c a s t steels v a rie s  from  0.4 
to 0.5, which corresponds p re t ty  well w ith  th e  
same ra tio  fo r fo rg ed  o r ro lled  steel, equal on 
an average to  0.47. F ro m  th e  d e s ig n e r’s p o in t 
of view, a cas t steel is an  in fe r io r  m a te r ia l  as 
com pared to  a  fo rged  s teel, f irs t because of th e  
lower specified va lues, an d  secondly because of a 
possible occurrence of unobserved  flaws an d  u n 
soundness.

In  F ig . 1 a re  g iv en  th e  m echan ical p ro p e rtie s  
of two steel cas tin g s across th e ir  section . The 
influence of m icroscopic unsoundness, caused no 
doubt by freez in g  co n d itio n s, is  m an ife s ted  in  th e  
fluctuation  of th e  e lo n g a tio n  a n d  re d u c tio n  of 
a rea  values. T he h ig h es t va lu es a re  alw ays 
obtained in  th e  o u te r  lay e r. I n  th e  process of 
solidification i t  is th e  feed in g  t h a t  is chiefly 
responsible fo r th e  soundness of a c a s t  m e ta l. On 
the o th er h an d , feed in g  co n d itio n s d ep en d  also 
on th e  c h a ra c te r  of th e  c ry s ta l g ro w th . O ther 
factors beside th e  c h a ra c te r  of c ry s ta llis a tio n  
also influence th e  feed in g  process. C a p illa r ity , 
fluidity  of liqu id  m eta l, gas ev o lu tion , p ressu re  
conditions, e tc ., all p lay  some p a r t  in  th e  process 
of feeding an d  th e  re su ltin g  soundness.

V ariab les  In fluencin g  C ry s ta llis a tio n
No q u a n ti ta t iv e  laws have  so f a r  been defined 

to cover th e  phenom ena of p r im a ry  c ry s ta llisa tio n  
of m etals. The size, fo rm  a n d  n u m b er of c ry sta ls 
are governed n o t only by th e  ra te  of cooling b u t  
also by th e  te m p e ra tu re  g ra d ie n t,  by p re fe re n tia l  
c ry sta llisa tio n  a long  c ry s ta llo g rap h ic  axes, by 
chemical com position , by p u r i ty  of m e ta l and  
even by g ra v ity . As an  i llu s tra tio n , a  su lp h u r 
p r in t of a h o rizo n ta lly -cast cy lin d er 400 m m. 
(16 in .) in  d ia m e te r  is rep ro d u ced  in  F ig . 2. 
The to p  p o rtio n  e x h ib its  p ro nounced  co lum nar 
d en d ritic  s tru c tu re  w hereas th e  lower p a r t ,  which

* P resented  on b e h ilf  o f th e  Ceskoslovensky Oclborny Spolek 
Slevarensky.

solidified u n d e r  th e  sam e te m p e ra tu re  conditions, 
e x h ib its  a  fine-g ra ined  p r im a ry  s tru c tu re .  Two 
long c ry s ta ls  a re  seen in  th e  u p p e r h a lf  w ith  
d is tin c tly  cu rv ed  m ain  axes. These tw o c ry sta ls 
w ere b e n t obviously due to  th e  g ra v ity  effect of 
specifically h e av ie r  solid  c ry sta ls  in  th e  liqu id  
m ed ium . T he g ra v ity  effect m an ifes ts  itse lf on 
th e  sam e su lp h u r p r in t  in  a  fine-g ra ined  p rim a ry  
s t ru c tu re  of th e  lower p o rtio n . E v id e n tly  sm all
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F i g . 1 .— V a r i a t i o n  o f  M e c h a n ic a l  P r o - 
p e r t i e s  o f  S t e e l  C a s t i n g s  f r o m  
S u r f a c e  t o  C e n t r e  o f  S e c t i o n .

undeveloped  d e n d rite s  fell down from  th e  u p p er 
p o r tio n , leav in g  th e re  only w ell-rooted crysta ls 
w hich gave  a  d e n d r it ic  s tru c tu re  of long h an g in g  
crysta ls .

P rogressive S o lid ific a tio n

F ro m  a  p ra c tic a l p o in t of view, th e  com pli
c a ted  re la tio n sh ip s  of d iffe ren t c ry s ta llisa tio n  
phenom ena  a re  of m in o r im p o rtan ce  w hen a 
c as tin g  firs t solidifies fu lly  in  th e  p o rtio n  re 
m o te s t from  th e  feed in g  head  an d  th e  solidifi
ca tio n  p rogresses to w ard s  th e  h ead . The eoncep-
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t io n  of p ro g ressiv e  so lid ificatio n  w as defined by 
B a t ty 2 a n d  B rig g s 3 as d ire c tio n a l so lid ification . 
T h o u g h  so lid ification  is  th e  m a in  physical process 
o f c a s tin g , i t  d id  n o t  rece ive  u n t i l  re ce n tly  th e  
fu ll a t te n t io n  of re sea rc h  i t  deserves. I n  1936, 
how ever, B rig g s  a n d  G ezelius1 p re sen te d  in  th e i r

T he p re se n t a u th o r  m u s t p o in t o u t, however, 
th a t  some s ta te m e n ts , a n d  th e  m eth o d  of d e te r
m in a tio n  of th e  r a te  of sk in  fo rm a tio n  itself, 
c an  be c ritic ise d . I n  h is o p in io n , th e  r a te  of skin 
fo rm a tio n  as observed  w ith  b leed in g  cas tin g s is 
g re a te r  th a n  th e  a m o u n t of m e ta l a c tu a lly  soli-

F i g .  2 .— S u l p h u r  P r i n t  o f  H o r i z o n t a l l y -C a s t  C y l i n d e r , 4 0 0  m m . (1 6  i n . )  d i a .

s tu d y  on th e  r a te  of sk in  fo rm a tio n  th e  first 
q u a n ti t iv e  re sea rch  on th e  m echan ism  of soli
d ifica tio n  in  san d  cas tin g s. T h e ir  in v e s tig a tio n  
discloses ve ry  v a lu ab le  q u a n ti t iv e  in fo rm a tio n  
a n d  re g is te rs  a  d is t in c t  ad v an ce  in  th e  know 
ledge of th e  free z in g  process.

dified , i .e .,  m o lten  m e ta l is re ta in e d  by capil
la r i ty  a n d  su rfa ce  ten s io n  be tw een  th e  netw ork 
of d e n d r ite s  u p  to  as m uch  as 2 0  to  3 0  p e r cent, 
of th e  supposed ly  solid  sk in . T h is can  be proved 
q u ite  d e fin ite ly , b o th  m a th e m a tic a lly  a n d  from 
re su lts  of e x p e r im e n ts  c a r r ie d  ou t by  th e  author



as well as from  th e  re su lts  of B rig g s an d  Geze- 
lius them selves. The a u th o r  hopes to  su p p le 
m ent and  c o rre c t th e  re su lts  of these  w orkers in  
a la te r  p u b lica tio n .

m en ta l re su lts  a re  g iven  in  F ig . 3. In  th e  lower 
d iag ra m  th e  te m p e ra tu re s  of a  san d -cast p la te  
d u r in g  so lid ification  a re  g iven  fo r d iffe ren t tim e  
in te rv a ls  a f te r  c a s tin g  an d  fo r v a rious d istances 
s ta r t in g  from  th e  su rface . Specia l a r ra n g e m e n t 
of th e  therm ocoup les was necessary  to  o b ta in  a 
t ru e  te m p e ra tu re , since th e  cu rren tly -u sed  ty p e  
of th erm ocoup le  w ith  p a ra lle l w ires an d  a jo in t  
a t  th e  end  c an n o t g ive c o rrec t te m p e ra tu re  u n 
less a c e r ta in  le n g th  of th e  tu b e  is h e a ted  to  th e  
sam e te m p e ra tu re . W ith  th e  a r ra n g e m e n t used 
th e  e r ro r  w as p robably  less th a n  +  5 deg. 0 .

0 10 20  30 40
Surface centre

Distance from surface in mm.
F i g . 3 .— T o p  : D i s t r i b u t i o n  o p  S o l i d i 

f i e d  M e t a l  i n  C r o s s - S e c t i o n  o f  
S a n d - C a s t  P l a t e  r e l a t e d  t o  T i m e  
I n t e r v a l s  a f t e r  C a s t i n g . B o t t o m  : 
T e m p e r a t u r e s  d u r i n g  S o l i d i f i c a 
t i o n  a t  V a r i o u s  T i m e  I n t e r v a l s  
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F i g . 4 . — S o l i d i f i c a t i o n  P e r i o d  r e l a t e d  
t o  R a t io  o f  V o l u m e  t o  S u r f a c e  
A r e a .

I t  w ill be seen from  F ig . 3 t h a t  th e  su rface  
te m p e ra tu re  rem a in s  ap p ro x im ate ly  c o n stan t 
d u r in g  th e  whole pe rio d  of so lid ification . The 

dT
te m p e ra tu re  g ra d ie n t  —  a t  th e  m ould-m etal

in te rfa c e  fo r an y  tim e  d u r in g  th e  solid ification  
pe rio d  gives th e  r a te  of h e a t  loss, which is in  
p e rfe c t accord  w ith  th e  parabo lic  law  of h e a t 
diffusion. The d ev ia tio n  of te m p e ra tu re -  
g ra d ie n t  curves from  th e  th eo re tic a l shape is in 
accord  w ith  th e  a c tu a l solid ification  ra n g e  of a 
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H o w  C astings S o lid ify
F o r th e  sake of i l lu s t r a t in g  th e  a c tu a l cond i

tions of so lid ification  of cas tin g s, some exp eri-
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stee l w ith  0.24 p e r  cen t, of c a rb o n  w hich was 
used in  th is  e x p e r im e n t. T he d is t r ib u t io n  of 
solidified m e ta l in  th e  c ross-section  is g iv en  in  
th e  u p p e r  p a r t  of F ig . 3 fo r  co rre sp o n d in g  
tim e  in te rv a ls . T he r a t io  of so lid  a n d  liq u id  
p hases is c a lcu la te d  fro m  th e  iro n -ca rb o n  
e q u ilib r iu m  d iag ra m .

A n u m b er of o b se rv a tio n s  of th e  te m p e ra tu re  
a t  th e  m o u ld -m eta l in te r fa c e , c a r r ie d  o u t  by 
m ean s of th in ly - iso la te d  th erm o co u p les  a r ra n g e d  
to  g ive  t r u e  te m p e ra tu re ,  h as show n th a t  
th e  a v erag e  su rfa ce  te m p e ra tu re  of steel cas t
in g s ir re sp ec tiv e  of th e ir  size v a rie s  w ith in  th e  
ra n g e  1,470 to  1,420 deg. C. a n d  re m a in s  
fa ir ly  c o n s ta n t  d u r in g  th e  whole pe rio d  of 
so lid ification . O nly a t  th e  v ery  b e g in n in g — 
d e p en d in g  on th e  c a s tin g  te m p e ra tu re  a n d  th e  
a m o u n t of m e ta l flow d u r in g  c a s tin g — i t  m ay  be 
h ig h e r . T he a v erag e  te m p e ra tu re  a t  th e  su rface  
of cas tin g s , as h as been  th eo re tic a lly  ca lcu la te d  
by th e  a u th o r  fo r  th e  a v erag e  so lid ification  te m 
p e ra tu re  of '1,486 deg. C ., m u s t be 1,457 deg. 
C. T he a c tu a lly  observed av e ra g e  te m p e ra tu re  
of 1,450 to  1,460 deg. C. is in  p e rfe c t accord  
w ith  th eo ry  a n d  can  be considered  as defin itely  
c o rrec t.

T he problem  of cooling  w ith  a s im u ltan eo u s 
ev o lu tio n  of th e  h e a t  of fu sio n  h a d  been  in 
v e s tig a te d  by m a th e m a tic ia n s ' a n d  ap p lied  d u r 
in g  re c e n t y ea rs  to  th e  prob lem  of so lid ification  
of s tee l in g o ts  by  S. S a ito , A. F e ild s6, N . 
L ig h tfo o t7 a n d  C. S ch w arz . 8 These in v e s tig a 
tio n s  have  show n t h a t  th e  free z in g  of m e ta l 
in  in g o t m oulds can  be t r e a te d  m a th e m a tic a lly  
u n d e r  c e r ta in  s im p lify in g  assu m p tio n s . A n 
a cc u ra te  m a th e m a tic a l so lu tio n  of sim ple  fo rm  
w as fo u n d  only  fo r  a sem i-in fin ite  m ass of m e ta l 
o r fo r  a p la te  of fin ite  th ick n ess  if  th e  c a s tin g  
te m p e ra tu re  is eq u al to  th e  te m p e ra tu re  of 
so lid ification . A g e n e ra l so lu tio n  of th is  p ro b 
lem  in  sim ple  fo rm  fo r  in g o ts  of fin ite  d im en 
sions h as n o t been  fo u n d . C. Schw arz  tr e a te d  
se p a ra te  cases of ro u n d  in g o ts  u s in g  a  m a th e 
m a tica l m eth o d  o f hea t-so u rce  fu n c tio n s . 
N u m erica l so lu tio n  req u ire s , acco rd in g  to  h im , 
a n  im m ense am o u n t of ca lcu la tio n .

M a th e m a tic a l R e la tio n s h ip  w ith  Ingots

T he p rob lem  of th e  so lid ification  of san d  c a s t
ings is m a th e m a tic a lly  th e  sam e as th e  problem  
re fe r re d  to  in  th e  case of in g o ts . I n  p ra c tic e , 
how ever, because  of a sm all te m p e ra tu re  
d if fe re n tia l a n d  th e  absence of su rfa ce  g ap , i t  
is re a lly  q u ite  d iffe re n t. T he m a th e m a tic a l 
so lu tio n  of th e  p ro g ress of so lid ification  of a 
sem i-in fin ite  m ass of m e ta l is  g iven  by th e  
fo rm u la

a; =  M V t  . .  . .  (i)
w here  x  re p re se n ts  th e  th ic k n e ss  of solidified 
m eta l

t  th e  tim e  a f te r  c a s tin g ,

a n d  M is th e  so lid ifica tio n  c o n s ta n t  t h a t  m ust 
be fo u n d  from  an  e q u a tio n  of so lid ification .

F o r  p la te s  of fin ite  th ic k n e ss  th e  given 
so lu tio n  c a n n o t be a p p lie d  u n less th e  casting  
te m p e ra tu re  equals t h a t  of so lid ification , which 
is p ra c tic a lly  im possib le. Y e t if  M be con
s id e red  as a  fu n c tio n  of o th e r  v a riab les , then  
fo r  c e r ta in  cases M  can  be used  as a  co nstan t.

T he a u th o r  h as fo u n d  t h a t  fo r g =  — , i.e .,

fo r  th e  end  of so lid ificatio n , th e  sam e re la tio n 
sh ip  ex is ts  fo r  p la te s  of v a rio u s  th icknesses for 
an y  s u p e rh e a t  of m e ta l. T h is re la tio n sh ip  for 
a  c e r ta in  m e ta l of d e fin ite  c a s tin g  te m p e ra tu re  
is ex p ressed  by th e  fo rm u la :  —

(»)« =

w here  t  is th e  so lid ificatio n  p e rio d , i.e ., the 
p e rio d  from  filling  th e  m ou ld  to  th e  end of 
so lid ifica tio n  o f th e  la s t  p o rtio n s  of m e ta l, 

s is th e  th ic k n e ss  of p la te  
an d  M  is th e  so lid ificatio n  c o n s ta n t which is 
o b ta in e d  by a m odified so lu tio n  of th e  equation  
of so lid ificatio n , e.g ., i ts  v a lu e  d iffers from  the  
n o rm ally  ca lcu la te d  M . T he v a lu e  of M rep re 
sen ts  in  fo rm u la  (ii)  h a lf  th e  th ick n ess of such 
a p la te , w hich  ta k e s  1  h r .  to  so lid ify .

The v a lu e  ~ of a n  in fin ite ly  la rg e  p la te  ex

presses s im u ltan eo u s ly  th e  r a tio  of volume to 

su rfa ce  a rea . I f  in  th e  fo rm u la  (ii) is substi

tu te d  fo r th e  r a t io  of vo lum e to  su rfa ce  a rea  of 
cas tin g s  of f in ite  d im en sio n s, th e  re la tio n sh ip  
re m a in s  p ra c tic a lly  t r u e .  A m ore  general 
fo rm u la  can  be th e re fo re  w r i t te n  :

M 2
. .  (iii)

w here  R  is th e  g iv en  r a tio  of volum e to  su r
face  a rea . (T he m a th e m a tic a l so lu tio n  of the 
c o n s ta n t  M  is h e re  o m itte d .)

E stab lish ing  a C o n s ta n t

F o r  steels o f th e  u su a l chem ica l com positions 
(p la in  ca rb o n  a n d  alloy  steels) a n d  av erag e  pour
in g  te m p e ra tu re  c a s t  in  d r ie d  m oulds a t  room 
te m p e ra tu re ,  th e  v a lu e  of th e  c o n s ta n t  M was 
c a lcu la te d  by th e  a u th o r  to  be eq u al to  0.053 m., 
if R  is ex p ressed  in  m e tre s , o r  M  =  2.09 in. if 
R  is ex p ressed  in  inches.

T h e  v a lu e  of M  c a lc u la te d  from  th e  heat 
b a lan ce  be tw een  m e ta l a n d  m ou ld , b o th  th eo re ti
cally  an d  as d e te rm in e d  by a c tu a l  m easu rem en ts 
of m ou ld  te m p e ra tu re s  d u r in g  so lid ification , is 
e x ac tly  th e  sam e as t h a t  reco rd ed  by th e  solu
tio n  of th e  e q u a tio n  of so lid ifica tio n . T he theory  
of h e a t  d iffusion  is likew ise  fu lly  c o rro b o ra ted  by 
e x a c t m ea su re m e n ts  of m ould  tem p e ra tu re s  
d u r in g  th e  so lid ificatio n  p e rio d .

232



In  F ig . 4 th e  line  re p re se n tin g  th e  above 
re la tio n sh ip  (iii)  is d ra w n  in  lo g arith m ic  scale. 
The values of f reez in g  periods a c tu a lly  found  
for d iffe ren t steel c as tin g s , m ostly  of sim ple  geo
m etrica l fo rm , a re  p lo tte d  in  th e  sam e d iag ra m  
as p o in ts and  c o rre la te  w ith  th e  th eo re tic a l 
values. The p ra c tic a lly  a sc e r ta in e d  va lues of th e  
solidification period  em brace  th e  whole ra n g e  of 
castings as re g a rd s  b o th  shape  an d  size, from  a 
1 0  mm. th ic k  p la te  u p  to  a  m assive  c a s tin g  
weighing 65 to ns. (Two p o in ts  from  th e  in v e s ti
gation  of B riggs an d  G ezelius a re  also in c lu d ed .) 
The ran g e  of th e  so lid ification  periods observed 
extends th u s  from  less th a n  1 m in . up  to  27 h rs.

A p p lic a tio n  to  In tr ic a te  C astings
F or com plicated  cas tin g s w ith  sections of 

changing th ick n ess, th e  m u tu a l in fluence of 
d ifferently  p ro p o rtio n ed  sections has to  be con
sidered since such c a s tin g s  a re  of no rm al occur
rence. I n  such cases, th e  follow ing re la tio n sh ip  
was found : (a) th e  so lid ification  pe rio d  of th e  
th in n e st section  of a c a s tin g  is p ra c tica lly  in d e 
pendent of th e  size of o th e r  sections ; ( 6 ) a section  
ad jo in ing  a  th in n e r  one is affected  by th e  la t te r .  
To account fo r th is  in fluence th e  follow ing co r
rection of th e  size ra tio  R  is necessary  : co rrec ted  
ra tio

where R  is th e  size ra tio  of volum e to  su rface  
area  or of cross-sectional a re a  to  envelop ing  c ir 
cum ference of th e  section  to  be co rrec ted .

R,0 is th e  size ra tio  of th e  th in n e r  a d jo in in g  
section.

L is th e  d is tan ce  betw een  th e  c e n tra l  p o in ts  
of the  two sections u n d e r  c o n s id e ra tio n . F o r  
sections w ith  co n tinuously  c h an g in g  th ick n ess, L 
is th e  d istance  betw een  th e  th in n e s t  section  and  
the cross-section in  q uestion .

The solidification period  of any  p o rtio n  of a 
casting  is found  from  fo rm u la  (iii) by s u b s t i tu t 
ing for a c tu a l R  th e  co rrec ted  v a lu e  acco rd ing  
to form ula (iv). T he fo rm u la  affords a m eans 
for co rrec tin g  th e  so lid ification  periods in  d if 
fe ren t portions of one ca s tin g  th a t  in fluence 
each o th e r and  allows th e re fo re  th e  p rev iously  
deduced re la tio n sh ip  fo r cas tin g s of sim ple 
geom etrical form s to  be ap p lied  fo r i r re g u la r ly  
shaped castings of v a rio u s sizes. D ire c t  m easu re 
m ents have confirm ed th e  p ra c tic a l v a lid ity  of 
form ula (iv). The m u tu a l in fluence of d iffer
ently  p ro p o rtio n ed  sections of a c a s tin g  is n o t so 
pronounced and  can be o ften  neg lected .

A t th e  places of a b ru p t  changes of th ick n ess 
or shape, e .g ., a t  ju n c tio n s , angles a re  form ed. 
Such angles a re  ve ry  insufficiently  cooled, and  
therefore  th e  fu ll cooling cap ac ity  of th e  m ould 
in such locations c an n o t be included  in  th e  ca l
cula tion . F o r  such a ju n c tio n  an  im a g in a ry  one

m u st be ta k e n  fo r w hich  th e  ra tio  of volum e to  
su rfa ce  holds tru e .  Such a  ju n c tio n  is one w ith  
a  fillet of a  ra d iu s  equal to  th e  th ick n ess of th e  
th in n e r  sec tion . B y m eans of such  assum ptions 
th e  form ulae d e ta ile d  above can  be successfully  
ap p lied  to  an y  cas tin g s.

A p p lic a tio n  to  C ores
So f a r  as th e  incidence of cores is concerned, 

th e  problem  has n o t been tack led . Two ex trem es 
can  be p rov isionally  se t  as g u id in g  princip les . 
C ores of a th ick n ess over fo u r  tim es th e  th ic k 
ness of th e  cas t sections w hich su rro u n d  them  
m ay be considered  in  th e  sam e m an n e r as 
m oulds, th e ir  cooling c ap a c ity  be in g  fu lly  ade
q u a te  so fa r  as so lid ification  is concerned . Cores 
of a th ick n ess u n d e r  th e  size of th e  su rro u n d in g  
sections m u s t be considered  as e x e r tin g  a 
d im in ish ed  cooling cap ac ity . W ith  such cores 
th e  su rface  lay e r of m eta l m ay  n o t so lid ify  fu lly  
u n til  th e  end  of th e  so lid ification  period , so th a t  
some d efec ts m ay possibly a rise .

E xte n d e d  A p p lic a tio n s  o f M a th e m a tic a l 
T r e a tm e n t

T he n u m erica l e v a lu a tio n  of th e  solid ification  
co n s ta n t from  th e  eq u a tio n  of so lid ification  in 
volves considerab le  lab o u r, an d  is n o t sufficiently  
p ra c tic a l if  M  (th e  so lid ification  c o n stan t)  is to  
be ca lcu la ted  fo r d iffe ren t m eta ls  an d  fo r d if 
fe re n t  th e rm a l c h a ra c te ris tic s  of m oulds. A n 
ap p ro x im a te  so lu tion  can  be fo u n d  from  th e  
follow ing fo rm u la  : —-

M =  1.158 —  * . .  ..  (v)
Q «5

w here M is th e  so lid ification  c o n s tan t to  be 
fo u n d  ; T is (fo r f irs t ap p ro x im atio n ) solidifica
tio n  te m p e ra tu re  of m e ta l;  b is th e  h e a t  diffu- 
siv itycoeffic ien t of th e  m ould  equal to  . c . s 
(w here K  is th e  h e a t  co n d u c tiv ity , c th e  specific 
h e a t  an d  s th e  volum e w eigh t of m ould) ; Q is 
th e  h e a t  c o n te n t of th e  m eta l evolved on solidi
fication  (fo r th e  f irs t ap p ro x im a tio n  th e  sum  of 
th e  h e a t of fu sion  an d  th e  h e a t c o n te n t above 
m e ltin g  p o in t)  ; s is th e  specific g ra v ity  of th e  
m eta l a t  th e  te m p e ra tu re  ju s t  a f te r  solidifica
tio n , an d  th e  n u m erica l v a lu e  1.158 rep re sen ts  
th e  e v a lu a tio n  of th e  fu n c tio n

w here G is th e  e rro r  of th e  fu n c tio n  in te g ra l.
I f  a n  a c c u ra te  v a lu e  of M be desired , i t  can 

be ca lcu la ted  from  fo rm u la  (v), p rov ided  th a t ,  
fo r th e  f irs t a p p ro x im a te  v a lue  of M, th e  tem 
p e ra tu re  g ra d ie n t  is fo u n d  an d  th e  values of T 
an d  Q a re  co rrec ted  fo r i t .  F o r  m ould  m a te ria ls  
w ith  th e  va lues of b g re a te r  th a n  35, th is  is 
necessary , as th e  e r ro r  ra p id ly  increases fo r

* D im ensional u n its  : m e tres , ca lories, kilogram s and  hours.



g re a te r  va lues of b. F o r  h ig h  va lu es of b tw o 
o r m ore  co rre c tio n s  m ay  be necessary  if  an  
a c c u ra te  v a lu e  of M  be re q u ire d .

F o rm u la  (v), besides b e in g  v ery  sim ple, d is
closes th e  m e a n in g  of th e  h e a t-d iffu s iv ity  coeffi
c ie n t b. I t  shows t h a t  th e  so lid ificatio n  con
s ta n t ,  i .e .,  th e  a m o u n t of m e ta l so lid ified  a f te r  
a  c e r ta in  tim e , v a rie s  d ire c tly  w ith  th e  h e a t-  
d iffu s iv ity  coefficient of a m ould , a n d  th u s  a 
q u a n ti t iv e  re la tio n sh ip  is fo u n d  be tw een  th e  
r a te  of so lid ification  an d  th e  th e rm a l p ro p e rtie s  
of th e  m ould  m a te ria l.

I t  has been  show n by d iffe re n t m e ta llu rg is ts  
t h a t  a  so u n d  c a s tin g  is p ro d u ced  w hen th e  con
d itio n  of w h a t is te rm ed  by B a tty  an d  B rig g s 
as d ire c tio n a l so lid ification  is a t ta in e d .  B a tty  
a t ta in s  th is  by b o tto m -p o u rin g  a c a s tin g  w ith  
h e av ie r sec tion  a t  th e  b o tto m  an d  re v e rs in g  it

t h a t  m ay be used in  m o u ld in g . Such  m ate ria ls  
m u st fulfil th e  fo llow ing re q u ire m e n ts :  —

(a) M u s t be a d eq u a te ly  r e fra c to ry  fo r con
d itio n s  p re v a ilin g  d u r in g  th e  ca s tin g  and 
so lid ification  of a  ca s tin g .

(b) S hou ld  n o t  p ro d u ce  c a s tin g  difficulties, 
e .g ., shou ld  n o t chill too  v igorously  d u rin g  the 
p o u rin g  a n d  should  n o t spa ll w hen suddenly 
h e a te d  by c o n ta c t w ith  m o lten  m eta l.

(c) S hou ld  be easily  p ro d u ced  as p a r ts  of a 
m ould , p re fe ra b ly  by m o u ld in g  m ethods.

(d ) S hou ld  n o t p re se n t d ifficu lties fo r clean
ing  th e  c a s tin g s  a n d  should  n o t co n tam in a te  
th e  san d  to  an y  p e rcep tib le  degree , if  full 
s e p a ra tio n  w ere  n o t p rac ticab le .

T he th e rm a l p ro p e rtie s  of re fra c to ry  m ate ria ls  
a l te r  w ith  te m p e ra tu re .  In  T ab le  I  d a ta  on

T a b l e  I.— Thermal Properties of Chamotte and Magnesite Brick.

Temp. 
Deg. C.

Heat
conductivity.

Cal.
Specific

heat.

Volume
weight.

Kg.
Coeff. of 

heat 
diffusivity.m./deg. C. cub. m.

Chamotte 2 0 0.7 0 . 2 0  1 15.9
2 0 0 0.78 0 . 2 1 17.2
400 0.87 0.24 19.4
600 0.96 0.28 *■ 1,800 2 2 . 0

800 1.06 0.30 23-9
1 ,0 0 0 1.15 0.36 27.3
1 ,2 0 0 1.25 — j —

Magnesite brick 2 0 4.0 0 . 2 0 45.7
2 0 0 4.0 0.24 50.0
400 3.8 0.26 50.7
600 3.6 0.27 2,600 50.3
800 3.2 0.25 45.6

1 ,0 0 0 2.9 0.25 43.3
1 , 2 0 0 2 . 6 0.25 41.2

a f te r  c a s tin g . I t  is know n a p la te  of a n  equal 
th ick n ess  c a n n o t be c a s t fu lly  sound  if  bo tto m - 
p o u red , m icroscopical c av itie s  re su ltin g  in  th e  
in n e r  p o rtio n . I f ,  how ever, th e  cooling  c ap a 
c ity  of th e  m ould  is p ro g ressively  in creased  to 
w ard s th e  b o tto m , th e  co n d itio n  of d irec tio n a l 
so lid ification  is a t ta in e d  an d  a so u n d  p la te  
re su lts .

C o n tro lled  d irec tio n a l so lid ification  c an  obvi
ously be a t ta in e d  if  th e  th e rm a l p ro p e rtie s  of a 
m ould  a re  su ita b ly  ch an g ed . F o r  a g iven  c a s t
in g  th e  re q u ire d  th e rm a l p ro p e rtie s  can  be cal
c u la ted  from  fo rm u læ  (iii) , (iv) a n d  (v).

A p p lic a tio n  to  P ra c tic e
T he p o ss ib ility  of co n tro lled  d irec tio n a l soli

d ifica tio n  d epends n a tu ra l ly  on th e  av a ilab le  
p ra c tic a l m eans, i.e .,  on th e  p o ss ib ility  of v a ry 
in g  th e  cooling c ap a c ity  of a  m ould  in  i ts  d if 
f e re n t  p o rtio n s . T he firs t problem  is th e re fo re  
to  seek m a te ria ls  w ith  h ig h e r cooling  cap ac ity , 
i .e .,  w ith  h ig h e r  coefficient of h e a t  d iffusion ,

th e rm a l p ro p e rtie s  of c h a m o tte  an d  m agnesite  
b rick s a re  g iven  to  i l lu s t r a te  th is  influence. 
A verage  d a ta  fro m  l i t e r a tu r e  a re  co m p iled ; it  
should  be n o ted , how ever, t h a t  d a ta  on th e  heat 
c o n d u c tiv ity  of m ag n e s ite  b r ick  d iffer widely.

H e a t -D if fu s iv ity  C o n sta n ts
I t  w ill be seen  from  T ab le  I  t h a t  th e  heat- 

d iffu s iv ity  coefficient v a r ie s  co n sid erab ly  with 
te m p e ra tu re .  T he e ffective  v a lu e  t h a t  in te rests 
us can  be a sc e r ta in e d  only by  e x p e rim e n t. Such 
a n  effective  v a lu e  is rea lly  a com posite  one, bu t 
ro u g h ly  i t  m ay  co rre sp o n d  to  some v a lu e  from 
ab o u t 700 to  1,200 deg . C.

T he th e rm a l p ro p e rtie s  of som e re frac to ry  
m a te r ia ls  a n d  s tee l a re  g iv en  in  T ab le  I I  for 
com p ariso n  w ith  th e  e ffec tiv e  va lu es of an  aver
age c h am o tte  m o u ld in g  san d .

D ir e c t  C h il l in g  M eans
F ro m  T ab le  I I  i t  w ill be  seen  t h a t  bo th  mag

n esite  b rick  an d  silico n -carb id e  hav e  g r e a t  cooling
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capacity  com pared  w ith  n o rm al m ou ld ing  sand . 
Steel (or iro n ) used  as a  chill has of course th e  
g rea tes t cooling effect. I ro n  or m eta l ch ills fo r 
the  cooling of such p o rtio n s  as o therw ise  ta k e  
a longer tim e  to  so lid ify  an d  p roduce in te rn a l  
unsoundness o r show in c lin a tio n  to  t e a r  a re  
cu rren tly  used. T he use  of chills to  a t t a in  
d irec tiona l so lid ification  h as been  recom m ended . 
The use of chills in  a steel fo u n d ry  is  g en era lly  
more lim ited  th a n  in  n o n -ferro u s an d  g rey -iro n  
foundries fo r  th e  obvious reaso n  t h a t  iro n  chills 
unless m assive c an n o t he o ften  used  because of 
the h igh  te m p e ra tu re  of steel. M assive chills 
produce r a th e r  too v igorous a n  effect a n d  m ay 
give rise to  su rface  defec ts . On th e  o th e r  h a n d , 
small chills a re  easily  h e a te d  th ro u g h o u t d u r in g  
the p ouring  an d  lose a g re a te r  p a r t  of th e ir  cool
ing capacity . L ikew ise th ey  a re  p ro n e  to  give 
trouble by becom ing w elded to  th e  c a s tin g . 
The use of iro n  o r steel ch ills on a q u a n ti ta t iv e

w ere c a s t w ith  la rg e  a rea s b u ilt  in  m agnesite  
b rick s w ith o u t th e  le a s t d e le terious re su lts , th e  
d esired  effect on so lid ification  b e in g  fu lly  
a tta in e d . As an  a lte rn a tiv e  to  b u rn t  m ag n esite  
b ricks, c ru sh ed  m ag n esite  m ay be used  w ith  a 
su itab le  b o n d in g  m a te ria l.  T his g ives a  cheaper 
m eans of co n tro lled  so lid ification  w hen th e  im 
p o rtan c e  of th e  cas tin g s  w a r ra n ts  i t .  A n o th er 
m a te ria l  t h a t  would probably  lend  itse lf  to  th e  
sam e purpose  is silicon-carb ide. T here  a re  
silicon -carh ide  p las tic  m a te ria ls  used  fo r  lin in g  
an d  p a tc h in g  crucib le  fu rn aces  in  n o n -ferro u s 
fo u n d ries . S im ila r  m a te ria ls  could  be worked 
o u t fo r  use as ch illin g  m edia  of defin ite  th e rm al 
p ro p e rtie s .

S e m i-M e ta llic  C h ills

A f u r th e r  p ossib ility  is th e  use of a  m ix tu re  
of steel tu rn in g s  (know n to  be used) o r g ra n u 
la te d  steel w ith  su itab le  bo n d in g  m a te ria l.

T a b l e  I I .—Roughly-estimated Effective Thermal Properties of Materials i f  Used as Moulds.

H eat 
conductivity. 

Cal. 
m./deg. C. 

K

Specific
heat.

c

Volume 
weight or 

specific 
gravity.

s

Temp.
diffusivity

eoeff.
K

a =  - c.s

Heat
diffusivity

coeff.
b =  7K .C .S .

Steel 2 5 .0 0 .1 5 7 ,7 0 0 0 .0 2 2 1 7 0 .0
Moulding sand for

steel castings 0 .6 5 0 .2 6 1 ,730 0 .0 0 1 4 5 1 7 .1
Chamotte brick 1 .1 0 0 .2 6 1.800 0 .0 0 2 3 5 2 2 .7
Magnesite brick 3 .0 0 .2 5 2 ,7 0 0 0 .0 0 4 4 5 4 5 .0
Silicon-carbide—

Solid 1 2 .0 0 .2 8 2 ,2 0 0 0 .0 2 1 8 2 .8
Bonded with clay 3 .0 0 .2 6 2 ,0 0 0 0 .0 0 5 8 3 9 .0

basis requires a s tu d y  of h e a t  ba lan ce , b o th  th e  
thickness ra tio  an d  th e  f illin g  tim e  b e in g  con
sidered. The fo rego ing  d isa d v an tag e s  of m eta l 
chills lead to  a  search  fo r o th e r  m a te ria ls  and  
m ethods to  su p p lem en t o r rep lace  them .

From  Table I I  i t  ap p ea rs  t h a t  m ag n esite  b rick  
presents a  very  a t t r a c t iv e  c h a ra c te ris tic , on  ac
count of i ts  cooling cap ac ity  b e in g  2 to  2.5 tim es 
g rea te r th an  th a t  of an  av erag e  m ou ld ing  sand . 
Com pared w ith  steel or iro n , m ag n esite  has 
no t such an  in it ia l  ch illin g  effect a n d  can  con
sequently be used fo r ch illin g  m uch la rg e r  
areas th a n  is p rac ticab le  w ith  iron  chills w ith 
out th e  d a n g er of su rface  c a s tin g  defects. 
M agnesite used a t  r e -e n tra n t  ang les ex ac tly  
fulfils th e  cooling co n d itio n s re q u ire d  to  a t ta in  
the sam e so lid ification  period  in  ju n c tio n s  as in  
the ad jo in in g  sections. The possib ility  of using  
m agnesite b ricks has been confirm ed w ith  d is
t in c t success. The cooling r a tio  fo u n d  e x p e ri
m entally  w ith  th e  g rad e  of m ag n esite  used  was 
equal to  ab o u t 2 , i .e .,  a double cooling cap ac ity  
as com pared w ith  a m ou ld ing  sand .

The behav iour of m ag n esite  b ricks w as found  
to be excellent. C astin g s of over 20 to n s w e ig h t

M ix tu re s  of over 50 pe r cen t, of steel m u st be 
considered , since a  m ix tu re  of equal p a r ts  of 
s teel an d  sand  can  be rqugh ly  e s tim a te d  to  give 
th e  coefficient of h e a t  d iffusiv ity  of only 
ab o u t 2 2 .

In d ire c t C h ills

C ooling m a te ria ls  t h a t  can  be m oulded m ay 
be considered  as a “  fa c in g .”  The th ickness 
of such a  fa c in g  need n o t exceed th e  th ickness 
of th e  c a s t sec tion , h u t  should  n o t be less th a n  
h a lf i ts  th ick n ess  if  a fu ll cooling cap ac ity  is 
to  be rea lised . I n  la rg e  an d  heavy cas tin g s 
cooling m a te ria ls  m ay  he su p p lem en ted  by th e  
use of in d irec t chills, by which is m ea n t iron 
chills t h a t  a re  n o t exposed d irec tly  to  con
t a c t  w ith  cas t m eta l, h u t  which a re  p ro tec ted  
by a lay e r of no rm al m ould ing  san d  o r a  cool
in g  m o u ld in g  m a te ria l. T he effect of an  in 
d ire c t chill is th e re fo re  re ta rd e d  an d  d im inished 
acco rd in g  to  th e  th ick n ess of th e  p ro tec tiv e  
lay e r a n d  i ts  h e a t  co n d u ctiv ity .

T he effect of such an  in d ire c t chill p la te  is 
i llu s tra te d  g ra p h ica lly  in  F ig . 5. The curve 
1 in  F ig . 5a (u p p e r  p a r t)  gives th e  cooling ra te
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of a  steel p la te  c a s t in  san d  expressed  in  calo ries 
p e r sq u a re  m e tre  p e r h o u r. I n  F ig . 5 b  th e  
co rre sp o n d in g  cu rv e  fo r  th e  to ta l  a m o u n t of 
h e a t  lo s t by c a s tin g  p e r sq u a re  m e tre  is g iven . 
T he r a te  of so lid ification  a n d  th e  solidified 
a m o u n t of m e ta l a re  ro u g h ly  p ro p o rtio n a l to  
th e  loss of h e a t .  T he cu rv es 2 re p re se n t  th e

100

F i g . 5 a ( t o p ) a n d  b  ( b o t t o m ) . — E f f e c t  
o f  I n d i r e c t  C h i l l s .

co rresp o n d in g  r a te  an d  th e  to ta l  am o u n t of th e  
h e a t loss fo r a n  in f in ite ly  th ic k  chill p la te  w ith  
a 2 -cm. m o u ld in g -san d  lay e r be tw een  i t  a n d  th e  
cas t p la te . C urves 3 a n d  4 g ive th e  cooling 
co n d itio n s fo r  chill p la te s  of fin ite  th ick n ess, 5  

a n d  1 0  cm . respec tive ly .

A q u a n ti t iv e  d ecrease  of so lid ificatio n  period 
can  be easily  d e te rm in e d  fo r any  th ick n ess  of 
c a s tin g . A g re a te r  cooling effect can  be 
a t ta in e d  if  a fa c in g  m a te r ia l  of a g re a te r  h ea t 
c o n d u c tiv ity  be u sed  in s te a d  of an  o rd in ary  
m o u ld in g  san d . I f  th e  th ic k n e ss  of th e  facing 
lay e r is c h an g ed , th e  cooling  effect also changes. 
F o r  th e  sake of s im p lic ity  le t  us consider a 
c a s t p la te  a n d  a n o th e r  p la te  as an  in d irec t 
ch ill. T he th ic k n e ss  of th e  in te rm e d ia te  layer 
can  be co n tin u o u sly  ch an g ed  by in c lin in g  the  
ch ill-p la te  in  re la tio n  to  th e  su rfa ce  of th e  cast 
p la te . T h u s a  c o n tin u o u sly  ch an g in g  cooling 
effect is a t ta in e d  a n d  p ro g ressiv e  o r controlled 
d ire c tio n a l so lid ifica tio n  can  be effected . Such 
a  p la te  w ould  so lid ify , n o t as a p la te  of equal 
th ick n ess, b u t  as a  w edge, th u s  a ssu rin g  the  
in te rn a l  soundness o f th e  ca s tin g .
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Copper and Copper-Alloy Castings for Electrical 
and Thermal Conductivity Applications

By H. J. MILLER, M.Sc. (Member)

In tro d u c tio n

One of th e  o u ts ta n d in g  fe a tu re s  of copper is 
th e  possession of h ig h  e le c tr ica l a n d  th e rm a l con
d u c tiv ity , an d  on th is  acco u n t th e  m eta l finds 
extensive in d u s tr ia l  a p p lic a tio n , especially  in  
w rought form s such as s tr ip ,  sh ee t, w ire, rods 
and sections. The d em an d  fo r h ig h -co n d u c tiv ity  
castings is, how ever, lim ited , a n d , indeed , 
when i t  is d e s ired  to  em ploy c a s tin g s  fo r elec
trica l and  th e rm a l co n d u c tiv ity  ap p lica tio n s , 
th ere  a re  m any  difficulties b o th  in  th e  choice of 
com position an d  in  fo u n d in g .

The p ro d u c tio n  of fo u n d ry  cas tin g s  in  essen
tia lly  p u re  copper has a lw ays p re sen ted  g re a t  
difficulties, an d  i t  is p e rh ap s t r u e  to  say th a t  
the problem  has been m as te red  only  by a  few 
specialists. C e rta in ly  th e  p ro je c t has n o t been 
u n d e rtak en  by th e  a v erag e  fo u n d ry , a n d  th e  
reasons for th e  lim ited  in te re s t  in  copper cas tin g s 
are no t fa r  to  seek, since, in  ad d itio n  to  th e  
founding troub les, i t  is to  be no ted  t h a t  c a s t 
copper is n o t c h a ra c te rised  by good m echanical 
p roperties, th ese  being, in  fa c t, in fe r io r  to  those 
of all copper alloys.

F o r th is  reason , i t  is only in  cases w here, 
p rim arily , h ig h  co n d u c tiv ity  ( th e rm a l o r elec
trical) is req u ired  t h a t  co p p er cas tin g s  a re  
seriously considered . One im p o r ta n t  ap p lic a tio n  
of a th e rm al c h a ra c te r  is t h a t  of b la s t-fu rn a ce  
tuyeres, fo r w hich copper c o n ta in in g  a b o u t 1  pe r 
cent, t in  is g en era lly  u se d ; th e  m ain  ap p lic a tio n  
involving e lec trica l c o n d u c tiv ity  is in  connection  
w ith various p a r ts  fo r sw itch g ea r an d  o th e r  p la n t  
in th e  e lec trica l tra d e s . I n  p ra c tic e  th e  ra n g e  of 
alloys used fo r e lec trica l cas tin g s  is ex trem ely  
wide and  includes b rasses, b ronzes an d  o th e r 
copper alloys. One of th e  o b jec ts of th e  p re sen t 
P ap e r is to  su m m arise  th e  alloys now being  re g u 
larly em ployed o r which a re  now av ailab le  fo r 
special-purpose c a s tin g s ; th is  has been u n d e r
taken  because of a  g en era l d esire  on th e  p a r t  of 
users fo r ai sum m arised  s ta te m e n t on th e  la te s t  
developm ents p e r ta in in g  to  th e  specia l high-con- 
d u c tiv ity  an d  h ig h -s tre n g th  alloys w hich have 
become availab le  w ith in  re ce n t years.
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T he P a p e r  is d iv ided  in to  several sections as 
follows : —

P a r t  1.— T ough p itch  copper—effect of 
oxygen— effect of hyd ro g en —reac tio n s on 
so lid ification— p ro p e rtie s  of to u g h  p itch  copper 
—oxygen-free  copper.

P a r t  2 .— D e o x i d i s e d  c o p p e r — c o n s i d e r a t i o n  
o f  d e o x i d a n t s — p r o p e r t i e s  o f  d e o x i d i s e d  c o p p e r  
c a s t i n g s .

P a r t  3 . — C om m ercial co pper-rich  c a s tin g  
alloys.

P a r t  4 .— M odern  h ig h -co n d u c tiv ity  h igh- 
s tre n g th  ca s tin g  alloys—copper co n ta in in g  
chrom ium  ad d itio n s— o th er alloys.

P a r t  5.— F o u n d ry  tech n iq u e.

P A R T  I.— T O U G H  P IT C H  C O P P E R

F o r an  a p p rec ia tio n  of th e  fac to rs  involved 
in  th e  c as tin g  of copper, i t  h as been considered  
adv isab le  to  o u tlin e  briefly  th e  p re sen t s ta te  of 
know ledge w ith  re g a rd  to  th e  reac tio n s occur
r in g  in  th e  p ro d u c tio n  of “  to u g h  p itc h  ” 
copper. Such copper alw ays co n ta in s  a sm all 
a m o u n t of oxygen—g en era lly  w ith in  lim its  of 
0 . 0 2  to  0.08 p e r c en t.— an d  i t  is th e  conven tional 
fo rm  of copper fo r c a s tin g  in to  b ille ts , cakes, 
in g o ts  an d  o th e r  shapes in  which th e  m eta l is 
m ark e te d  fo r fa b ric a tio n  purposes. In  th e  
course of th e  u su a l re fin ing  of th e  m eta l for 
such purposes, i t  is exposed to  th e  va rio u s gases 
which a re  p re sen t in  th e  fu rn ac e  a tm osphere, 
an d  th e re  is consequently  a considerab le  abso rp 
t io n  of c e r ta in  of these  gases, n o tab ly  oxygen 
a n d  h y d rogen . These subsequen tly  give rise  to  
re ac tio n s  on so lid ification  of th e  m olten  m eta l, 
w ith  some re su ltin g  unsoundness in  th e  final 
cas t shapes. W ith  th is  to u g h  p itch  copper, th e  
unsoundness is alw ays of a  con tro lled  o rd e r, 
an d , in  fa c t,  th e  te rm  “  to u g h  p itc h  ”  is app lied  
to  p ro d u c ts  w hich e x h ib it unsoundness only to  
such  a n  e x te n t  t h a t  th e  evo lu tio n  of gases 
e x ac tly  co u n te rb a lan ces th e  n a tu r a l  sh rin k ag e  
effect ; th is  unsoundness has no d e le terious in 
fluence in  th e  case of cas t p ro d u c ts  fo r fab ri-



c a tio n , since th e  p o ro sity  is rem oved in  th e  h o t- 
w o rk in g  stag es .

The e lu c id a tio n  of th e  a c tu a l  effects of oxygen 
an d  h y d ro g en  in  th e  c a s tin g  of cop p er is la rg e ly  
d u e  to  A llen  a n d  h is  colleagues* in  th is  c o u n try  
a n d  to  th e  A m erican  M e ta l C om pany 2 in  th e  
U .S .A ., a n d  in  th is  P a p e r  only a b r ie f  d e sc rip 
t io n  of th e  re ac tio n s  w ill be a tte m p te d . F u r th e r ,  
i t  is n o t possible to  consider he re  th e  re la te d  
fa c to rs  of p o u rin g  te m p e ra tu re  of m e ta l, te m 
p e ra tu re  of m oulds, shape  of m oulds an d  cooling 
ra te s , all of w hich affect th e  r a te  of gas evo lu
tio n .

W hile  i t  m ig h t be th o u g h t  t h a t  th e re  would 
be l i t t le  s im ila r ity  b e tw een  m e ltin g  co n d itio n s 
e x is tin g  in  large-scale  re fin in g  fu rn a c e s  an d  
th ose  in  sm all fo u n d ry  fu rn ac e s , th e re  is no f u n 
d a m e n ta l d ifference, an d  th e  need fo r a p p re c ia 
t io n  of th e  gaseous re ac tio n s  is c e r ta in ly  neces- 
sa rv  in  b o th  cases.
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on th e  te m p e ra tu re  a n d  th e  oxygen  c o n te n t of 
th e  m eta l. On h e a tin g , th e re  is a g ra d u a l in 
crease  in  th e  a m o u n t of h y d ro g en  absorbed  by 
th e  solid m e ta l an d  on re a c h in g  th e  m elting  
p o in t th e re  is a m ark e d  in crease  in  solubility , 
w hile a t  h ig h e r te m p e ra tu re s  a  f u r th e r  increase 
in  so lu b ility  is e n co u n te re d . Som e re su lts  by 
v a rio u s  in v e s tig a to rs  a re  rep ro d u ced  in  F ig . 1 , 
f rom  w hich  co n siderab le  d ifferences will be 
n o te d ; th e  cu rv e  show n as a  co n tin u o u s line  is 
th e  m o st re c e n t d e te rm in a tio n . 2

T he a m o u n t of h y d ro g en  w hich  can  dissolve in 
m olten  co p p er a t  any  te m p e ra tu re  is also a 
fu n c tio n  of th e  oxygen  c o n te n t, and  w ith  m olten 
copper w hich  is h ig h  in  oxygen, only  a lim ited 
am o u n t of h y d ro g en  is dissolved, ow ing to  the  
fa c t  t h a t  im m e d ia te  re ac tio n s  occur w ith  some of 
th e  oxygen  p r e s e n t ; w ith  m o lten  copper of low 
o xygen  c o n te n t i t  is possible to  o b ta in  an
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F i g . 1 .— S o l u b i l i t y  o f  H y d r o g e n  i n  
C o p p e r .

E ffect o f O xyg en
O xygen e n te rs  in to  chem ical co m b in a tio n  w ith  

m olten  copper, fo rm in g  cu p ro u s ox ide, a n d  in  
cas t m e ta l p ra c tic a lly  th e  whole of th e  oxide 
e x is ts  in  th e  fo rm  of a co p per-cuprous oxide 
e u te c tic , since  th e  solid  so lu b ility  l im it is ex 
trem ely  low ; th e  e u te c tic  com position  c o rre 
sponds to  a p p ro x im a te ly  0.39 p e r cen t, oxygen. 
I n  w ro u g h t p ro d u c ts , th e  e u te c tic  ty p e  of s tru c 
tu r e  is b ro k en  up , so t h a t  th e  oxide th e n  ex is ts  
in  th e  fo rm  of se p a ra te  p a r tic le s  of cu p ro u s 
ox ide. W ith in  th e  u su a l com m ercial lim its  th e  
ox ide, as p re sen t in  w ro u g h t to u g h  p itc h  copper, 
has l i t t le  o r no effect on m echan ical or o th e r  p ro 
p e r tie s , a lth o u g h  copper w hich  is free  fro m  such 
oxide is c h a ra c te rised  by s lig h tly  su p e rio r d uc
t i l i ty .

E ffect o f H y d ro g e n : R eactions on S o lid ific a tio n
H y d ro g e n  is sim ply  absorbed o r dissolved by 

co p p er so t h a t  i t  e x is ts  in  th e  u n com bined  s ta te  ; 
th e  e x te n t  to  which i t  is soluble d epends b o th

F i g . 2 . — V a r i a t i o n  o f  H y d r o g e n  C o n t e n t  
o f  M o l t e n  C o p p e r  a t  1 ,1 5 0  d e g . C . 
w i t h  O x y g e n  C o n t e n t .

a p p rec iab le  so lu b ility  of h y d ro g en  in  accordance 
w ith  F ig . 1. A c u rv e  re p ro d u c e d  from  A llen’s 
P a p e r  is g iv en  in  F ig . 2, a n d  th is  expresses the  
g en era l ch an g e  in  so lu b ility  a t  1 ,1 5 0  deg. C. of 
h ydrogen  in  copper c o n ta in in g  v a rio u s  am ounts 
of oxygen . T he ch an g e  in  th e  cu rv e  of hydrogen 
so lu b ility  w hen th e  oxygen  c o n te n t is of the 
o rd e r  of 0 .0 5  p e r  c en t, is especially  noticeable, 
a n d  th e  re fin e rs’ a r t  in  o b ta in in g  th e  to u g h  pitch 
c o n d itio n  in  cop p er is th u s  seen  to  be re la te d  to 
th e  b a lan ce  be tw een  oxygen  a n d  hyd ro g en  con
te n ts .  T he cu rves g iv en  in  th e  P a te n ts  of th e  
A m erican  M e ta l C om pany  a re  v e ry  s im ila r in 
c h a ra c te r ,  a lth o u g h  q u a n t i ta t iv e  re su lts  w ere not 
g iv en , on ly  th e  fu n d a m e n ta ls  a tta c h in g  to  the 
influence of gases on m olten  cop p er b e in g  estab 
lished, th ese  be ing  based e ssen tia lly  on p rincip les 
e n u n c ia te d  by H ofm an*  in  1 9 1 4 .

T he l ib e r a t io n  of th e  excess h y d ro g en  from 
so lu tio n  on  so lid ification  of th e  m eta l is accom
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panied  by a re a c tio n  w ith  cup ro u s ox ide  accord
ing to  th e  e q u a tio n  : —-

C u ,0  +  H ,  - — ^  2  Cn +  H 20 .

This re ac tio n , o c cu rrin g  d u r in g  so lid ification , 
resu lts  in  d is tu rb an c e  a n d  ex p an sio n  of th e  
m etal. T he e x te n t  o f th e  re ac tio n  depends 
m ainly  on th e  a m o u n t of h y d ro g en  c o n ta in ed  in  
th e  m olten  copper, since  th e re  is u su a lly  sufficient 
cuprous oxide p re s e n t  to  r e a c t  w ith  th e  whole 
of th e  h y drogen  l ib e r a te d ; how ever, c e r ta in  o th e r 
factors a re  also involved . The to u g h  p itch  
s ta te—w ith  ex p an sio n  due to  gas evo lu tion  
equalising th e  n a tu ra l  sh rin k ag e— is no rm ally  
obtained w ith in  an  oxygen  ra n g e  of ab o u t 0 .0 2 5  
to  0 .0 8  p e r cen t. W ith  low er oxygen co n ten ts  a 
more ex tensive  re ac tio n  is en co u n tered , g iv in g  
m arkedly u n so u n d  p ro d u c ts , sim ply  on acco u n t of 
the g re a te r  q u a n ti t ie s  of hyd ro g en  w hich  w ere 
in so lu tion  in  th e  firs t p lac e ; w ith  h ig h e r oxygen 
contents th e  c a s tin g  su rfa ce  sinks in  th e  m ould , 
bu t th e  m eta l is th e n  defic ien t in  d u c til ity .

T a b l e  I .— Properties of Tough Pitch Copper.

Cast.
Lightly-
forged

castings.

Worked
and

annealed.

Density 8 .4 8.85 8.93
Tensile strength, tons
" per sq. in. . . 9 13 13.5
Elongation, per cent.

on 2  in. 2 0 40 60
Reduction of area 2 0 40 75
Brinell hardness 32 35-40 45
Electrical conductiv

ity, per cent. 80-85 95 1 0 0 - 1 0 2

P ro p e rtie s  o f T o ug h  P itch  C o p p e r
I t  will be a p p rec ia ted  fro m  th e  fo reg o in g  th a t  

“  tough p itch  ” copper is n o t  com plete ly  sound, 
although th e  p o ro sity , a m o u n tin g  to  2 to  5 per 
cent, by volum e fo r m ost sim ple c a s t shapes, is, 
as a lready ex p la in ed , rem oved in  th e  ea rly  s tag es  
of hot-w orking. F o r  o rd in a ry  cas tin g s, how ever, 
it is obvious th a t  th e  gas re ac tio n s  associated  
w ith to ugh  p itch  copper w ill be m ost u n d esirab le , 
and a tte m p ts  to  cas t such copper in to  sand  
moulds a lm ost in v a riab ly  cu lm in a te  in  d isa s te r .

I t  m ust be p o in te d  o u t, how ever, t h a t  m any  
simple cas t shapes a re  m ade  in to u g h  p itch  
copper by p o u rin g  in to  chill m oulds. These 
should p re fe rab ly  p re sen t an  open su rface  an d , 
if m axim um  den sity  and  m echanical p ro p e rtie s  
be requ ired , th e  cas tin g s should  a f te rw a rd s  be 
forged. By th is  m eans i t  is possible to  o b ta in  
small p ro ducts h a v in g  good d en sity  a n d  a n  elec
tr ic a l co n d u ctiv ity  ra n g in g  be tw een  a m in im um  
of 90 p e r  cen t, an d  ab o u t 97 p e r  cen t. F ig s . 3 
and 4 show some p ro d u c ts  m ade in  th is  m an n e r. 
The p ro p e rtie s  of cas t to u g h  p itc h  cop p er a re  
sum m arised in  T able I  an d , in  o rd e r to

a p p re c ia te  th e  effects due to  p o rosity , figures 
a re  also q u o ted  fo r th is  m a te ria l  in  a ligh tly - 
fo rg ed  an d  in  th e  u su a l heav ily -w orked  annea led  
co n d itio n .

O x y g e n -F re e  C o p p er
To o b ta in  m olten  copper in  such a con d itio n  

t h a t  g as re ac tio n s  on so lid ification  a re  avoided, 
i t  w ill be c lear fro m  th e  fo reg o in g  co n sid era 
t io n  t h a t  th e  courses open to  e x p erim e n t a re

( C our te sy  T. Bol ton  & Sons , L im i te d . )  

F i g . 3 .— C a s t i n g  T o u g h  P i t c h  C o p p e r  
f o r  P r o d u c t i o n  o f  T e r m i n a l  C a s t i n g s .

(C our te sy  T Bo l ton  & Sons,  L im i te d . )

F i g . 4 .— L i g h t l y - F o r g e d  T o u g h  P i t c h  
C o p p e r  C a s t i n g  f o r  E l e c t r ic a l  
S w i t c h g e a r .

(1 ) e lim in a tio n  of oxygen o r (2 ) e lim in a tio n  of 
hydrogen . The l a t t e r  m ethod  is genera lly  im 
possible o f fu lfilm en t ow ing to  p ra c tic a l 
d ifficulties follow ing on th e  fa c t t h a t  hydrogen  
can  be d e riv ed  fro m  w a te r  v ap o u r p re sen t in 
th e  fu rn a c e  a tm o sp h ere . H ence, th e  general 
course is to  a t te m p t  th e  e lim in a tio n  of oxygen 
by th e  a d d itio n  of e lem ents w hich are  capable



of re a c tin g  w ith  c u p ro u s  ox ide, th e re b y  fo rm 
ing  liq u id  o r  solid  p ro d u c ts  w hich m ay  be 
s lag g ed -o ff; th is  m eth o d  is  d e a lt  w ith  in  P a r t  2.

I n  th e  P a te n te d  process w hich h as been  com 
m erc ia lly  developed  fo r  th e  p ro d u c tio n  of 
o x y g en -free  h ig h -co n d u c tiv ity  cop p er b ille ts  an d  
v e r tic a lly -c a s t  cakes, m e ltin g  of th e  cop p er is 
p e rfo rm e d  in  in e r t  g as a tm o sp h e res (carbon  
m onox ide  a n d  n itro g e n )  a n d  th e  m o lten  m e ta l 
is conveyed in to  th e  m ou lds u n d e r  cover of th e  
sam e gases. T he r e s u l ta n t  c a s t  shap es a re  free  
fro m  b o th  oxygen  a n d  po ro sity  d ue  to  dissolved 
gases, a n d  th e y  th u s  hav e  a h ig h  d e n s ity  (an  
a v e ra g e  of 8 .9 );  on a cco u n t of freedom  from  gas 
re ac tio n s  on  so lid ificatio n , th e  n o rm al sh rin k a g e  
of g a s-free  m o lten  m eta ls  is ex h ib ited , w hile 
a n o th e r  f e a tu r e  is th e  possession of a re la tiv e ly  
coarse  s t ru c tu re .  A lth o u g h  a  consid erab le  
to n n a g e  of cop p er is c a s t  in to  sim ple  shapes 
fo r fa b r ic a t io n  p u rp o ses, i t  is n o t  possible to  
env isag e  th e  a p p lic a tio n  of th is  te c h n iq u e  to  
th e  p ro d u c tio n  of m iscellaneous san d  cas tin g s . 
H ow ever, th e  tim e  m ay  y e t a r r iv e  w hen non- 
fe rro u s  fo u n d rie s  w ill be in  a  p o sitio n  to  con
d u c t m e ltin g  an d  c a s tin g  processes in  vacuo  
o r in  in e r t  a tm o sp h e re s ; such  eq u ip m e n t would 
e lim in a te  h y d ro g en  a b so rp tio n , w hich w ith  
p re se n t m eth o d s of p ro d u c in g  d eox id ised  copper 
re m a in s  as a  p o te n tia l  cause  of porosity .

P A R T  2.— D E O X ID IS E D  C O P P E R
A c o n sid e ra tio n  of th e  fu n d a m e n ta l re q u ire 

m en ts  of a  d e o x id a n t w ill n o t  be a tte m p te d , b u t  
in  a d d itio n  to  th e  u su a l fa c to rs , specia l 
a t te n tio n  m u s t be g iven  to  th e  effect of re s id u a l 
q u a n ti t ie s  of d eo x id a n ts  on b o th  e lec tr ica l an d  
th e rm a l c o n d u c tiv itie s , w hich  a re  closely a llied . 
T he fa c t  t h a t  sm all q u a n ti t ie s , i .e .,  a b o u t 0.1 to  
0 . 2  p e r c en t., of c e r ta in  e lem en ts m ay  red u ce  
co n d u c tiv ity  to  one h a lf  of th e  o r ig in a l v a lu e  
is n o t a lw ays fu lly  a p p re c ia te d , a lth o u g h  i t  is 
obviously of p rim e  im p o rta n ce  in  connec tion  
w ith  c a s tin g s  fo r  c o n d u c tiv ity  ap p lic a tio n s . In  
o rd e r  to  c la r ify  th e  p o sitio n  fro m  th is  asp ec t 
som e re su lts  of c o n d u c tiv ity  d e te rm in a tio n s  a re  
g ra p h ic a lly  p re sen te d  in  F ig . 5.

F ro m  th e  p o in t of view  of m a te r ia ls  th e  
p r in c ip a l p o in ts  to  be n o ted  in  th e  p ro d u c tio n  
of c a s tin g s  h a v in g  m ax im u m  c o n d u c tiv ity  
a re  : —

(1) T he use  of h ig h -g rad e  co p p er (H .C . 
q u a lity )  a n d  avo id an ce  of c o n ta m in a tio n  w ith  
im p u ritie s .

(2) T he choice of a d e o x id a n t h a v in g  l i t t le  
ad v erse  effect on c o n d u c tiv ity  o r a lte rn a tiv e ly  
th e  use of m in im u m  q u a n ti t ie s  of m ore  h a rm 
fu l d eo x id a n ts .
A su rp r is in g ly  la rg e  n u m b er of recom m enda

tio n s  co n ce rn in g  d eo x id a n ts  fo r  h igh-con- 
d u c tiv ity  copper c a s tin g s  have  been  ad v an ced

over a  period  of m an y  y e a rs , a n d  in  some cases 
e x tr a v a g a n t  a n d  u n s u b s ta n t ia te d  c la im s have 
been p u t  fo rw ard . T h is  m ig h t  p e rh ap s be 
ta k e n  as a n  in d ic a tio n  of th e  d ifficulty  of the 
p roblem . A t any  r a te ,  th e  choice of deoxidan ts 
was b e in g  v igo rously  d iscussed  ab o u t th ir ty  
y ea rs  ago, w hen i t  is in te re s t in g  to  no te  th a t  
boron  c a rb id e  w as f irs t u sed 5 a n d  t h a t  calcium  
w as p a te n te d  fo r d eo x id a tio n  p u rp o ses . 6 D ur
in g  th e  in te rv e n in g  y ears  o th e r  special 
d e o x id a n ts  hav e  been  in tro d u c e d  so t h a t  to-day 
th e  choice is ex tre m e ly  w id e ; th e  p ra c tic e  advo
ca ted  by d iffe re n t in v e s tig a to rs  has been so 
v a rie d  as to  cause m uch  confusion , an d  hence 
i t  is d ifficult to  d ea l w ith  th is  m a t te r  in a 
com ple te ly  sa tis fa c to ry  m an n e r.

D e o x id an ts  w hich  h av e  rece ived  some con
s id e ra tio n  in c lu d e  a lu m in iu m , b ery llium , boron,

PER CENT OF ADDED ELEMENT

F i g . 5 . — I n f l u e n c e  o f  A d d e d  E l e m e n t s  
o n  E l e c t r i c a l  C o n d u c t i v i t y  o f  
C o f f e r .

boron ca rb id e , cad m iu m , calc ium , calc ium  boride, 
lith iu m , m ag n esiu m , p h o sphorus, silicon, 
t i t a n iu m  a n d  z inc, a lth o u g h  n o t  a ll of these 
hav e  been used  on a  com m erc ial scale. Quite 
f re q u e n tly  a c o m b in a tio n  of tw o  d eo x id an ts  is 
recom m ended .

A f a c t  w hich  m u s t n o t  be fo rg o tte n  when 
m ak in g  d eo x id ised  c o p p er c a s tin g s  is t h a t  hydro
g en  can  be p re se n t in  co n sid erab le  q u a n tit ie s  in 
th e  m o lten  m e ta l ; i t  is be lieved  th a t  th is 
acco u n ts  fo r  m an y  of th e  v a r ia b le  re su lts  which 
hav e  been  re p o rte d . E v en  a t  th e  p re sen t tim e 
i t  m u s t be confessed  t h a t  e v e ry th in g  is  not 
know n c o n ce rn in g  th e  so lu b ility  of h y drogen  in 
v a rio u s  deo x id ised  co p p ers  in  th e  m olten  and 
solid  s ta te s . F o r  in s ta n c e , th e r e  is som e ind irect 
ev idence  lea d in g  to  th e  conclusion  t h a t  th e  pre
sence of d e o x id a n ts  (or c e r ta in  of th em ) results 
in d im in ish ed  h y d ro g en  so lu b ility  in  th e  liquid 
s ta te ,  o r  t h a t  th e  solid  so lu b ility  is m uch  g rea te r, 
w hile  a n  a l te rn a t iv e  id ea  is t h a t  th e  evolution



of th e  gas on solid ification  tak es place w ith o u t 
any h a rm fu l re su lts . The n u m b er of occasions 
on which “  h y d ro g e n  u n soundness ” — as a p a r t  
from  th e  “  re ac tio n  u n soundness ” — is o b ta in ed  
w ith  deoxid ised  co p p er a re  re la tiv e ly  few, h u t 
th is  p ossib ility  m u s t n o t be  overlooked.

C o n s id e ra tio n  o f D e o x id a n ts
Of th e  p rev iously  m en tio n ed  d e o x id a n ts , phos

phorus is by fa r  th e  m ost im p o r ta n t  as i t  is 
cheap, co n v en ien t an d  ve ry  effective, a lth o u g h  i t  
suffers from  th e  d isa d v a n ta g e  of adverse ly  affect
ing co n d u c tiv ity  w hen p re se n t in  am o u n ts  ex
ceeding m ere traces . I t  is c e r ta in ly  th e  only 
d eox idan t which need be considered  w hen m ax i
mum co n d u c tiv ity  is n o t a p rim e  im p o r ta n t  
factor, a lth o u g h  a s tro n g  th eo re tic a l case can  he 
presented  on behalf of silicon, as, fo r in stan ce , 
in w ro u g h t co p p er fo r w elding, on a cco u n t of th e  
reduction  of h o t-c rack in g  ten d e n c ie s . '

F o r g en era l c as tin g s , a  re s id u a l phosphorus 
con ten t of 0.05 pe r cen t, m ay  be re g a rd e d  as a 
sa tisfac to ry  figure  to  be aim ed  a t,  th is  a m o u n t

m ig h t be re g a rd e d  as th e  m in im um  specification  
figure, such m a te ria ls  a re  n o t allow able. W ith  
c a re  in  m e ltin g  p rac tice  so t h a t  th e  oxygen con
t e n t  of th e  m e ta l p rio r to  d eo x id a tio n  is m a in 
ta in e d  a t  a  c o n s ta n t figure, i t  is possible to  de
oxidise copper w ith  phosphorus so t h a t  less th a n  
0 . 0 1  p er cen t, of phosphorus rem a in s in  th e  final 
p ro d u c t ; th is  a m o u n t effects a  red u c tio n  of a b o u t 
10 p e r cen t, in  co n d u c tiv ity . N a tu ra lly , th is  
tech n iq u e  calls fo r considerab le  skill and  e x p e ri
ence an d , indeed , th e  whole su b jec t of copper 
c a s tin g  can  he  sa id  to  be one re q u ir in g  con
t in u a l  p ra c tic e  w ith  m ore or less c o n s tan t 
m a te ria ls  an d  p ro d u c ts  u n d e r  acc u ra te ly  con
tro lle d  conditions.

C adm ium  in  am o u n ts  of th e  o rd e r of 0.5 to  
1  p e r  cen t, is freq u e n tly  used in  co n ju n c tio n  
w ith  ap p ro x im ate ly  0 . 0 1  p e r  cen t, of phos
p h o ru s ; likew ise 1  p e r  cen t, of zinc is som etim es 
used in  co n ju n c tio n  w ith  m in im um  q u a n tit ie s  of 
phosphorus. B oth  of th ese  elem ents a re  very  
m ild  d eo x id an ts , b u t th e re  seems l i t t le  d o u b t 
t h a t  th ey  a re  h e lp fu l in  o b ta in in g  sa tis fac to ry

T a b l e  I I .— Average Properties of Deoxidised Copper Castings.

Composition.

0.15 per 
cent, proof 

stress. 
Tons 

per sq. in.

Tensile
strength. Elong. 

Per cent, 
on 2  in.

Brinell
Electrical conducti

vity. Per cent.
Tons per 

sq. in.
hardness.

Cast. Wrought
(annealed).

1 per cent. Sn, 0.03 per cent. P  . . 2 1 0 25 40 39 _
0.05 per cent. P 2 1 0 25 35 60 67
0.9 per cent. Cd. 0.005 per cent. P 2 11 30 35 85 94
0.03 per cent. Si — — .— — 75 —
0.02 per cent. Si added (residual amount 

unknown) .. — .— — _ 90 —

norm ally being  sufficient to  en su re  com plete 
deoxidation. H ow ever, fo r p re ssu re - tig h t c a s t
ings, such as tu y ere s , co p p er c o n ta in in g  th is  
am ount of phosphorus does n o t a p p e a r  to  be en
tire ly  su itab le , since p o rosity  h as been re p o rte d  
w ith p roducts m ade  from  such  m a te r i a l ; th e  
reasons fo r th is  a re  n o t too c lear, h u t th e  tro u b le  
is m ost probably  due p r im a rily  to  excessive gas 
absorption  d u rin g  m eltin g .

F o r b las t-fu rn ace  tu y ere s  and  o th e r  cas tin g s 
which a re  req u ired  to  w ith s ta n d  a h y d ra u lic  te s t  
a t  a p ressure  of 60 lbs. p er sq. in .,  m ost fo u n d ers  
express p re ference  fo r co p p er c o n ta in in g  1  per 
cent, of t in  an d  a b o u t 0.05 p e r cen t, phosphorus, 
and p roduction  p ra c tic e  w ith  th is  alloy has been 
described by B lak is to n .' T he c o n d u c tiv ity  of 
products m ade in  th is  alloy is n a tu ra lly  low, 
frequently  fa llin g  below 40 p e r  c en t., as in d i
cated in  Table I I ,  p re sen tin g  observ a tio n s on 
various sp ec im en s; th e  co n d u c tiv ity  of o rd in a ry  
com m ercial phosphorus-deoxid ised  co p p er is f re 
quently  very  l i t t le  b e tte r .

Hence, fo r co n d u c tiv ity  a p p lic a tio n s  w here  an  
electrical co n d u c tiv ity  v a lu e  of 80 p e r cen t.

cas tin g s, p robab ly  due to  assistance  in  gas r e 
m oval an d  th e  fa c t th a t  th e  zinc an d  cadm ium  
vap o u rs  g iven  off from  th e  s tre am  of m olten  
m eta l as i t  is be in g  p oured  have  a p ro tec tiv e  
in fluence a g a in s t oxygen p ick-up  a t  th is  s ta g e ; 
in  ad d itio n  th e  cadm ium  an d  zinc p e rm it of 
g re a te r  co n tro l over th e  phosphorus co n ten t. 
H ow ever, i t  m ig h t be n o ted  t h a t  a  1 pe r cen t, 
cadm ium -copper alloy is n o t re g a rd e d  as an  easy 
m a te r ia l  to  cas t in  a copper refinery .

A lu m in iu m  an d  m agnesium  a re  undo u b ted ly  
exce llen t d eo x id an ts  fo r copper, b u t  th e  
o x id a tio n  p ro d u c ts  a re  n o t re ad ily  re 
m oved an d  te n d  to  m ake th e  m olten  
m eta l s lu g g ish ; in  ad d itio n , w ith  excess 
q u a n ti t ie s  p re sen t, th e re  a re  ca s tin g  diffi
cu ltie s  on acco u n t of th e  oxide films fo rm ed on 
th e  s tre am  of m eta l as i t  is poured . Conse
q u e n tly  these  d eo x id an ts  a re  n o t g en era lly  em
ployed fo r th ese  p a r tic u la r  p ro ducts , a lth o u g h  
V ick ers9 has recorded  sa tis fac to ry  re su lts  when 
u s in g  0.025 p er cen t, m agnesium  in  co n junction  
w ith  0.05 p e r cen t, chrom ium .
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B ery lliu m  p re sen ts  v ery  s im ila r  c h a ra c te r is 
t ic s  to  a lu m in iu m  an d  m ag n esiu m  ; its  sugges
t io n  fo r  d eo x id a tio n  p u rp o ses follow ed from  th e  
w ide re sea rc h  of b e ry lliu m  alloys by M asin g  a n d  
co lleag u es . 10 R e su lts  a t te n d in g  th e  use  of b e ry l
liu m  in  th e  p ro d u c tio n  of w ro u g h t deoxid ised  
cop p er h av e  been g iv en  by S ch u m ach er a n d  
E ll is , 11 who fo u n d  t h a t  a re s id u a l a m o u n t of 
0.05 p e r  cen t, red u ced  th e  c o n d u c tiv ity  by 10 
p e r  cen t. B e ry lliu m  is of m u ch  m ore in te re s t  
in  th e  p ro d u c tio n  of alloys of su p e rio r  m ech an i
cal p ro p e rtie s  th a n  i t  is as a  d e o x id an t.

I n  1931 l ith iu m  w as su g g ested  as a d e o x id a n t 
fo r co p p er by tw o in d ep e n d e n t g ro u p s , 12 13 an d  
as i t  seems to  possess p ra c tic a lly  a ll th e  a t t r i 
b u tes  re q u ire d  of a d eo x id a n t, i t  w ould u n 
d o u b ted ly  be used  to  a  g re a te r  e x te n t  if  its  
cost was n o t so g re a t .  To conserve th e  q u an -

been  reco rded  by M asin g  a n d  H a a s e , 10 Schu
m ach er, E llis  a n d  E c k e l , 11 B u r k h a r d t  and  
S achs , 15 a n d  O sborg . 16 17 I n  a d d it io n  to  i ts  de
o x id a tio n  fe a tu re s , l ith iu m  can  also rem ove 
h y d ro g en  by chem ical re a c tio n , y ie ld in g  hydrides 
a n d  h y d ro x id es if  oxygen  be p re se n t, and  in 
re c e n t tim es  some f u r th e r  a t te n tio n  has been 
devo ted  to  l ith iu m  on th is  a cco u n t ; one in stan ce  
is in  co n n ec tio n  w ith  th e  d eg as ifica tio n  of 
co p p er-lead  alloys fo r b ea rin g s .

C alc ium  h as, fro m  th e  th e o re tic a l p o in t of 
view , s tro n g  c la im s as a  d e o x id a n t, a n d  i t  is 
d ifficu lt to  a p p re c ia te  w hy i t  has n o t  been used 
to  a  m uch  g re a te r  e x te n t  in  th e  p ro d u c tio n  of 
h ig h -co n d u c tiv ity  copper cas tin g s . F o r  system 
a tic  d a ta  on th e  effect of calc ium  on conduc
t iv i ty ,  th e  p u b lic a tio n s  of S ch u m ach er an d  col-

( C ourtesy  B roo lch irst S u ń tc h g ea r , L im ite d .)

F i g . 6 .— G r o u p  o p  M a c h i n e d  a n d  S i l v e r - 
P l a t e d  C o p p e r  C a s t i n g s .

t i t i e s  of l ith iu m  re q u ire d  i t  is u su a l to  em ploy a 
ca lc iu m -lith iu m  alloy, a n d  as ex trem e ly  sm all 
q u a n ti t ie s  only a re  e ssen tia l, d e o x id a tio n  is n o t 
e n tire ly  a p ro h ib itiv e ly  exp en siv e  m a t te r .  The 
recom m ended  a d d itio n  of 50 :50 lith iu m -ca lc iu m  
alloy  is 0.025 p e r  c e n t.,  a n d  th is  h as a neg lig ib le  
effect on c o n d u c tiv ity ;  i t  m ig h t, how ever, be 
n o ted  t h a t  w ith  th e  a d d itio n  of excess q u a n ti 
t ie s  of l ith iu m , say of th e  o rd e r of 0.08 p e r 
c e n t.,  a  re a c tio n  w ith  oxides p re se n t in  re f ra c 
to rie s  m ay  occur, th u s  re su l tin g  in  in fe r io r  con
d u c tiv i ty  of th e  m e ta l. A ccord ing  to  S chum acher 
an d  E ll is , 11 alloys m ade  in  fu sed -silica  crucib les 
a n d  a lu n d u m -lin ed  crucib les w ere c o n ta m in a te d  
w ith  silicon a n d  a lu m in iu m , so t h a t  th e  con
d u c tiv itie s  of h a rd  d raw n  w ires w ere below 80 
p e r cen t. O th e r ex p erien ce  w ith  l ith iu m  has

( C ou rtesy  A . B e y r o lle  & C o m p a n y , L im ite d .)

F i g . 7 . — C o n n e c t o r  a n d  C o n t a c t  B l a d e s  
a n d  B l o c k s  C a s t  i n  D e o x i d i s e d  
C o p p e r  o p  8 0  p e r  c e n t . M i n i m u m  
C o n d u c t i v i t y .

leag u es 18 11 a n d  Z ic k ric k 19 shou ld  be consulted , 
as th e re  a re  co n sid erab le  d isc rep an cies  in  the 
re su lts ;  a cco rd in g  to  S ch u m ach er, a residual 
calc ium  c o n te n t  of 0 . 1  p e r  c en t, depresses the  
c o n d u c tiv ity  of w ro u g h t p ro d u c ts  by  less th an  
3 p e r c e n t .,  b u t  Z ic k rick  re p o rts  a  m u ch  g re a te r  
ad v erse  effect. A fa c to r  te n d in g  to  d e te r  the 
use of calc ium  is i ts  acknow ledged  ten d en cy  to 
give rise  to  dross in clu sio n s in  th e  su rface  of 
c a s tin g s . 10

T he use  of silicon  as a d e o x id a n t d a te s  hack 
fo r a consid erab le  pea'iod, a n d  i t  w ould seem  th a t  
th e  p ra c tic e  of a d d in g  th is  e lem en t to  copper for 
e lectrica l castings was in  th e  first p lace founded



on th e  belief t h a t  i t  d id  n o t adverse ly  a ffect con
d u c tiv ity  ; how ever, i t  is now know n t h a t  silicon 
is second on ly  to  p h osphorus from  th e  p o in t  of 
view of its  depression  of co n d u c tiv ity . In  sp ite  
of th is , c as tin g s h a v in g  q u ite  good c o n d u c tiv ity  
p roperties can  be p roduced  by m eans of silicon 
add itions, an d  a ty p ic a l p ro d u c tio n  p ra c tic e  was 
recen tly  d escribed  by P h illip s 20 who added  0.02 
per cen t, silicon  in  th e  fo rm  of a 15 p e r cen t.

has been em ployed as th e  d e o x id a n t;  th is  p o in t 
has only re cen tly  a risen  from  a co n sidera tion  
of th e  m ost su itab le  ty p e  of copper fo r w e ld in g .’ 
A ccep ting  th e  v a lid ity  of th is  find ing , i t  would 
seem  th a t  th e  chances of h o t-c rack in g  of cas t
ings w ould be less w ith  th e  use  of silicon as a 
d e o x id an t, b u t  i t  is ex trem e ly  d o u b tfu l w hether 
a n y  observations hav e  ev er been m ade  on th is  
p o in t.

(C o u rtesy  A . R e yro lle  & C om pany, L im ite d .) 

F i g .  8 .— C i r c u i t  B r e a k e r ,  s h o w i n g  U s e  o f  C a s t  C o p p e r  C o n t a c t  B l a d e s .

m aster a llo y ; th e  re s u lta n t  cas tin g s  possessed a 
conductiv ity  ap p ro ach in g  90 p e r c en t., w hich  is a 
highly sa tis fac to ry  figu re  an d  b ears te s tim o n y  to  
the  care  ta k e n  a t  a ll stages.

Silicon does n o t im p a ir  th e  f lu id ity  of th e  
m olten m eta l, a lth o u g h  i t  does n o t co n fer th e  
same free -ru n n in g  p ro p e rtie s  as phosphorus a d d i 
tions. T here  is som e in d ire c t evidence t h a t  th e  
s tren g th  of copper a t  te m p e ra tu re s  j u s t  below 
the m eltin g  p o in t is  m uch  g re a te r  w hen  silicon 
is p re sen t in  th e  m e ta l th a n  w hen phosphorus

“  B oron ised  copper ”  is a te rm  w hich is f re 
q u e n tly  enco u n tered , b u t l i t t le  in fo rm a tio n  is 
availab le  concern ing  th e  p ro p e rtie s  of copper- 
bo ro n  alloys ; th e re  is, fo r in stan ce , a d e a r th  of 
in fo rm a tio n  on th e i r  co n d u ctiv ity  p roperties . 
B o th  calcium -horide  and  boron-carb ide  have been 
advoca ted  as d e o x id an t ad d itio n s, and  resu lts  
have been re p o rte d  by Z ick rick .1* 21 A fe a tu re  
of th e  p ra c tic e  w ith  boron-carb ide is th a t ,  owing 
to  th e  s ta b ili ty  of th is  com pound, i t  is necessary 
to  h e a t th e  copper to  a t  least 1,300 deg. C. ; such



a p ra c tic e  m u s t te n d  to  g ive excessive a b so rp tio n  
of h y d ro g en , a n d  is co n seq u en tly  open to  
th eo re tic a l objections.

P ro p e rtie s  o f D e o x id ised  C o p p e r Castings

I t  is possible to  add  b u t  l i t t le  in fo rm a tio n  to  
th .a t a lre ad y  o u tlin e d  re g a rd in g  e le c tr ica l p ro 
p e r tie s  of c a s t p ro d u c ts , a n d  indeed  th e  g e n e ra l 
ru n  of re su lts  should  by now he a p p re c ia te d . 
As is th e  case w ith  o th e r  p ro p e rtie s , such  as

cas tin g s m ay  be held w ith in  lim its  of 35 to  90 
p e r c e n t.,  b u t  th is  calls fo r  e x trem e ly  close 
co n tro l a t  all stag es . T he s t r e n g th  and  h a rd 
ness of copper cas tin g s  a re  in ev ita b ly  ra th e r  un- 
im posing , as w ill be a p p a re n t  from  th e  few 
figures g iv en  in  T ab le  I I .

P a r t s  c a s t  in  deoxid ised  cop p er of 80 p er cent, 
m in im u m  c o n d u c tiv ity  a re  i llu s tra te d  in  F igs. 6  

an d  7, w hile  F ig s . 8  a n d  9 show ap p lica tio n s  of 
such  c a s tin g s  in  sw itch g ea r. T he th re e  castings

(C ou rtesy  B ro o kh ir* t S w itc h g e a r , JA m ited .)  

F i g .  9 . — H i g h - v o l t a g e  C i r c u i t  B r e a k e r ,  t h e  C h o s s - a u m s  o f  
w h i c h  a r e  H t d m - C o n d u c t i v i t y  C o p p e r  C a s t i n g s .

ten s ile  s tre n g th ,  p ro d u c tio n  tech n iq u e  has an  
enorm ous in fluence ; i t  is possible to  env isage  
v a r ia tio n s  be tw een  ab o u t 75 an d  90 p e r cen t, 
co n d u c tiv ity  in  p ro d u c ts  of a g iven  n om inal 
com position  acco rd ing  to  th e i r  d en sity  an d  p ro 
d u c tio n  h is to ry , w hile  th e  sam e com position  in 
th e  w ro u g h t s ta te  m ig h t even show 95 p e r cen t, 
co n d u c tiv ity .

H ow ever, i t  has been effectively  p roved  by 
m an y  firm s t h a t  th e  e lec trica l c o n d u c tiv ity  of
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show n in  F ig . G a re  used  fo r  c ircu it-h reak er 
p a r ts ,  w hile  of th o se  show n in  F ig . 7 th e  cast
in g  a t  th e  back  is a co n n ec to r, th e  o th er four 
b e in g  c o n ta c t blocks an d  b lades. F ig . 8  shows a 
c irc u it  b re a k e r  (w ith  oil t a n k  rem oved) which 
in co rp o ra te s  c a s t cop p er c o n ta c t b lades of the 
ty p e  show n to  th e  le f t  in  F ig . 7. F ig . 9 shows 
a h ig h -v o ltag e  c irc u it  b re a k e r  (also w ith  th e  oil 
t a n k  re m o v e d ) ; th e  c ross-arm s c a r ry in g  the 
co n ta c ts  a re  co p p er c a s tin g s .



P A R T  3.—C O M M E R C IA L  C O P P E R -R IC H  
C A S T IN G  A L L O Y S

Owing chiefly to  th e i r  low h a rd n ess  an d  
s tre n g th , to g e th e r  w ith  th e  f a c t  t h a t  such 
m ach in ing  processes as ta p p in g  a n d  screw th r e a d 
ing can  only be accom plished w ith  some difficulty , 
copper cas tin g s  have  co n v en tio n ally  been used  by 
the e lec trica l in d u s tr ie s  only in  e ssen tia l a p p li
cations. F o r  m ost co n d u c tiv ity  p a r ts ,  especially  
those su b jec ted  to  m echan ical s tre ss  o r w ear, i t  
has been c u sto m ary  to  use c a s tin g s  of co m p ara 
tively heavy cross-section , m ade  in  cop p er alloys 
of m uch in fe r io r  c o n d u c tiv ity  b u t  possessing such 
o ther desirab le  a t t r ib u te s  as g re a te r  s tre n g th  
and ease of m ach in in g . I t  w ill be show n in  
P a r t  4 how new alloys hav e  been developed to 
m eet co n d u c tiv ity  a n d  s tre n g th  req u irem en ts , 
and th e  purpose  of th e  p re s e n t  section  is to  sum 
m arise th e  p ro p e rtie s  of th e  g en era l cop p er alloys

cal p ro p e rtie s  fo r o th e r  copper-base  alloys which 
a re  com m only used  as cas tin g s.

Of th ese  o th e r  alloys, b rasses a re  of m ost 
im p o rtan ce , a n d  i t  seems to  be overlooked by 
m any  e lec tr ica l en g in eers  t h a t  th ey  possess b e tte r  
co n d u c tiv ity  p ro p e rtie s  th a n  do th e  bronzes. The 
re s is tan c e  to  w ear m ay, how ever, n o t alw ays 
be as sa tis fac to ry , as th e ir  “  b e a rin g  p ro p e rtie s  ”  
a re  n o t so good. B rasses used  fo r ca s tin g  p u r 
poses v a ry  considerab ly  in  com position  an d  in  
p u r ity , an d  th e re  is l i t t le  u n ifo rm ity  in  th e  speci
fications of d iffe re n t users. S an d  cas tin g s m ay 
be m ade from  any  b rass  w ith  a  copper c o n te n t 
betw een  a b o u t 55 a n d  80 p e r cen t. R ecogn ition  
m ig h t be g iven  to  a h ig h -q u a lity  b rass  c o n ta in in g  
a b o u t 75 p e r  cen t, copper an d  25 p e r cen t, 
zinc, a comm on q u a lity  b rass  co n ta in in g  a b o u t 
60 p e r cen t, copper, 2  p er cen t, of lead  (which 
im proves m ach in in g  p ro p e rtie s ), ba lance  zinc,

T a bl e  I I I .— General Casting Alloys.

Compo Electrical Tensile Elong. Izod
Alloy. sition. Other conduc strength. Per cent. impact Brinell

elements. tivity Tons per on strength. hardness.
Cu. Sn. Zn. (cast). sq. in. 2  in. Ft.-lbs.

Electrical bronze 87 7 3 3 Pb .. 6 - 1 2 13-16 14-20 2 50
Admiralty gunmetal 8 8 1 0 2 — 1 0 16-20 8-25 6 65
High-quality brass . . 75 — 25 — 20-25 16-18 40 40 45
General brass 60 — 37 2 Pb and up to 

1 impurities
14 1 2 - 2 0 15-25 1 0 50

Manganese bronze 58- —- rem. Up to 3 Al, 2 15-20 30-40 2 0 2 0 100-150
65 Mn, 2 Fe

Brass (die-cast) 60 — 40 — 25 25 45 30 85
Aluminium-bronze . . 8 8 — — 9 Al, 3 Fe 10-15 38 40 30 130

(die-cast)
Aluminium bronze' . . 80 10 AJ, up to 10 

Fe, Mn and 
Ni

6 - 1 2 40-47 15-20 2 0 175-240

which in  th e  fo rm  of cas tin g s  find q u ite  ex tensive  
app lications fo r e le c tr ica l purposes.

Most of these  alloys a re  of a bronze basis, 
a lthough  in  some cases b rasses a n d  a lu m in iu m  
bronzes a re  also em ployed, th e  fo rm er in  sand- 
cast, d ie-cast an d  w ro u g h t fo rm s an d  th e  la t te r  
notably  as d ie-castings. T he s ta n d a rd  bronze 
alloy used fo r e lec tr ica l cas tin g s  h as a com posi
tion  of 87 p e r cen t, copper, 7 p e r  cen t, t in ,  
3 per cen t, z inc, an d  3 p er cen t, lead , a n d  is 
known as “  e lec tr ica l b ronze  th e  lead  c o n te n t 
ensures good m ac h in ab ility  b u t  i t  im p a irs  
stren g th  an d  d u c til ity , a n d , u n d e r  im p a c t 
stresses, th e  alloy is p a r tic u la r ly  w eak. Conse
quently  fo r h igh ly  s tressed  c a s t p a r ts  A d m ira lty  
gu nm eta l ( 8 8  p e r cen t, copper, 1 0  p er cen t, t in ,  
2 per cen t, zinc) is o ften  specified. P ro p e r tie s  
of these m a te ria ls  a re  su m m arised  in  T able  I I I ,  
and th is  shows th e  e x te n t  of im p a irm e n t of con
d u c tiv ity  d u e  to  th e  p resence of t in  and  o th e r  
alloying e lem en ts. Also in  th is  T able a re  ty p i-

an d  th e  g ro u p  of h ig h -ten sile  s tre n g th  brasses 
(m anganese  bronzes). I n  th e  case of th e  la t te r  
g ro u p , p a r tic u la r  care  should  be exercised  over 
th e  alloy com position  if  t in n in g  or so ldering  is 
to  be p e rfo rm ed , because th e  alloys possessing a 
b e ta  s tru c tu re  a re  p rone  to  fa il by  in te rc ry s ta l
line  p e n e tra tio n  of th e  t in  o r solder.

In  th e  case of cas t p a r ts  as exem plified by 
overhead-line  clam p f ittin g s , w hich a re  sub jected  
to  a tm o sp h eric  exposure, a ll th e  b rass  alloys do 
n o t fu n c tio n  equally  s a t is fa c to r i ly ; a lp h a-b e ta  
brasses h av e  in  some in stan ces given pcor service 
ow ing to  dezincifica tion  of th e  b e ta  phase. H ence 
a lp h a  brasses such  as th e  *af o re-m en tioned  75 /25 
alloy a re  p re fe rre d  fo r such service, o r a lte r 
n a tiv e ly  th e  bronzes o r  o th e r alloys m ay  be used.

I n  F ig . 10 a  g ro u p  of 8 8 /1 0 /2  g u n m eta l and 
75 /25  b rass  cas tin g s  is shown. Of these  castings, 
th e  tw o a t  th e  back  m ig h t be called b reach  
h o ld e rs ; th e  hollow cas tin g  in  th e  c en tre , a con
ta c t  h o ld e r ; th e  heavy  ca s tin g  to  th e  le f t  of th is ,



a  c o n ta c t b la d e ; th e  tw o rin g s  a t  th e  r ig h t-h a n d  
side , c o n ta c t r i n g s ; th e  o th e rs  a re  m isce llaneous 
p a r ts . I n  g e n e ra l, th e  “  c o n ta c t ”  c a s tin g s  c a rry  
c u r re n t ,  w hile  th e  o th e rs  do n o t. F ig . 11 shows 
one pole of a c o n ta c to r , th e  su p p o r t fo r  th e  fixed 
c o n ta c t a n d  th e  b ra id  block b e in g  c a s t in  elec
t r ic a l  b ronze.

D ie -ca s tin g s  in  e ith e r  b ra ss  (60 p e r cen t. Cu 
an d  40 p e r  cen t. Z n) o r a lu m in iu m  b ronze  ( 8 8  

p er cen t. Cu, 9 p e r  cen t. A l, a n d  3 p e r cen t. 
F e ) m ay  be em ployed if  sufficient re p e tit io n  p a r ts  
a re  re q u ire d  to  ju s t ify  th e  in i t ia l  tool o u tlay

s ta m p in g , a n d  by m ac h in in g  fro m  f re e -c u ttin g  
b rass rod  ; a f re e -c u tt in g  ty p e  of co p p er is now 
a b o u t to  e n te r  th e  m a rk e t  a n d  th is  m ay  fu r th e r  
com pete  w ith  fo u n d ry  p ro d u c ts .

A p a r t  from  d ie-cas tin g s, re la tiv e ly  l it t le  use 
h as been m ade  of th e  a lu m in iu m -b ro n ze  alloys, 
a lth o u g h  th ey  have  m an y  a d v a n ta g e s  from  th e  
m ech an ica l p o in t of view . A n a p p lic a tio n  of a 
spec ia l ty p e  is th e  w eld ing  jaw s fo r flash-w elding 
m ach ines, fo r  w hich alloys of s lig h tly  g re a te r  
a lu m in iu m  c o n te n t, an d  consequen tly  g reater 
hard n ess , th a n  t h a t  g iven  in  T able  I I I  a re  used.

( C ou rtesy  A . R e y r o lle  & C o m p a n y , L im ite d .)  

F i g .  10.— G n o u r o f  8 8 /1 0 /2  G u n m e t a l  a n d  7 5 /2 5  B r a s s  C a s t i n g s .

a n d  p rov ided  th e  d esign  len d s its e lf  to  th is  
m ethod  of p ro d u c tio n  ; ty p ic a l uses a re  b ru sh  
ho lders a n d  sw itch g ea r p a r ts ,  such as i llu s tra te d  
in  F ig s . 12 an d  13. A m a t te r  w hich som etim es 
g ives rise  to  c r itic ism  of b o th  b ra ss  a n d  a lu 
m in iu m -b ro n ze  d ie -cas tin g s  is  t h a t  of m ac h in in g  ; 
lead  a d d itio n s  to  th e  d ie -cas tin g  alloys, p a r t ic u 
la rly  th e  b rasses, c a n n o t be p e rm itte d  ow ing to  
c rac k in g  tro u b le s  d u r in g  ca s tin g . I n  co m peti
t io n  w ith  cas tin g s , i t  m ig h t be m en tij ned th a t  
th e re  a re  nu m ero u s p a r ts  w hich  a re  m ade  by 
p rr tin g -o ff  from  ex tru d ed  b rass  sections, b y  ho t-
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P A R T  4.— M O D E R N  H 1 G H -C O N D U C T IV IT Y  
H IG H -S T R E N G T H  C A S T IN G  A L L O Y S

T he alloys co n sid ered  in  th is  sec tion  have  been 
in tro d u c ed  w ith in  th e  p a s t  tw e n ty  y ea rs , and 
th e y  owe th e ir  d ev elo p m en t to  th e  e lu c id a tio n  
of th e  basic p rin c ip le s  u n d e rly in g  p re c ip ita tio n  
h a rd e n in g . T he a p p lic a tio n  of th e se  p rincip les 
to  b o th  cas t a n d  w ro u g h t p ro d u c ts  is of as much 
sign ificance from  th e  e le c tr ica l p o in t of view as 
i t  is fro m  th e  m ech an ica l a sp ec t, a lth o u g h  up  to 
th e  p re se n t m ost p re c ip ita tio n -h a rd e n in g  copper- 
base alloys have  been used  p u re ly  on acco u n t of



th e ir  m echan ical p ro p e rtie s . M an y  of th e  alloys 
a re  th e  su b je c t of n u m ero u s p a te n ts , an d  th e  
conflicting  in te re s ts  of th e  v a rio u s p a te n tee s  
have p e rh a p s  ten d e d  to  h in d e r  th e  use of such 
h e a t- tre a te d  m a te ria ls  ; in  m an y  cases th e  p a te n t  
position  is m ost confusing .

K em p f22 has recen tly  review ed th e  a p p lic a tio n  
of p re c ip ita tio n  h a rd e n in g  to  fo u n d ry  products , 
and  only a b r ie f  o u tlin e  of th e  p rin c ip le s  will be 
a tte m p te d  here . W ith  alloys of su itab le  com
position (d e te rm in e d  by th e  n a tu re  of th e  eq u ili
brium  d iag ra m ) a co n d itio n  of s u p e rsa tu ra tio n  
is achieved by ra p id ly  cooling from  a h igh  tem 

p e ra tu re , an d  in  th is  s ta te  bo th  th e  hard n ess and

(C ourtesy  B r o o k h irs t S w itc h g e a r , L im ite d .)
F i g . 1 1 .— C o n t a c t o r  w i t h  B r a i d  B l o c k  

a n d  F i x e d  C o n t a c t  C a s t  i n  E l e c 
t r i c a l  B r o n z e .

electrical co n d u c tiv ity  a re  a t  a m in im um . On 
ageing a t  o rd in a ry  te m p e ra tu re s , o r on re h e a t
ing a t  some te m p e ra tu re  in te rm e d ia te  betw een 
the in it ia l  quen ch in g  te m p e ra tu re  and  o rd in a ry  
tem p era tu res , th e re  occurs a p re c ip ita tio n  of th e  
excess h a rd en in g  c o n s titu e n t from  solid so lu tion , 
and  in  consequence of th is  d ep le tio n  of th e  solid 
so lu tion  th e re  is an  increase  in  c o n d u c tiv ity ; a t  
th e  sam e tim e  an  increase  in  h a rd n ess  an d  
s tre n g th  also re su lts , especially  if  th e  c r it ic a l  
re h ea tin g  cond itions a re  ad h ered  to . O ver-age
ing (by re h e a tin g  a t  to o  h ig h  te m p e ra tu re s )  
re su lts  in  coalescence of th e  p re c ip ita te d  p a r 
ticles w ith  a consequen t loss of s tre n g th  and

h a rd n ess , b u t w ith  l i t t le  f u r th e r  effect on  con
d u c tiv ity , because th is  p ro p e rty  depends on th e  
com position  of th e  solid so lu tion  r a th e r  th a n  on 
th e  d is tr ib u tio n  of th e  p re c ip ita te .

W ith  copper-base  alloys, th e  r a te  a t  which 
ag e in g  occurs a t  o rd in a ry  te m p e ra tu re s  is ex
trem ely  slow an d  c an  be d isreg ard ed  a l to g e th e r ; 
p re c ip ita tio n -h a rd e n in g  of cop p er alloys is 
effected by h e a t in g  a t  te m p e ra tu re s  betw een 
ab o u t 250 an d  600 deg. C.

T he h e a t- tre a ta b le  copper-base  alloys which 
m ay be considered  fo r c a s tin g s  in c lu d e : —

(1) C opper-chrom ium  alloys, o ften  w ith  ad d i
tio n s  of a lu m in iu m , cadm ium , silicon, silver, 
zinc, z irco n iu m  o r  o th e r  e lem ents.

(2 ) C opper-n ickel-silicon alloys.
(3) C opper-cobalt alloys g en era lly  w ith  a d d i

tio n s  of silicon o r bery llium .
(4) C opper-bery llium  alloys, som etim es w ith  

n ickel, z ircon ium , o r  o th e r  e lem en ts added.
(5) C o p p er-titan iu m -silico n  alloys.

C o p p e r C o n ta in in g  C h ro m iu m  A d d itio n s
Of th e  above l is t  of h e a t- tre a ta b le  copper-base 

alloys, m ost c o n sid e ra tio n  h as been  g iven  to  th e  
alloys based on th e  copper-chrom ium  series be
cause  th e  e lec trica l p ro p e rtie s  of these  a re  o u t
s ta n d in g ly  h ig h . W hile  H u n te r  and  S e b a s t , 23 

as early  as 1917, n o ted  t h a t  alloys co n ta in in g  
0.5 to  1 p e r  cen t, chrom ium  possessed h ig h  con
d u c tiv ity , i t  was only rea lised  in  1924, on P a te n t  
ap p lic a tio n s  be ing  m ade by C orson , 24 t h a t  th e  
alloy series w as am enable  to  h e a t- tre a tm e n t. 
D e ta ils  of C orson’s in v es tig a tio n s  have since been 
p u b lish ed , 23 an d  am ongst su b seq u en t im p o r ta n t 
c o n tr ib u tio n s  re la tin g  to  copper alloys co n ta in in g  
chrom ium  are  th e  P a p e rs  by H a r r in g to n , 25 

D av is27 an d  B ra ce . 28 K in ze l23 a n d  C orson 30 have 
recen tly  m ade g en era l review s on th e  p resen t 
stag e  of developm en t of copper-chrom ium  alloys, 
th e  fo rm er d ea lin g  p a r tic u la r ly  w ith  cas tin g s for 
co n d u c tiv ity  ap p lica tio n s . I n  ad d itio n  to  these  
tech n ica l re fe ren ces, th e re  is also a la rg e  p a te n t 
l i te r a tu re ,  w hile d a ta  on  p ro p rie ta ry  alloys have 
also been  m ade  a v a ilab le . 31

T he com m ercial c a s tin g  alloys a ll c o n ta in  be
tw een  ab o u t 0.4 an d  0.8 p e r cen t, chrom ium , a 
ty p ic a l figure  be ing  0.5 p er cen t. The ad d itio n a l 
e lem en ts, such as silver, bery llium  o r silicon, p re
se n t in  some of th e  p ro p r ie ta ry  alloys, can  be 
re g a rd e d  as o p tio n a l, a n d  th ey  a re  of co m p ara 
tiv e ly  m in o r in fluence on p ro p e rtie s , a lth o u g h  
th is  is only a  gen era lised  s ta te m e n t m ade from  
th e  p o in t of view  of c a s t p roducts .

I t  is m ost co n v en ien t to  consider th e  alloys 
in  co n ju n c tio n  w ith  th e  eq u ilib riu m  d iag ram , and  
F ig . i4  rep roduces th e  copper-rich  end of the  
d iag ram , th is  in c o rp o ra tin g  the. so lid-solubility  
lim its  as recen tly  d e te rm in e d  by A lex an d e r . 32 

C astin g s m ade  in  th e  basic 0.5 p e r cen t, 
chrom ium  alloy, if  of sm all d im ensions and



r a p id ly  cooled, e x is t  in  a1 s ta te  o f solid  so lu tio n  
a n d  conseq u en tly  th e  h ig h - te m p e ra tu re  so lu tion  
t r e a tm e n t  m ay  be o m itte d , as ad v o ca ted  by 
N eav e  a n d  M ille r .3“ 31 A lte rn a tiv e ly , th e  
c a s tin g s  a re  “  so lu tio n - tre a te d  ” a t  a p p ro x i
m a te ly  1,000 deg. C. a n d  th e n  ra p id ly  q u enched . 
I n  e i th e r  of th ese  c o n d itio n s  th e  p ro d u c ts  a re , 
of course, so f t  an d  of in fe r io r  c o n d u c tiv ity . 
R e h e a tin g  a t  a  te m p e ra tu re  of 500 to  525 deg . C. 
fo r u p w a rd s  of tw o  h o u rs  re su lts  in  p re c ip ita tio n  
of th e  h a rd e n in g  c o n s t itu e n t,  w ith  ch an g es in  
m ech an ica l an d  e le c tr ica l p ro p e rtie s  as re p o rte d  
in  th e  f irs t sec tio n  of T able  IV .

T he u l tim a te  p ro d u c ts  a re  seen  to  h av e  h ig h  
v a lu es fo r  l im it  of p ro p o r tio n a lity  a n d  p roof 
s tre ss , a n d  th e y  m ay  co n seq u en tly  be u sed  in  
a p p lic a tio n s  in v o lv in g  co n siderab le  s tresses ; w ith  
co p p er c a s tin g s  of a b o u t th e  sam e co n d u c tiv ity  
th e se  p ro p e rtie s  a re  n eg lig ib ly  low, b e ing , in  
fa c t,  som ew hat less th a n  th o se o f  ch ro m ium -copper

p erio d s w ith o u t ch an g e  of p ro p e rtie s . K in ze l2” 
h as reco rd ed  t h a t  a lo ad  of 6.7 to n s  p e r sq. in. 
p ro d u ced  no ap p rec ia b le  creep  in  one m o n th  a t  
400 deg. C.

O th e r  A llo ys

T he p ro p e rtie s  of th e  re m a in in g  p re c ip ita 
t io n -h a rd e n in g  alloys can  p e rh ap s  b est be p re
sen ted  by  m ean s of a com prehensive  T able, and 
some ty p ic a l p ro p e rtie s  of c a s tin g s  m ade  in  the 
v a rio u s  alloys a re  su m m arised  in  T able V. I t  
w ill be possible fro m  th ese  se lected  re su lts  to 
a p p re c ia te  th e  c o m b in a tio n  of m echanical and 
e le c tr ica l p ro p e rtie s  w hich can  he ob ta in ed .

N one of th ese  alloys h a s y e t been used  to  the  
sam e e x te n t  as th e  ch ro m iu m  cop p er, b u t they 
a re  of p o te n tia l  im p o rta n ce  w here  g re a te r  
s t r e n g th  a n d  h a rd n ess  a re  desirab le , a lthough  
th e re  is in ev ita b ly  a  sacrifice of some of the 
c o n d u c tiv ity . T he copper-n icke l-silicon  alloys

T a b l e  IV.—Copper-Chromium Alloys.

Alloy
compo
sition.

Condition.

Limit of 
propor

tionality. 
Tons per 

sq. in.

Yield or 
proof 
stress 
(0.15 

per cent.).
Tons per 
sq. in.

Tensile 
strength. 
Tons per 

sq .in .

Elong. 
Per cent, 
on 2  in.

Reduction 
of area. 

Per cent.
Brinell

hardness.

Electrical 
conduc
tivity. 

Per cent.

99.3 pe r ' 
cent. Cu,

Cast — 2 1 2 50 55 45 45

0 .5 per 
cent. Cr, 
0 . 2  per 
cent. Zn

►
Cast and heat- 

treated a t 500- 
525 deg. C. 
for 2  hrs.

9 15 2 1 2 0 30 1 0 0 83

99.5 per 
cent. Cu, 
0 .4 per 
cent. Cr, 
0 . 1  per 
cent. Be

Cast and heat- 
treated (solu
tion treated at 
900-925 deg. C. 
and reheated 
a t 500 deg. C.)

7 13.4-15.6 10-15 72-75

in  th e  so ft s ta te .  Som e re su lts  by H a r r in g to n 26 

on a  co p p er-ch ro m iu m -b ery lliu m  alloy a re  also 
g iv en  in  th is  T able, an d , a lth o u g h  som ew hat 
in fe r io r  due to  th e  use  of an  insufficien tly  h igh  
q u en ch in g  te m p e ra tu re ,  th e  re su lts  a re  in  gen era l 
seen to  v e rify  th ose  o b ta in e d  w ith  th e  b in a ry  
oopper-chrom ium  alloy.

A n o th e r im p o r ta n t  f e a tu re  of h e a t- tre a te d  
ch rom ium  co p p er is its  r e te n tio n  of s tre n g th  an d  
h a rd n ess  a t  e lev a ted  te m p e ra tu re s . H en ce  th e  
alloys a re  of p a r t ic u la r  im p o rta n ce  fo r  such 
a p p lic a tio n s  as p a r ts  of re s is tan ce-w eld in g  
m ach ines, exam ples of w hich  a re  i l lu s tra te d  in  
F ig . 15, a n d  fo r cy lin d er h ead s fo r spec ia l ty p es 
of in te rn a l-c o m b u s tio n  en g in es a n d  m ould  p a r ts  
re q u ire d  fo r  ca s tin g  purposes. A te m p e ra tu re  of 
350 to  400 deg. C. m ay  be accep ted  as a  safe  
m ax im u m  ra n g e  a t  w hich h e a t- tr e a te d  ch ro 
m iu m -co p p er c a s tin g s  m ay  be used  fo r  long

w ere o r ig in a lly  in tro d u c e d  by C orson a t  the 
sam e tim e  as o th e r  p re c ip ita tio n -h a rd e n in g  
alloys c o n ta in in g  co p p er a n d  silicon , to g e th e r 
w ith  e i th e r  iro n , ch ro m iu m  o r  c o b a lt . ’ 3 The 
m ax im u m  p re c ip ita tio n  occurs, a n d  consequently  
b est m ech an ica l a n d  e le c tr ica l p ro p e rtie s  are 
o b ta in e d , w hen th e  n ick e l a n d  silicon are 
a d ju s te d  in  th e  p ro p o rtio n  of 4 :1 .  W ith  o ther 
ra tio s , excess q u a n ti t ie s  of e ith e r  n icke l or sili
con re m a in  in  solid so lu tio n , a n d  hence will be 
especially  d e le te rio u s  to  c o n d u c tiv ity . From  
s ta te m e n ts  in  C i l le t t ’s P a p e r  33 i t  is  ev iden t 
t h a t  th ese  alloys a re  n o t easy  to  h a n d le  in the  
fo u n d ry .

T he fa c t  t h a t  co p p er-co b alt alloys could be 
h a rd en e d  by p re c ip ita tio n  w as a n o th e r  of Cor
so n ’s d iscoveries, b u t  n e ith e r  th e  b in a ry  alloys 
n o r th ose  c o n ta in in g  silicon hav e  been  used com
m erc ia lly , a lth o u g h  th e  fo rm er have  been  sug-



gested in  re c e n t p a te n ts  fo r in te rn a l-co m b u s tio n  
cy linder-head  c a s tin g s  ow ing to  th e ir  in tr in s ic 
ally g re a te r  h a rd n ess . T he copper-cobalt-bery l- 
lium alloys w ere in tro d u c e d  by D a h l , 37 an d  have  
been developed e x ten siv e ly  by H a r r in g to n 38 88 

and o th ers , a lth o u g h  a p p lic a tio n s  ° in  th e  
form of cas tin g s  hav e  as y e t  been lim ited . 
The alloy c o n ta in in g  2.6 p e r cen t, co b alt an d  
0.4 p er cen t, b e ry lliu m , how ever, possesses ex 
cellent c a s tin g  p ro p e rtie s  a n d  am o n g st possible 
app lications a re  c o m m u ta to r s lip -rin g  cas tin g s, 
tro lley-w ire frogs, clam ps an d  sp licers, c ircu it-  
b reaker p a r ts  an d  s lid in g  co n tac ts , in  a d d itio n  
to a w ide ra n g e  of re sis tance-w eld ing -m ach ine  
parts . T he p ro p e rtie s  of th ese  co b alt-b e ry lliu m

A lth o u g h  i t  would seem  t h a t  th e  h a rd n ess of 
cas tin g s m ade in  b e ry llium  copper would a lm ost 
equal th e  h a rd n ess of w ro u g h t p ro d u c ts , y e t th e  
ten s ile  s tre n g th  fa lls  very  m uch sh ort, nam ely , 
a b o u t 50 to n s p e r sq. in .,  as a g a in s t up w ard s of 
80 to ns. The co n d u c tiv ity  figu re  of 30 p e r cen t, 
suggests t h a t  th e  e lec trica l in d u s tr ie s  m ay  be 
im p o r ta n t users of c a s t b e ry llium -copper when 
h ig h es t m echan ical p ro p e rtie s  a re  desired .

C om stock'“’ 41 has in v es tig a te d  th e  p ro p e rtie s  
of copper alloyed w ith  v a rio u s com bina tions of 
e lem en ts in c lu d in g  t i ta n iu m  an d  silicon, and  
bery llium  w ith  t i ta n iu m , silicon o r zircon ium . 
W hile some of th e  alloys showed m ark ed  response 
to  h e a t- tre a tm e n t ,  th e  p ro p e rtie s  o b ta in ed  d id

F i g . 1 2 .— A l u m i n i u m - B r o n z e

alloys a t  e levated  te m p e ra tu re s  a re  su p e rio r  to  
those of th e  chrom ium -copper alloys.

C opper-beryllium  alloys have  been in  com m er
cial p roduction  since a b o u t 1928, an d  alloys con
ta in in g  nom inally  2.2 to  2.5 p e r  cen t, be ry lliu m  
are unique in  th e  response w hich  th ey  show to  
p rec ip ita tio n -h a rd en in g  t re a tm e n ts . H ow ever, 
the  cost of b ery llium , even th o u g h  i t  is now b u t 
a frac tion  of i ts  p rice  te n  y ea rs  ago, is such  as 
to lim it th e  uses of th e  2.2 to  2.5 p e r  cen t, b e ry l
lium alloys. A p a r t  from  cas tin g s fo r  n o n -sp a rk 
ing tools, in d u s tr ia l  use of b e ry llium  copper has 
been p rac tica lly  confined to  sp rin g  a p p lica tio n s , 
including c o n ta c t sp rin g s  fo r e lec trica l p u r 
poses. I t  is, how ever, in te re s t in g  to  n o te  t h a t  
Laissus an d  P e rso z ,8“ a t  th e  P a r is  In te rn a tio n a l  
Foundry  C ongress, p o in ted  o u t th e  significance 
of th e  alloy g ro u p  fo r fo u n d ry  cas tin g s.

(Cour te sy  Sagar -R ich ard s ,  L im i ted .)

D i e - c a s t  B r u s h  H o l d e r s .

n o t a p p ea r  to  be sufficiently o u ts ta n d in g  to  sug 
g est ex ten siv e  a p p lic a tio n ; th e  p ro p e rtie s  of one 
of th e  co p p er-titan iu m -silico n  alloys a re  included 
in  Table V.

P A R T  5.— F O U N D R Y  T E C H N IQ U E

T his section  is lim ite d  to  a consid era tio n  of 
th e  p ro ced u re  su itab le  fo r deoxid ised  copper and 
copper c o n ta in in g  chrom ium  add itio n s, a lth o u g h  
th e  p rin c ip les  m ay  also be ta k e n  as being  a p p li
cable to  th e  o th e r  alloys of copper c o n te n t ex
ceed ing  a b o u t 97 p e r cen t. F o u n d ry  p ractice  
w ith  th e  b rasses an d  bronzes has been th e  su b ject 
of m an y  review s an d  w ill n o t be considered  in 
th is  P a p e r .

T he fac to rs  necessary  fo r th e  sa tis fac to ry  
c a s tin g  of co p p er in to  com plex shapes m ay  con



v en ie n tly  be co n sid ered  u n d e r  th e  follow ing 
d iv is io n s :— (1) M e ltin g  p ro ced u re , a n d  (2) 
m oulds a n d  m ou ld  m a te ria ls .

M e ltin g  P ro ced u re

A lth o u g h  th e  use  of c e r ta in  p a r t ic u la r  ty p es  
of m e ltin g  u n i ts  is o f te n  c la im ed  as b e in g  essen
t ia l  by p ra c tic a l fo u n d ry m en , i t  is n o t considered  
th a t  th e  m eth o d  of m e ltin g  is of su p rem e  im 
p o rta n c e  a n d  equally  sa tis fa c to ry  re su lts  c an  be 
o b ta in e d  w ith  a lm o st an y  m e ltin g  e q u ip m e n t, 
p ro v id in g  t h a t  th is  confo rm s w ith  th e  necessary  
s ta n d a rd  of efficiency. T he m a jo r i ty  of deox i
d ised  c o p p er c a s tin g s  a re  m ad e  fro m  m e ta l w hich

w hich is occluded in  th e  m e ta l.)  T he p ro 
ced u re  should  be to  c h a rg e  th e  co p p er in to  th e  
c ru cib le , cover w ith  ch arco a l, flux  o r o th e r 
co v erin g  a n d  th e n  seal th e  c ru c ib le  w ith  a woll- 
f i t t in g  lid . T h is l a t t e r  should  n o t  he rem oved 
ex cep t fo r  th e  p u rp o se  of m ak in g  fu r th e r  
ad d itio n s  to  th e  c ru cib le . T he coke m u st be 
th o ro u g h ly  d ry  as th e  w a te r  p re se n t in  w et coke 
d isso c ia tes in to  h y d ro g en  an d  oxygen a t 
e le v a te d  te m p e ra tu re s . T h ere  seem s lit t le  
d o u b t t h a t  th e  m o is tu re  c o n ta in ed  in  fuels is 
th e  p r in c ip a l source  of th e  h y d ro g en  fo u n d  in 
c ru c ib le  fu rn a c e  a tm o sp h eres , an d  th e  im p o rtan ce  
of c o n tro llin g  such a tm o sp h eres will be appre-

T a b l e  V .— Properties of Precipitation-H ardening Casting A lloys.

Alloy
composition. Condition.

Limit of 
propor

tionality. 
Tons per 

sq. in.

Yield or 
proof 
stress 
(0.15 

per cent.). 
Tons per 

sq. in.

Tensile 
strength. 
Tons per 
sq. in.

Elong. 
Per cent, 
on 2  in.

Reduc
tion 

of area. 
Per cent.

Brinell
hard
ness.

Electrical 
conduc
tivity. 

Per cent.

96.9 per cent. Cu, 
2 .5  per cent. Ni, 
and 0 . 6  per cent. 
Si

Sand-cast and 
heat - treated 
a t  450 deg. C.

29 34 8 15 2 0 0 40

97 per cent. Cu, 2 .6  
per cent. Co, and 
0 .4  per cent. Be

Cast in graphite 
mould and 
heat-treated

2 0 40 1 0 2 0 2 2 0 45-50

97.8 per cent. Cu, 
2 .2  per cent. Be 
(other elements 
sometimes present 
to  the extent of 
0.25 per cent.)

Sand-cast and 
heat-treated a t 
350 deg. C.

40 50 1 0 400 30

98.9 per cent. Cu, 
0 .8  per cent. Ti, 
and 0 .3 per cent. 
Si

Cast and heat- 
treated a t 450 
deg. C.

1 0 2 0 16 23 78 41

is m elted  in  coke-fired c rucib le  fu rn a c e s  an d  fo r 
th is  reason  g e n e ra l re m a rk s  w ill be concerned  
w ith  th is  m e ltin g  m ethod .

I t  w ill have  been  c lear from  P a r t s  1 an d  2 
th a t  a b so rp tio n  of gases, p a r tic u la r ly  hydrogen , 
by th e  m o lten  m e ta l is th e  p r in c ip a l cause  of 
tro u b le s in  ca s tin g . C onsequen tly  i t  is d esirab le  
th a t  th e  m e ltin g  co n d itio n s should  offer a m in i
m um  chance  of gas so lu b ility . T he f irs t re 
q u irem en ts  a re  ra p id  m e ltin g  a n d  avo idance  of 
o v e rh e a tin g  of th e  m eta l, b u t th e re  a re  m an y  
m in o r p o in ts , a t te n tio n  to  w hich w ill g re a tly  
help .

T he p ra c tic e  of p re h e a tin g  p a r t  of th e  
ch arg e  in th e  w aste  gases, w hich s ti ll  p e rsis ts  
in  some fo u n d ries , m u s t be rig o ro u sly  avo ided , 
as th is  p rov ides a  m ax im u m  o p p o r tu n ity  fo r 
ab so rp tio n  of gases an d  of su lp h u r. (On th e  
o th e r  h a n d , w ith  ch arg es of cath o d e  copper, th e re  
m ay  be an  a d v a n ta g e  in  re so r tin g  to  a  p re lim i
n a ry  r c a s t  so a s  to  rem ove som e of th e  hyd ro g en

c ia te d  from  th e  f a c t  t h a t  c ru c ib les  show con
s id e rab le  p e rm e ab ility .

A lth o u g h  ch arco al (p re fe ra b ly  well d ried ) has 
been  th e  co n v en tio n a l cover fo r copper, use has 
som etim es been  m ade  of fluxes such as glass, 
w hile  fluo ride-base  fluxes have  also been em
ployed w hen m ak in g  cop p er-ch ro m iu m  alloys. 
F lu x  covers of a n  o x id is in g  n a tu re ,  such as a re  
a t  p re se n t b e in g  ad v o ca ted  fo r co pper-tin  
alloys, offer som e a tt r a c t io n s ,  b u t  i t  w ould seem 
t h a t  th e  a t t e n d a n t  d isa d v a n ta g e s  of ineffective 
con tro l of oxygen  c o n te n t a n d  c o n tam in a tio n  
from  m e ta llic  - e lem en ts  d e riv ed  from  th e  flux 
covers a re  such  as to  d e b a r  th e i r  use.

W ith  s ta n d a rd ise d  raw  m a te r ia ls  a n d  con
d itio n s , th e  a d d it io n  of a  p re d e te rm in e d  am o u n t 
of d e o x id a n t im m e d ia te ly  p r io r  to  w ith d raw al 
from  th e  fu rn a c e  should  g ive  c o n sis ten tly  sa tis
fa c to ry  re su lts . I t  h a s  a lre a d y  been exp la ined  
th a t ,  w hile  from  th e  p o in t of view  of effects 
on c o n d u c tiv ity  a m in im u m  a m o u n t of d e o x id an t



is  desired , y e t  fo r c a s tin g  th e re  m u s t be 
sufficient d eo x id a n t p re sen t to  c o u n te ra c t oxygen 
pick-up d u r in g  p o u rin g . F o r  these  reasons th e  
p ractice  of ta k in g  sm all sam ple in go ts h as been 
estab lish ed  in  som e fo u n d ries , an d , acco rd ing  
to  th e  soundness of th e  f ra c tu re s  in  th e  sam ple 
castings, in c re as in g  ad d itio n s  of d e o x id a n t- a re  
m ade u n t il  freedom  from  poro sity  is o b ta in ed .

The p ro ced u re  of a d d in g  f u r th e r  am o u n ts  of 
deoxidan ts a f te r  p o u rin g  th e  firs t p a r t  of th e  
charge, w hile  necessary  w ith  la rg e  q u a n ti t ie s  of 
m etal, does n o t seem  to  be p ra c tis e d  w ith  th e  
usual sm all q u a n ti t ie s  m elted  in  fo u n d r ie s ; th e  
necessity w ith  la rg e  q u a n ti t ie s  of m eta l, of 
course, arises from  losses d ue  to  o x id a tio n .

M oulds and M o u ld  M a te r ia ls
Two p a ra m o u n t fe a tu re s  which m u st be tak en  

in to  co n sid era tio n  a re  (a) th e  w eakness ol 
copper a t  te m p e ra tu re s  ju s t  below th e  freez ing  
po in t an d  (b) th e  p ronounced  sh rin k ag e . The 
w eakness of c a s t copper a t  te m p e ra tu re s  ju s t  
below freez in g  p o in t has a b ea rin g  on design 
a n d  on th e  choice of m ould m ate ria ls . Con
side rab le  c a re  is necessary  to  avoid th e  develop
m en t of cracks in  cas t p ro d u c ts ; any  “ h a n g 
in g  ”  of th e  cas tin g s is fa ta l ,  while a b ru p t 
changes in  section  also o ften  give rise  to  troubles. 
W ith  th e  o b jec t of avo id ing  c rack in g  i t  is th e  
p ra c tic e  in  some fo u n d ries  to  rem ove castings 
from  th e  m oulds as early  as possible, a lth o u g h

(C ourtesy  S a g a r-R ich a rd s , L im ite d .)

F i g . 13.— A l u m i n i u m - B r o n z e  D i e - c a s t  S w i t c h g e a r  P a r t s .

W ith  chrom ium -copper alloys, th e  chrom ium  
add itions should be m ade  a f te r  th e  d eo x id a tio n , 
allowing ab o u t five o r te n  m in u te s  fo r com plete 
so lu tion  of th e  m as te r  alloy. T he chrom ium  
itself is a s tro n g  d eo x id a n t an d  w ill p re v en t 
pick-up of oxygen d u r in g  th e  pe rio d  in  th e  
furnace and  d u r in g  p o u r in g ; th e  losses a p p e a r  
to  v ary  betw een 10 an d  30 p e r  cen t, of th e  
am ount of chrom ium  ch arged .

An im p o r ta n t p o in t w ith  copper req u ired  for 
conductiv ity  purposes is t h a t  s t i r r in g  and  
skim m ing of th e  m eta l bo c a r r ie d  o u t w ith  
g ra p h ite  to o ls ; th e  o rd in a ry  iron  tools g ive rise 
to  iron  c o n tam in a tio n . P o u r in g  te m p e ra tu re s  
a re  genera lly  close to  1,200 deg. C., w hich  te m 
p e ra tu re  should  n o t as a ru le  be exceeded a t  
any tim e  d u r in g  m eltin g .

i t  is n o t know n to  w h a t e x te n t th is  effects an  
im p ro v em en t; from  re c e n t researches i t  would 
seem t h a t  th e  b r i t t le  ran g e  occurs a t  tem p e ra 
tu re s  ex trem e ly  close to  th e  m eltin g  p o in t, and  
hence i t  is th o u g h t t h a t  rem oval of castings 
from  th e  m oulds could n o t he effected sufficiently 
ra p id ly  to  avoid th e  occurrence of cracks if these  
w ere p rone  to  develop. The m ain  p recau tio n  
w hich is usua lly  ad o p ted  is to  employ frag ile  
m oulds an d  cores, w ith  th e  a id  of w hich a high  
degree of success m ay be a tta in e d . Beyond 
s ta tin g  th a t  a perm eable  ty p e  of sand  is desired , 
p ra c tic a l fo u n d ers  do n o t a p p ea r to  have given 
defin itions on th e  g rad e  of sand  employed. F o r 
sm all c as tin g s g reen -sand  p rac tice  is adop ted , 
b u t fo r la rg e r  cas tin g s d ry -sand  m oulds a re  used, 
f t  is e v id e n t t h a t  an  im p o r ta n t accom panim ent



of th e  h ig h  p e rm e a b ility  a jm ed  a t  by fo u n d e rs  
is low s t re n g th  of m oulds a n d  cores a t  h igh  
te m p e ra tu re s .  F ro m  th e  re c e n t o b se rv a tio n s  of 
D ie te r t  an d  W oodliff42 on  th e  h o t s t re n g th  and  
c o lla p s ib ility  of fo u n d ry  san d s, low s t r e n g th  a t  
h ig h  te m p e ra tu re s  is ach ieved  by u s in g  co arse 
g ra in e d  san d s, low m o is tu re  c o n te n ts  a n d  m in i
m u m  a m o u n t of bond.

C e r ta in  spec ia l c a s tin g s , such  as hollow -shaped 
“  m o th er-m o u ld s ”  re q u ire d  in  th e  copper- 
re fin in g  in d u s try , a re  c a s t in  1  : 1 0  c em en t-san d  
m oulds. On a cco u n t of th e  c rac k in g  su sce p tib ili
t ie s , d ie -cas tin g  of copper is n o t possible.

C hiefly  ow ing to  th e  absence of a so lid ification  
ra n g e , sh rin k a g e  is a so u ice  of m uch  tro u b le  
w ith  copper, a n d  i t  is necessa ry  to  p ro v id e  feed 
in g  h eads a n d  r ise rs  of g enerous p r o p o r t io n s ; 
in  th is  co n n ec tio n  th e  p ra c t ic e  to  be ad o p te d  is  
closely s im ila r  to  t h a t  necessary  w ith  steel,

th e  difficulties so f re q u e n tly  re p o rte d . A voidance 
of la rg e  sh r in k a g e  cav itie s  in  th e  cas tin g s  th em 
selves is a tta in e d  by th e  u su a l p ro ced u re  of 
m a in ta in in g  th e  m e ta l in  th e  fe ed in g  heads and 
r ise rs  in  th e  m olten  co n d itio n  u n t i l  so lidification 
of th e  ca s tin g  its e lf  is com ple te . I t  is th o u g h t 
t h a t  l i t t le  p u rp o se  w ould be served  by en la rg in g
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Fro. 14.— C o p p e r - C h r o m i u m  E q u i l i b r i u m  
D i a g r a m .

alum in ium , b ronze, m an g an ese  bronzes, an d  o th e r  
m a te ria ls  w hich  do n o t  possess a  w ide solid ifica
t io n  ra n g e . I t  m ig h t be n o ted  th a t ,  c o n tra ry  to  
g e n e ra l be lie f, th e  free z in g  sh rin k a g e  a n d  subse
q u e n t  solid  sh rin k a g e  of deox id ised  copper a re  
no g r e a te r  th a n  th o se  of an y  co p p er alloys43 ; 
i t  is th e  absence of a  freez in g  ra n g e  w hich causes

(C o u r tesy  H ig h  D u ty  B r o n z e , L im ite d , and  
M a llo ry  M e ta llu r g ic a l P ro d u c ts , L im ited .)

F i g . 15.— E l e c t r o d e  H o l d e r s , f o r  R e s i s t 
a n c e - W e l d i n g  M a c h i n e , C a s t  i n  
C h r o m i u m - C o p p e r  A l l o y .

on th is  asp ec t since every  c a s tin g  necessitates 
in d iv id u a l t r e a tm e n t.  S ev e ra l exam ples have 
been d e ta ile d  by D w y er , 44 w h ile  P h illip s 20 has 
p ro v ided  p h o to g rap h s  of m an y  cas tin g s showing 
th e  g a tin g  m ethods ad o p ted .
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D IS C U S S IO N

M r. M i l l e r  first apologised  fo r th e  om nibus 
n a tu re  of th e  P a p e r . H e  h ad  been  com pelled to  
deal w ith a w ide ra n g e  of alloys, a n d  th is  p o in t 
alone m ig h t be ta k e n  as s ig n ify in g  d ifficulty  in 
m eeting th e  re q u ire m e n ts  of e lec tr ica l en g in eers  
and others. H ow ever, he h a d  been im pressed  by 
the considerable ra n g e  of b rasses an d  bronzes 
used, and  th o u g h t t h a t  th e re  w as l i t t le  ju s tif ic a 
tion fo r th e  use of such  a  ra n g e  of alloys. H ence, 
efforts which would re su l t  in  s ta n d a rd isa tio n  
were to  he h igh ly  c o m m en d ed ; t r ib u te  m u st be 
paid to  th e  w ork of th e  N o n -F erro u s  T echnical 
Sub-Com m ittee of th e  I n s t i tu te  of B ritish  
Foundrym en, w hich h ad  issued  v a lu ab le  re p o rts  
on leaded bronzes an d  g u n m eta l. As a g a in s t th is  
use of a m u lti tu d e  of c a s t b ronzes an d  brasses, 
the e lectrical and  m echan ical p ro p e rtie s  of which 
were no t w idely d iffe ren t, he h a d  been  im pressed  
by the  developm ent of o th e r  alloys p e rm ittin g  
the a tta in m e n t of specia l com b in a tio n s of con
ductiv ity  an d  s tre n g th . T hus, w hile on th e  one 
hand i t  m ig h t be sa id  t h a t  th e  n u m b er of th e  
older alloys could be red u ced , y e t i t  m u st be 
recognised t h a t  some of th ese  n ew er m a te ria ls  
were advan tageous. These alloys as y e t w ere in 
the  early  stages of developm en t, b u t  he believed 
th a t th e ir  fu tu re  use in  th e  e lec tr ica l in d u s try  
would be very  w ide.

E le c tro d e  H o ld e rs
M r . T. K r o g v i g  (N orw ay), a f te r  a  t r ib u te  to  

the  a u th o r, sa id  th a t  th e  u su a l com m ercial 
alloys which were m en tio n ed  d id  n o t in clude  th e  
one alloy w hich w as used  in  N orw ay  fo r  la rg e  
electrode ho lders fo r  e lec tric  fu rn a c e s ; i t  was 
an alloy co n ta in in g  a b o u t 15 to  17 p e r cen t, 
zinc, th e  re m a in d e r be in g  copper. H e  asked 
w hether th e  a u th o r  was of th e  op in io n  t h a t  th a t  
was a b e tte r  alloy th a n  those c o n ta in in g  25 p er 
cent. zinc. I t  was n o t so easy to  c a s t as w ere
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those co n ta in in g  25 p e r  cen t, z inc, so t h a t  if 
i t  d id  n o t give b e tte r  serv ice th a n  th e  l a t te r ,  
th e re  was no  reaso n  fo r u sin g  i t .

M r . M i l l e r  was in te re s te d  in  th e  fa c t th a t  
in  N orw ay  th ey  h a d  been  able to  s ta n d a rd ise  
on a n  alloy co n ta in in g  83 to  85 p e r cen t, 
copper an d  15 to  17 p e r cen t. z inc. 
H e  h a d  in te n d e d  to  give th e  im pression  
in  h is P a p e r  t h a t  th e  brasses used  in  G re a t 
B r i ta in  ra n g ed  in  copper c o n te n t betw een 
a p p ro x im a te  lim its  of 55 a n d  80 p e r  cen t. 
A lm ost every  m a n u fa c tu re r  or specify ing  en g i
n ee r se lected  a d iffe ren t com position  to  wdiich 
fo u n d e rs  h a d  to  com ply. H e  h ad  m en tioned  
in  p a r tic u la r  th e  75 p e r  cen t, copper, 25 p er 
c en t, z inc  alloy a n d  th e  60 p er cen t, copper, 
2 p er cen t, lead , 38 p e r cen t, z inc alloy be
cause he h ad  th o u g h t  th a t  these  w ere ty p ica l 
an d  very  logical com positions.

T h ere  would n o t he a g re a t  d ifference in  th e  
p ro p e rtie s  of th e  b in a ry  copper-zinc alloys in  
which th e  zinc c o n te n t v a rie d  from  15 p e r 
cen t, to  25 p e r cen t. N a tu ra lly , alloys h av in g  
th e  low er zinc c o n te n t would be slig h tly  w eaker 
an d  so fte r, w hile, in  re sp ec t of e lec trica l con
d u c tiv ity , he suggested  th a t  th e  d ifference 
would be be tw een  a b o u t 25 p e r cen t, a n d  a l i t t le  
over 30 p e r cen t.

D eg asification  o f C o p p er
P r o f e s s o r  P o r t e v i n , d ealin g  w ith  th e  

a u th o r ’s s ta te m e n t concern ing  th e  rule p laj'ed  
by gas in  th e  reac tio n s, p a r tic u la r ly  on th e  
e lim in a tio n  of h ydrogen  an d  oxygen, an d  th e  
p o in t m ade th a t  hydrogen  could he e lim in a ted  
by a process described in  an  A m erican  P a te n t ,  
sa id  he  was n o t well a cq u a in ted  w ith  th e  P a te n t  
as d is tin c t from  o th e r tech n ica l l i te ra tu re ,  be
cause i t  w as som etim es ra th e r  d ifficult to  in 
t e r p r e t ;  he was aw are  of only one process fo r 
rem oving  th e  h ydrogen  from  alloys of th e  k in d  
d iscussed, a n d  th a t  process depended  on th e  use 
of oxygen to  rem ove th e  hydrogen . H e asked 
fo r f u r th e r  in fo rm a tio n  on th e  m a tte r .

W ith  re g a rd  to  th e  suggestion  t h a t  a lum i
n iu m  was a good deoxid iser, he  expressed th e  
o p in io n  t h a t  i t  was difficult to  deoxidise sa tis 
fa c to rily  by th e  use of a lu m in iu m . F ro m  ex
p e rim en ts  ac tu a lly  c a rr ie d  o u t by D r. B astien , 
who w as p re sen t, i t  was found  t h a t  when a lum i
n iu m  was ad d ed  to  h ig h ly  oxid ised  copper, th e  
l i t t le  drops of m elted  a lu m in iu m  su rro u n d ed  
them selves w ith  an  oxide film which precluded 
d e o x id a t io n ; i t  was necessary  to  s t i r  th e  
m elted  m e ta l v igorously , p re fe ra b ly  w ith  a flux 
disso lv ing  th e  oxide on fo rm atio n .

M r. M i l le r ’s Reply
M r. M i l l e r  rep lied  t h a t  th e  P a te n ts  to  which 

he h ad  re fe rre d  w ere ta k e n  o u t by th e  A m erican  
M e ta l C om pany o r th e i r  su bsid ia rie s, an d  th e re



w as no d o u b t t h a t  w ith  th e  a id  of th o se  P a te n ts  
th e  com pany  h a d  been  ab le  to  p roduce  a n d  m a r 
k e t oxyg en -free  co p p er w hich  in  th e  c a s t co nd i
t io n  w as e x tre m e ly  sound , free  fro m  oxygen, 
a n d  w as of h ig h  c o n d u c tiv ity . A ccord ing  to  
d e sc rip tio n s  g iv en  in  th e  P a te n ts  a n d  by E . F . 
C one,*  p ro d u c tio n  involved  th e  m e ltin g  of 
ca th o d e  cop p er in  a re v e rb e ra to ry  fu rn a c e , th e  
m o lten  m e ta l th e n  b e in g  led  in to  a  su b s id ia ry  
fu rn a c e  sea led  fro m  th e  o rd in a ry  a tm o sp h e re . 
I n  th is ,  ch arco al, w hich  fu n c tio n e d  as a  cover 
a n d  a  filte r, red u ced  th e  ox ide  ; in  a d d itio n  th e re  
w as p ro v id ed  a n  a tm o sp h e re  of ca rb o n  d io x id e  
a n d  n i tro g e n  fro m  w hich  th e re  w as ca re fu l re 
m oval of w a te r  v ap o u r. T he m e ta l w as led  by

* “ M eta ls and  A lloys,”  1937, 8, 3.

closed la u n d e rs  in to  th e  m oulds, w hich were 
also filled w ith  carb o n  m onox ide  a n d  n itro g en , 
so t h a t  so lid ificatio n  o ccu rred  o u t of c o n ta c t w ith 
a ir .  I t  was p resum ed  t h a t  th e  h y d ro g en  was 
rem oved  by a p u rg in g  a c tio n  of th e  n on-reac tive  
gases.

As to  th e  use of a lu m in iu m  as a d e o x id an t, he 
sa id  he h a d  n o t  h a d  a c tu a l  ex p erien ce  of its 
use  in  v e ry  sm all q u a n ti t ie s .  Such  P a p e rs  as 
he  h a d  re a d  r a th e r  d e p rec a te d  i ts  use fo r th is 
pu rp o se , since i t  fo rm ed  a lu m in iu m  oxide 
films, w hich becam e e n tra p p e d  in  th e  m eta l and 
g av e  r ise  to  d e fec ts  of a  v e ry  serious n a tu re . 
On in tro d u c in g  a lu m in iu m  in to  copper he could 
q u ite  v isu a lise  th e  im m e d ia te  fo rm a tio n  of a 
film w hich w ould p re v e n t th e  re m a in d e r  of the 
a lu m in iu m  from  fu n c tio n in g  sa tis fac to r ily .
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In tro d u c tio n
The com prehensive c h a ra c te r  of th is  su b jec t 

is such th a t  a fu lly  a d eq u a te  t r e a tm e n t  would 
require a  c o n tr ib u tio n  of m uch g re a te r  len g th  
th an  th e  p re sen t P a p e r .  The su b je c t has, th e re 
fore, been t re a te d  b riefly  in  a  n u m b er of sec
tions, com m encing w ith  a som ew hat h is to rica l 
tre a tm e n t an d  conclud ing  w ith  a d iscussion  of 
the o u ts ta n d in g  problem s. P ro m in en ce  has 
been d irec ted  to  th e  a c tiv it ie s  w ith  which th e  
au th o r has been m ore p a r tic u la r ly  concerned, 
notably th e  w ork of th e  S teel C astin g s R esearch  
C om m ittee of th e  Iro n  an d  S teel I n s t i tu te .

There is p robably  no steel p ro d u c t which 
presents such d ifficulties in  m a n u fa c tu re  as a 
perfectly  sound stee l c a s tin g . I t  is t ru e ,  also, 
to say th a t  in  few processes does successful pro
duction depend so m uch on th e  in d iv id u a l skill 
of the  o p erativ e . W h ils t th e  a r t  of th e  m ou lder, 
accordingly, m u st a lw ays be an  im p o r ta n t  fa c to r  
in steel fo u n d in g , th e  a p p lic a tio n  of scientific  
control in th e  fo u n d ry  p lays an  in creas in g ly  im 
p o rtan t role. In  every  b ra n ch  of h u m an  
activ ity  th is  rep lacem en t of th e  a r t  of th e  in 
d ividual c ra ftsm en  by m ethods based on co
ord ination  of effort, an d  th e  sys tem atised  s tu d y  
of m any experiences, is th e  n a tu ra l  course of 
progress.

W hen co n sid era tio n  is g iven  to  th e  accom 
plishm ents of th e  steel fo u n d ers  in  th e  seven ties 
of last cen tu ry , i t  is im possible n o t to  ad m ire  
the excellent re su lts  o b ta in e d  in th e  absence of 
all those m ethods of sc ien tific  con tro l t h a t  a re  
freely availab le  to -day . N everthe less , d ue  to  
the absence of sy s tem atic  know ledge, p rogress 
had doubtless to  be p a id  fo r dearly  in  te rm s of 
w asters before a p a r tic u la r  ty p e  of c a s tin g  could 
be perfec ted . T he h is to ry  p ro b ab ly  w ill never 
be w ritte n  of those  ea rly  s tru g g les  in  th e  
developm ent of a tech n iq u e  w hich form ed th e  
basis of p re sen t p rac tice .

E A R L Y  D E V E L O P M E N T S

I t  was in th e  ea rly  fifties of th e  la s t  c en tu ry  
th a t  success was first a tta in e d  in  m ak in g  steel 
castings. Ja k o b  M ayer, of B ochum , h ad  over
come th e  d isa b ility  a r is in g  from  th e  b u rn in g - 
on of o rd in a ry  m ou ld ing  sand  to  th e  ca s tin g

by th e  use  o f calcined  fireclay, o r old crucibles 
g ro u n d  to  pow der. T he process w as p a te n te d  
in  E n g la n d  by E . R e ip e , an d  first o p e ra ted  in 
th is  c o u n try  by V ickers in  1855. The e a rlie r  
cas tin g s m ade w ere bells, cog wheels, ra ilw ay  
crossings an d  r in g s  fo r  ro llin g  in to  ra ilw ay  
ty re s . 1

T he T erre  N o ire  W orks in  F ra n c e  were 
su p p ly in g  ra ilw ay  c a rr ia g e  wheels, crossings and  
rolls in  1870, an d  th e  a u th o r ’s own com pany, 
th e n  know n as th e  H adfield  S teel F o u n d ry  
C om pany, e x h ib ited  a t  th e  P a r is  E x h ib itio n  of 
1878, double sp u r  wheels, ra ilw ay  crossings, 
wheels, pulleys an d  h y d ra u lic  cy linders.

I t  w as only fo u r  y ears  a f te r  th is  tim e  th a t  
M r. H adfield , now S ir R o b e rt H adfield , B t., 
F .R .S .,  in v en ted  m anganese  steel, an d  th e  sub 
seq u en t ap p lic a tio n  of th is  m a te ria l  in  th e  p ro 
d u c tio n  of m anganese  steel c as tin g s p rov ided  a 
sig n a l in s tan ce  o f th e  va lue  of resea rch  in  th e  
fo u n d ry . C oncern ing  th e  o rig in  of th e  first 
m anganese  steel c as tin g s, i t  m ay be of in te re s t 
to  reca ll t h a t  H adfield , a t  t h a t  tim e  a young 
m an  of 2 2 , recorded  in  h is e x p erim e n ta l no te 
book u n d e r  th e  d a te  S ep tem b er 7, 1882, th e  
follow ing : —

“  I  w as led to  m ake th e  follow ing ex p eri
m en ts  w ith  a  view to  th e  p ro d u c tio n  of a very  
h a rd  steel fo r tram w ay  wheels, and  g r in d in g  
wheels o r discs to  be used in  th e  place of 
em ery  wheels. The ex p erim en ts  have  led to  
some cu rious, p e rh ap s  m ost m om entous 
re su lts  t h a t  m ay  to  some e x te n t  en tire ly  
revo lu tion ise  m e ta llu rg ica l op inions as regards 
alloys o f iro n  and  s te e l.”

H ow  tru e  w ere th e  w ords ita lic ised  was 
am ply  p roved  by su b seq u en t m eta llu rg ica l 
h is to ry .

T he p e rfe c tin g  of th is  first a u s te n itic  alloy 
s teel as ap p lied  to  cas tings involved th e  so lu tion  
of new problem s in  every  b ran ch  of m an u fac 
tu re  : in  m odification  of th e  m a te ria l  used in  
th e  lad le  lin in g  and  of th e  re fra c to rie s  used  in  
th e  m o u ld in g  ; new  problem s of feed ing  were 
involved an d , ow ing to  th e  h a rd n ess of th e  steel, 
new m ethods of c lean ing , fe tt l in g  an d  fin ish ing 
had  to  be fo u n d ; m oreover, to  develop th e



u n iq u e  physical p ro p e rtie s  w hich  c h a ra c te ris e d  
th e  new  steel, th e  m eth o d  of h e a t- tr e a tm e n t  as 
used  fo r  o rd in a ry  steel c a s tin g s  h a d  to  be 
rev o lu tio n ised .

In i t ia t io n  o f Sand R esearch

T he a p p lic a tio n  of sc ien tific  co n tro l in  th e  
m e ta llu rg y  of s te e lm ak in g  h as been  o p e ra tiv e  
fo r  m an y  y e a r s ; on th e  o th e r  h a n d , i t  is only 
w ith in  co m p ara tiv e ly  re c e n t tim es  t h a t  rea lly  
serio u s a t te n tio n  h as been  devo ted  to  sc ien tific  
m eth o d  in  m o u ld in g  a n d  c a s tin g  tech n iq u e . 
C o n tro l of m o u ld in g  san d s is a t  th e  v ery  
fo u n d a tio n  of s tee l-fo u n d ry  tech n iq u e . I n  th is  
field, g r e a t  c re d it  m u s t be g iv en  to  P ro fe sso r 
P . G. H . Bosw ell, am o n g st o th e rs , fo r  h is 
p io n ee r w ork , fo r  i t  c an  be t ru ly  sa id  t h a t  i t  
was he who, in  G re a t  B r i ta in ,  la id  th e  fo u n d a 
t io n  of th e  sc ien tific  te s tin g  of fo u n d ry  sands.

Bosw ell h im self in  19213 h a d  n o ted  th a t ,  
a lth o u g h  th e  ex ten siv e  en d o w m en t of sc ien tific  
re sea rch  in  th e  U n ite d  S ta te s  h a d  becom e p ro 
v e rb ia l, i t  w as re m a rk ab le  t h a t  re sea rch  u p o n  
fo u n d ry  prob lem s h a d  th e re  rece ived  so l i t t le  
a tte n tio n . T he B u re a u  of S ta n d a rd s  a lone  h ad  
co n d u cted  in v e s tig a tio n s  on m o u ld in g  sands. 
Boswell h a d  q u o ted  th e  o p in io n  of a n  a u th o r i ta 
t iv e  A m erican  w r i te r  fa m il ia r  w ith  fo u n d ry  
tec h n iq u e  t h a t  a t  t h a t  tim e , in  G re a t B r i ta in ,  
he h ad  fo u n d  a m ore ad v an ced  s ta te  of a ffa irs  
re la tin g  to  th e  t r e a tm e n t  a n d  in v e s tig a tio n  of 
m o u ld in g  sands. B osw ell’s conclusions re su lt
in g  fro m  h is e a rly  in q u ir ie s  w ere  t h a t  in  no 
b ra n c h  of re fra c to r ie s  w ere th e  re su lts  o f re 
sea rch  a n d  te s ts  u n d e r  s ta n d a rd  c o n d itio n s  m ore 
necessary .

In  1919 th e  H ad fie ld  C om pany  d ecided  to  in 
te n s ify  th e  s tu d y  of fo u n d ry  m a te ria ls ,  a n d  em 
b a rk e d  u p o n  a  p ro g ram m e of in v e s tig a tio n  in  
c o n su lta tio n  a n d  co -o p era tio n  w ith  P ro fesso r 
Boswell. O rg an ised  w ork  of th is  n a tu r e  w as s till 
in  i ts  in fan c y , b u t  a  com prehensive  schem e was 
w orked  o u t w hich  h a d  th e  fo llow ing f e a tu r e s : —  
T he dev elo p m en t of m ethods of te s tin g  fo r  g ra d 
in g  by e lu tr ia t io n , m ech an ica l p ro p e rtie s  (c ru sh 
in g  a n d  tra n sv e rse  s tre n g th ) ,  p e rm e ab ility , as 
well as th e  accep ted  m ethods of chem ical a n a ly 
sis ; th e i r  a p p lic a tio n  to  th e  s tu d y  of th e  
m a te ria ls  in  use a n d  th e  a lte rn a t iv e  m ix tu re s  
u t il is in g  a r tif ic ia l  collo idal an d  o th e r  o rg an ic  
b o n d s ; th e  c o rre la tio n  of th e  re la tio n sh ip s  d e te r 
m ined  w ith  th e  b eh av io u r of th e  san d  in  th e  
m ould , an d  w ith  th e  c h a ra c te r  of th e  r e s u l ta n t  
c a s tin g .

T he m eth o d s of te s tin g  w ere developed  in d e 
p e n d en tly , b u t  th e y  h ad  m an y  p o in ts  of resem 
b lan ce  to  th o se  u l tim a te ly  ag reed  to  by  th e  
A m erican  a n d  B r i tish  o rg a n isa tio n s  s tu d y in g  
th e  su b jec t. D ifferences n a tu ra l ly  occu rred , 
a n d  in  th ese  c ircu m stan ces s ta n d a rd is a tio n  has

u ltim a te ly  been ap p lied  on th e  basis of the  
m ore w idely p ra c tised  m eth o d s, even  th o u g h  the  
e a r lie r  m ethods h ad  some a d v a n ta g e s  in  deta il 
over th e i r  successors.

S ince  th e  in ce p tio n  of th is  schem e, th e  scien
tific  c o n tro l of m o u ld in g  m a te ria ls  has been en
la rg e d  in  scope a n d  becom e m ore f r u i tf u l  in  its 
a p p lic a tio n . T he dev elo p m en t of m eta llu rg ica l 
p ra c tic e  h as in tro d u c e d  a  new tech n iq u e  in  m elt
in g  a n d  a  m u ltip lic a tio n  of th e  ty p es of steel to 
be en co u n te re d  in  c a s tin g . M achine-m oulding 
h as in c reased . All th ese  ch an g in g  conditions 
h av e  in tro d u c e d  spec ia l m o u ld in g  cond itions in
vo lv ing  specific fo u n d ry  problem s. C o rre la tion  
of th e  re su lts  of la b o ra to ry  te s ts  w ith  foundry  
ex p erien ce  h a s  in d ic a te d  th e  c h a ra c te ris tic s  of 
m a jo r  im p o rta n ce , so t h a t  i t  h a s become pos
sible to  fo rec a s t w ith  reaso n ab le  c e r ta in ty  the 
b e h av io u r of a n y  san d  m ix tu re  before  being  sent 
in to  th e  fo u n d ry . T he v a lu e  of such te s tin g  in 
th e  ro u t in e  c o n tro l of m o u ld in g  sand  needs no 
advocacy  h e re . M an y  specific problem s req u ir
in g  new  m eth o d s of in v e s tig a tio n  have been 
solved fro m  tim e  to  tim e . A few  exam ples out 
of m an y  w ill serve as an  il lu s tra tio n . T hus, in 
o rd e r to  d e te rm in e  th e  co n d itio n s u n d e r  which 
cores could  be m ad e  to  g ive in  th e  baked  con
d itio n  th e  sam e size as th e  o r ig in a l core box, an 
in v e s tig a tio n  of th e  ex p an s io n  ch arac te ris tics  
was n ecessary , a n d  u l tim a te ly  th e  so lu tion  was 
found  in  th e  se lec tio n  of a  specific ty p e  of g rad 
in g  of th e  sand .

T he use of old c ru c ib le  p o ts  a n d  w aste  fire
b ricks h a d  c e r ta in  d isa d v a n ta g e s . They were 
g ro w in g  scarce , o r  w ere v a r ia b le  in  m oulding 
com positions a n d  u n c e r ta in  in  c h a ra c te r . In 
v es tig a tio n s  to  find s u b s ti tu te s  show ed t h a t  there  
cou ld  be  used  a  fired  g ro g  of a  specific re frac 
to rin ess , h a rd n ess  a n d  to u g h n ess , an d  th a t ,  with 
care  in  d ry in g , a  re d u c in g  a tm o sp h e re  in  b u rn 
in g  a n d  th e  p resence  of c a rb o n  be in g  advan
tag eo u s, th e  p ro p e r  c o m b in a tio n  of d ifferent 
classes of c lay  cou ld  in  th e  case of a m anufac
tu re d  g ro g  g ive  a m a te r ia l  of th e  requ ired  
c h a ra c te r ,  if  th e  econom ic fa c to rs  w ere sa tis
fa c to ry .

T he d ev elo p m en t of new  p a in ts , th e  estab lish
m en t of th e  o p tim u m  c o n d itio n s  fo r ta r r in g  or 
c o a tin g  m oulds, th e  sea rch  fo r im proved  bond
ing  by th e  use  of d e flo ccu la tin g  ag en ts  and 
o rg a n ic  b in d e rs  a n d  th e  d e te rm in a tio n  of the 
b e a r in g  of th e  ty p e  of m ill a n d  i ts  in fluence on 
th e  c h a ra c te r  of th e  p ro d u c t, a re  b u t  a  few of 
th e  m an y  prob lem s w hich h av e  been investi
g a te d .

P io n e e r A m e ric a n  In v e s tig a tio n s
O rg an ised  re sea rch  on  th e  p ro p e rtie s  of m ould

in g  san d s, sponsored  by  th e  A m erican  F o u n d ry - 
m en ’s A ssoc ia tion , b e g an  in  1921, a t  a  tim e 
w hen l i t t le  a t te n tio n  in  t h a t  c o u n try  h ad  been



given to  san d  co n tro l. D r. R ic h a rd  M oldenke, 
then  se c re ta ry  of th e  A ssociation , h ad  pub lished  
the re su lts  of te s ts  on a w ide v a r ie ty  of sands 
carried  o u t u n d e r  h is superv isio n . M o ldenke’s 
work had  been in  i ts  e a r lie s t  a p p lic a tio n  con
cerned w ith  th e  iro n  fo u n d ry , b u t  h is work 
showed a p io n eer s p ir i t  a n d  u ltim a te ly  em braced  
all b ranches of th e  fo u n d e r’s a r t .  H is  nam e, 
therefore, m u st be p ro m in e n tly  assoc ia ted  w ith  
the early  developm ents of sc ien tific  re sea rch  in  
the fo u n d ry  in d u s try  in  A m erica.

The A m erican  F o u n d ry m e n ’s A ssocia tion , w ith  
the co-operation  of th e  D iv ision  of E n g in e e rin g , 
N ational R esearch  C ouncil, o rg an ised  th e  J o in t  
C om m ittee on M ou ld in g  S an d s R esearch  to  con
duct “ resea rch  on n a tu ra l  an d  sy n th e tic  m ould
ing sands, as well as on  th e  em ploym en t of 
g rea te r p ro p o rtio n s of used san d s in  m ould ing  
o perations.”

The p rim ary  need was considered  to  be th e  pro
vision of o ra c tic a l an d  a c c u ra te  m eth o d s fo r te s t 
ing th e  physical p ro p e rtie s  of fo u n d ry  sands, and  
the p roperties decided to  be of g re a te s t  im p o rt
ance w ere m o is tu re  c o n te n t, p e rm eab ility , 
streng th , fineness, re fra c to r in e ss  an d  d u ra b ili ty .

T en tative  s ta n d a rd s  fo r  th e  d e te rm in a tio n  of 
these physical p ro p e rtie s  an d  m ethods fo r 
chemical analysis w ere p u b lished  in  1924 by th e  
Committee on S ta n d a rd  T ests. These w ere re 
vised and e lab o ra ted , a n d  a  g ra d in g  c lassification  
added, in  1928. R e fe ren ce  to  th is  im p o r ta n t 
work would n o t be co m p le te  w ith o u t m en tio n  of 
the nam e of D ie te r t,  whose p io n ee r w ork in  con
nection w ith  th e  d evelopm en t of san d  te s tin g  
appliances is well know n.

The extensive n a tu r e  of th e  A m erican  a c tiv i
ties is in d ica ted  by th e  fa c t  th a t ,  in  th e  S teel 
Division of th e  A m erican  F o u n d ry m e n ’s A ssocia
tion, th e re  a re  32 C om m ittees an d  Sub-Com 
m ittees, of which no few er th a n  13 a re  d ea lin g  
specially w ith  fo u n d ry  sand  resea rch .

E D U C A T IO N A L  F A C IL IT IE S

In  th e  in it ia t io n  an d  a p p lic a tio n  of research  
a factor of c a rd in a l im p o rtan ce  is th e  p rov ision  
of adequate  e d u ca tio n a l fa c ilitie s  fo r  t r a in in g  
purposes. N o t only does th is  ap p ly  to  th o se  who 
will u ltim ate ly  serve as m an a g e rs  a n d  forem en, 
but in some m easu re  also to  o p e ra tiv es. In  o rd e r 
th a t  th e  re su lts  of resea rch  sha ll be usefu lly  
applied in  p rac tice , i t  is of su p re m e  im p o rtan ce  
th a t  foundry  personnel sha ll be so equ ip p ed  in  a 
scientific sense t h a t  th ey  m ay  be able to  u n d e r
stand, tra n s la te  and  ap p ly  in  p ra c tic e  th e  find
ings of th e  scientific  w orkers.

T h a t any  d o u b t should  ev er a rise  t h a t  such a 
requ irem en t is an  e ssen tia l fe a tu re  of a p ro g res
sive s ta te  of a ffa irs in  th e  in d u s try  is n o t to  be 
expected. N evertheless , th e  m a t te r  was ra ised  in  
the U n ited  S ta te s  in  1930, w hen th e  q u estio n  was 
being considered of th e  m o d ern isa tio n  of th e

e x is tin g  shop fo r fo u n d ry  w ork  used  in  connec
tio n  w ith  th e  t r a in in g  of en g in eers  a t  th e  P e n n 
sy lvan ia  S ta te  College. D o u b t was expressed  as 
to  w h e th er th e  b u ild in g  and  eq u ip p in g  of a new 
fo u n d ry  w as ju s tif ied , since  th e re  w as o ccu rrin g  
a t  t h a t  t im e  a ten d e n cy  to w ard s g ra d u a l d is
p lacem en t of cas tin g s in  e n g in eerin g  p ra c tic e  by 
fo rg in g s an d  fa b ric a te d  s t ru c tu re s . 4 I n  answ er 
to  th is  challenge s tro n g  re fu ta tio n  of th e  d oub t 
was expressed, by th e  lead ers  of th e  fo u n d ry  in 
d u s try  in  t h a t  c o u n try , fo r obvious reasons, b u t 
i t  was also u rg e d  t h a t  th e  re la tiv e  position  of 
th e  v a rio u s  ty p es  of steel m a n u fa c tu re  was sub 
je c t  to  v a r ia tio n , t h a t  th e  p en d u lu m  h ad  sw ung 
too  f a r  in  fav o u r of th e  co m p e titiv e  p roducts , 
an d  th a t  i t  w ould in ev itab ly  sw ing back  an d  th a t  
th e  s ta te  of e d u ca tio n  a n d  resea rch  in  re la tio n  
to  th e  in d u s try  m u s t be a n  in d ex  of th a t  
developm ent.

A t ab o u t th e  sam e tim e  as th e  ve ry  ex istence 
of specia l fo u n d ry  ed u ca tio n  was be ing  challenged  
in  th e  U n ited  S ta te s , In g a ll , 5 on beh alf of th e  
C o n s ta n tin e  T echn ica l College of M iddlesbrough , 
w hich  now h as a  d e p a r tm e n t fo r in s tru c tio n  
in  fo u n d ry  w ork, h a d  m ade  an  in q u iry  in to  th e  
fa c ilitie s  fo r  t r a in in g  fo u n d ry  personnel in  th is  
co u n try . T he rep lies rev ea led  t h a t  in  m any  
cen tres  su itab le  courses w ere av ailab le , h u t  th e re  
was a g en era l lam e n t t h a t  th e  n u m b er of s tu 
den ts com ing fo rw ard  an d  (w h a t is m ore  im 
p o r ta n t)  th e  n u m b er com p le tin g  th e  course w ere 
d isa p p o in tin g , an d  t h a t  th e  s ta n d a rd  of e d u 
c a tio n  of th e  e n tr a n ts  w as in  m an y  cases low.

D u rin g  re ce n t y ears  th e  im p ro v em en t of th e  
e d u ca tio n  of fo u n d ry  personnel has received con
side rab le  im p e tu s  bo th  he re  an d  ab road . In  
F ra n c e , th e  Ecole S u p é rieu re  de F o n d e rie , P a r is ,  
h as been in  ex istence  fo r ab o u t 15 y ears an d  is 
c la im ed  to  be th e  first ed u ca tio n a l e stab lish m en t 
of i ts  k in d . I t  specialises in  h ig h er ed u ca tio n  
fo r  fo u n d ry  w ork. Courses in  fo u n d ry  in s tru c 
tio n  a re  also g iven  a t  th e  C on serv a to ire  des A rts  
e t  M e tie rs  a n d  a t  th e  Ecole C en tra le  des A rts  
e t  M a n u fac tu re s . I n  ad d itio n  th e re  a re  availab le  
courses fo r ap p ren tic e s  a t  p ro v in c ia l cen tres , 
an d  those w hich fo rm  p a r t  of a w orks’ o rg a n i
sa tio n  fo r th e  t r a in in g  of th e ir  own m en.

T he T echn ica l H ig h  School, com prising  also 
a  F o u n d ry  I n s t i tu te ,  a t  A achen, is well know n 
fo r th e  ed u ca tio n a l fac ilitie s  p rov ided  fo r those 
in  th e  fo u n d ry . A fo u n d ry  course is included  
in  th e  cu rric u lu m  of th e  C lau s th a l B ergakadem ie, 
an d  fo u n d ry  w ork  is covered , a lth o u g h  to  a less 
e x te n t ,  by th e  F re ib e rg  B ergakadem ie. T here 
a re  ed u ca tio n a l e stab lish en ts  d ea lin g  w ith  fo u n 
d ry  p ra c tic e  in  W arsaw  an d  K rakow .

Som e dozen e s tab lish m en ts  of advanced  ra n k  
in  th e  U n ite d  S ta te s  c a rry  o u t t r a in in g  and  
resea rch  in  fo u n d ry  p ra c tic e . I n  a n u m b er of 
these , fo u n d ry  conferences a re  held.

K



B rit is h  C o n d itio n s

D e a lin g  now w ith  th e  U n ite d  K in g d o m , th e  
in d u s try  is f o r tu n a te  in  h a v in g  a t  Sheffield 
U n iv e rs ity , d u e  la rg e ly  to  th e  e n th u s ia s tic  
p io n ee r w ork  of P ro f .  J .  H . A n d rew , D ean  of 
th e  F a c u lty  of M e ta llu rg y , w h a t is p ro b ab ly  
th e  m o st co m p le te  e q u ip m e n t fo r th e  te a c h in g  
a n d  p ra c tic e  o f fo u n d ry  sc ience av a ilab le  a n y 
w here. T he fa c ili t ie s  in c lu d e  a ll th e  p la n t  neces
sa ry  fo r th e  p ro d u c tio n  of s tee l c a s tin g s  on  a 
p ra c tic a l scale fro m  s t a r t  to  fin ish . A deg ree  
course  in  F o u n d ry  Science is p ro v id ed  in  th e  
F a c u lty  of M e ta llu rg y . I n  a d d itio n , t h e  U n i
v e rs ity  p ro v id es ex ce p tio n a l fa c ili t ie s  fo r th e  
e d u c a tin g  of fo u n d ry  o p e ra tiv e s  in  th e  fo rm  of 
t r a d e  lec tu re s  on  fo u n d ry  su b jec ts .

T h is course, e x te n d in g  over th re e  ev en in g  
sessions, com prises t r a in in g  in  m e ta llu rg y  and  
th e  p rin c ip les  of fo u n d ry  p ra c tic e . In s t ru c tio n  
is also  p ro v id ed  fo r p a tte rn m a k e rs  a n d  m ou lders. 
T h e  in flu en ce  o f such a  c e n tre  in  in c u lc a tin g  a 
sc ien tific  s p i r i t  in to  th e  in d u s try  w ill be  ap 
p a re n t .

E d u c a tio n a l  fa c ili t ie s  in  fo u n d ry  w ork  a re  p ro 
v ided  by th e  B r i t ish  F o u n d ry  School, th e  
fo u n d a tio n  of w hich  is la rg e ly  du e  to  th e  effo rts 
of M r. J .  G. P e a rc e , th e  e n e rg e tic  a n d  cap ab le  
d ire c to r  of th e  B r i t is h  C a st I r o n  R esearch  Asso
c ia tio n , a n d  i t  is  co n d u cted  in  B irm in g h a m  
u n d e r  th e  æ gis of t h a t  body.

A p a r t  from  th e  te a c h in g  in s t i tu t io n s ,  th e  im 
p o r ta n t  in flu en ce  e x e r te d  by th e  tec h n ica l press 
o u g h t n o t to  be overlooked. T he in d u s try  owes 
a  d e b t of g r a t i tu d e  b o th  to  th e  fo re ig n  an d  
B r i t is h  fo u n d ry  P re ss  ; fo r  ex am p le, th e  
“  F o u n d ry  T rad e  J o u r n a l ,”  a m o n g s t o th e rs , 
re n d e rs  ex ce llen t serv ice , n o t only  in  p u b lish in g  
w ork  d one  in  th is  c o u n try , b u t  by rev iew in g  
th e  m a jo r  resea rch es p u b lish ed  ab ro ad .

R E S E A R C H  A C T IV IT IE S

P ro c e ed in g  now to  c u r re n t  a c tiv it ie s  of re 
sea rch  o rg a n is a tio n s  a b ro ad  an d  in  th is  c o u n try , 
a cco rd in g  to  M r. J .  L eo n a rd , B e lg iu m  is m ore 
in d iv id u a lis tic  w ith  re sp ec t to  tec h n ica l and  
sc ien tific  in v e s tig a tio n s  th a n  o th e r  co u n trie s , an d  
has no re sea rch  a sso c iatio n  com p arab le  w ith  th e  
B r itish . T he s teel fo u n d rie s  in  t h a t  c o u n try  
s tr iv e , each  acco rd in g  to  i ts  m eans, to  keep 
a b re a s t  of th e  re q u ire m e n ts  of th e  p re se n t tim e , 
th e  g re a te s t  a d v an c em e n t b e in g  m ad e  in  th e  
sp h ere  of sp ec ia l alloys.

T he A ssocia tion  T ech n iq u e  de  F o n d e rie  d e  B el
g iq u e  h as been  ac tiv e  in  th e  p ro secu tio n  of 
re sea rch  in to  san d s a n d  o th e r  fo u n d ry  su b je c ts , 
a n d  P ro f . A. P o r te v in  h as p a id  a h ig h  t r ib u te  
to  th e  a c tiv it ie s  of th is  b o d y .' T h e  F o n d s  
N a tio n a l de  R ech erch es B elge h as also  c a r r ie d  
o u t re sea rch es on  c a s ta b il i ty  a n d  on h e a t-  and  
c o rro s io n -re s is tin g  steel c a s tin g s .

I n  F ra n c e  th e re  is a  sp ec ia l o rg a n is a tio n  con- 
cern ed  w ith  th e  prob lem s of s tee l c a s tin g , the 
S tee l C a s tin g  C o m m ittee  of th e  A ssocia tion  Tech
n iq u e  de F o n d e rie , p re s id ed  o ver by  M r. R . 
L em oine. P ro b lem s a re  in v e s tig a te d  by the  
re sea rc h  d e p a r tm e n ts  of th e  la rg e  F re n c h  steel
w orks (U g ine , Im p h y , L e C reuso t, F irm iny , 
S t.  C ham ond , e tc .) , b u t  i t  is u n d e rs to o d  th a t 
such  re sea rc h  is n o t  g e n e ra lly  re p o rte d .

So f a r  as G erm an y  is co n cerned , D r. Geilen
k irch e n , o f th e  T echn ische  H a u p tau ssch u ss  für 
G iessereiw esen, h a s in fo rm e d  th e  a u th o r  th a t  the 
in v e s tig a tio n  of s tee l c a s tin g s  is n o t so highly 
o rg a n ised  in  G erm an y  as i t  is in  E n g lan d . On 
th e  o th e r  h a n d , p r iv a te  firm s, especially  th e  large 
co m pan ies, c a r ry  o u t  e x te n s iv e  in v es tig a tio n s in 
th is  field. T he sm a lle r co m pan ies also possess 
w ell-equ ipped  lab o ra to r ie s  a n d  resea rch  dep art
m en ts . T he K a ise r-W ilh e lm  I n s t i tu te  in  Düssel
d o rf in v e s tig a te s  te c h n ica l fo u n d ry  m a tte rs , but 
n o t to  a n y  sp ec ia l deg ree .

T he V e re in  D e u tsc h e r  G iesse re ifach leu te , in 
w hich  a ll b ra n ch e s  of th e  fo u n d ry  in d u s try  are 
re p re se n te d , h a s fo rm ed  a spec ia l steel castings 
co m m ittee , w hich c o -o rd in a te s  th e  w ork of the 
se p a ra te  p r iv a te  com pan ies.

T he T ech n ica l H ig h  School a t  A achen is noted 
fo r  i ts  spec ia l re sea rc h  a c tiv it ie s  in  connection 
w ith  fo u n d ry  prob lem s, in v es tig a tio n s  being 
u n d e r ta k e n  u n d e r  th e  d ire c tio n  of P ro f . D r.-Ing . 
E . P iw o w arsk i.

R esea rch  in  fo u n d ry  w ork  is a lso  c a rried  o u t a t 
B reslau  T ech n ica l H ig h  School, a t  B e rlin , a t  the 
B e rg ak a d em ie  C la u s th a l, a n d  a t  F re ib e rg  Berg
a k ad em ie , w h ere  th e  w ork  is concerned  only with 
ca s tin g .

In  P o la n d , s te e l fo u n d ry  re sea rc h  occupies the 
a t te n tio n  o f som e h a lf  a  dozen  steelw orks. A 
P o lish  S ocie ty  of F o u n d ry m e n  w as founded in 
1936.

In  th e  U n ite d  S ta te s  of A m erica , as in  other 
co u n trie s , a  la rg e  a m o u n t of re sea rc h  is carried 
o u t  by in d iv id u a l firm s, a n d  th e  A m erican  Foun- 
d ry m e n ’s A ssocia tion , as p a r t  of th e  program m e 
of th e i r  g e n e ra l F o u n d ry  S an d  R esearch  Com
m itte e , is c o n d u c tin g  a t  C orne ll U n iv e rs ity  some 
re sea rch  on th e  effects o f h ig h  te m p e ra tu re  on 
steel fo u n d ry  sands. I n  th e s e  re sp ec ts  probably 
th e  B a tte lle  M em o ria l I n s t i tu t e  is  m ost prom i
n e n t,  a n d  th is  fam ous m e ta llu rg ic a l cen tre  is 
ex ce llen tly  e q u ip p ed  to  c a r ry  on re sea rch  in  steel 
fo u n d ry  problem s.

S te e l-fo u n d ry  re sea rc h , in  com m on w ith  other 
re sea rch  a t  B a tte lle , is con cern ed  la rg e ly  with 
w ork  sponsored  by in d u s try . I n  some cases the 
sponsors a re  in d iv id u a l co m pan ies a n d  in  other 
cases a sso c iatio n s. I n  e ith e r  case, th e  problems 
a re , in  g e n e ra l, p re sc rib ed  by th e  sponsor. The 
w ork is done on a n  a c tu a l  c o s t basis, B atte lle  
I n s t i tu te  b e in g  a n o n -p ro fit o rg a n is a tio n .



O ther w ork  is c a r r ie d  o u t  on endow ed fu n d s 
of th e  I n s t i tu te .  Such  in v es tig a tio n s  in cline  
tow ard fu n d a m e n ta l d a ta  of g en era l a p p lic a tio n . 
R ecent exam ples of these  a re  a s tu d y  of h y d ro 
gen in  cas t s teel, th e  d ev elopm en t of a  sim ple 
and p rac ticab le  te s t  fo r th e  c a s ta b ili ty  of steel, 
and a va luab le  re sea rch 7 on th e  effect of a d d i
tions of a lu m in iu m  used as a deo x id ise r to  steel 
on re su lta n t d u c til ity  of th e  c a s tin g .

Thus, i t  will be seen t h a t  fo u n d ry  . t r a in in g  and  
research a re  be in g  p u rsu e d  in  m an y  co u n trie s . 
No doubt a c e r ta in  am o u n t of o v e rla p p in g  of 
work tak es place, a lth o u g h  th is  should  n o t 
necessarily be considered  a d isa d v a n ta g e ; how 
ever, i t  would seem desirab le  t h a t  th e  research  
bodies should sy s tem atica lly  in fo rm  th e ir  fellow 
workers in  o th e r  co u n trie s  of th e  n a tu r e  of th e  
work being i n s t i t u t e d ; such know ledge would 
undoubtedly be a d v an tag e o u s  to  th ose  concerned  
in the  p lan n in g  of re sea rch  program m es.

R E S E A R C H  O R G A N IS A T IO N  IN  
G R E A T  B R IT A IN

S teel Castings R esearch C o m m itte e

W hilst, as in  o th e r  co u n trie s , m ost fo u n d ries  
conduct research  r e la tin g  to  th e ir  in d iv id u a l 
and special problem s, co -o p era tiv e  resea rch  has 
in recen t years been ac tiv e ly  p u rsu e d  in  G re a t 
B rita in  by a  J o in t  C om m ittee  of th e  I ro n  and  
Steel In s t i tu te  an d  th e  B r i tish  I ro n  an d  S teel 
Federation . I t  w orks u n d e r  th e  su p erv isio n  of 
the R esearch Council of th e  F e d e ra tio n .

F inancia l a ssistance  is p ro v id ed  by g r a n t  from  
the G eneral S teel C astin g s A ssocia tion , a 
national body em b racing  th e  s tee l fo u n d ry  in 
dustry of G rea t B r i ta in ,  a n d  also by th e  R e 
search Council of th e  F e d e ra tio n . B esides th e  
money th u s  p rov ided , considerab le  c o n tr ib u tio n s  
are rendered  in  k in d  by re sea rch  w ork  con d u cted  
in ind iv idual fo u n d ries  by th e  m em bers of th e  
Committee and  o thers .

The R esearch  C om m ittee  is so c o n s titu te d  as 
to avoid overlap p in g  w ith  o th e r  bodies in 
terested in  fo u n d ry  w ork, m a in ta in in g  an  effec
tive liaison w ith  th e  G enera l S teel C astin g s 
Association, th e  I n s t i tu te  of B r i tish  F o u n d ry - 
men and  th e  B ritish  C a s t I ro n  R esearch  Asso
ciation by th e  inclusion  of d e leg a te  m em bers 
nom inated by those bodies.

The F ir s t  R e p o rt of t h a t  C o m m ittee 8 d e a lt 
principally  w ith  th e  e x am in a tio n  of cas tin g s, 
many of th em  of in tr ic a te  fo rm . I t  served  as 
a stim ulus to  th e  developm en t of a  scientific  
outlook in  re g a rd  to  fo u n d ry  p ra c tic e . In  th e  
continued w ork of t h a t  C om m ittee  i t  was d e te r 
mined th a t  a tte n tio n  could be m ost u se fu lly  
directed to  an  in d iv id u a l a n d  in ten siv e  s tu d y  
of th e  basic fa c to rs  w hich  e n te r  in to  th e  p ro 
duction of steel c as tin g s , a n d  a t  th e  o u tse t to  
the p ro p erties of steel which affect th e  q u a lity

o f steel castings. The pouring  c h arac te r  o f 
m olten  s tee l was re g a rd e d  as be in g  am o n g st th e  
c a rd in a l p roblem s to  be solved, an d  a  series of 
in v es tig a tio n s  was u n d e r ta k e n  w ith  a view  to  
d e te rm in in g  a su itab le  te s t  of flu id ity  fo r w ork
shop use. The progress m ade in  th is  d irec tio n  
has been  prom ising ."

As shown in  th e  la te r  R e p o rts , a  re la tio n sh ip  
has been  tra c e d  betw een  th e  flu id ity  an d  th e  
freez in g  c h a ra c te ris tic s  of an  alloy system  as 
defined by th e  solidus an d  liq u id u s curves in  th e  
e q u ilib riu m  d ia g ra m  of th e  system . The re su lts  
fa ll in to  a g ree m e n t w ith  re la tio n sh ip s  fo u n d  by 
P o r te v in  an d  B a stie n  in  re g a rd  to  n on-ferrous 
m eta ls . 10 11

I n  th e  Second R e p o rt considerab le  fu r th e r  
a t te n tio n  was devo ted  to  th e  qu estio n  of th e  
s tre n g th  a n d  d u c til ity  of cas t steel d u r in g  cool
ing  from  th e  liq u id  s ta te  in  sand  m ou lds . 12 

B rig g s a n d  G ezelius , 13 14 w ork ing  in  A m erica, 
h a d  p ro v ided  a v ery  com plete  discussion of th e  
effect of d irec tio n a l so lid ification  on th e  sound
ness of steel cas tin g s. I t  was a p p a re n t  th a t  th e  
effect of c a s tin g  te m p e ra tu re  and  th e  r a te  of 
p o u rin g  on th e  a c tu a l co n tra c tio n  o ccu rrin g  
d u r in g  cooling w as req u ired  to  be a scerta in ed .

A g en era l review  of th e  p ro p e rtie s  of steel 
which affect th e  q u a lity  of steel cas tin g s, com
m u n ica ted  by  D r. R . H . G reaves, form ed a basis 
fo r th e  f irs t re p o rts  on f lu id ity  of m olten  stee l15 

an d  th e  in v es tig a tio n s 12 of M r. H . F . H a ll, in  
th e  R esearch  D e p a rtm e n t, W oolwich, on a 
series of c a s t te s t-b a rs , w hich w ere sub jec ted  to  
m echanical te s ts  a t  successive in te rv a ls  of tim e  
w hilst cooling in  th e  m ould.

O th er m a tte rs  w hich h ad  engaged  th e  a t te n 
tion  of th e  C om m ittee  in  th e  Second R e p o r t had  
been th e  position  of rad io log ica l e x am in a tio n  of 
steel cas tin g s, p y ro m etric  m easu rem en ts an d  a 
b ib lio g rap h y  on th e  flu id ity  and  v iscosity  of 
m etals.

The rad io log ica l ex am in a tio n  of steel cas tin g s 
is a su b je c t to  w hich in c reas in g  a tte n tio n  is 
be ing  d irec ted , p a r tic u la r ly  as a n  a id  to  th e  
p ro d u c tio n  of sound cas tin g s w ith  a m in im um  
e x p e n d itu re  of steel in  th e  fo rm  of feeder heads. 
The d ifficulty  of assessing co rrec tly  a  p ra c tic 
ab le  s ta n d a rd  of soundness in  re la tio n  to  th e  
a p p lic a tio n  of a  c a s tin g  to  i ts  purpose  is a  real 
one, w hich  p re sen ts  a problem  th a t  calls fo r  an  
answ er. I n  th e  U n ite d  S ta te s , considerable 
a t te n tio n  is be in g  g iven  to  th is  question .

As to  th e  va lue  of X -ra y  ex am in a tio n  as a 
m eans of se t tin g  up  su itab le  m a n u fa c tu r in g  p ro 
cedure , th e re  can  be no q u e s t io n ; on th e  o th e r 
h a n d , th e re  is a n a tu ra l  fe a r  on th e  p a r t  of 
m an y  fo u n d rie s  th a t ,  w hen i t  is used  as a re 
cep tio n  te s t  in  an  a r b i t r a r y  m an n e r, p e rfec tly  
good c a s tin g s  m ay  be re je c te d , a lth o u g h  or an 
o rd e r  of soundness eq u al to  those a lread y  fu n c
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t io n in g  q u ite  sa tis fa c to r ily  u n d e r  serv ice  con
d itio n s .

I n  th e  T h ird  R e p o r t 16 th e  su b je c t of f lu id ity  
of s tee l, s tu d ie d  b o th  fro m  th e  fu n d a m e n ta l  a n d  
p ra c tic a l s ta n d p o in ts , h as  been  c a r r ie d  fo rw a rd  
to  th e  p o in t  of a r r iv in g  a t  a f lu id ity  te s t ,  w hich 
se rved  th e  im p e ra tiv e  n eed  of a n  in d ic a tio n  of 
th e  f lu id ity  of th e  m e ta l be fo re  i t  w as p o u red  
in to  th e  m ould . F u r th e r  p ro g ress  w as re p o rte d  
of th e  in v e s tig a tio n s  in to  th e  su sce p tib ility  of 
steel to  h o t  t e a r in g . 17 T he a d v a n ta g e s  w hich 
cop p er offered as an  a lloy ing  a d d itio n  in  steel 
c a s tin g s  have  been  d e te rm in e d . 18

Two S u b -C o m m ittees h av e  com m enced a c t i 
v ity , one co n cerned  w ith  m o u ld in g  m a te r ia ls  a n d  
th e  o th e r  w ith  fo u n d ry  p ra c tic e . T h e ir  p ro 
gram m es of in v e s tig a tio n s  a re  as fo llo w : —

The S ub -C o m m ittee  on M o u ld in g  M a te r ia ls  is 
c o n tin u in g  in v e s tig a tio n s  re la t in g  to  m eth o d s 
of te s tin g  m o u ld in g  san d s, th e  sea rch  fo r  new 
n a tiv e  sources of m a te r ia l ,  th e  v a rio u s  lab o ra 
to ry  in v e s tig a tio n s  b e in g  defined  as follows : ■—

(a) E x a m in a tio n  of th e  p ro p e rtie s  of 
d if fe re n t san d s su itab le  fo r  fo u n d ry  use.

(b) The p re p a ra tio n  of “ s ta n d a rd  ”  m o u ld 
in g  sand .

(e) V a rio u s  m ethods of te s tin g  san d s, in 
c lu d in g  sieve te s tin g , a n d  m eth o d s of d ry - 
san d  te s tin g .

(d) A n in v e s tig a tio n  of sy n th e tic  sands.
(c) T he d e te rm in a tio n s  of d iag ra m s of oxide 

system s a ffec tin g  th e  w ork  of th e  Sub-C om 
m itte e .

( /) A n  in v e s tig a tio n  of d iffe re n t b o n d in g  
m a te ria ls .

T he S u b-C om m ittee  on F o u n d ry  P ra c tic e  is 
c o n tin u in g  w ork  p rev iously  u n d e r ta k e n  by th e  
m a in  C o m m ittee  in  re g a rd  to  th e  co n d itions 
a ffec tin g  th e  p ro d u c tio n  of te a r s  in  cas tin g s . 
O th e r resea rch es to  be u n d e r ta k e n  a r e : —

(1) T he in v e s tig a tio n  of th e  effect of h e a d 
in g  a n d  ru n n in g  m ethods on  th e  so lid ification  
c av itie s  fo rm ed  w hen  c a s tin g  sim ple  shapes in  
steel. The o b jec t of th e  in v e s tig a tio n  is to  
e n u n c ia te  ru les  to  be follow ed in  o rd e r  to  
o b t a in :— (a) T he absence of any  cav itie s  or 
se g reg a ted  a re a s  in  a  c a s tin g , a n d  (b) th e  
b e s t r a tio  of t h e  size a n d  w e ig h t of th e  feed e r 
h ead  to  th e  c a s tin g  an d  th e  b e s t p o sitio n  of 
th e  feed e r h ead .

(2) T he a p p lic a tio n  of th e  re su lts  from  (11 
in  th e  s tu d y  of se lected  cas tin g s.

(3) The in v e s tig a tio n  of th e  in fluence of 
b ra c k e ts  a n d  chills (bo th  e x te rn a l  a n d  in 
te rn a l)  in  av o id in g  d e fec ts  o r  overcom ing 
m a n u fa c tu r in g  difficulties.

(4) A n in v e s tig a tio n  in to  th e  m ethods of 
ru n n in g  a n d  g a tin g  cas tin g s.

N A T U R E  O F  O U T S T A N D IN G  P R O B L E M

Some an sw er to  th e  q u estio n  "  W hy has 
fo u n d ry  dev elo p m en t lag g ed  b e h in d  m e ta llu r
g ica l p ro g ress?  ”  is  to  be  fo u n d  in  th e  com
p lex ity  of fo u n d ry  p ra c tic e . T he v a riab les  in
volved in  th e  p ro d u c tio n  of a  steel c a s tin g  in
c lude  q u estio n s  of d e sign , th e  n a tu re  of the  
m ould , th e  q u a li ty  of th e  steel an d  th e  pouring  
co n d itio n s. E ach  of th ese  fa c to rs  includes 
n u m ero u s o th e rs , a n  in f in ite  v a r ia tio n  in  pro
p o rtio n  fo r  th e  c a s t i n g ; th u s , fo r  exam ple, in 
th e  m o u ld in g  m a te r ia ls  all th e  v a riab le s  of the  
m ix tu re , g ra d in g  a n d  p r e p a r a t io n ; in  th e  steel, 
th e  effect of process, com position , flu id ity , hot 
s t re n g th  a n d  a ir -h a rd e n in g  q u a l i ty ; and  as re
g a rd s  c a s tin g , ru n n in g , g a tin g  a n d  tem p e ra tu re .

T he successful p ro d u c tio n  of steel castings 
d ep en d s u p o n  th e  c o n tro l of fa c to rs  which, for 
convenience, m ay  be classified u n d e r  th re e  head
ings, a n d  on th is  b asis  co n sid e ra tio n  m ay be 
g iv en  to  possible su b jec ts  fo r in v es tig a tio n .

(a ) Design
I t  is n o t d ifficu lt to  u n d e rs ta n d  why, having 

in  m in d  th e  m an y  possible co m b inations among 
th e  abov e-m en tio n ed  v a ria b le s , i t  frequen tly  
h a p p en s  t h a t  d iffe re n t fo u n d rie s  a d o p t d ifferen t 
m eth o d s of d e a lin g  w ith  a c a s tin g  of given 
form .

B y com p ariso n , th e  c a s tin g  of sound  ingots 
is a v ery  sim ple  ta s k ,  y e t  even h e re  th e re  are 
m an y  d ifficu lties to  be  su rm o u n ted , no tw ith 
s ta n d in g  th e  a d v a n ta g e s  a r is in g  from  the 
g re a te r  flex ib ility  of d esig n  of th e  in g o t and 
th e  p o ss ib ility  of fe ed in g  by d ifferen tia l 
ch illing .

C o n sid e ra tio n  of th ese  fa c ts  leads to  th e  con
c lusion  t h a t  th e  m o st effec tive  w ay of research 
in to  such  a co m p lica ted  p rob lem  is to  proceed 
from  th e  sim ple, in v o lv in g  th e  le a s t  possible 
n u m b er of v a ria b le s , a n d  s ta g e  by stage  to 
develop in to  th e  m ore  com plex.

I n  th is  re sp ec t th e  needs of e n g in e e r in g  prac
tic e  a re  so d iv ers ified  a n d  fro m  th e  p o in t of view 
of th e  p ro d u c tio n  of a  re a lly  sound  casting  
th e  d es ig n  is f re q u e n tly  so i r r a t io n a l  th a t  the 
fo u n d e r  is d r iv en  to  a m ore  o r less sa tisfac to ry  
com prom ise.

T he su b je c t h as o f te n  been  d iscussed , and  a 
n ecessity  d e m o n s tra te d  fo r  co -o p era tiv e  action 
be tw een  th e  u se r  a n d  th e  s tee l fo u n d ry . I t  is 
one t h a t  m ig h t  well be in v e s tig a te d  by a  jo in t 
body r e p re se n tin g  fo u n d ry m en , te c h n ica l and 
e n g in e e r in g  users.

(fa) N a tu re  o f th e  M o u ld
In  th is  case th e  e sse n tia l e lem en ts of success 

d ep en d  u p o n  th e  p ro p e rtie s  of th e  m oulding 
m a te ria ls , a n d  a cco rd in g ly  th e  ex ten siv e  work 
w hich  is b e in g  c a r r ie d  o u t  a ll o ver th e  world 
in  an  e ffo rt to  e v a lu a te  th e  c r it ic a l  ch aracteris-



tics of m ou ld ing  m a te ria ls  should  p ro v id e  u l t i 
m ately a  sound  basis fo r u n e rr in g  p rac tice . 
The ex tensive  re p o rts  of th e  A m erican  F o u n d ry - 
m en’s A ssociation  an d  a re c e n t F i r s t  R e p o r t 
to  th e  M ould ing  M a te r ia ls  S ub-C om m ittee  a re  
full of references to  problem s w hich a w a it  so lu 
tion .

(c ) T h e  Q u a lity  o f th e  S tee l and
(d ) T h e  P ou rin g  C o n d itio n s

These a re  co m p lem en ta ry  fac to rs , th e  fo rm er 
depending upon  th e  m eltin g  co n d itio n s an d  th e  
la tte r  th e  lad le  p ra c tic e . In  b o th  of these, a d 
vances a re  be ing  m ade in  all th e  p r in c ip a l steel- 
m aking co u n trie s  in  th e  a p p lic a tio n  of those 
fundam en ta l m ethods of in v e s tig a tio n  w hich are  
generally re fe rre d  to  as th e  s tu d y  of th e  physi
cal chem istry  of stee lm ak in g .

F u rth e r , th e  steel as i t  lreezes in  th e  m ould 
passes th ro u g h  th re e  stag es , each  h a v in g  an  
entirely  d iffe ren t se t  of physical c h a ra c te rs , 
namely, th e  fluid s t a t e ; th e  p las tic  s ta te  betw een 
the liquidus an d  solidus ra n g e , and  t h a t  occu r
ring  ju s t  below th e  freez in g  p o in t in  th e  ra n g e  
of tem p e ra tu re  in  w hich  th e  stresses a r is in g  
during  cooling dow n can  cause  d is ru p tio n  (tea rs  
and pulls), or w a rp in g ; an d  th e  r ig id  s ta te  w here 
again th e  influence of stresses an d  th e  cooling 
conditions a re  capab le  of p ro d u c in g  a  m u ltitu d e  
of d ifferen t effects on th e  s t ru c tu re  an d  th e  p ro 
perties of th e  cooled m eta l.

The H e tero g en eity  C om m ittee  of th e  I ro n  and  
Steel In s t i tu te  has now been a t  w ork  some fifteen  
years a tte m p tin g  to  e lu c id a te  th e  ra tio n a le  of 
the fo rm ation  of th e  s t ru c tu re  of steel c a s t in  
m etal chill m oulds. T he sam e problem  rem a in s  
to be solved in  re g a rd  to  steel c as t in  bo th  green  
and dry sand. I t  has been fo u n d  t h a t  th e  
heterogeneity  of a ch ill-cast in g o t is influenced 
largely by th e  c h a ra c te r  of th e  liq u id  steel which 
is poured in to  th e  m ould , by i ts  e ssen tia l com
position, i.e .,  degree  of freedom  from  su lph ides, 
phosphides, oxides, an d  by its  c a s tin g  te m 
peratu re . A ccordingly, th e re fo re , th e  t re n d  of 
recent work has been d irec te d  to w ard s  a s tu d y  
of th e  facto rs g o v ern in g  th e  c h a ra c te rs  of th e  
liquid steel d u r in g  i ts  m e ltin g  a n d  re fin ing . 
W hen, however, a sand  ca s tin g  is considered , 
add itional com plications a rise  from  th e  ch an g e  in  
the c h arac te r  of th e  m ould, th e  g re a tly  in creased  
complexity of d im ensions an d  th e  in fluence of 
gases from  th e  m ould . D iffe ren t co n d itio n s 
of ru n n in g  an d  feed in g  arise , an d  i t  does n o t 
necessarily follow t h a t  a  se t of co n d itio n s w hich 
may be ideal fo r  a  sim ple geom etrical shape, 
such as an  in g o t, w ill ap p ly  to  com plicated  
designs.

The n a tu re  of th e  d ifficulty  was ably expounded  
by th e  la te  J .  H . D ickenson, in  th e  d iscussion  
of th e  F i r s t  R e p o rt of th e  S teel C astin g s 
R esearch C o m m ittee .”
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A t p re se n t th e  d esign  of feeder heads, th e ir  
loca tion , m ethod  of g a tin g  and  ru n n in g  m ay  be 
re g a rd e d  m ore o r less as an  a r t ,  an d  th e re fo re  
success is d e p en d e n t upon  th e  skill and  e x p e ri
ence of th e  in d iv id u a l. I t  is, how ever, believed 
t h a t  in te n s iv e  a n d  co -opera tive  s tu d y  of th is  
b ran ch  of fo u n d ry  p ra c tic e  w ill lead  to  th e  
fo rm atio n  of g e n e ra lisa tio n s  w hich will go fa r  to  
lay a  scientific  fo u n d a tio n  upon  which can  be 
b u ilt  a ra tio n a le  of p rac tice  fo r any  p a r tic u la r  
class of p ro d u c t.

A w ide field fo r in v es tig a tio n  is offered in  th e  
co rre la tio n  of th e  physical p ro p e rtie s  of th e  c a s t
in g  as a whole w ith  i ts  v a r ia tio n  of s tru c tu re , as 
governed  by c a s tin g  design  an d  th e  m ode of h e a t 
a b s tra c tio n  ap p lied  in  th e  cooling, as d is t in c t  
from  th e  re su lts  o b ta in ab le  on c a s t  coupons.

The f u r th e r  w ork be in g  u n d e rta k e n  by th e  
S tee l C astin g s R esearch  C om m ittee  on th e  p ro 
p e r tie s  of steel d u r in g  cooling a t  te m p e ra tu re s  
ju s t  below th e  se t t in g  p o in t should th row  con
s id e rab le  l ig h t  on  a  nu m b er of these  problem s. 
The b e a r in g  of th e  d esign  and  c o n stru c tio n  of 
th e  m ould is a m ore elusive problem , b u t  of equal 
im p o rtan ce  in  i ts  effects.

The q u estio n  of soundness an d  c leanliness of 
th e  steel is fo r tu n a te ly  a  problem  w hich can  be 
s tu d ied  a p a r t  from  th e  com p lica tin g  effects of 
m ould design .

The b earin g  of d eo x id a tio n  an d  th e  influence 
on flu id ity  of re fra c to r ie s  and  fluxes co rrespond
in g  to  th e  v a r ia tio n s  in  th e  steel m e ltin g  process, 
p re sen t a n o th e r  unsolved problem .

T em p era tu re  co n tro l has been recognised  as an  
essen tia l fa c to r  g o v ern in g  c a s tin g  conditions, 
a n d  considerab le  w ork  is now being  done on th is  
q u estion  w ith  a view to  overcom ing some of th e  
d isab ilitie s  of th e  o p tica l py ro m eter, when 
ap p lied  to  fo u n d ry  p rac tice .

As re g a rd s  th e  a cc u ra te  co rre la tio n  of th e  p ro 
p e r tie s  of th e  san d  in  th e  m ould w ith  th e  re su l
t a n t  effects on th e  c a s tin g , i t  has been recognised 
t h a t  a t  th e  very  fo u n d a tio n  of th e  problem  lies 
th e  need ^or th e  a v a ilab ility  of th o ro u g h ly  s ta n 
d a rd ised  and  a cc u ra te  m ethods of assessing th e  
m o u ld in g  p ro p e rtie s  o f fo u n d ry  m a te ria l.  F o r  
th is  reason  th e  M ould ing  M a te ria ls  Sub-Com 
m itte e  of th e  I ro n  an d  S teel I n s t i tu te  is g iv in g  
p a r tic u la r  a t te n tio n  to  th e  ex am in a tio n  of th e  
p re sen t m ethods. The efforts of a  n a tio n a l Sub- 
C o m m ittee  which is eng ag ed  on th e  specification  
of s ta n d a rd  m ethods fo r  te s tin g  a re  also to  be 
welcom ed. T he co -o p era tin g  bodies a re  th e  
M ould ing  M a te r ia ls  Sub-C om m ittee  of th e  Iro n  
a n d  S teel I n s t i tu te ,  th e  I n s t i tu te  of B ritish  
F o u n d ry m e n , th e  B r i tish  C ast I ro n  R esearch  
A ssocia tion , an d  th e  B r i tish  N o n -F erro u s M etals 
R esearch  A ssociation .

T he field covered by th e  fo regoing  rem ark s  is so 
wide t h a t  om issions a re  inev itab le . N o th in g  has
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been sa id  in  th e  P a p e r  co n ce rn in g  in d iv id u a l and  
in d e p e n d e n t re sea rch , w hich a f te r  a ll is  an d  
alw ays w ill be th e  backbone  of te c h n ica l a ch iev e
m en t. On th e  o th e r  h a n d , a t te n tio n  h as been 
d irec te d  to  t h a t  class of in v e s tig a tio n  w hich  can  
be m ore p ro fitab ly  a tta c k e d  by te a m  w ork . In  
th e  o rg a n is a tio n  of such  w ork  i t  m u s t o f te n  be 
necessary  to  a llo ca te  c e r ta in  sec tions of th e  
in v e s tig a tio n  to  an  in d iv id u a l sc ien tific  w o rker, 
whose ta s k  m ay  be to  w ork  o u t a  fu n d a m e n ta l 
p r in c ip le  b e a r in g  on th e  g e n e ra l prob lem . The 
a sso c iatio n  th u s  b ro u g h t a b o u t be tw een  th e  sc ien 
tific  w o rk e r a n d  th o se  closely in  to u ch  w ith  th e  
p ra c tic a l p rob lem  is of m u tu a l  benefit. W ith  
re g a rd  to  th e  prob lem  of co -o p era tiv e  re sea rch , i t  
is h oped  t h a t  th e  d iscussion  w ill be d ire c te d  to  
th e  possib ilities  of a w id e r exch an g e  of ideas on 
th ese  m a tte r s .

A c k n o w le d g m e n ts

T he a u th o r  is g re a tly  in d eb te d  to  th e  S e c re ta ry  
of th e  I ro n  an d  S tee l I n s t i tu te  (M r. K . 
H ead lam -M o rley ) a n d  to  th e  fo llow ing  a u th o r i 
t ie s  fo r in fo rm a tio n  re la tin g  to  d ev elopm en ts in  
fo re ig n  c o u n tr ie s :— M r. J .  L eo n a rd , P ro f .  A. 
P o r te v in , D r. T h. G e ilen k irch en , P ro f .  K . 
G ie rd zie jew sk i an d  M r. C. E . S im s a n d  M r. 
R . E . K e n n ed y . G ra te fu l  th a n k s  a re  also g iven  
to  D r. R . J .  S a r ja n t  fo r a ssis tan ce  re n d e re d  in 
th e  p re p a ra tio n  of th is  P a p e r .
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D IS C U S S IO N

T he a u th o r , M r . W . J .  D a w s o n , presen tin g  
th e  P a p e r ,  sa id  t h a t ,  in  co n n ec tio n  w ith  th a t  
sec tion  o u tlin in g  fo re ig n  re sea rch  a c tiv itie s , he 
h ad  su b seq u en tly  rece iv ed  a  co m m u n ica tio n  from 
D r. V a n z e tti ,  who h ad  s ta te d  t h a t  in  I ta ly  th ere  
w as an  in s t i tu te  specia lly  eng ag ed  in  steel 
fo u n d ry  re sea rch , a n d  th a t  th e  N a tio n a l Council 
in  R om e w as en g ag ed  on th e  sam e subject. 
W h ils t a t  p re se n t  th e re  w as no c en tre  of o rgan i
sa tio n  fo r  re sea rch  on fo u n d ry  m a tte r s  th ere , it 
was p roposed  to  in a u g u ra te  one v ery  shortly. 
E d u c a tio n  in  fo u n d ry  science, com m ented  Mr. 
D aw son, a p p e a re d  to  be very  ad eq u a te ly  dealt 
w ith  in  I ta ly .  H e  ad d ed  t h a t  he wished to 
apologise fo r n o t h a v in g  m en tio n ed  th e  useful 
w ork  c a r r ie d  o u t  by th e  T echn ica l Com m ittee 
of th e  I n s t i tu t e  of B r i tish  F o u n d ry m en , more 
p a r tic u la r ly  th e  S an d s S ub-C om m ittee  an d  the 
S teel C a stin g s  S u b -C o m m ittee . H e  wished to 
v e n ti la te , he sa id , th e  d e s ira b ility  of closer and 
m ore in tim a te  asso c ia tio n  of ideas th a n  h ad  been 
effected  in  th e  p a s t b e tw een  th e  co-operative 
bodies en g ag ed  in  re sea rc h  w ork.

T h e  S te e l C astings R ep orts
T he P r e s i d e n t  (M r. W . B. L ak e), commend

in g  th e  P a p e r ,  m en tio n ed  th e  hope expressed 
by M r. D aw son t h a t  i t  w ould lead  to  a n  ex
change  of ideas on  th e  fin d in g s p u t  fo rw ard  by 
th e  S tee l C as tin g s  R esearch  C om m ittee . He 
hoped  sin cere ly  t h a t  t h a t  w ould  be th e  c a s e ; bu t 
he w as r a th e r  d o u b tfu l,  because  th e  conclusions 
h a d  been  a r r iv e d  a t  a f te r  such ca re fu l study 
th a t  he d id  n o t  th in k  m an y  people would ven ture  
to  c r itic ise  th em .

M r . C. D. P o lt .a r d  (D erb y ), a f te r  paying 
t r ib u te  to  M r. D aw son an d  h is colleagues for 
th e i r  v a lu ab le  w ork  as se t o u t in  th e  R eport, 
sa id  t h a t  he  an d  those  who w ere  engaged  on 
p ro d u c tio n  in  th e  w orks w ere d o ing  th e ir  utm ost 
to  p u t  in to  p ra c tic e  th e  investiga tions 
e n u m e ra te d  in  th e  R e p o r t.  A t th e  sam e tim e, 
how ever, th e  s c ie n tis ts  w ere d o in g  th e ir  best to 
he lp  th e  w orks ex ecu tiv es to  u n d e rs ta n d  th e  more 
a b s tru se  m a t te r s  w ith o u t  th e  a id  of such research 
w ork  as t h a t  w hich  M r. D aw son and  his com
m itte e s  w ere c a r ry in g  o u t.

M r .  F . N . L l o y d  (W ed n esb u ry ), re fe r r in g  to 
th e  w ork  of th e  F o u n d ry  P ra c tic e  Sub-C om m ittee 
m en tio n ed  in  th e  P a p e r ,  s a id  t h a t  i t  was formed 
w ith  th e  v e ry  id e a  o f c o rre la t in g  foundry 
p ra c tic e  in  v a rio u s  w orks. T he Sub-C om m ittee 
h ad  been in  ex is ten ce  o n ly  a b o u t six  m on ths, but 
d u r in g  t h a t  t im e  i t  h a d  fo u n d  t h a t  re su lts  were 
n o t g o ing  to  be o b ta in e d  qu ick ly . T he m embers 
of th e  S u b -C o m m ittee  h a d  pooled th e i r  ideas, 
a n d  th e n  by e x p e rim e n ts  co n d u c ted  in  th e ir 
v a rio u s firm s th e y  t r ie d  to  p rove  o r disprove



th e ir  ideas an d  to  reach  ag reem en t u p o n  those  
fu n d am en ta l th eo ries  u p o n  w hich all th e ir  ideas 
m ust be b u ilt . They h ad  progressed  a c e r ta in  
distance, and  h ad  been  w ork in g  on th e  p ro d u c
tion  of steel cas tin g s  u n d e r  v a rio u s heads an d  
under closely con tro lled  cond itions of cas tin g ,

a n d  th e y  hoped to  be ab le  to  re p o rt  on  th a t  
m a t te r  w ith in  a sh o rt tim e . H e  m en tioned  th e  
m a tte r  to  show how th ey  w ere tac k lin g  th e  very 
aw kw ard  problem  su b m itte d  to  them , an d  to  
show th a t  th e  w ork  was be ing  done by people 
activ ely  engaged  in  th e  fo u n d ry  in d u stry .
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Radiography in Iron and Steel Founding
By F. W .  R OW E, B.Sc. (Associate Member)

Paper No. 682

M odern in d u s tr ia l  rad io lo g y  em braces two 
main fields : (a) The e x am in a tio n  of th e  c ry sta l 
s tru c tu re  of m a te ria ls  in  th e  fo rm  of X -ray  
diffraction, and  ( b) th e  e x am in a tio n  of in te rn a l  
soundness by ra d io g ra p h y  w ith  b o th  X - and  
gam m a-ray6 . T h e  su b je c t to  be d e a lt w ith  con
cerns th e  la t te r  ca tegory .

H is to r ic a l
Probably th e  first h in t  of th e  ex is ten ce  of 

properties which a re  now u tilise d  so u n iv e rsa lly  
was given when F ra n c is  H au k sb ee  re p o rte d  to  
the Royal Society  in  1705 on th e  p ro d u c tio n  of 
Hashes of p u rp le  lig h t by m echanically  ru b b in g  
together am ber an d  woollen c lo th  u n d e r  a bell- 
ja r  connected to  a vacuum  pum p.

Abbé N ollet co n tin u ed  H a u k sb e e ’s w ork in

t h a t  i t  is e m itte d  from  a n y th in g , especially  th e  
positive  e lectrode , h i t  by th e  s tream  of elec
tro n s  from  th e  n e g a tiv e  electrode. H e  found 
t h a t  th ese  “  X -ray s ”  have  a rem ark ab le  ab ility  
fo r p assin g  th ro u g h  m a te ria l  opaque to  v isual 
lig h t, an d  th a t  th e ir  p e n e tra tiv e  pow er increases 
w ith  v o ltage , a lth o u g h  th e  h ig h e r  th e  a tom ic 
w e igh t of th e  m a te ria l  th e  less will th e  rays 
p e n e tra te  th ro u g h  it. H e  also found  t h a t  th e  
r a d ia tio n  produces a pho to g rap h ic  im age and , as 
f a r  back  as 1897, R o en tg en  o b ta in ed  sa tis fac to ry  
ra d io g ra p h s  of m any  m eta l objects.

U n til  1912, how ever, efforts to  ap p ly  X -rays 
in d u s tr ia lly  w ere seriously  ham p ered  because th e  
tu b es  th e n  in  use could n o t s ta n d  th e  high 
vo ltages req u ired , n o r would th e  g e n e ra tin g  
eq u ip m en t d e liv e r sufficient c u rre n t, w hich, in

F i g . 1 .— D ia g r a m  o f  X - R a y  T u b e , s h o w i n g  R e l a t i v e  P o s i t i o n s  o f  t h e  V a r i o u s  P a r t s .

P aris in 1753, and  W illiam  M o rg an  de livered  
a P aper before th e  R oyal Society  in 1785 on th e  
electrical p rop erties  of a  very  h ig h  vacuum . 
M organ very probab ly  p roduced  X -rays, 
although, of course, u n d e te c te d  by him .

Pluecker, in  1859, and  H i t to r f ,  in  1869, p u b 
lished work on fluorescence, re m a rk in g  th a t  
objects placed betw een th e  ca th o d e  and  th e  wall 
of a h igh-vacuum  tu b e  th re w  a d is ta n t  shadow . 
Crookes, in 1879, began  to  estab lish  th e  physical 
principles u n d e rly in g  these  phenom ena. L a te r , 
in 1895, R o en tgen , in  an  e x p e rim e n t to  discover 
the emission of u ltra -v io le t lig h t from  these  h igh  
vacuum discharges, found  t h a t  a fluorescen t 
screen of b a riu m  p la tin o -cy an id e  ly in g  some 
1 0  ft. from  th e  tu b e  glowed w henever he  sw itched  
on. H e  im m edia te ly  began  an  in ten se  s tu d y  of 
this unknow n or “ X  ” ra d ia tio n , an d  found

c o n ju n c tio n  w ith  th e  slow glass pho to g rap h ic  
p la tes , n ecessita ted  very  long exposures. B u t, 
in  1912, F r ie d r ic h , K n ip p in g , an d  L au e  p u b 
lished a P a p e r  on “  X -R ay  D iffrac tion  
P h e n o m en a ,”  w hich aroused  keen  in te re s t  in  
X -ra y  resea rch . In  th e  sam e y e a r  Coolidge 
in tro d u c ed  a new  ty p e  of tu b e , w hich could be 
o p e ra ted  co n tinuously  a t  h ig h er voltages, using  
g re a te r  c u rre n ts , th u s  in c reas in g  bo th  th e  pene
t r a t iv e  pow er an d  th e  in te n s ity  of th e  rays. 
T he a d v en t of th e  C oolidge tu b e  m ark s th e  
b e g in n in g  of th e  effective use of ra d io g ra p h y  in  
in d u s try .

D u r in g  an d  a f te r  th e  G re a t W ar ra d io g rap h y  
co n tin u ed  to  im prove stead ily  w ith  th e  in tro d u c 
t io n  of b e tte r  pow er p lan ts , h ig h er q u a lity  
fluo rescen t screens, and  pho to g rap h ic  film coated 
on b o th  faces w ith  special X -ra y  sensitive



em ulsion . I n  1922 th e  U .S . G o v e rn m en t A rsen a l 
a t  W a te r to w n , M assach u se tts , in s ta lled  a
200,000-volt e q u ip m e n t p assin g  5 m illiam p s, 
r a is in g  th e  possible th ic k n e ss  of s tee l able to  be 
ra d io g ra p h e d  fro m  1 |  in . w ith  th e  th e n  m ax im u m  
of 125,000 vo lts to  3 in . w ith  th e  new  tu b e .

A b o u t 1925 en g in eers  b e g an  to  d em an d  X -ra y  
in sp ec tio n  of im p o r ta n t  cas tin g s  in  h ig h -p ressu re  
s te a m  p la n ts , a n d  fro m  th e n  on th is  m eth o d  of 
in sp e c tio n  w as in c re a s in g ly  ap p lied  to  c a s tin g s  
in  l ig h t  alloys. I n  1925, too , P ilo n  a n d  L ab o rd e  
c la im ed  th e  h o n o u r of f irs t u s in g  g am m a-ray s for

flexible se t-u p s a re  av a ilab le  a t  2 0 0 , 0 0 0  volts, 
th e  a p p a ra tu s  re q u ire d  fo r  field in spection  a t 
300,000 vo lts is by  no m eans so m anoeuvrable.

In  1932 a 300,000-volt C oolidge tu b e  became 
a v a ilab le , in c re as in g  th e  th ic k n e ss  of steel th a t  
c an  be ra d io g ra p h e d  fro m  3 in . to  4^ in. 
A lth o u g h  n o t  s tr ic t ly  w ith in  th e  scope of th is 
P a p e r ,  a  g lance  a t  re c e n t advances in  other 
fields discloses th e  successfu l in s ta lla tio n  of a
750,000-v o lt tu b e  fo r  deep  th e ra p y  in  S t. B ar
tho lom ew ’s H o sp ita l, L ondon , an d  m illion-volt 
tu b es  a re  now b e in g  used e x p erim en ta lly . The

F i g .  2 .— G e n e r a l  V i e w  o f  t h e  3 0 0 - k w . P l a n t  i n  D a v i d  B r o w n  &  S o n s ’
P e n i s t o n e  W o r k s .

th e  in sp ec tio n  of m e ta l. H ow ever, M ehl, in  th e  
U n ite d  S ta te s , in  1929, seems to  h a v e  been  th e  
f irs t w o rk er to  do an y  sy s tem atic  re sea rch  on th e  
use of ra d io -a c tiv e  m a te ria ls  fo r in d u s tr ia l  in 
spection  an d , in  co n ju n c tio n  w ith  B a r re t  and  
D oan , e stab lish ed  th e  basic p rin c ip les  of th e  
m ethod .

T he y e a r  1930 saw th e  in tro d u c tio n  of th e  
f irs t p o rtab le  X -ra y  sets, a n d  th e  successful 
shock-proofing  of sm alle r tu b e s  has le n t  g re a t  
im p e tu s  to  th is  ty p e  of a p p a ra tu s .  T he possi
b i li ty  of X -ra y  eq u ip m en ts  decreases w ith  th e  
use of h ig h e r  vo ltages, fo r, w hile re m a rk ab ly

in tro d u c tio n  of th e  r o ta t in g  anode, w here the 
e n erg y  of th e  c a th o d e  s tre a m  is sp re ad  over a 
r in g  in s te a d  of on a  sm all, fixed a rea , perm its a 
ve ry  m u ch  g re a te r  in p u t ,  w ith  corresponding 
increase  in  X -ra y  in te n s i ty ,  w ith o u t any  loss of 
d e fin itio n . A 2 -am p ., 25,000-volt, 50-kw. tube 
w ith  a r o ta t in g  ano d e  has been perfec ted  by 
M u lle r  a n d  C lay in  th e  R o y a l I n s t i tu t io n  for 
c ry s ta l s t ru c tu re  an a ly s is , X -ra y s  of longer 
w av elen g th , g e n e ra te d  a t  low er vo ltages, being 
m ore c o n v en ien t fo r  th is  ty p e  of w ork. P ro 
fessor L aw ren ce , too , h a s evolved th e  “  Cyclo
t r o n ,”  w hich  g e n e ra te s  a r tif ic ia l  rad io -ac tiv ity
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by th e  b o m b ard m en t of c e r ta in  e lem en ts w ith  
high-speed pho tons o r d e u tro n s .

So fa r  only developm en ts in  a p p a ra tu s  have 
been m en tio n ed . The I lfo rd  an d  A gfa-A nseo 
concerns have, how ever, re cen tly  in tro d u c ed  new 
X -ray  film stock which is a d e fin ite  ad v an ce  on 
the older m a te ria ls  in  d e fin itio n , c o n tra s t  and  
speed. No in te n s ify in g  screens a re  re q u ired . 
The I lfo rd  and  K o d ak  com panies have  also in 
troduced new developers e n ab lin g  a 40 p e r  cen t, 
reduction  in  exposure  on th a t  re q u ire d  a sh o rt 
tim e ago. I t  is possible, too, by m eans of o th e r 
developers in tro d u c ed  by these  tw o firm s to  de 
velop, rinse  a n d  fix w ith in  1 to  3 m in .

G e n e ra tio n  o f X -R ays
Fig. 1 is a line  d ra w in g  of an  X -ra y  tu b e , 

ind ica ting  d iag ra m m a tic a lly  th e  re la tiv e  posi
tions of th e  v a rio u s p a r ts . T he anode  an d  fila-

F i g . 7 .— M a n g a n e s e  S t e e l  H a m m e r .

m ent are  enclosed in  a  g lass envelope, a ro u n d  
which is a m eta l sh ie ld  to  absorb  th e  X -ray s. 
The anode is w ater-cooled . T he tw o h ig h -ten sio n  
leads and  th e  filam en t cable a re  b ro u g h t o u t  a t  
e ither end in  flexible e a r th e d  m eta l tu b es .

An X -ray  tu b e  consists of a sealed  g lass en 
velope, encased in  v a rio u s  ray -p ro o f lay e rs  of 
m etal, ev acu ated  to  a  v ery  h ig h  d egree , c o n ta in 
ing an  anode, u su a lly  of copper w ith  a  t u n g 
sten ta rg e t  in se t, an d  a  filam en t co ated  w ith  
e lectron -em itting  m a te ria l.  A h ig h  d .c. v o lt
age is app lied  to  th e  tu b e , th e  positiv e  to  th e  
anode, an d  th e  n e g a tiv e  to  th e  filam en t or 
cathode. The cathode, w hen h e a ted , supp lies 
electrons to  b rid g e  th e  g ap  betw een  i t  and  th e  
anode. The ve ry  h ig h  v o ltages used  cause  th e  
electrons to  acce le ra te  to w ard s th e  t a r g e t ,  and

to  bom bard  th e  a tom s on its  su rface . T h is im 
p a c t of a ra p id ly  m oving p a r tic le  in to  an  a tom  
causes d is tu rb an c es  in  th e  in n e r  e lec tro n s of 
th e  a tom , w hich, as th ey  subside, g ive o u t X - 
ra d ia tio n s  of a  w aveleng th  d ep en d in g  upon  th e  
force of th e  im p ac t. T he h ig h e r th e  ap p lied  volt
age th e  g re a te r  th e  im p a c t and  th e  sh o rte r  th e  
w aveleng th , w ith  con seq u en t in crease  in  p e n e tra 
tiv e  pow er. T hus, th e  h ig h e r th e  vo ltage  app lied  
to  a tu b e , th e  g re a te r  w ill be th e  p e n e tra tio n  of 
th e  ray s  e m a n a tin g  from  i t .  T he w av elen g th  of 
th e  e m a n a tio n  is also som ew hat d ep en d e n t upon 
th e  m a te r ia l  of w hich th e  t a r g e t  is m ade.

T he q u a n ti ty  of X -ray s p roduced  depends u p o n  
th e  n u m b er of im p ac ts  o ccu rrin g  in  a  g iven  tim e , 
of which th e  tu b e  c u r re n t  is a  m easu re . T hus, 
fo r any  one tu b e , th e  ap p lied  v o ltag e  d e te rm in es 
th e  w av elen g th  of th e  ra d ia tio n , and  th e  tu b e  
c u r re n t  d e te rm in es i ts  in te n s ity .

A f te r  X -ray s leave th e  ta rg e t ,  th ey  obey th e  
no rm al in v erse  sq u a re  law , i.e ., th e  q u a n ti ty  of 
X -ray s passing  I  sq. in . a t  1 in . from  th e  ta r g e t  
is sp read  over 4 sq. in . a t  2 in . and  9 sq. in . a t  
3 in .,  and  so on. T hus, on any  g iven  a re a  th e  
in te n s ity  of X -ray s  decreases as th e  sq u a re  of th e  
d is tan c e  fro m  th e  ta rg e t .

F u r th e r ,  a lth o u g h  X -rays, by reason of th e ir  
ex trem e ly  sh o r t  w avelength , a re  able to  pene
t r a t e  m a te ria ls  opaque to  v isib le  lig h t, th ey  a re  
absorbed as th e y  t ra v e l  th ro u g h  th e  m a te ria l. 
I n  any  one m a te ria l  th e  ab so rp tio n  depends on 
th e  th ick n ess, w hile  in  d iffe re n t m a te ria ls  th e  
ab so rp tio n  va ries  as th e  a to m ic  w eigh t, lead , fo r 
in s tan ce , ab so rb ing  fa r  m ore ray s th a n  an  equal 
th ick n ess of a lu m in iu m .

Thus, th e  in te n s ity  of X -ray s  reach in g  a  p o in t 
a t  a  d is tan c e  from  th e  tu b e  depends upon  : —

(а) T he m a te ria l  fo rm in g  th e  ta r g e t  of th e  
tu b e .

( б ) V o ltage  ap p lied  to  th e  tu b e .
(c) C u r re n t  passing  th ro u g h  th e  tu b e .
(d ) D is ta n ce  of th e  p o in t in  qu estio n  from  

th e  ta rg e t .
(e) T h ickness of th e  in te rp o sed  m a te ria l.
( /)  A tom ic w e igh t of th e  m ate ria l.

T he u su a l m ethod  of d riv in g  m odern  X -ray  
tu b es  is by s ta tic  a p p a ra tu s  as opposed to  th e  
o lder ro ta t in g  m ach in ery . A lte rn a tin g  c u r re n t  
a t  n o rm al d om estic  vo ltages is tran s fo rm e d  u p  
to  th e  v o ltag e  re q u ire d  fo r  th e  tu b e  and  rectified  
by th e  u se  of re c tify in g  valves, b o th  th e  t r a n s 
fo rm er an d  th e  valves be ing  oil-im m ersed. By 
th is  m eans a  p u lsa tin g  d.-c. v o ltag e  is im pressed 
on th e  tu b e . T he filam en t of th e  tu b e  is h ea ted  
from  a s e p a ra te  low -voltage w ind ing  on th e  
tra n s fo rm e r.

B o th  v o ltag e  an d  filam en t c u r re n t  a re  co n tro l
lab le  from  a  s e p a ra te  co n tro l tab le  which is 
a r ra n g e d  so t h a t  m ish an d lin g  of th e  a p p a ra tu s



is a lm o st im possib le. B y th e  in clu sio n  of v a rio u s  
lock ing  an d  p ro tec tiv e  devices, th e  m ax im u m  
tu b e  life  is secu red , a n d  a d e q u a te  sa fe ty  p rov ided  
fo r  th e  p e rso n n el. T h e  q u estio n  of sa fe ty  is of 
g r e a t  im p o rta n ce , b o th  in  re la tio n  to  th e  d a n g e r  
possible fro m  th e  h ig h  v o ltag es used , an d  from  
th e  ra y s  them selves, since  o v er-exposure  can  give 
r ise  to  p e rm a n e n t  ch an g es in  th e  tis su es an d  to  
severe  b u rn s .

All m o d ern  tu b es , ex cep t p e rh ap s  th o se  in  
e x p e rim e n ta l lab o ra to rie s , a re  effectively  shock- 
p roof a n d  ray -p ro o f. T he floor, w alls an d  ceiling  
of X -ra y  room s a re  lin ed  w ith  sufficient ab so rp 
tiv e  m a te r ia l  to  ta k e  up  an y  sc a tte re d  ra d ia tio n  
w hich m ay  be re flected  o r d iffrac te d  from  p a r ts  
be ing  ra d io g ra p h e d . W h ere  a  se t  is be ing  used 
in  a lo ca tio n  n o t  specifically  la id  o u t fo r X -ray

a re  even  sh o rte r , a t  1.4 to  0.01 A. T he sh o rte r  
th e  w av elen g th  th e  g re a te r  th e  p e n e tra t io n .

I n  p assin g  th ro u g h  th e  m a te r ia l—say, a steel 
c a s tin g , th e  ra d ia t io n  is ab so rbed  by i t  ini 
a m o u n ts  d e p e n d e n t u p o n  th e  th ick n ess. Thus, 
th e  ra d io g ra p h  of a  t ru ly  hom ogeneous piece of 
m a te r ia l  w ould show b lack en in g  of th e  n eg a tiv e  
u n d e r  th in  p a r ts  (c a s tin g  a  l ig h t  shadow ), while 
th e  th ic k e r  p a r ts ,  ab so rb in g  m ore ra d ia tio n , 
w ould th ro w  h e a v ie r  shadow s, w ith  consequently  
less b lack en in g  on th e  n e g a tiv e . A dded  to  th is , 
c av itie s  in  th e  m a te r ia l  do n o t absorb  so much 
of th e  r a d ia tio n  as th e  b u lk , an d  so c a s t ligh ter 
shadow s, w hich  show on th e  n e g a tiv e  as d a rk  
sp o ts . T he sam e ap p lies  to  inclusions, such as 
san d  o r slag , so t h a t  ra d io g ra p h y  provides a 
m ean s of p ro b in g  th e  in te r io r  of a  cas tin g  for

F i g . 8 . — R a d i o g r a p h s  o f  t h e  C a s t i n g  s h o w n  i n  F i g . 7 .

w ork, a d e q u a te  p re ca u tio n s  m u s t be ta k e n  to  p re
v e n t s c a tte r  by enclosing  th e  ra d io g ra p h e d  a rea  
in  sh ee t lead .

T e c h n iq u e

M any  people a re  a lre ad y  fa m ilia r  w ith  some of 
th e  m ore e le m en ta ry  th o u g h  fu n d a m e n ta l p o in ts  
of ra d io g ra p h y , b u t  th e  fo llow ing résum é  
describes briefly  th e  p rin c ip les .

I n  th e  e a rly  days of p h o to g rap h y , i t  u sed  to  be 
q u ite  a  vogue  to  ta k e  s ilh o u e tte  p o r t r a i t s  of 
o n e ’s f r ien d s , w hereby  th e  shadow  of th e  s i t te r  
was reco rd ed  on th e  p la te . A s im ila r  p r in c ip le  is 
em ployed  in  ra d io g ra p h y , ex cep t t h a t ,  in s tea d  
of u s in g  ra d ia tio n s  in  th e  v isib le  p a r t  of th e  
sp e c tru m  of w av elen g th  7,500 to  3,800 A ngstrom s 
(1 0 " e cm .), a c tu a l p e n e tra t io n  of th e  o b jec t is 
ach ieved  by  th e  u se  of X - a n d  g a m m a -ra d ia tio n s . 
T h is p e n e tra t io n  is o b ta in e d  because X -ray s  have  
a  w av e le n g th  of 500 to  0.4 A-, a n d  g am m a-ray s

d e fec ts  w ith o u t h a v in g  to  sec tion  th e  a rtic le  and 
so d es tro y  it.

As m en tio n ed  p rev io u sly , X -ra y s  can  be gener
a te d  e le c tr ica lly , w hile  g am m a-ray s em anate 
fro m  ra d io -a c tiv e  m a te r ia l .  I t  is conceivable 
t h a t  g am m a-ray s  m ay  e v e n tu a lly  be generated  
e lec tr ica lly , since, in  th e  l ig h t  o f p re sen t ex
perien ce , a tu b e  w o rk in g  a t  a  v o ltag e  in  the 
n e ig h b o u rh o o d  of 1 |  m illio n  v o lts  should  generate  
X -ra y s  h a v in g  a  w a v e le n g th  e q u a l to  th a t  of 
g am m a-ray s . U n fo r tu n a te ly ,  th e  h u m an  eye can
n o t d e te c t  X -ra y s , so t h a t  som e reco rd in g  device 
is re q u ire d  to  re g is te r  th ese  sh adow graphs. Two 
p rin c ip a l m e th o d s a re  a v a ilab le , nam ely , fluoro
scopy an d  p h o to g rap h y .

F lu o ro s co p y
R o e n tg e n ’s b a r iu m  p la t in o -c ja n id e ,  m entioned 

e a r lie r ,  h a s  th e  p ro p e r ty  of fluo rescing  or con
v e r tin g  X -ra d ia t io n s  in to  v isib le  l ig h t ,  th e  point



to p o in t b rig h tn e ss  of th e  glow d e p en d in g  upon  
the  am o u n t of r a d ia tio n  re ac h in g  th e  screen . 
B arium  p la tin o -cy an id e , th o u g h  very  efficient, 
has now been rep laced  by screens of calc ium  tu n g -  
s ta te  and  zinc  s ilic a te . Screens b u ilt  u p  of th in  
deposits of th ese  sa lts  on g lass serve to  m ake  
visible to  th e  n ak ed  eye th e  ra d io g ra p h  of any  
object p laced betw een  th em  a n d  th e  X -ra y  tu b e .

Such v isu a l in sp ec tio n  has th e  considerab le  
advantage of b e in g  in s ta n ta n e o u s , b u t, like  m ost 
good th in g s , th e re  is a  c a tch  in  i t .  A n im age 
with good d e ta i l  m ay be re g is te re d  on a  p h o to 
graphic film by allow ing th e  ra y s  to  ta k e  a n  accu
m ulative effect d u r in g  a long ex p o su re , b u t  no 
such accu m ula tion  occurs d u r in g  fluorescence, 
so th a t  th e  im age is v ery  m uch w eaker. This 
fact lim its th e  th ick n ess of m e ta l w hich  m ay  be 
visually inspected , fo r, w hile a 2 0 0 ,0 0 0 -vo lt tu b e  
m ight yield a good p h o to g rap h ic  im age  of 3 in . 
of steel, th e  sam e tu b e  could  only g ive  a s a tis 
factory im age on th e  fluo rescen t screen  of h a lf  
an inch of steel.

Fluoroscopic in sp ectio n  is th u s  only ap p lic 
able to th e  d e tec tio n  of la rg e  cav itie s  an d  in 
clusions in lim ited  th icknesses of m eta l, o r to  
the ro u tin e  in sp ectio n  of a rtic le s  w hich a re  no t 
very absorbent, such as foodstuffs. T he choco
late  m an u fa c tu re r , fo r  in s tan c e , c an  check up 
on th e  con ten ts of h is m ore  expensive  chocolates, 
and th e  f ru i t  pack er can te ll by th e  im age on 
the screen w he ther he is p ack in g  good o r bad 
oranges.

F ig. 2 shows a g en era l view  of th e  300-kv. 
p lant a t  D avid  B ro w n ’s P e n is to n e  W orks, show
ing the  tu b e  and  th e  tu b e  g e n e ra to r  housings, 
containing th e  necessary  tra n s fo rm e rs  and  
rectify ing  valves.

F ig. 3 illu s tra te s  a se t-u p  fo r v isu a l inspec
tion. The w ork ta b le  is su p p o rte d  on  ro lle rs on 
the two horizon tal cross-bars, w hile th e  tu b e  can 
be seen b eneath  th e  tab le . A m o to r is  u sed  to  
rock th e  tab le  slowly on a c e n tra l  p iv o t, and  is 
switched on and  off by a p o rtab le  sw itch  re s tin g  
on top of th e  view ing shie ld . T his obv iates th e  
necessity for th e  o p e ra to r  to  m a n ip u la te  th e  
casting w ith  h is h an d s in  th e  X -ra y  beam . 
Above th e  tab le  m ay  be seen th e  fluorescen t 
screen, while, su rro u n d in g  th e  whole, is a lead- 
lined shield which p ro tec ts  th e  o p e ra to r. In  th e  
background th e  lead -lined  door m ay  be seen, 
with an inside lock, th e  re c ta n g u la r  p la te  being 
a t  the  back of an  illu m in a ted  d a n g e r  sign . The 
walls, too, have  been  p la s te re d  w ith  b a riu m  
su lphate  so t h a t  as l i t t le  s t r a y  ra d ia tio n  as 
possible reaches th e  re s t  of th e  lab o ra to ry  
personnel. X -ray  films a re  stocked  on th e  floor 
above in a lead-lined  chest to  p re v e n t fogg ing .

F ig. 4 shows a  ca s tin g  on  th e  w ork  ta b le  re ad y  
for visual in spection . W hen  re ad y , th e  whole 
table m ay be ru n  a long  sidew ays u n d e r  th e  view-

ing  screen , an d  can  be m oved w hen th e  beam  is 
on by th e  ru b b e r-h a n d led  b a r  above th e  sh ie ld . 
T he sw itch  fo r th e  ro ck in g  m o to r can  be 6 een 
re s tin g  on  to p  of th e  sh ield .

F ig . 5 i llu s tra te s  th e  v isu a l se t-up  as in  u se ; 
i t  shows th e  o p e ra tio n  of th e  ro ck in g  contro l, 
an d  th e  tu b e  co n tro l tab le  in  th e  b ack ground . 
The room  is no rm ally  d a rk en e d  fo r  v isu a l w ork.

R ad iog rap hy  w ith  X -R ays
T he m ore u su a l m ethod  of X -ra y  in v es tig a tio n  

of iro n  a n d  steel c as tin g s is by p h o to g rap h y . 
Specia l double-coated , X -ra y  sen sitiv e  film of 
tw o s ta n d a rd  sizes, n am ely  15 in . by 12 in . an d  
15 in . by 6  in ., is p laced  be tw een  tw o fluorescen t 
in te n s ify in g  screens an d  pack in g  in  l ig h t- t ig h t

F i g . 9 .— N i - C n - M o  C a s t - S t e e l  E l b o w .

a lu m in iu m  cassettes . The screens em it lig h t of 
h igh  a c tin ic  va lue  d u rin g  exposure  to  X -rays, 
an d  th u s  serve to  su p p lem en t or in te n sify  th e  
ac tio n  on th e  film of th e  ray s  them selves. The 
c asse tte  is p laced u n d e r  th e  ob jec t o r o therw ise  
a rra n g e d  in  such a position  th a t  th e  re su ltin g  
ex o g rap h  w ill show likely  defects.

F ig . 6  shows th e  se t-u p  fo r  ra d io g ra p h y  u sing  
film. T he tu b e  is c learly  show n w ith  th e  n eg ativ e  
c o n d u it on th e  r ig h t-h a n d  side an d  th e  positive  
o r anode lead  on th e  le ft. Also on th e  le f t  m ay 
be seen th e  tw o flexible w a te r  pipes connected  
th ro u g h  th e  tu b e  casing  to  th e  anode. The tab le  
s ta n d s  on a  lead  m a t to  absorb  s tra y  ra d ia tio n , 
th u s  p re v e n tin g  re flectio n  u p  from  th e  floor. 
On th e  ta b le  is a  f u r th e r  lead  screen on which 
is p laced th e  film casse tte  w ith  th e  c a s tin g  re s tin g  
d ire c tly  on i t .  S tr ip s  of lead a re  a rra n g e d  
ro u n d  th e  c a s tin g  as a  m ask, so t h a t  th e  film 
o u tsid e  th e  shadow  of th e  ca s tin g  will n o t be



exposed. T h is g ives less s c a t te r  a n d  b e tte r  de 
fin itio n . The o p e ra to r  is in  th e  a c t  of m ea su r
in g  th e  d is tan c e  fro m  th e  t a r g e t  to  th e  c a s tin g  
by m eans of a  telescopic  g au g e  sp ec ia lly  designed  
fo r th e  job . H e  bases h is t im e  of ex p o su re  p a r 
t ia l ly  on  th is  d is tan ce , a n d  a r ra n g e s  th e  tu b e  as 
n e a r  as he can  to  a s ta n d a rd  w o rk in g  d is tan c e , 
say  2 0  in .

T he g a u g e  is rem oved  before  th e  c a s tin g  is 
ra d io g ra p h e d , th e  whole of th e  ch ro m iu m -p la ted  
f i t t in g  u n sc rew in g  from  th e  tu b e  a p e r tu re .  
D u r in g  th e  a c tu a l ex posure  th e  o p e ra to r  co n tro ls  
th e  p la n t  by m eans of th e  c o n tro l ta b le  shown in  
F ig . 2, a n d  sh e lte rs  b eh in d  a leaded  screen , 
seen  in  th e  b ack g ro u n d .

E x p erien c e  is p re re q u is ite  fo r  th e  ra d io 
g ra p h e r  if  a c a s tin g  is to  be ad eq u a te ly  in-

U sin g  film packed  in  casse tte s  as described 
e a r l ie r ,  th e  se n s it iv ity  of th e  m eth o d  is, in 
g e n e ra l, such t h a t  a ch an g e  in  th ick n ess  of 2  per 
cen t, is d e te c ta b le  by eye on th e  film , t h a t  is, a 
c av ity  0.08 in . deep in  a 4 -in . th ick n ess of steel 
could be seen.

R ad io g rap h y  w ith  G am m a-R ays
T he p rin c ip le  of ra d io g ra p h y  w ith  gamma- 

ray s is p recise ly  th e  sam e as w ith  X -ray s, except 
t h a t  th e  e le c tr ica l source  of X -ray s  is now re 
placed  by a  sm all q u a n ti ty  of rad io -ac tiv e  sub
s tan ce . T he su b s tan ce  chiefly used  is rad ium  
su lp h a te , w hich  has a  lon g er life  a n d  is m ore 
p e rm a n e n t  in  n a tu r e  th a n  th e  a lte rn a tiv e  
R ad o n , a gas o th erw ise  know n as ra d iu m  em ana
tio n . A lth o u g h  i t  is possible to  ap p ro ach  n e are r

F i g . 1 0 .— R a d i o g r a p h  o f  S t e e l  E l b o w  s h o w n  i n  F i g . 9 ,

sp ec ted , fo r  he m u s t be ab le  to  fo rec a s t w here  
c rack s, c av itie s , p o ro sity  or inclusions a re  likely  
to  occur, an d  to  expose his film accord ing ly . On 
c e r ta in  jobs v isu a l in sp ec tio n  m ay  be used  as a 
p re lim in a ry . S ince ra d io g ra p h y  is expensive , 
th e  n u m b er of ra d io g ra p h s  m ade p e r  ca s tin g  
m u st be k e p t  to  a m in im u m . E x p e rien c e  is also 
necessary  in  in te rp re t in g  th e  ex o g rap h  w hen 
developed.

U sin g  m odern  p la n t, th e  m an ip u la tio n  is v ery  
sim ple  an d  foo lproof. E x p o su re s  in  th e  reg io n  
of 20 to  30 m ins. a re  u su a l w hen ra d io g ra p h in g  
4 to  4J in . of steel. A f te r  exposure , th e  film is 
developed , fixed a n d  d r ied , an d  u su a lly  in 
spec ted  in  th e  n e g a tiv e . B y u s in g  n eg ativ es, 
r a th e r  th a n  m ak in g  p o sitiv e  p r in ts ,  th e  m ax i
m um  d efin itio n  of th e  m eth o d  is o b ta in e d , since 
th e  n e g a tiv e  m ay  be view ed by t r a n s m it te d  l ig h t 
a n d  sm all local changes in  d e n sity  seen.

to  th e  idea l p o in t source  u s in g  R a d o n , difficul
tie s  a re  e n c o u n te re d , because  th e  em a n a tio n  has 
a h a lf- life  of only  3.85 days, w hich necessitates 
com p lica ted  a d ju s tm e n ts  to  allow  fo r  th e  de
c rea s in g  in te n s i ty  d u r in g  ex p o su re . R adium  
sa lt, how ever, a lth o u g h  m ore  b u lk y , is to  be p re
fe rre d , since, even  d u r in g  th e  lo n g es t exposures, 
it  is u n n ecessa ry  to  allow  fo r  a n y  changes in  the 
q u a n ti ty  of ra d ia tio n .

T he m eth o d  is ve ry  m uch  sim p le r th a n  th a t  
invo lved  in  th e  use  of X -ra y s . T he film is 
p laced  b eh in d  th e  o b jec t a n d  th e  ra d iu m  placed 
in  p o sitio n  a t  a  d e fin ite  d is ta n c e  from  th e  film, 
a n d  le f t  th e re  fo r  th e  a p p ro p r ia te  exposure  
tim e . U n lik e  X -ray s , one is h a rd ly  tro u b le d  a t  
a ll by s c a tte r in g  w hen u s in g  g am m a-ray s, as the 
sc a tte re d  g am m a-ray s a re  a lm o st en tire ly  
abso rbed  by th e  m a te r ia l  of th e  ca s tin g . Thus, 
g a m m a g ra p h s  a re  p a r t ic u la r ly  su ita b le  for



objects of i r r e g u la r  shape w hich, in  exo g rap h s, 
would show ex ten siv e  b lu r r in g  an d  over-exposure  
u n d er th e  th in n e r  p a r ts .  Also, w hile th e  lim it 
on X -ray s a t  p re se n t a p p ea rs  to  be a b o u t 4^ in . 
of steel, g am m a-rays have  been used fo r th ic k 
nesses as g r e a t  as 1 0  or 1 1  in . of steel.

The s lig h t ab so rp tio n  w hich  is responsib le  fo r 
the  g re a t  p e n e tra tio n  of g am m a-ray s becom es a 
d isad v an tag e  w hen th e  ray s  re ac h  th e  film, fo r 
the  ab so rp tio n  a n d  con seq u en t re ac tio n  in  th e  
film itse lf become co rresp o n d in g ly  less. In  
order to  offset th is  effect, lead-fo il in te n s ify in g  
screens a re  p laced in  c o n ta c t w ith  e ith e r  side of 
the  film, and  th ese , w hen  s tru c k  by g am m a-rays, 
em it secondary  e lec tro n s w hich have  a g re a te r  
effect on th e  film th a n  th e  ray s them selves. I t  
is also comm on p ra c tic e  to  use  tw o  films to 
g e ther, a r ra n g e d  lead-film -lead-film -lead. A 
double reco rd  is th e n  o b ta in e d  a n d  f a in t  m ark s 
the  m ore easily  in te rp re te d .  P u llen  ( “  E n g i
n eering  R a d io g ra p h y  ” ) gives a  com parison  be 
tween gam m a- an d  X -ra y  exposures. T he R e 
search D e p a rtm en t, W oolw ich, a t  th e  tim e  of his 
com parison, w as u s in g  a  source of 242 m g. of 
rad ium . G am m a-rays from  th is  source a n d  X - 
rays a t  240,000 volts, b o th  18 in . from  th e  film, 
required  an  equal ex p o su re  of 1J h rs. a t  4.6 in . 
of steel. A t 6  in . of steel, how ever, th e  expo
sure for gam m a-rays is 6  h rs .,  w hile t h a t  fo r 
X -rays is ab o u t 5 days.

Mochel ( “  A .S .T .M . Sym posium  on R a d io 
graphy  and  X -ra y  D iffrac tio n  ” ) com pares th e  
two m ethods as follows. C ost of film, develop
ing, film holders, e tc ., does n o t d iffer g re a tly . 
Gam m a-ray p ra c tic e  offers m ark ed  a d v an tag e s  
in th e  way of o p e ra tin g  expense, as th e  o p era 
to r m ay go a b o u t o th e r  w ork  d u r in g  exposure  
periods.

As to  cost of p la n t,  one m ay  consider th e  
m atte r  from  m any  s ta n d p o in ts . P ro b ab ly  over 
2 0 0  mg. of ra d iu m  could be p u rch ased  fo r  th e  
price of a 300-kv. X -ra y  u n it .  B o th  will do 
excellent work in  th e i r  re sp ec tiv e  fields of a p p li
cation. I f  “  life  ”  be th e  d e s id e ra tu m , ra d iu m  
will reach its  h a lf- life  in  a b o u t 1,600 years. 
R adium  req u ires no m a in ten a n ce  a n d  occupies 
very lit t le  space, while X -ra y  u n its  of la rg e  size 
are n o t usua lly  p o rtab le . R a d iu m  can  be 
quickly set up a n d  used , re q u ir in g  no  pow er 
from  w ith o u t ; n o r is i t  affected  by line  fa ilu res . 
I t  requires no  sw itches, w irin g , v e n tila tio n  or 
w ater. I t  can  be w orked  co n tin u o u sly , d ay  an d  
n igh t, over w eek-ends, w ith  no personnel re 
quired to  o p e ra te  i t .  Also one ra d iu m  source 
can be a rra n g e d  to  yield  g am m ag rap h s  of a 
num ber of ob jects a t  once, p laced a ro u n d  i t,  
under i t  an d  over i t .

A lthough such com parison  seems very  c u t and 
dried , th e  lau re ls re s t w ith  n e ith e r  m ethod , fo r 
they are  bo th  sup rem e in  th e ir  own field. In d u s 

t r y  has need fo r b o th , a n d  th e  e x p lo ita tio n  of 
g am m a-ray s should  be en couraged  equally  a lo n g 
side  X -ray s.

E xam ples
The follow ing illu s tra tio n s  show a few exam ples 

of w ork  en co u n tered  d u r in g  th e  use of ra d io 
g ra p h y  a t  P e n is to n e . They have  been chosen 
as i llu s tra tio n s  of th e  v a rio u s ty p es  of jobs for

F i g . 1 1 .— R a d i o g r a p h  o f  E l b o w  o n  S i d e .

which ra d io g ra p h y  is su ited . The rad io g ra p h s  
have suffered  som ew hat in  th e  process of being 
con v erted  in to  blocks, b u t  th ey  a re  s till  q u ite  
good enough  fo r th e  purpose. T hus F ig . 7 shows 
an  a u s te n itic  1 4  p e r cen t, m anganese  cast-steel 
ham m er, w eigh ing  6  lb. F ig . 8  is a  ra d io g ra p h  
of th e  h am m er shown in  F ig . 7, w herein  th e  dis-



ta n c e  of t a r g e t  to  c a s tin g  was 2 2  in .,  ex p o su re  
20 secs., a n d  v o ltag e  160 kv . I t  rev ea ls  c rack s 
o r  h o t  te a r s ,  d ra w in g  in  th e  c e n tra l  p o rtio n s , 
a n d  d ra w in g  n e a r  th e  r ise r .

A n elbow in  n icke l-ch rom ium -m olybdenum  
c a s t s teel is show n in  F ig . 9. T h is is th e  p ilo t 
c a s tin g  m ad e  be fo re  p ro d u c tio n  s ta r te d ,  an d

in sp ectio n  of th e  c a s tin g  a n d  of th e  tw o ra d io 
g ra p h s , th e  s lig h t m a rk in g  show n d is tr ib u te d  
o ver th e  p ic tu re s  w as fo u n d  to  be d u e  to  su r
face  blem ishes, an d  th e  c a s tin g  pronounced  
sound . A c a s tin g  w hich  is to  be ra d io g rap h ed  
m u s t be fin ished v ery  well on  th e  su rface , for 
su rfa ce  ir re g u la r i t ie s  show u p  on th e  exograph

F i g . 12.— R a d i o g r a p h  o f  M a n g a n e s e  C a s t - S t e e l  C u t t e r  B l a d e .

w as ra d io g ra p h e d  b o th  as show n a n d  ly in g  on 
i ts  side  as a  check on th e  tech n iq u e  of ca s tin g . 
F ig . 10 is  a  ra d io g ra p h  of th e  elbow ta k e n  as 
in  th e  p rev io u s i llu s tra tio n . T he d is tan c e  w as 
20 in .,  th e  v o ltag e  235 k v ., an d  filte rs  1.5 m m . 
lead  a n d  0.76 m m . copper.

F ig . 11 is a  ra d io g ra p h  of th e  sam e elbow, 
b u t w ith  th e  c a s tin g  ly in g  on its  side. A f te r

in  a  w ay w hich  is q u ite  o u t  of p ro p o rtio n  w ith 
in te rn a l  d e fec ts .

A r a d io g ra p h  of a n  a u s te n i t ic  14 p e r  cent, 
m an g an ese  c a s t s tee l c u t t e r  b lad e  is  show n in 
F ig . 12. T he ex p o su re  w as 35 seconds a n d  th e  
v o ltag e  115 kv . T he i l lu s t r a t io n  shows a  g en er
a lly  b ad  c a s tin g , p o ro sity , a n d  a  c rack  on th e  
to p  a rm . T he p o ro sity  w as c u red  by redisposi-



tio n  of th e  ru n n e r , a n d  th e  c rack , which arose 
from  severe  quen ch in g , was rem edied  by ch an g 
ing  th e  m ix  slig h tly , th u s  e n ab lin g  th e  h e a t-  
tre a tm e n t to  be m odified so t h a t  less d ra s tic  
quenching was re q u ired .

The various figures g iven  of exposure  tim e, 
distance, and  vo ltage  a re  in te re s t in g  in  t h a t  th ey  
bring o u t th e  flex ib ility  of th e  a p p a ra tu s .  The 
same set-up m ay be used fo r th in  and  th ic k  
sections alike. In  m ak in g  a ra d io g ra p h  th e re

as possible, th e  tube-to-film  d istan ce  is s ta n d a r 
dised . T his leaves th e  tu b e  v o ltage  an d  tim e  of 
ex posure  as variab les. I n  g en era l, th e  low er 
th e  v o ltag e  th e  g re a te r  th e  c o n tra s t, b u t  a cer
ta in  m in im u m  voltage  is necessary  fo r com plete 
p e n e tra tio n . E x p erien ce  te lls  w h a t vo ltage  to  
use fo r an y  th ickness, an d  th e  exposure  is v a ried  
to  m ee t i t .  Too low a v o ltage  or too sh o rt an

F i g . 15.— M a n g a n e s e  S t e e l  C u t t e r .

exposure  gives a very  th in  n eg a tiv e , while too 
h ig h  a  v o ltage  or too long an  exposure  gives a 
v ery  b lack n eg ativ e . The m ean, u sin g  as low a 
v o ltage  as possible com m ensurate  w ith  reason
able exposure  tim e , y ields ra d io g ra p h s  of good 
c o n tra s t  an d  den sity , w herein  th e  in te rn a l  s tru c 
tu r e  of a c as tin g  is ad eq u a te ly  revealed .

F i g . 14.— R a d i o g r a p h  o f  C e n t r a l  P o r t i o n  o f  C y l i n d e r  s h o w n  i n  F i g . 13.

are fou r m ain  v a riab les, nam ely  th e  tu b e  c u r
ren t, th e  tu b e  vo ltage, th e  d is tan c e  betw een th e  
tube and  th e  film, an d  th e  tim e  of exposure. 
The tu b e  c u r re n t  is  u sua lly  m a in ta in e d  a t  a 
constan t figure fo r all ra d io g ra p h s , an d , as fa r

F ig . 13 shows a  ske tch  of a cas t steel cy linder. 
T he cy lin d er w as found  to  be leak in g  in  service. 
T he c a s tin g  was re tu rn e d  to  th e  m ak ers and  
X -ray ed  in  th e  leak in g  p o rtio n s to  d e te rm in e  
lo ca tio n  and  n a tu re  of th e  defects.



A ra d io g ra p h  of th o  c e n tra l  p o rtio n  of th is  
cy lin d e r, show n in  F ig . 14, w as o b ta in e d  u n d e r  
th e  fo llow ing c o n d itio n s  : T h ickness, a b o u t 2 i n . ; 
d is tan c e , 20 i n . ;  v o ltag e , 265 k v ., a n d  ex p o su re , 
8  m ins.

T he o u te r  p o rtio n s  of th e  c a s tin g  w ere too  
th ic k  to  g ive  an y  a p p rec iab le  reco rd  a t  th e  
vo ltag e  used , so t h a t  only th e  c e n tra l,  grooved

pro cu red  u n d e r  th e  follow ing c o n d itio n s : .Metal 
th ick n ess , \  i n . ;  d is tan c e , 22 in . ;  v o ltag e , 130 
ltv ., a n d  ex p o su re , 2 0  secs.

T he d a rk  spo ts show p o ro s ity , a n d  th e  lig h te r 
spo ts show su rfa ce  ir re g u la r i t ie s .  T he tro u b le  in 
th is  c u t te r  w as rem ed ied  by re d is tr ib u tio n  of th e  
ru n n e rs  an d  r ise rs  an d  in  g e n e ra l casting  
p ra c tic e .

F i g . 16.— R a d i o g r a p h  o p  C u t t e r  s h o w n  i n  F i g . 15.

p o r tio n  h as show n on th e  ra d io g ra p h . This 
p o rtio n  shows sh rin k a g e  cav itie s  d u e  to  u n s u i t 
ab le  c a s tin g  a n d  feed in g  m ethods.

A p h o to g ra p h  of a n  a u s te n itic  14 pe r cen t, 
m an g an ese  c a s t steel c u t te r  is re p ro d u c e d  in  
F ig . 15, an d  F ig . 16 is a ra d io g ra p h  of i t

F ig . 17 show s a  r a d io g ra p h  of a  crosshead 
ca s tin g . T h e  v o lta g e  w as 265 kv . a n d  th e  ex
posure  5 m in s ., a filte r b e in g  used . T he ra d io 
g ra p h  shows d e fec ts  in  th e  bore , in  sp i te  of which 
th e  c a s tin g  is g iv in g  good serv ice , w hich  brings 
o u t th e  p o in t t h a t  some ex p erien ce  is requ ired



before c a s tin g s  should  be condem ned e n tire ly  011 

th e  ev idence of ra d io g ra p h s .
F ig . 18 is a ra d io g ra p h  of a box-shaped steel 

cas tin g , 14 m m. th ic k , show ing a  h o t te a r .  The 
tro u b le  was cu red  by c h an g in g  th e  ru n n e r  posi
tio n s to  allow free co n trac tio n , and  by  c a s tin g  a t  
a low er te m p e ra tu re .

T hickness, 5  in . ;  vo ltage, 265 kv ., an d  exposure, 
5 m ins.

S h rin k a g e  cav itie s  by th e  bosses be ing  in d i
ca ted , th e  ca s tin g  w as m ade  sound by ch illing  th e  
bosses an d  c h an g in g  th e  p o sitio n  of th e  ru n n e r.

F ig . 21 shows a ra d io g ra p h  of a  sm all valve 
body ta k e n  u n d e r  th e  follow ing co n d itio n s: —

F i g . 17.— R a d io g r a p h  o f  a C r o s s h e a d  C a s t i n g .

Fig . 19 in  a s im ila r w ay d e lin e a tes  a  valve 
body show ing a good cas tin g , p ro cu red  u n d e r  th e  
following c o n d itio n s :— V o ltage , 235 kv. a n d  ex 
posure, 5 m ins., filters be ing  used.

A ra d io g ra p h  of a  re a r  sp r in g  b ra ck e t is show n 
in  F ig . 20 T he d e ta ils  in  th is  case a r e :  —

D istan ce , 14 in . ;  vo ltage , 175 k v . ; exposure, 
30 se c s .; copper filte r used.

R a d io g ra p h s  of a nozzle box found  to  be 
leak in g  in  service, show ing a n  unm elted  
densen er, a re  rep ro d u ced  in  F ig . 22. I n  th is  
case th e  la rg e r  size of casse tte  was used and



h a lf  th e  p la te  covered  w ith  lead  sh ee t w hile  
th e  o th e r  h a lf  w as exposed.

C o n clu s io n

I t  is o f ten  possible a n d  p ra c tic a b le  to  app ly  
th is  n o n -d e s tru c tiv e  m eth o d  of te s tin g  as an  a id  
to  ro u tin e  in sp ec tio n  o r to  th e  post-m o rtem  
in v e s tig a tio n  of fa ilu re s . I t  is, how ever, a 
sh o rt-s ig h ted  policy to  confine ra d io g ra p h y  to  
th e  field of in sp ec tio n . U n c e r ta in ty  as to  th e  
soundness of th e  in te r io r  of a c a s tin g  has been 
a  v e ry  b ig  fa c to r  in  m ak in g  desig n ers  search  
fo r  su b s ti tu te s  fo r cas t m e ta ls  in  w elding, 
fo rg in g  o r s ta m p in g . T h ere  is a q u ite  ju s tif ied  
m is tru s t  of c as tin g s.

T he fo u n d ry m an  can  only  w in  back  his posi
t io n  by develop ing  m ethods w hich  te n d  to  p ro 
duce sound  cas tin g s. R a d io g ra p h y  m ay  be used  
to  th is  end  as a n  a id  in  d evelop ing  fo u n d ry  
tech n iq u es, as n o t only  is i t  n o n -d e s tru c tiv e , h u t  
i t  is u su a lly  ch eap er an d  q u ick e r th a n  c u tt in g  
u p  a cas tin g .

The id ea  of fo u n d ry  re sea rch  seem s to  be 
g a th e r in g  a g re a te r  fo llow ing every  day , an d  
shop e x p e rim e n ts  of a g en era l, fu n d a m e n ta l 
n a tu re ,  n o t n ecessarily  connec ted  w ith  a n y  p a r 
t ic u la r  p ro d u c tio n  job , a re  becom ing a  neces
s ity . R a d io g ra p h y  m ay  be used  as a  su p p le 
m e n ta ry  m ethod  of in v e s tig a tio n  on th is  w ork.

A n o th e r field w hich w ill a ssu red ly  re p ay  in 
q u iry  is th e  use of m odel cas tin g s as p ilo ts. 
Successful a tte m p ts  h av e  a lre a d y  been  m ade 
w hereby th e  ru n n in g  an d  r ise r in g  of a  c a s t’ng  
have been s tu d ied  on m odel cas tin g s, m uch  
sm alle r th a n  th e  a c tu a l job . T he sam e p rin c ip le  
is used  in  th e  s tu d y  of aero d y n am ics, th e  design  
of sh ip s’ hu lls , a n d  num erous o th e r  fields w here 
th e  b eh av io u r of th e  fu ll-scale  process m ay  be 
ju d g ed  a n d  o ften  a cc u ra te ly  ca lcu la ted  from  
w ork on  a sm all-scale m odel.

T he e x am in a tio n  of deep crack s an d  flaws by 
to m o g rap h y  a n d  p la n ig ra p h y  is now b e in g  de 
veloped in  th e  R esearch  D e p a r tm e n t, W oolwich. 
B y th e  use of th is  m ethod  i t  is possible to  o b ta in  
th e  sh ad o w g rap h  of one th in  lay e r of a c a s tin g  
on th e  film , w hile th e  re m a in d e r  is b lu r re d  or 
com plete ly  a b se n t. T he tu b e  a n d  th e  film a re  
conn ec ted  to g e th e r  by  a lin k  m echanism , so 
th a t ,  d u r in g  th e  ex p o su re , th e  tu b e  is m oved 
fro m  le f t  to  r ig h t  above th e  casting:, w hile  th e  
film is m oved from  r ig h t  to  le f t  u n d e r  th e  c a s t
ing . B o th  tu b e  an d  film move on an  im a g in a ry  
p iv o t lo ca ted  in  th e  ca s tin g  a t  th e  p o in t chosen 
fo r  in v e s tig a tio n . S ince th e  re la tio n  of th e  
y iv o t to  b o th  th e  t a r g e t  an d  th e  film is con
s ta n t ,  th e  sh ad o w g rap h  of th e  p o in t w ill show 
n p  c learly  on th e  film , w hile p o in ts  above an d  
below w ill be b lu rre d .

I n  conclusion , th e  a u th o r  w ould lik e  to  give 
his th an k s  to  th e  d irec to rs  of D av id  B row n &

Sons (H u d d ersfie ld ), L im ite d , fo r  th e i r  perm is
sion to  p ub lish  th is  P a p e r ,  a n d  to  H . W a lto n , 
M .S e ., of th e  R esearch  a n d  D ev elopm en t De
p a r tm e n t  of th e  P e n is to n e  W orks, who assem bled 
all th e  d a ta  fo r  th e  P a p e r ,  a n d  E . F i r th ,  head  of 
th e  lab o ra to rie s  a t  P e n is to n e  W orks, who is 
responsib le  fo r th e  v a rio u s  ra d io g ra p h s .
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D IS C U S S IO N

In te r p r e ta t io n  o f Results

The P r e s i d e n t  (M r. W . B. L ak e) com m ented 
t h a t  th e  use of ra d io g ra p h y  w as ap p ro ach ed  by 
s tee l fo u n d rie s  w ith  som e m isg iv in g . S teel 
fo u n d e rs  w ould welcom e i t  in  th e i r  shops when 
th e y  could  be su re  th e y  w ould be ab le  to  p u t  a 
p ro p e r in te r p r e ta t io n  u p o n  th e  re su lts  shown by 
th e  p h o to g rap h s  o r  th e  v isu a l e x am in a tio n , as 
th e  case m ig h t be ; b u t  th e y  w ere a l i t t le  
d o u b tfu l as to  how th o se  re su lts  w ould be  in te r 
p re te d  by some in sp ec to rs .

D r . G u i d o  V a n z e t t i  (P re s id e n t, In te rn a tio n a l  
C o m m ittee  of F o u n d ry  T ech n ica l A ssociations) 
em phasised  t h a t  he  w ould n o t lik e  h is words to  
be w rongly  o r in  an y  w ay in te rp re te d  as co n tra ry  
to  th e  new discoveries of science a n d  progress. 
D ea lin g  p a r tic u la r ly  w ith  th e  use  of X -ray s in 
th e  fo u n d ry , he sa id  he  n o ticed  a  c e r ta in  ap p re 
hension  am ong fo u n d ry m en  les t th is  system  be 
m ade  com pulsory  by th e  b u y in g  a u th o r it ie s , who 
o ften  h a d  a  ten d e n cy  to  a d o p t an y  new  inspec
t io n  system  ev en  b e fo re  th o ro u g h ly  k now ing  how 
to  use i t  o r how to  i n te r p r e t  th e  re su lts .

C a re  in In d u s tr ia l A p p lic a t io n
M r. J .  H . C o o p e r  (D a rlin g to n )  c o n g ra tu la te d  

M r. R ow e on h is  P a p e r ,  an d  sa id  t h a t  since M r. 
R ow e h a d  h ad  h is  X -ra y  p la n t  he  h a d  m ade 
w o n d erfu l s t r i d e s , in d eed , he  h a d  been p rogres
sive in  m an y  th in g s  o th e r  th a n  th e  a p p lic a tio n  of 
X -ray s.
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M r. Cooper reca lled  t h a t  a' y e a r  or so ag o  he 
had  sp e n t som e weeks in  G erm any , w here he  h ad  
seen steel a n d  o th e r  c a s tin g s  in sp ec ted  by 
X-rays, a n d  he h a d  becom e very  keen ly  a live  to  
the  possib ilities of th e  use  of X -ra y  a p p a ra tu s  
in  th e  h a n d s  of people who cou ld  use  i t ,  as well 
as to  th e  possib ilities of i ts  use  in  th e  o th e r  
d irec tio n  by in sp ec to rs  who could  n o t  u se  i t .  
J u s t  as th e  d ifficu lty  had  a risen  a t  th e  t im e  of 
the  in tro d u c tio n  of th e  san d -b las t, t h a t  people 
who cam e to  see i t  could  n o t a p p re c ia te  th e  
defects, so i t  w as w ith  X -ray s. I t  w as im p o r
t a n t  when u s in g  X -ray s  to  en su re  t h a t  th e  d is
tance  from  th e  p iece m u s t be c o rrec t, a n d  th a t  
th e  piece m u s t be ex am in ed  in  sev era l positions. 
The a p p a ra tu s , used  a t  low am p e rag e  a n d  h igh  
voltage, could n o t be p u t  in to  th e  h an d s of any

t h a t  th e  m axim um  d e p th  of p e n e tra t io n  was only 
some 2  o r 2 £ in ., in  a d ire c t lin e  a t  r ig h t  angles 
to  th e  edge of th e  cas tin g .

Io n is a tio n  C h a m b e r M e th o d
M e .  B e n s i m o n  (P a r is )  p o in ted  o u t th e  im 

p o rtan c e  to  be a tta c h e d  to  th e  m ethods based 
on th e  d e te rm in a tio n  of th e  in te n s ity  of X -rays 
u s in g  io n isa tio n  cham bers. H e  h ad  seen, for 
in s tan c e , in  th e  lab o ra to rie s  of th e  P h il ip s ’ 
concern , a  very  sim ple a r ra n g e m e n t com prising  
tw o sm all io n isa tio n  cham bers in  a  d iffe ren tia l 
c irc u it ,  of w hich th e  c u rre n ts , su itab ly  am p li
fied, l ig h t  up  a n  in can d escen t lam p each tim e  
w hen, because of th e  presence of a  defec t, th e  
X -ray s im p in g in g  on th e  tw o cham bers differ 
in  in te n s ity  above a c r it ic a l  m inim um .

F ig . 18 .— R a d i o g r a r h  o f  B o x - s h a p e d  S t e e d  C a s t i n g  s h o w i n g  a  H o t  T e a r .

inspector who had  n o t th e  a d v a n ta g e  of in ten siv e  
tra in in g . I t  was of g re a t  im p o rta n ce  to  avoid  
under- or o v e r-ex p o su re ; a  v a r ia tio n  of d is tan ce  
of 1 0  or 2 0  mm. would r e s u l t  in  e n tire ly  d iffe re n t 
readings. T he problem  of in te r p r e ta t io n  was a 
m a tte r  callin g  fo r th e  g re a te s t  c are . B y rad io - 
scopic m ethods one could exam ine  sm all c as tin g s 
on a  fluorescen t screen  w ith  v ery  g r e a t  ra p id i ty ,  
so th a t  if  tro u b le s  o ccurred , as, fo r  in s tan ce , 
where th e re  was a  d e fec t a t  th e  b o tto m  of th e  
ru n n e r, causing  te a rs , e tc ., one was ab le  to  p u t  
th e  m a tte r  r ig h t  befo re  a  la rg e  n u m b er of 
castings w ere p roduced .

The m axim um  p e n e tra tio n  of X -ray s in to  steel 
was ab o u t 5 in ., an d  by reason  of t h a t  l im ita 
tion  one m u s t ta k e  c a re fu l n o te  of th e  d ifferences 
of cross-section in th e  c as tin g  to  be ex am in ed . 
I f  one w ere  in sp e c tin g  a c a s tin g  a t  an  an g le  in  a 
eorner, fo r exam ple, i t  m u s t be borne in  m in d

M r . C .  H . K a i n  (B ra in tree )  said t h a t  th e  
use of X -ray s was som eth ing  w hich all steel 
fo u n d e rs  w ould have  to  face  sooner o r la te r . 
P e rh a p s  th ey  h ad  been  r a th e r  a f ra id  of i t  in 
th e  p a s t, an d  he c o n g ra tu la te d  M r. Rowe an d  
h is com pany on th e ir  in it ia tiv e . H e  asked w hat 
deg ree  of ex p erien ce  was necessary  in  o rd er to  
in te r p r e t  co rrec tly  e ith e r  X -ray  p h o to g rap h s or 
v isua l ex am in atio n s . F in a lly , he  m en tioned  
jo cu la rly  t h a t  he r a th e r  deplored  th e  sentence 
in  th e  conclusion of th e  P a p e r  t h a t  th e re  was 
a q u ite  ju s tif ie d  m is tru s t of castings. I t  was 
su rp r is in g  t h a t  th e  m em bers of th e  In s t i tu te  
of B r i tish  F o u n d ry m en  h ad  tak e n  th a t  as calm ly 
as th ey  a p p ea red  to  have done.

L im ita t io n  o f X -r a y  In spectio n
M r .  T. H e n r y  T u r n e r , M .S c .  (chief chem ist 

a n d  m e ta llu rg is t ,  L .N .E . R a ilw ay), rep ly in g  to
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D r. V a n z e tti ,  sa id  i t  seem ed th a t  th e re  would 
be very  l i t t le  ch ance  of in sp ec to rs  u sin g  X -ray s 
on ra ilw ay  cas tin g s . In  th e  firs t p lace, th e  bu lk  
of th e  fo u n d ries  w ere n o t equ ip p ed  w ith  th e  
a p p a ra tu s , an d , secondly, th e  so r t  of d e fec t i t  
would show m ost read ily , such as b ad  p o rosity  
in a wheel c en tre  fo r  a  locom otive, w as n o t 
really  of th e  g re a te s t  im p o rtan ce . A su rface
crack m ig h t be m ore serious, an d  th e re  w ere 
o th er m ethods of in sp ec tio n  w hich would show 
up such cracks b e tte r  th a n  X -ray s. C onsider
ing th e  field of steel cas tin g s, he  sa id  i t  seemed 
to  him  th a t  en g in eers  should  be g en era lly  m uch 
more a f ra id  of c rack s th a n  of blowholes. U n 
fo rtu n a te ly , th e  X -ra y  m ethod  of te s tin g  was 
p a rticu la rly  w eak in  re g a rd  to  sm all c racks, fo r 
the reason th a t  c racks d id  n o t p e n e tra te  s tra ig h t  
in to  th e  m eta l as would a k n ife  b lade  in  a so ft
m ate ria l, b u t  p e rs is ted  in  fo llow ing w rigg ly
paths a ro u n d  g ra in s . O bviously, if  one looked 
along such a p a th  th ro u g h  th e  s t r a ig h t  eye of 
the  X -rays, o n e ’s v ision  w as crossing  t h a t  in 
finitely sm all c rack  m an y  tim es, a n d  th e  c rack  
could h a rd ly  be ex p ected  to  show up .

X -rays w ere u se fu l, how ever, fo r th e  ex am i
nation  of l ig h t  alloys a n d  w e ld in g ; in  th e  lig h t 
alloys th e re  was g re a te r  p e n e tra tio n , a n d  in 
welds th e re  w ere n ea rly  alw ays th in  sections. I f ,  
however, one tr ie d  to  look th ro u g h  pe rh ap s
10 in. of a la rg e  steel boss, X -ray s could h a rd ly  
help. So t h a t  th e  answ er to  D r. V a n z e tti  
seemed to  be t h a t  th e  ra ilw ay s w ere n o t con
tem p la tin g  s ta n d a rd is in g  th e  use of X -ray s as 
an accep tance te s t .  X -ra y  in sp ec tio n  was ex 
pensive p e r te s t ,  w hich was in ev itab le  fo r th e  
present. B u t if th e  p u rc h a se r’s in sp ecto r did
not ask fo r th e  use of X -ray s, he hoped  X -rays 
would be re g a rd e d  as a m eans of in v es tig a tio n  
which o th ers should use.

H e ad m ired  g re a tly  M r. R ow e’s cou rag e  in  
in sta lling  th e  a p p a ra tu s  and  u s in g  i t ,  because, 
from th e  fo u n d ry m a n ’s p o in t of view , i t  could 
show m ore th a n  could be lea rn ed  from  th e  c u t
tin g  of a g re a t  m an y  sections.

A n  A id  to  P ro d u c tio n

M r. G. L u t o s ł a w s k i  (W arsaw ) em phasised  th e  
value of c o n s tan t in spection  by m eans of X -rays 
in th e  course of th e  p ro d u c tio n  of a series of 
im p o rta n t cas tin g s, because  th e  p ro d u cer could 
exam ine th e  p ic tu re s  in  th e  e a rly  s tag es of 
production , could c u t o u t pieces from  places in 
the  cas tin g s w here d e fec ts  w ere in d ic a te d  by 
the  p ic tu res , a n d  d e te rm in e  a  c e r ta in  p a ra lle l 
betw een th e  p ic tu re s  an d  th e  pieces them selves. 
A fte r th a t ,  a sk illed  in sp ec to r could d e te rm in e  
w hether a  ca s tin g  was good o r bad  by ex am in 
ing th e  X -ra y  p ic tu re . Of course, t h a t  could 
n o t be ap p lied  to  very  b ig  c a s t in g s ; b u t  th e  
very b ig  cas tin g s w ere ra re ly  p roduced  in  series.

Sm alle r cas tin g s p roduced  in  series could be in 
spected  in  t h a t  w ay, an d  in  P o lan d  th ey  were 
so in sp ec ted  w ith  success. In  resp ec t of th e  
la rg e r  cas tin g s, he suggested  th a t  th e  X -ray  
te s t  could  be of use in  th e  h an d s of th e  inspec
to rs  to  help in  cases of d o u b t as to  w h e th er a 
c a s tin g  was o r was n o t a  good one. H e  knew  
of specifications w hich gave in specto rs th e  pow er

F i g . 2 0 .— R a d i o g r a p h  o r a R e a r  S p r i n g  
B r a c k e t .

to  dem and  an  X -ray  p ic tu re  if  th ey  th o u g h t i t  
necessary . Of course, such w ork m u st be only 
in  th e  h an d s of th e  h ig h er inspection  staff, and  
n o t in  th e  h an d s of th e  in sp ec tin g  o p e ra to r.

M r . C .  D. P o l l a r d  (D erby) p a id  M r. Rowe 
th e  com plim en t of be ing  th e  firs t s tee lfo u n d er 
to  in s ta ll X -ra y  a p p a ra tu s  fo r use as an  a id  to 
th e  p ro d u c tio n  of good cas tin g s, b u t  w ondered  
w h e th er he  was ta k in g  steps to  ed u ca te  in 



sp ec tin g  a u th o r i t ie s  in  i ts  use. I t  w as n o t only 
a q u estio n  of w h e th e r a p a r t ic u la r  c a s tin g  h ad  
a d e fec t, b u t  th e  e x te n t  of such  a  d e fec t, 
a n d  un less th e  in sp e c to r could  in te r p r e t  th e  X - 
ra y  p ic tu re s  c o rrec tly , th e i r  use m ig h t be a 
d isa d v a n ta g e  from  th is  p o in t of view .

Those who w ere  conn ec ted  w ith  th e  stee l in 
d u s try  knew  t h a t  i t  w as a lm ost im possible to
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p roduce  a  sound  in g o t, y e t  a t  tim es  fo u n d ry m en  
w ere e x p ec ted  to  m ak e  p e rfe c t steel c as tin g s , 
how ever in tr ic a te  th e i r  d e sign . H e  was a f ra id  
t h a t  unless in sp e c tin g  e n g in e e rs  re g a rd e d  its  
use as a n  a id  to  ju d g e  w h e th e r cas tin g s  w ere 
serv iceab le  an d  n o t as a  fu r th e r  excuse for

sc rap p in g  cas tin g s , th e  in s ta l la t io n  of X -ray  
a p p a ra tu s  w as a  d a n g e r .

T he P r e s i d e n t  (M r. L ak e ) su g g ested  t h a t  be
fo re  X -ray s could  be a p p lie d  to  a n y  e x te n t  we 
needed  to  know  m ore ab o u t i t .  As M r. P o lla rd  
h a d  c o rrec tly  observed , one cou ld  n o t g e t every 
steel c a s tin g  solid in  every  p a r t ,  a n d  m ore know
ledge w as need ed  as to  w hich d e fec ts really  
affec ted  th e  c a s tin g  ad verse ly , a n d  w hich defects 
w ere only  of m in o r im p o rtan ce , if  of any  im 
p o r ta n c e  a t  a ll. S uch  know ledge could be 
a t ta in e d  only  by a  la rg e  a m o u n t of h a rd  work, 
in v o lv in g  th e  X -ra y  e x a m in a tio n  of a whole 
se ries of c a s tin g s  w hich  h a d  g iven  good service, 
to g e th e r  w ith  a  se ries w hich h a d  fa iled . B y com
p a riso n  of th e  tw o se ts of re su lts  we should 
a r r iv e  a t  some solid  g ro u n d  u p o n  w hich to  work.

A U T H O R ’S R E P L Y

M r . F . W . R o w e , B . S c . ,  re p ly in g  to  th e  dis
cussion , sa id  t h a t  H r . V a n z e tti ,  in  comm on w ith  
a  g r e a t  m an y  o th e r  s tee l fo u n d e rs  b o th  in  th is  
c o u n try  a n d  a b ro ad , h a d  som e fe a r  t h a t  the  
in s ta l la t io n  of a n  X -ra y  p la n t  m ig h t lead  to 
m ore a rd u o u s  te s t in g  co n d itio n s  and  more 
rig o ro u s  in sp e c tio n  th a n  h a d  been  dem anded 
h i th e r to — on th e  p rin c ip le , one supposed, th a t  
w h a t  th e  eye h a d  n o t  seen th e  h e a r t  h ad  n o t 
g riev ed  ab o u t. W h ils t h is  ow n firm  an d  h is own 
sta ff w ere  as y e t  on ly  c h ild re n  in  th e  use of 
X -ray s, such fe a rs  as th e y  h a d  h a d  be fo re  they  
had  in s ta lled  th e i r  a p p a ra tu s  h a d  since proved to 
be g ro u n d less . H e  w ould  a lm o st go  so fa r  as to 
say  t h a t  th ey  h a d  h a d  m o re  c a s tin g s  accepted, 
d u e  to  p u t t in g  fo rw a rd  X -ra y  p h o to g rap h s , th an  
th e y  h a d  h a d  re je c te d .

V ery  o f te n  th e  in sp e c to rs  fo r  p u rch ase rs  of 
c a s tin g s  saw  a  d e fe c t  on  th e  su rfa c e  w hich m igh t 
o r  m ig h t  n o t  p e n e tr a te  a  long  w a y ; a n d  i t  was 
som etim es im possib le, d u e  to  th e  n a tu re  of a 
c a s tin g , to  disclose th e  fu ll  e x te n t  of such a 
d e fec t w ith o u t  sp o ilin g  th e  c a s tin g  en tirely . 
D u r in g  th e i r  sh o r t  ex p erien ce  th e re  h ad  been 
a n  a g reeab le  n u m b e r  of in s tan c es  w here  defects 
h ad  a p p e a re d  w hich  h a d  seem ed to  th e  founders 
as like ly  to  be of a  m in o r c h a ra c te r , a n d  which 
th e  in sp e c to r h a d  fe a re d  m ig h t  p rove  to  be  m ajor 
d e fec ts , b u t  w here  th e  d iffe rin g  o p in ions had 
been se ttle d  by a n  X -ra y  p h o to g ra p h  ; t h a t  had 
led to  accep tan ce  m ore o f ten  th a n  i t  h ad  led to 
re je c tio n .

As to  th e  re la tiv e  m e r its  of g am m a-ray s and 
X -ray s, he sa id  th e y  w ere  so m ew hat sim ilar 
m eth o d s fo r  e x a m in in g  th e  in te r io rs  of castings, 
b u t  h e  d id  n o t th in k  an y o n e  could  say  th a t  one 
m eth o d  was b e t te r  th a n  th e  o th e r  o r  t h a t  one 
m eth o d  w as like ly  to  go  f u r th e r  th a n  th e  o ther 
in  fo u n d ry  use . E a c h  h a d  a d v a n ta g e s  w hich th e  
o th e r  d id  n o t  possess, a n d  each  h a d  d isad v an 
ta g e s  w hich  th e  o th e r  d id  n o t  possess. T h u s they
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w ere b o th  ex ce llen t. H is  v e ry  l im ite d  e x p e r i
ence of th e  nse of g am m a-ray s  w ould n o t lead  
h im  a t  th e  p re se n t s ta g e  to  be m ore  d o g m atic  
th a n  h e  h a d  been in  th e  P a p e r ,  in  w hich  he  h a d  
t r ie d  to  g ive  a  f a i r  a n d  reaso n ab le  su m m ary  of 
th e  re la tiv e  m e r its  of each  m ethod .

H a v in g  sp e n t  a good deal of tim e , p a r tic u la r ly  
on th e  C o n tin e n t, in  s tu d y in g  th e  a p p lic a tio n  of 
X -ra y s  to  s tee l a n d  iro n  fo u n d ry  p ra c tic e , M r. 
C ooper w ould  a p p re c ia te  how la rg e ly  X -ra y  
e x a m in a tio n  w as e n te r in g  in to  th e  p ro d u c tio n  of 
som e rea lly  exce llen t s tee l c a s tin g s  in  G erm an y , 
a n d  he w as q u i te  r ig h t  in  so u n d in g  th e  w a rn in g  
t h a t  m ere  e x a m in a tio n  by X -ray s  w as n o t  a cu re  
fo r  a ll fo u n d ry  tro u b le s , a n d  t h a t  th e  in te r p r e 
ta t io n  of ra d io g ra p h s  needed  consid erab le  e x p e r i
ence an d  w as a tte n d e d  by a  f a ir  a m o u n t of 
d ifficulty .

I n  rep ly  to  M r. B ensim on a n d  M r. K a in , he  
sa id  i t  w as veryf difficult to  p u t  in to  w ords how 
m uch  ex p erien ce  w as needed  be fo re  rea lly  dog
m a tic  o p in ions could be  ex p ressed  as th e  re s u lt  of 
th e  e x am in a tio n  of a ra d io g ra p h . One needed  
a lm o st a  l ife tim e ’s ex p erien ce  befo re  cn e  could  
be re a lly  d o g m atic  a b o u t ra d io g ra p h s . A n ex
p erien ced  m an  could o b ta in  m ore o r less d ire c t  
q u a n ti ta t iv e  m easu rem en ts  of th e  size o r location  
of d e fec ts  by ta k in g  tw o o r th re e  p h o to g rap h s  a t  
d iffe re n t an g les. M r. Rowe ad d ed  th a t  h is know 
ledge  of th e  a p p a ra tu s  m en tio n ed  by M r. 
B ensim on as h a v in g  been in s ta lled  by th e  
P h il ip s ’ concern  was c e r ta in ly  n o t  suffic ient to  
en ab le  h im  to  pass an  o p in io n  u p o n  i t.

A n in te l lig e n t  m an  w ith  th re e  m o n th s ’ ex 
p erien ce  of an  X -ra y  p la n t  could  be of con
s id e rab le  assis tan ce  in  d e a lin g  w ith  th e  sim p le r 
k in d s  of cas tin g s, in  w hich  v a r ia tio n s  of section  
w ere n o t ve ry  considerab le .

in creased  A cce p ta n ce
E x p erien ce  w ith  v a rio u s  in sp e c tin g  bodies h ad  

been  t h a t  in  cases of d o u b t th e  h ig h e r  in sp e c tin g  
bodies w ere likely  now adays to  ask  t h a t  th e  
m a t te r  should  be se ttle d  by e x p e r t  ra d io g ra p h ic  
e x am in a tio n . F o r  some tim e  i t  h a d  been  obli
g a to ry  to  use X -ray s  fo r ex am in in g  c e r ta in  a ir 
c r a f t  c as tin g s in  l ig h t  alloys, a n d  a g re a t  m an y  
of th e  l ig h t alloy cas tin g s  now g o ing  in to  serv ice  
in  th is  c o u n try  w ere su b jec ted  to  1 0 0  p er cen t. 
X -ra y  in sp ec tio n .

A g ree in g  w ith  M r. T u rn e r  t h a t  X -ra y  ex 
a m in a tio n  w as n o t so v a lu ab le  as o th e r  m ethods

fo r th e  e x am in a tio n  of su rfa ce  c rack s, he  said 
t h a t  p resu m ab ly  M r. T u rn e r  w as re fe r r in g  to 
m ag n e tic  te s ts . T he im p o rta n c e  o r o therw ise  of 
p u re ly  su rfa ce  c rack s w as b e s t e v a lu a te d  by 
m ag n e tic  te s ts .

T hen  M r. T u rn e r  h a d  ra is e d  a n o th e r  bogie 
w hich  M r. R ow e’s ex p erien ce  h a d  n o t shown to 
be b o rn e  o u t, in  re g a rd  to  th e  a lleged  expense 
of X -ra y  te s tin g . T he ex p erien ce  of h is company 
w as t h a t  X -ra y  te s tin g  w as ve ry  considerably 
c h ea p e r th a n  c u tt in g  up  cas tin g s . H e  was 
a f ra id  t h a t  th e  hack saw , th e  m illin g  m achine 
a n d  th e  cold saw  w ere com m on tools in  th e  fo u n 
d ries , a n d  t h a t  th e  ex pense  involved in  using 
such  tools in  co n n ec tio n  w ith  th e  exam ination  
of c a s tin g s  w as n o t a lw ays rea lised . I t  was very 
seldom  t h a t  th e  c u tt in g  u p  of a  ca s tin g  in  two 
o r th re e  d ire c tio n s  w ould cost less th a n  30s. or 
£ 2 ;  q u ite  a  n u m b er of X -ra y  p h o to g rap h s could 
be ta k e n  m uch  m o re  qu ick ly , a n d  w ith  less dis
tu rb a n c e  to  th e  shop th a n  w as caused by the 
t r a d i t io n a l  m eth o d s of ex am in in g  cas tin g s.

H e  w as in d eb te d  to  M r. L u to s ław sk i fo r having 
p u t  h is  ow n th o u g h ts  in to  such concise E nglish , 
a n d  he  e n d o rsed  w h o le -h earted ly  all t h a t  Mr, 
L u to s ław sk i h a d  said .

The e d u ca tio n  o f t h e  in sp e c tin g  au th o ritie s , 
m en tio n ed  by M r. P o lla rd , w as la rg e ly  in  the  
h a n d s  of th e  stee l fo u n d e rs . O ne fe lt  th a t  if 
an y  a t te m p t  w ere  m ad e  to  re s is t  p rogress, or 
to  d am n  w ith  f a in t  p ra ise  an y  new  m ethod  of 
in sp e c tin g  c a s tin g s  fo r  soundness, th e  inspection 
a u th o r i t ie s  w ere  like ly  to  in s is t  u p o n  its  use; 
th e y  w ould assum e t h a t  th e re  m u s t be som ething 
in  i t ,  o th erw ise  th e  p ro d u cers  w ould n o t protest 
a g a in s t  i t .

T he p o in t ra ised  by  th e  P re s id e n t  was one 
w hich  he  h a d  t r ie d  to  em phasise  in  th e  P ap er, 
t h a t  a  co n sid erab le  a m o u n t of re a lly  h a rd  work, 
p e rh ap s  co v erin g  5 o r 10 y e a rs , was necessary 
b e fo re  th e  X -ra y  p la n t  w ould be as re ad ily  ac
c ep ted  a to o l fo r  m e ta llu rg ic a l e x am in a tio n  as, 
say , th e  m icroscope, a n d  he u rg e d  th a t ,  how
ever la te  th e  iro n  a n d  stee l fo u n d in g  in d u stry  
in  th e  U n ite d  K in g d o m  m ig h t have  been in 
a d o p tin g  X -ra y  e x a m in a tio n , th e y  o u g h t to  do 
m ore th a n  th ey  wre re  d o in g  to  c o n tr ib u te  th e ir  
fu ll q u o ta  to  th e  p ro g ress of re sea rch  on steel 
a n d  iro n  c a s tin g s , p a r tic u la r ly  h a v in g  re g a rd  to 
th e  im p o rta n c e  of th is  c o u n try  in  fo u n d in g  and 
e n g in e e r in g .
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Paper N o. 683

Steel c as tin g s a re  p oured  in to  m oulds m ade  of 
a v a rie ty  of m a te ria ls , such as g reen  san d , sk in - 
dried sand, d ried  sand , d r ied  “ com po,”  an d  
baked core m ix tu re s . The choice of m a te r ia l  is 
governed by such fa c to rs  as th e  size an d  section  
of the  cas tin g s to  be m ade, th e  nu m b ers  req u ire d , 
the  design of th e  cas tin g s, th e  fac ilitie s  a t  h an d  
in a p a r tic u la r  fo u n d ry , an d  th e  econom ics of 
available raw  m ate ria ls .

D u rin g  re ce n t years , th e  m a n u fa c tu re  of steel 
in g reen-sand m oulds has in creased  considerab ly  
in G rea t B r i ta in . D iffe re n t ty p es of san d  m ix 
tu res have been in v es tig a te d , an d  very  la rg e  
num bers of cas tin g s up  to  sev era l h u n d re d 
weights a re  now cas t g reen , m ostly  in  m ix tu re s  
consisting of silica san d  an d  some ty p e  of clay, 
often w ith  th e  ad d itio n  of a sm all am o u n t of an 
organic b inder, such as d e x tr in .  M ore th a n  h a lf  
the tonnage  of steel c as tin g s  m a n u fa c tu re d , how
ever, is s till  c a s t in to  d r ie d  m oulds. D ried  
moulds a re  s tro n g e r th a n  g reen  m oulds, so th a t  
they will s ta n d  m ore h a n d lin g , an d  also can  be 
used fo r la rg e r an d  h eav ie r c a s tin g s  th a n  can  
green sand. They have  a h a rd  su rfa ce  and  evolve 
little  gas or w a te r  v ap o u r d u rin g  cas tin g .

The m ate ria ls  used in  th is  c o u n try  fo r  d ry - 
sand work a re  fa m ilia r  to  B r itish  fou n d ry m en , 
but, th e  p re sen t C ongress be in g  an  in te rn a tio n a l  
one, some p a r tic u la rs  w ill be g iven  of th e  
m ateria ls used b o th  he re  and  in  o th e r  co u n trie s .

U n ite d  K ing do m  P ra c tic e
In  G reat B r i ta in ,  d r ie d  m oulds a re  used  for 

castings from  th e  la rg e s t down to  cas tin g s  sm aller 
th an  are  m ade by th is  m ethod  in  o th e r  co u n tries . 
This is m ain ly  because th e  n a tu ra l  sands av a il
able in th is  c o u n try  a re  no t, w ith o u t special 
trea tm e n t, p a r tic u la r ly  su itab le  fo r g reen  or 
skin-dried  w ork, an d  sm all or m ed ium -w eigh t 
castings a re  th e re fo re  m ade  in  d ry  san d  as a 
m easure of p recau tio n .

A good deal of B e lg ian  m o u ld in g  sa n d  is still 
used in G re a t B r i ta in ,  e ith e r  alone o r d ilu ted  
w ith silica  sand , which m ay be B r itish  or B e lg ian , 
th e  la t te r  be ing  u su a lly  p re fe rab le . These 
B elgian sands a re  a p t  to  va ry  in  p ro p e rtie s  in 
d ifferent consignm ents, b u t  if c a re  is ta k e n  in 
m aking up  fo u n d ry  m ix tu re s , th e y  - g ive  very

sa tis fac to ry  resu lts . Ow ing to  th e  fa ll in  s te r 
ling , th e ir  p rice  h a s risen  d u r in g  re c e n t years, 
a n d  th is  h a s led  to  a d im in u tio n  in  th e  am o u n t 
used. B e lg ian  san d  is n o t, so f a T  as th e  a u th o rs  
a re  aw are , used  fo r  th e  h eav ies t ty p es of steel 
castings.

P re p a re d  sy n th e tic  san d s can  be pu rch ased  in  
d iffe ren t g rad es , su itab le  fo r  use  e ith e r  as 
received, o r a f te r  m illin g  w ith  s ilica  san d  or 
w ith  recla im ed  sand . They consist of heavily- 
bonded n a tu r a l  sands m illed  w ith  a su itab le  p ro 
p o rtio n  of s ilica  sand  of a sim ila r g ra in  size. 
E q u iv a le n t m ix tu re s  can  also be p re p a re d  in  th e  
fo u n d ry  from  th e  sam e raw  m ate ria ls .

A n o th e r ty p e  of sy n th e tic  sand  is produced  in  
in d iv id u a l fo u n d ries  by m illin g  a selected silica 
san d  w ith  a  su itab le  clay, som etim es w ith  th e  
a d d itio n  of an  o rg an ic  b in d er. T his ty p e  of 
san d  has n o t been ex tensively  used  u n til  
recen tly , a lth o u g h  one com pany, well know n fo r 
th e  good finish of its  cas tin g s, has used  a sim ila r 
m ix tu re , b u t  co n ta in in g  core com pound, for 
m any  years. O rd in a ry  oil-sand core m ix tu re s  a re  
also used  in  som e fo u ndries , e ith e r  fo r m oulds in  
boxes o r m oulds m ad e  as o u ts id e  cores.

F o r  l ig h t c as tin g s, s im ila r m ix tu re s  a re  also 
som etim es used  w hen sk in  d ry in g , th e  m oulds 
being le f t  exposed to  th e  a tm osphere  to  allow 
th e  core  com pound to  h a rd en . I t  is possible, 
how ever, to  use fo r th is  pu rpose  ch eaper syn
th e t ic  sands.

T he n a tu r a l  resources of G re a t B r i ta in  in  re 
fra c to ry  sands w ere su rveyed  by Boswell, th e  
re su lts  being  published  in  1918.1 D u rin g  recen t 
years, th e  tech n ica l ex am in a tio n  and  con tro l of 
m ou ld ing  m ix tu re s  have  m ade ra p id  progress, 
an d  th is , to g e th e r  w ith  o th e r fac to rs , has led  to 
a  renew ed search  fo r o th e r B r itish  m ould ing  
m a te ria ls  su itab le  fo r steel foundries .

The re su lts  of fo u n d ry  t r ia ls  of a new m oulding 
san d  from  E r i th ,  and  a n o th e r one from  th e  
m illstone  g r i t  beds n e a r  C hesterfield , a re  given 
in  th e  “ F i r s t  R e p o r t of th e  M oulding M a te ria ls  
Sub-C om m ittee  ”  of th e  I ro n  an d  S teel In s t i tu te ,  
w hich has re ce n tly  been p u b lish ed . 3

The re p o r t  also includes resu lts  of lab o ra to ry  
te s ts  of sands p rep ared  from  o th e r  g rits to n e s  n ea r



Sheffield, an d  a n o th e r  fro m  th e  W rex h a m  a r e a . 3 

F u r th e r  in v e s tig a tio n s  a re  b e in g  m ade  of o th e r  
m a te ria ls , in c lu d in g  b o th  s ilica  san d s a n d  clays.

O verseas  P ra c tic es
The E u ro p e a n  c o n tin e n ta l p ra c tic e  in  d ry  san d  

was rev iew ed  in  a P a p e r  g iv en  la s t  y e a r  by P . C. 
F a s s o tte , 1 in  w hich  he  p o in te d  o u t  t h a t  B e lg ian  
n a tu r a l  san d s a re  used  ex ten siv e ly  in  B elg ium  
a n d  N o r th e rn  F ra n c e , w h ere  th e  fo u n d rie s  a re  
v e ry  close to  th e  sa n d  deposits . T h is san d  was 
fo rm erly  e x p o rte d  to  m an y  o th e r  p a r ts  o f th e  
w orld , in c lu d in g  A m erica  a n d  A u s tra lia , b u t  
ow ing to  d ifficu lties in  o b ta in in g  su p p lies  d u r in g  
th e  la s t  w a r, a n d  fo r o th e r  reaso n s , th ese  
co u n tr ie s  h av e  now  developed th e ir  ow n resources 
of fo u n d ry  sands. I n  B elg ium , th e  n a tu r a l  san d  
is used  fo r m ak in g  cas tin g s  of 50 to n s  o r  m ore 
in  w e ig h t, b u t  in  G re a t B r i ta in  su ch  cas tin g s 
a re  m ad e  in  compo. O th e r fo u n d rie s  in  F ra n c e  
use  e ith e r  B e lg ian  o r F re n c h  n a tu ra lly -b o n d e d  
san d s to  a considerab le  e x te n t .

A n o th e r m o u ld in g  m a te r ia l,  f irs t developed  in  
F ra n c e , consists o f s ilic a  san d  bonded  w ith  
cem en t. T h is m eth o d  of m o u ld in g  h as been 
a d o p te d  by a t  le a s t one steel fo u n d ry  in  G re a t 
B r i ta in ,  an d  its  use  in  t h a t  fo u n d ry  w as described  
in  a P a p e r  g iv en  a t  la s t  y e a r ’s C onference of 
th is  I n s t i tu t e .“ I t  is also in  re g u la r  u se  in  
sev era l fo u n d ries  in  th e  U n ite d  S ta te s , a n d  th e  
re su lts  of la b o ra to ry  an d  fo u n d ry  te s ts  on 
d iffe re n t san d s an d  cem en ts w ere g iv en  in  a 
P a p e r  pub lish ed  in  th e  t ra n s a c tio n s  of th e  
A m erican  F o u n d ry m e n ’s A ssoc ia tion  in  1937.“

In  A m erica, sy n th e tic  san d s a re  in  a lm ost 
u n iv e rsa l use . T hey  consist of fa ir ly  coarse
g ra in e d  silica  sands w ith  a  low clay  c o n te n t, 
m illed w ith  som e ty p e  of r e f ra c to ry  clay, an  
o rg an ic  b in d e r  b e in g  som etim es added . To th ose  
accustom ed to  see ing  in  th is  c o u n try  m edium - 
w e ig h t cas tin g s be in g  m ade in  d ry  san d  and  
th e  h eav ies t c a s tin g s  in  compo, i t  is a su rp rise  
to  find in  A m erica  v e ry  la rg e  c a s tin g s  m ade  in  
san d  m oulds. Som e of th ese  A m erican  san d s 
w ere  com pared  w ith  E n g lish  san d s in  a P a p e r  
g iv en  by o ne  of th e  p re sen t a u th o rs  a t  la s t 
y e a r ’s C onference o f th is  I n s t i tu t e . 7

S heffie ld  C o m p o

R eferen ce  h a s  a lre ad y  been m ade  to  th e  use  of 
“ com po .”  T his m o u ld e r’s com position , o f te n  
know n as “  Sheffield com po,”  is p robab ly  th e  
o ld es t sy n th e tic  m o u ld in g  m ix tu re  used in  th is  
c o u n try . I t s  u se  m ay  have  been o r ig in a lly  
su g g ested  by th e  fa c t  t h a t  a s im ila r  m a te ria l  
w as em ployed in  th e  h o t to p s p laced  on  steel 
in g o ts , so t h a t  th e  in g re d ie n ts  w ere a t  h a n d  fo r 
u t il is a tio n  in  th e  stee l fo u n d ry . T h is m ix tu re , 
w hich m ay  seem  so m ew hat s tra n g e  to  th o se  v is i t
in g  th is  c o u n try , co n sisted  fo r  m an y  y ears  of old 
c ru c ib le  clay  p o ts, old fireb rick s an d  Sheffield

g a n is te r , all m illed u p  to g e th e r  w ith  fireclay, 
some carbonaceous m a te r ia l  such  as coke or 
g ra p h ite  be in g  o f te n  ad d ed . Old c rucib le  pots 
an d  old fireb rick s w ere  p le n tifu l  an d  c h e a p ; 
Sheffield g a n is te r , a h a rd  ro c k  of h ig h  silica 
c o n te n t, w as a lre ad y  in  u se  in  th e  crushed  or 
g ro u n d  fo rm  as a re f ra c to ry  base  fo r  steelw orks 
m a te ria ls ,  so t h a t  th e  use  o f s tee l-fo u n d ry  compo 
sp read  ra p id ly , an d  i t  has b een  used  ever since 
a lm o st exclusively  fo r  th e  m a n u fa c tu re  of large 
a n d  v e ry  la rg e  stee l c as tin g s.

Old c ru c ib le  clay  po ts a re  now  becoming 
scarce, as th e  c ru c ib le  fu rn ac e s  a re  rep laced  by 
h ig h -freq u e n cy  e le c tr ic  fu rn ac e s , a n d  i t  has be
come n ecessary  to  find o th e r  m a te ria ls  to  replace 
th e  old p o ts. Old r e to r t  b rick s  from  gas works 
have  b een , a n d  a re  s ti ll  b e in g , used, b u t  su itable 
ones fo r  m ak in g  u p  com po a re  becom ing less 
easily  o b ta in e d , since  th e  n ew er gas works use 
d iffe re n t re fra c to r ie s . T he m a te r ia l  which has 
la te ly  been a d o p te d  in  p lace  of th e  clay pots is 
a  calc in ed  b a u x it ic  c lay  to  w hich  th e  nam e of 
“  c h a m o tte ,”  from  a  s im ila r  m a te r ia l  used on 
th e  C o n tin e n t, is becom ing a tta c h e d , th is  clay in 
m ost cases b e in g  o b ta in e d  from  A y rsh ire . The 
fo u n d ry  w ith  w hich  th e  a u th o rs  a re  connected 
was one of th e  f irs t  fo u n d rie s  in  G re a t B rita in  
to  use th is  clay w ith  no  a d d itio n  of old pots, and 
has m ad e  r e g u la r  use of th is  ty p e  of m ix tu re  for 
five y ea rs  w ith  success, fo r  cas tin g s up to  1 2 0  

to n s  in  w e ig h t, w hich a re  th e  h e av ies t m ade in 
th is  co u n try .

C h a m o tte

In  G erm any , C zecho-S lovak ia  an d  o th e r  pa rts  
of E u ro p e , th e re  a re  few n a tu ra lly -b o n d e d  sands 
av a ilab le  fo r th e  steel fo u n d ry , an d  a m ateria l 
som ew hat s im ila r  to  E n g lish  com po is used for 
d r ied  w ork . T he base  is a  calc ined  lean  re frac 
to ry  c lay -g rog  called  “  c h a m o tte ,”  which is 
g ro u n d  a n d  m illed  w ith  raw  clay  to  form  a 
m o u ld in g  m ix tu re  whose w o rk in g  p ro p e rtie s  re 
sem ble th ose  of E n g lish  com po. A sim ila r m ix
tu r e  has also been la te ly  ad o p te d  by a few 
A m erican  fo u n d rie s .

A t Skoda , v e ry  la rg e  stee l c a s tin g s  a re  made 
by a n  u n u su a l process. C h a m o tte  of a coarse 
g ra d in g , m ix ed  w ith  a b o u t 1 0  p e r cen t, of clay, 
is ram m ed  u p  b e h in d  th e  p a t te rn .  A f te r  the 
p a t t e rn  is w ith d ra w n , th e  g re en  m ould  is very 
w eak  a n d  has a  v e ry  open  face , w hich  is closed 
up  by successive a p p lic a tio n s  of finer a n d  finer 
c h am o tte  p a in ts . A f te r  d ry in g  a t  a b o u t 700 deg. 
C ., th e  m ould  is e x tre m e ly  s tro n g , a n d  castings 
m ade  in  such  m oulds s t r ip  b o th  easily  and 
clean ly . T h is p rocess has been  successfully  used 
in th e  fo u n d ry  w ith  w hich th e  a u th o rs  a re  con
n ected . I t s  d isa d v a n ta g e s  a re , f irs t, th e  high 
cost in  E n g la n d  of th e  m o u ld in g  m a te r ia l,  and, 
secondly, th e  necessity  of t r a in in g  m oulders in 
an  e n tire ly  new  tec h n iq u e . T he use of calcined



clay~gr o 8  ° f  th e  c h am o tte  ty p e  has also been 
la te ly  ad o p te d  by a  few  A m erican  fou n d ries .

P ro p e rtie s  o f M o u ld in g  Sands
The sign ificance of m an y  of th e  p ro p e rtie s  of 

m oulding m ix tu re s  w hich in fluence th e ir  beha
viour in  th e  fo u n d ry  is now well know n. They 
include, in  th e  case of d ry  sands, th e  size, shape 
and n a tu re  of th e  su rfa ce  of th e  g ra in s , 
p e rm eab ility , g reen  a n d  d ry  s tre n g th , and  
w a ter c o n te n t a f te r  d ry in g . T he dry

F i g . 1 .— C o i d  C o m p r e s s i v e  S t r e n g t h  a f t e r  
H e a t i n g  t o  T e m p e r a t u r e s  S h o w n .

s tren g th  is, how ever, by no m eans a sim ple  p ro 
perty . I f  i t  is defined as th e  s tre n g th  of th e  
sand a f te r  being  h e a te d  an d  allow ed to  cool, its  
value depends on th e  m ax im u m  te m p e ra tu re  to  
which i t  has been h e a te d . T he s tre n g th  of th e  
sand m ay '? 'so be m easu red  w h ilst i t  is a t  th e  
high te m p e ra tu re , th is  s tre n g th  d ep en d in g  n o t 
only on th e  n a tu r e  of th e  san d  m ix tu re  and  th e  
tem p era tu re  a t  w hich th e  s t re n g th  is m easu red , 
but also on th e  r a te  of a p p lic a tio n  of th e  load.

ZOO '

f e tt l in g  o p e ra tio n s , especially  if  th e  su rface  
lay er of th e  sand  b u rn s  on to  th e  c a s tin g .

S tre n g th  o f C o re  M ix tu re s

I n  th e  case of core m ix tu re s  m ad e  from  silica  
san d  an d  o rg a n ic  b inders,' th e  b in d ers  b u rn  o u t 
a t  a c o m p ara tiv e ly  low te m p e ra tu re , so t h a t  
p a r ts  m ade  of such m ix tu re s  w hich h a p p en  to  
be n e a r  th e  steel d u r in g  c a s tin g  lose th e ir  
s tre n g th  a n d  a re  easily  rem oved a f te rw a rd s  on 
cooling. S an d s bonded  w ith  clays v a ry  consider
ab ly  in  th is  re sp ec t. T he b eh av io u r of a  core 
m ix tu re  a n d  of ty p ic a l m o u ld in g  m a te ria ls  is 
i l lu s tra te d  in  F ig s . 1, 2 a n d  3. I n  each  case 
cy lin d ers  2.256 in . long  by 1.128 in . d iam e te r  
w ere p re p a re d  by double com pression , k e p t a t  
a se lected  h ig h  te m p e ra tu re  fo r  a n  h o ur, allowed 
to  cool on th e  lab o ra to ry  bench, an d  th e n  c rushed .

Core m ix tu re  A (F ig . 1) consisted  of C helford 
silica  san d  m ixed  w ith  3.3 p e r cen t, of a  p ro 
p r ie ta ry  core-oil com pound. A f te r  h e a tin g  to  
350 deg . C ., i t  lost p ra c tic a lly  all its  s tre n g th . 
S om ew hat s im ila r  beh av io u r is shown by sands 
B, C an d  D (F ig . 2). S and  B consisted  of 
75 p e r cen t. B elg ian  yellow m ould ing  sand  and  
25 pe r cen t, of C helfo rd  silica sand , th e  cy linders 
be ing  ram m ed  to  a  re la tiv e  d e n s ity  of 1.8. M ix
tu re  C c o n ta in ed  fo u r p a r ts  of L eig h to n  B uzzard  
s ilica  sand  an d  one p a r t  of K in g ’s L y n n  red  silica 
sand , m illed  w ith  4 p e r  cen t, of re fra c to ry  clay 
a n d  2 p e r  cen t, b e n to n ite . T he re la tiv e  d en sity  
of th e  cy linders w as 1.8. B o th  these  m ix tu re s  
a re  used  fo r  d ry -san d  w ork. S and  D is a  facing  
san d  fo r g reen  work, which h as been included 
fo r  com parison  purposes. I t  consisted  of K in g ’s
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F i g . 2 . — C o l d  C o m p r e s s i v e  S t r e n g t h  a f t e r  H e a t i n g  t o  
T e m p e r a t u r e s  S h o w n .

In  both  cases th e  s tre n g th  p ro p e rtie s  of th e  sand  
have im p o r ta n t effects in  th e  fo u n d ry .

The s tre n g th  of th e  san d  w h ils t i t  is a t  a 
high te m p e ra tu re  is im p o r ta n t  d u r in g  th e  c a s t
ing process, w hen th e  lay ers  of san d  n e x t to  th e  
casting  a re  h e a ted  to  a h ig h  te m p e ra tu re . The 
s tre n g th  a f te r  cooling from  these  h ig h  te m p e ra 
tu res  becomes im p o r ta n t  d u r in g  subsequen t

L y n n  red  silica  san d  m illed  w ith  b en to n ite  and  
a sm all a m o u n t of d e x tr in , th e  cy linders being  
ram m ed  to  a re la tiv e  d e n sity  of 1.6. Such g rap h s 
m ay be used  to  fix th e  d ry in g  te m p e ra tu re  of 
m oulds m ade  w ith  th e  sands. I n  th e  p resen t 
in s tan c e , th ey  i l lu s tra te  th e  fa c t  t h a t  each  of 
th ese  san d s loses i ts  s tre n g th  a lm ost com pletely  
a f te r  be in g  h e a ted  to  900 o r 1,000 deg. C.



T he b eh av io u r of m o u ld in g  m a te r ia ls  E , F  
a n d  G is som ew hat d if fe re n t, as show n in  F ig . 3. 
S an d  E  w as B e lg ian  yellow san d , m illed  b u t  n o t 
d ilu te d  w ith  s ilica  san d , a t  a  re la tiv e  d e n s ity  of 
1.8. S am p le  F  w as of fo u n d ry  com po, m ad e  from  
3 1  p a r ts  old fireb ricks, 2  p a r ts  calc in ed  clay, 
1 J  p a r ts  calc in ed  g a n is te r , 1 J  p a r ts  fireclay , an d  
1 p e r  cen t, of b lack  lead . T h is w as te s te d  a t  
a  re la tiv e  d e n s ity  of 1.9. S a n d  G w as p re p a re d  
fro m  th e  m ills to n e -g rit san d  fro m  C hesterfield ,

some sands, i t  w eakens th e  su rfa c e  of th e  m ould, 
w hich is th e n  m ore  easily  w ashed  aw ay  by th e  
steel.

Im p o rta n c e  o f P ro p e r  D ry in g
T he im p o rtan ce  of p ro p e r  d ry in g  is generally  

rea lised , a n d  m an y  new  d ry in g  p la n ts  have 
recen tly  been in s ta lled  in  s tee l fo u n d ries . New 
p la n t  does n o t, how ever, of itse lf g u a ran tee  
success, a n d  if  an y  sig n s a re  observed  of varia -

F i g . 3 . — C o l d  C o m p r e s s i v e  S t r e n g t h  a f t e r  H e a t i n g  t o  
T e m p e r a t u r e  S h o w n .

re fe r re d  to  e a r lie r  in  th e  P a p e r ,  m illed  an d  
te s te d  a t  a re la tiv e  d e n sity  of 1.8. A ll th ese  
m a te ria ls  r e ta in  an  ap p rec iab le  s tre n g th  a f te r  
be ing  h e a te d  to  1,000 deg. C ., th o u g h  in  th e  case 
of th e  B e lg ian  san d  th e  p ro p o rtio n  of th e  m ax i
m um  s tre n g th  re ta in e d  is n o t  h ig h .

T he com po an d  m ills to n e -g rit san d , how ever, 
a re  s tro n g e r  a f te r  being  h e a te d  to  1,000 deg . C. 
th a n  a f te r  h e a tin g  to  an y  low er te m p e ra tu re .  
I f ,  th e re fo re , th e re  w ere a n y  b u rn in g  on to  th e  
c a s tin g  of su rfa ce  lay e rs  of th is  com po o r sand , 
th e  c a s tin g  would be co rre sp o n d in g ly  m ore  diffi
c u lt  to  fe tt le .  T he b u rn in g -o n  of com po is 
u su a lly  g u a rd e d  a g a in s t  by th e  a p p lic a tio n  of 
p a in ts  to  th e  su rfa ce  of th e  m ould , a  m a t te r  
w hich  is re fe r re d  to  la te r .  A fo u n d ry  t r ia l  was 
m ade of th e  m ills to n e -g rit san d , w ith o u t p a in t 
in g , a n d  th e  c a s tin g s  m ade  in  i t  w ere p a r tic u la r ly  
difficult to  fe tt le .

S urface Effects
W h e th e r  th e  m ou ld ing  m ix tu re  used  h as a 

n a tu r a l  o r  a  sy n th e tic  base, i t  is possible, a f te r  
i t  h as been p ro p e rly  ram m ed  a n d  m ou lded , to  
o b ta in  poor re su lts  in  th e  su rfa ce  of th e  cas tin g s , 
by  in c o rre c t t r e a tm e n t  of th e  m ould  face  a f te r  
w ith d ra w in g  th e  p a t te rn  an d  fin ish ing  th e  m ould , 
a n d  also by im p ro p e r t r e a tm e n t  e ith e r  in  th e  
d ry in g  stove o r sub seq u en tly . D ry in g  is of p rim e 
im p o rta n ce , since  b o th  u n d e r-d ry in g  a n d  over- 
d ry in g  o f ten  lead  to  t r o u b le : u n d e r-d ry in g
because  w a te r  is p re se n t in  th e  m ou ld  d u r in g  
cas tin g , a n d  o v e r-d ry in g  because , in  th e  case of

tio n s  of m oulds d r ie d  in  d iffe re n t p a r ts  of a 
stove, e x p lo ra to ry  te s ts  should  be c a rr ie d  out.

T he te m p e ra tu re  of a m ould  d ry in g  stove is 
u su a lly  c o n tro lled  by obse rv in g  th e  read in g s of 
a n  in d ic a to r  o r re c o rd e r  conn ec ted  to  e ith e r a 
th e rm o m e te r  o r a lo w -tem p era tu re  therm ocouple, 
p laced in  a  fixed p o sitio n  in  th e  stove. Some
tim e s  tw o such  in s tru m e n ts  a re  used  in  an  
a t te m p t  to  o b ta in  b e t te r  c o n tro l, one being 
p laced  n e a r  th e  e n try  fo r  th e  h o t  gases, the
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F i g . 4 . — E l e v a t i o n  o f  F i r e  S i d e  o f  
D r y i n g  S t o v e , s h o w i n g  P o r t s .

o th e r  n e a r  th e i r  e x it. U sually  th e  th e rm o m etric  
p a r ts  a re  ro b u stly  c o n s tru c te d  a n d  heav ily  pro
te c te d  a g a in s t  ro u g h  shop u sag e , w hich  m eans 
t h a t  th e i r  re a d in g s  lag  co n sid e rab ly  b eh in d  any 
a l te ra t io n s  in  te m p e ra tu re  to  w hich  th ey  are 
exposed. I t  also m in im ises a n y  such  v a ria tio n s . 
One o r tw o such in s tru m e n ts  c a n n o t be expected 
to  g ive  an y  re liab le  in d ic a tio n  o f th e  tem p e ra 
tu re  d is tr ib u tio n  th ro u g h o u t th e  stove space, b u t
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th is  d is tr ib u tio n  is, n ev erth e less , ex trem ely  im 
p o rta n t in  d e te rm in in g  th e  efficiency of th e  
d ry ing  process. N ew  stoves have  been recen tly  
installed  in  th e  fo u n d ry  w ith  w hich th e  a u th o rs  
are connected , an d  from  o b se rv a tio n  i t  w as con
sidered necessary  to  c a r ry  o u t  e x p erim en ts  to  
de te rm in e  th e  te m p e ra tu re  d is tr ib u tio n  in  a 
selected stove.

This is of th e  ty p e  f itted  w ith  doors a t  both

1 0 - 6

sh ea th ed  couples, one n e a r  th e  firebox side , th e  
o th e r n e a r  th e  e x i t  side. H e a tin g  is by m eans 
of coke b u rn e d  in  th e  firebox, an d  secondary  
h e a ted  a ir  is blown in to  th e  stove by m eans of a 
fa n , a long  w ith  th e  p ro d u c ts  of com bustion . The 
e x its  in  th e  floor of th e  stove a re  connected  to  
a n  e x h a u s t  s ta ck  w ith  n a tu ra l  d ra f t .

E leven  a d d itio n a l therm ocouples w ere p u t  in 
th e  stove, th e i r  positions be ing  as shown in  
F ig . 5, w hich  is a n  en d  e lev a tio n  of th e  stove

F i g . 6 .— E n d  E l e v a t i o n  o f  S t o v e  s h o w i n g  
P o s i t i o n  o f  T h e r m o c o u p l e s .

ends, and th e  m oulds w ere c h arg ed  in to  i t  by 
means of bogies.

The cham ber is re c ta n g u la r  in  section , being  
18 f t. long by 9 f t .  w ide a t  th e  bo ttom  by
7 ft. 6  in. h igh . T he firebox is a t  one side, th e
gases being led in to  a m ix in g  ch am ber from
which th ey  e n te r  th e  stove th ro u g h  p o rts
arranged  in th re e  h o rizo n ta l row s. These p o rts  
consist of holes in  a  b rick  s t ru c tu re  w hich pro-

F i g . 6 .— P l a n  o f  S t o v e ,  s h o w i n g  M o u l d s  
i n  P o s i t i o n .  (A, B, C =  T h e r m o 

c o u p l e s . )

a t  i ts  m ed ia l section . F ig . 6  is a p lan  of th e  
stove show ing th e  a r ra n g e m e n t of th e  m oulds 
d u r in g  one of th e  ex p erim en ts  described  below, 
th e  o th e r  a rra n g e m e n ts  be ing  ex trem ely  s im ila r. 
In  th e  f irs t ru n , a  n u m b er of m oulds w ere d ried  
acco rd in g  to  th e  u su a l p rac tice , all th e  po rts 
be ing  le f t  open, an d  read in g s  of all th e  couples 
w ere ta k e n  a t  in te rv a ls  d u rin g  th e  la te r  po rtio n  
of th e  d ry in g  period . The re su lts  a re  se t  o u t in  
T able  I.

T a b l e  I . — Temperature Readings in deg. C. taken on a Mould Drying Stove. First Test. 
Heating Started at 4.40 a.m.

Couple number.
Aime.

1 . 2 . 3. 4. 5. 6 . 7. 8 . 9. 1 0 . 1 1 .

10.30 a.m. 440 405 405 455 365 270 245 365 480 280 270
1 1 . 0 0  a.m. 425 424 424 460 330 280 250 380 485 295 285
11.30 a.m. 462 435 424 464 382 290 280 385 502 305 295
1 2 . 0 0  noon 470 445 442 470 394 300 268 395 508 315 302
12.30 p.m. 474 445 440 470 394 300 268 395 508 315 302

2 . 0 0  p.m. 460 436 434 470 405 310 280 394 494 325 310
2.30 p.m. 460 430 432 460 405 420 290 394 484 325 315
3.00 p.m. 465 440 438 464 408 425 292 398 495 330 318
3.30 p.m. 470 446 444 468 417 330 300 404 504 338 323
4.00 p.m. 478 448 445 470 420 338 306 406 502 345 328
4.30 p.m. 475 450 448 472 424 342 312 410 504 345 330

jects 18 in . in to  th e  stove, so t h a t  th e  u p p e r  p a r t  
of th e  stove is 10 f t .  6  in . w ide. T he a r ra n g e 
m ent of th e  p o rts  is show n in  F ig . 4, th e re  being  
tw enty-five in  each row, th e  p o rts  n e a r  th e  doors 
being la rg e r  th a n  those to w ard s  th e  m iddle  of 
the stove. The stove was a lread y  f itted  w ith  tw o 
recorders of th e  d ia l ty p e  connected  to  heav ily -

A t th e  sam e tim e  th e  read in g s (Table I I )  of 
th e  reco rd ers p e rm an en tly  in sta lled  on th e  stove 
w ere tak e n .

I t  is e v id e n t t h a t  th ro u g h o u t th e  period  th e  
te m p e ra tu re  d is tr ib u tio n  across th e  stove was 
v e ry  f a r  fro m  u n ifo rm . I t  w ill also be seen th a t  
th e  g ra d u a l rise  in  te m p e ra tu re  of a ll p a r ts  of
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th e  stove sec tio n  is n o t show n by re co rd e r A, a n d  
only in  p a r t  by  re co rd e r  B . T his b e h av io u r  was 
re p e a te d  in  th e  la te r  e x p e r im e n ts  desc rib ed  be
low. I t  w as decided  to  close som e of th e  p o rts  
an d  so a l te r  th e  course  of th e  gases th ro u g h  th e  
stove in  an  a t te m p t  to  o b ta in  a  m ore  u n ifo rm  
te m p e ra tu re  d is tr ib u tio n , a ll p o r ts  b e in g  le f t  
open in  th e  above te s t ,  as i l lu s t r a te d  d iag ra m - 
m atica lly  in  F ig . 7 (1).

T a b l e  I I .— Readings in deg. C .from  Permanently Installed 
Recorders.

Time.
Recorder a t 

firebox 
side (A).

Recorder a t 
port 

side (B).

10.30 a.m. 538 332
1 1 . 0 0  a.m. 540 343
11.30 a.m. 543 349
1 2 . 0 0  noon 543 354
12.30 p.m. 543 360

2 . 0 0  p.m. 538 360
2.30 p.m. 532 366
3.00 p.m. 532 360
3.30 p.m. 532 366
4.00 p.m. 532 368
4.30 p.m. 532 372

Second T e s t (T a b le  I I I )
F o r  th is ,  e ig h t p o rts  in  th e  m idd le  of a ll th re e  

rows w ere closed, as show n in  F ig . 7 (2).

T h ir d  T e s t (T a b le  IV )
F o r  th is , a ll tw en ty -five  p o rts  in  th e  to p  row , 

a n d  th e  c e n tra l  e ig h t in  th e  m idd le  row , w ere 
closed as show n in  F ig . 7 (3).

F o u rth  T e s t (T a b le  V )
F o r  th is , th e  c e n tra l  sev en teen  p o rts  in  th e  

to p  row  a n d  th e  c e n tra l e ig h t in  th e  m id d le  row 
w ere closed, as show n in  F ig . 7 (4).

in  each case th e  final observed  te m p e ra tu re s , the  
d ifference a t  th e  one side  be tw een  to p  and 
bo tto m  (couples 3  a n d  1 1 ) h a s d ecreased  from  
108 to  67 d e g . ; fro m  side  to  side of th e  m iddle 
(couples 4 a n d  8 ), decreased  fro m  62 to  41 d eg .; 
fro m  co rn er to  co rn er (couples 3 a n d  9), de-
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F i g . 7.— D i a g r a m  s h o w i n g  A l t e r a t i o n s  
M a d e  t o  P o r t s  o f  D r y i n g  S t o v e .

creased  from  56 to  7 deg. To o b ta in  absolute 
u n ifo rm ity  of te m p e ra tu re  d is tr ib u tio n  is, of 
course, im p ra c tica b le . E v en  if  i t  w ere obtained 
fo r a  p a r t ic u la r  lo ad in g  of m oulds, i t  would be 
u p se t fo r  th e  n e x t  b a tc h  to  be d ried , unless the 
a r ra n g e m e n t of m o u ld s w as e x ac tly  th e  same.

T a bl e  I I I .— Temperature Readings in  deg. C. after Modifications. Second Test. Heating Started at 3.45 a.m.

Couple numbers.
rim e.

1 . 2 . 3. 4. 5. 6 . 7. 8 . 9. 1 0 . 1 1 .

10.45 a.m. 350 335 325 367 308 338 288 292 318 225 208
1 1 . 0 0  a.m. 350 337 328 370 310 312 290 298 300 228 2 1 2

11.30 a.m. 362 348 335 381 318 323 300 304 288 237 219
1 2 . 0 0  noon 377 364 349 402 327 334 310 318 292 244 225
12.30 p.m. 405 394 372 445 343 352 325 335 305 358 235

1 . 0 0  p.m. 445 430 408 525 366 376 350 362 342 282 254
2.30 p.m. 483 463 440 570 417 419 393 398 380 341 290
3.00 p.m. 518 478 463 571 445 440 410 413 395 353 302
3.30 p.m. 481 463 443 518 438 432 402 406 391 353 302
4.00 p.m. 445 425 408 454 410 400 375 370 364 320 270

C o n sid e rin g  th e  d is tr ib u tio n  of te m p e ra tu re  
across th e  stove, th e  second a n d  th i r d  te s ts  gave 
re su lts  b e t te r  in  p a r ts , b u t  m ostly  w orse th a n  
th e  f irs t  te s t .  T he fo u r th  te s t ,  how ever, shows 
a n  a ll-ro u n d  im p ro v em en t. F o r  exam ple, ta k in g

I t  is n ev erth e le ss  im p o r ta n t,  fo r  a d e q u a te  dry
in g  of m oulds w ith  even  m o d e ra te  fu e l economy, 
to  av o id  cold a re a s  in  th e  d ry in g  stoves, since 
th ese  e ith e r  p ro lo n g  th e  d ry in g  o p e ra tio n  un 
du ly , o r g ive in com plete ly  d r ie d  m oulds.



M o is tu re  A b s o rp tio n  a f te r  S to v in g
P la s tic  clays a re  hygroscopic  a f te r  d ry in g , and  

absorb w a te r  v a p o u r from  th e  a ir  w ith  g re a t  
readiness. T his a b so rp tio n  ta k e s  place a t  th e  
surface  of th e  d ried  m ould , an d  leads to  a ra p id  
decrease in  th e  s t re n g th  of th e  face , so th a t ,  on 
casting , th e  s teel is m ore  easily  ab le  to  w ash 
away th e  su rface  or to  p e n e tra te  in to  th e  m ould 
th ro u g h  th e  su rfa ce  lay er. T he fa ll  in  s tre n g th

in g , th o u g h  i t  m ay  leave th e  steel read ily  a f te r  
cooling, is a p t  to  g ive a  ro u g h  su rface  to  th e  
c as tin g . M ost p a in ts  c o n ta in  m ix tu re s  of oxides 
such as silica  a n d  a lu m in a , w h ils t any  o x id a 
tio n  of th e  steel in  c o n ta c t w ith  th e  m ould  gives 
fe rro u s  ox ide, w ith  sm all am o u n ts  of o th e r 
oxides such as m an g an ese  oxide. All these  oxides 
can  re a c t  to g e th e r  to  give a h igh ly  viscous slag , 
w hich should a d h ere  to  th e  fac in g  san d  behind

T a b l e  IV.—Temperature Readings in deg. C. after Second Modification. Third Test. Heating Started at 8.00 p.m.

Couple numbers.

1 . 2 . 3. 4. 5. 6 . 7. 8 . 9. 1 0 . 1 1 .

1 2 . 0 0  noon 425 396 390 426 331 272 316 362 404 269 257
12.30 p.m. 446 404 388 437 334 281 312 365 407 278 265

1 . 0 0  p.m. 440 410 407 439 349 294 340 381 429 282 271
2 . 0 0  p.m. 441 416 402 450 362 314 351 385 441 295 285
2.30 p.m. 442 420 411 449 369 319 359 389 440 298 287
3.00 p.m. 469 439 422 472 376 325 361 399 443 299 289
3.30 p.m. 458 435 425 468 386 334 370 404 452 313 300
4.00 p.m. 472 443 429 482 393 348 378 411 456 321 308

of dried  sand  specim ens w as described  in  a P a p e r  
given by one of th e  p re se n t a u th o rs  a t  th e  
French F o u n d ry  C ongress la s t  y e a r , 8 an d  th e  
results of fu r th e r  ex p erim en ts  a re  se t o u t in  th e  
Iron and  S teel I n s t i tu te  R e p o r t  a lre ad y  re fe rre d  
to." I f  th e  d ry in g  process h as been  incom plete , 
so th a t  w a te r  is s till p re se n t in side  th e  m ould 
m ateria l, th e n  th is  w a te r  w ill move o u tw ard s 
towards th e  su rface  a f te r  th e  m ould h as cooled 
down. This m ovem ent o r “  s tr ik in g  back  ”  is 
likely to  occur m ore p a r tic u la r ly  in  p it-m o u ld 
ing, where th e  m ould c an n o t be h e a ted  as a 
whole, an d  all th e  d ry in g  tak e s  place from  th e  
face inw ards.

I t  is th u s  im p o r ta n t  n o t to  allow m oulds which 
have been d ried  to  s ta n d  in  th e  c a s tin g  bay  fo r 
a longer tim e  th a n  is d efin ite ly  necessary , before 
casting. I f  a d ried  m ould  does s ta n d  fo r a  long 
tim e in  th e  fo u n d ry , p u t t in g  i t  back  in to  th e  
drying stove and  re h e a tin g  i t  to  d riv e  off th e  
absorbed w a te r does n o t re s to re  th e  o rig in a l 
s tren g th  of th e  d ried  su rface , b u t  leaves i t  p e r
m anently  w eaker th a n  a f te r  th e  o rig in a l d ry in g .

M o u ld  P ain ts
In  m odern d ry -san d  p ra c tic e , m ost m oulds a re  

given a co a tin g  of some k in d  of p a in t ,  a n d  th e  
results o b ta ined  in  th e  s tr ip p in g  of th e  cas tin g s 
depend larg e ly , o th e r  th in g s  b e in g  eq ual, on th e  
n a tu re  and  m an n e r of a p p lic a tio n  of th e  p a in t .  
I t  is th e  su rface  lay e r of th e  m ould  w hich comes 
into co n tac t w ith  th e  steel d u r in g  ca s tin g , and  
is consequently  ra ised  to  th e  h ig h es t te m p e ra 
tu re . The p ro p e rtie s  of th is  lay e r, th e re fo re , 
determ ine  th e  b eh av io u r of th e  m ould  d u rin g  
strip p in g . A p a in t  m ay  be ap p lied  to  increase  
the re fra c to rin e ss  of th e  su rface  of th e  m ould. 
I t  is fo und , how ever, t h a t  too re fra c to ry  a  coat-

i t ,  an d  n o t be fusib le  enough  o r of such a com
po sitio n  as to  fuse  to  th e  su rface  of th e  steel in  
f ro n t  of it.

M odern  d ry -san d  m ix tu re s  a re  usually  coarser 
in  g ra in  an d  m ore perm eable th a n  those fo r
m erly  used, an d  one fu n c tio n  of th e  m ould p a in t

F i g . 8 .— S a n d - S t e e l  M a s s  p r o d u c e d  b y  
P e n e t r a t i o n  o p  S t e e l  t h r o u g h  
M o u l d  S u r f a c e , x  5 .

is th e re fo re  to  seal th e  su rface  of th e  m ould  and  
to  p re v e n t p e n e tra tio n  of th e  steel. I f  pene
t r a t io n  does occur, th e  steel flows fo r a su rp r is 
in g  d is tan ce  be tw een  th e  sand  g ra in s  an d  a m ix 
tu re  of sand  a n d  steel re su lts , w hich  is ve ry  diffi- 

291 l 2



c u lt  to  deal w ith  in  th e  f e t t l in g  shop. F ig . 8  

is a  p h o to m ic ro g rap h  a t  a low m ag n ifica tio n  of 
a  san d -stee l m ass p ro d u ced  in  th is  w ay, th e  b lack  
a re a s  b e in g  holes, th e  g rey  a re a s  s tee l, a n d  th e

a f te r  d ry in g . T he liq u id  is th e re fo re  stiffened 
by th e  a d d itio n  of b e n to n ite , w hich  increases the 
d ry  s tre n g th  of th e  c o a tin g , a n d  a sm all am ount 
of core com pound, w hich  h a rd e n s  th e  surface.

F i g . 9 .— 3 - t o n  C a s t i n g  m a d e  i n  D r i e d  S y n t h e t i c  S i l i c a  S a n d  
a n d  C l a y  M i x t u r e , p a i n t e d  w i t h  W h i t e  S i l i c a  P a i n t .

w h ite  a rea s  sand . I n  th is  m ix tu re  th e re  was 
47 p e r  cen t, of steel, w hich h a d  p e n e tra te d  tw o  
inches from  th e  su rfa ce  in to  th e  in te r io r .

P a in ts  fo r d ry -san d  m oulds m ay  be m ade  in  th e  
fo u n d ry  from  a v a r ie ty  of m a te ria ls , a v e ry  p o p u 
la r  base b e in g  silica  flour. T h is is  suspended  in

T a b l e  V.— Temperature Readings in deg. C. after Third Modification.

A ty p ic a l  com position  
follows : —

S ilica  flour 
B e n to n ite  
C ore c ream  
W a te r

of such  a p a in t  is 

...................  2 0  lbs.

.................  i  lb.

...................  1 £ lbs.
2  gallons.

Fourth Test. Heating Started at 3.00 a.m.

Couple numbers.
Time.

1 . 2 . 3. 4. 5. 6 . 7. 8 . 9. 1 0 . 1 1 .

11.15 a.m. 397 382 372 431 381 286 328 364 365 296 318
11.30 a.m. 408 393 383 440 389 296 333 375 372 304 324
1 2 . 0 0  noon 472 429 425 455 419 323 348 403 394 320 339
12.30 p.m. 492 442 451 465 444 341 364 425 421 337 356

1 . 0 0  p.m. 513 470 473 470 452 355 380 444 448 352 370
2.30 p.m. 442 424 418 430 434 366 380 404 443 343 360
3.00 p.m. 448 433 424 448 443 367 383 414 442 355 367
3.30 p.m. 458 451 437 457 450 375 390 424 448 362 374
3.50 p.m. 483 458 448 473 461 383 398 432 455 370 381

w a te r  a n d  m ay  be a p p lie d  e ith e r  by b ru sh in g  o r T h is is su ita b le  fo r  sp ra y in g . I f  a brush ing
by sp ra y in g . A c o a tin g  of silica  flour by  its e lf , p a in t  be re q u ire d , th e  a m o u n t of w a te r  is re-
how ever, is pow dery  a n d  easily  ru b b ed  aw ay  duced  u n t i l  th e  d es ired  con sisten cy  is ob ta ined .
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A cas tin g  w e igh ing  3 to n s m ade  in  a d ried  
syn thetic  s ilica  san d  a n d  clay  m ix tu re , p a in te d  
with w h ite  silica  p a in t ,  is i l lu s tra te d  in  F ig s . 9 
and 10, in  th e  s tr ip p e d  s ta te .  F ig . 9 is a view 
on th e  side o p p osite  th e  ru n n e r  a n d  shows an  
excellent finish. F ig . 10 shows th e  p a r t  of th e  
casting  in  f ro n t  of th e  ru n n e r ,  w here  th e re  is  a 
small a m o u n t of b u rn in g -o n , d ue  to  p e n e tra tio n  
of th e  p a in t ,  w hich  h as n o t suffic iently  re sis ted  
the wash of th e  steel. F ig . 11 is a  p h o to g rap h  
of a sim ilar cas tin g , th e  m ould  b e in g  m ade  w ith  
the same m a te ria ls  t r e a te d  in  e x ac tly  t h e  sam e 
way, ex cep t th a t  i t  w as le f t  s ta n d in g  a  lo n g er 
tim e before c a s tin g . T he su rfa ce  of th e  m ould

A p a r t  from  th e  com position  of a m ould p a in t,  
th e  w ay in  w hich  i t  is  ap p lied  to  th e  m ould 
su rfa ce  is v e ry  im p o r ta n t.  I t  should  be 
sufficiently  th in  to  p e n e tra te  in to  th e  su rface , 
a n d  th u s  key  its e lf  well to  th e  m ould m a te ria l. 
T his m eans t h a t  i t  is o ften  necessary  to  app ly  
m ore th a n  one coat, to  g ive an, ad eq u a te  th ic k 
ness of p a in t .  I f  th e  p a in t  is ap p lied  as a 
sing le  th ic k  lay er, i t  freq u e n tly  re s ts  very 
loosely on to p  of th e  m ould  m a te r ia l  w ith o u t 
p e n e tra t in g  be tw een  th e  g ra in s , a n d  is easily  
d islodged in  p a tches, especially  d u r in g  cas tin g .

T he fin ish ing  an d  p a in t in g  of m oulds is p a r
tic u la r ly  im p o r ta n t  w here compo is be ing  used.

F i g . 10.— T h e  S a m e  C a s t i n g  a s  i n  F i g . 9, s h o w i n g  S m a l l  A m o u n t  o f  
B u r n i n g - o n  i n  F r o n t  o f  R u n n e r .

has been w eakened and  th e re  is m ore p e n e tra tio n  
of the  steel th ro u g h  th e  su rface , th o u g h  th e  face 
is not m uch b u rn t  on to  th e  cas tin g .

These p h o to g rap h s of cas tin g s c a s t in  m oulds 
of a syn th e tic  sand  co n sistin g  of silica sa n d  and  
clay m ay be com pared  w ith  F ig . 12, which 
shows a sm alle r c a s tin g  w eigh ing  8  cw ts. c as t 
in a m ould m ade from  a  p ro p r ie ta ry  fac in g  
sand, d ilu ted  w ith  an  equal a m o u n t of K in g ’s 
Lynn red  silica  sand . I n  th is  case, th e  sand  
has fa llen  aw ay from  th e  c a s tin g  ve ry  well, 
bu t th e re  is some b u rn in g -o n  in  th e  r e -e n tr a n t  
angle, w here th e  san d  has been h e a te d  m ost 
strongly.

D iffe ren t m ethods of u sin g  com po a re  in  opera
t io n  in  d iffe re n t fo u n d ries , an d  in  th e  fo u n d ry  
w ith  which th e  a u th o rs  w ere concerned, good 
re su lts  hav e  been o b ta in e d  by u s in g  a  coarse
g ra in e d  com po fo r  th e  m ou ld ing  m a te ria l, th e  
face  of th e  m ould  be ing  a f te rw a rd s  finished by 
w ork ing  in to  i t  a  p a in t  m ade from  e ith e r  
c rushed  h ig h -a lu m in a  clay w hich is th e  basis 
of th e  compo, o r from  crushed  clay pots, w ith  
a n  a d d itio n  of raw  clay to  p ro v ide  sufficient 
bond. T his p a in t  m ay  w ith  a d v a n ta g e  be m ade 
in  tw o  g rad es, one a  co arse r p a in t  w hich is 
a p p lied  firs t, a n d  keys very  well in to  th e  coarse 
com po, th e  o th e r  a finer one which in  tu r n

293 l 3



keys itse lf  in to  th e  r a th e r  ro u g h  su rfa c e  le f t  by 
th e  coarse p a in t ,  a n d  p rov ides a  sm ooth  finish 
to  th e  m ould.

E x p e rim e n ts  w ith  C o m p o
Com po h a s  been  used  c o n tin u o u sly  in  th is  

c o u n try  as a m o u ld in g  m a te r ia l  fo r  m an y  years . 
T h ere  w ere m an y  local v a r ia tio n s  in  i ts  m ak e 
u p  d u e  to  th e  in co rp o ra tio n  of m a te ria ls  
p le n tifu l in  a p a r t ic u la r  lo ca lity , b u t  no m a jo r  
a lte ra t io n  to o k  p lace u n t i l  th e  in c re a s in g  
sca rc ity  of old c lay  p o ts  n e ce ss ita te d  th e  
u t il is a tio n  of a lte rn a tiv e  m a te ria ls . T he in-

o th e r  p ro p e rtie s  of com pos a t  p re se n t in  use is 
i llu s tra te d  in  T able  V I, w hich  g ives th e  re su lts  of 
e x am in a tio n  of th re e  com pos m a n u fa c tu re d  and 
sold in  considerab le  q u a n ti t ie s  to  fo u n d ries  by 
th re e  w ell-know n com pan ies. I t  is n a tu ra lly  to 
be ex p ec ted  t h a t  th e  fo u n d ry  b eh av io u r of these 
th re e  m a te ria ls  w ill be d iffe re n t if  th ey  aTe 
t r e a te d  in  th e  sam e way.

O ne fu n d a m e n ta l d ifference  betw een  d ry  sand 
w ith  a s ilica  base a n d  com po w ith  a clay base is 
in  th e i r  volum e c h an g e  a f te r  being  strongly 
h e a ted , silica  e x p a n d in g  w h ils t clay contracts. 
T h is is i l lu s tra te d  by re su lts  (see colum n 2) of an

F i g . 11.— C a s t i n g  m a d e  i n  M o u l d  w h i c h  h a d  b e e n  a l l o w e d  t o  
S t a n d  f o e  a L o n g e r  T i m e .

fluence of size a n d  shape of p a rtic le , a n d  th e  
im p o rtan ce  of th e  d is tr ib u tio n  of p a r tic le  size, 
w hich hav e  been  in v e s tig a te d  d u r in g  re ce n t 
y e a rs  in  sa n d s  a n d  o th e r  re fra c to ry  m a te ria ls  
such as b rick s , a p p e a r  to  have  rece ived  l i t t le  
a t te n tio n  in  th e  case of com po.

T his om ission is now b e in g  rem ed ied . O th e r 
in v es tig a tio n s , some of w hich  a re  desc rib ed  in  
th e  I ro n  a n d  S tee l I n s t i tu te  R e p o r t  a lre ad y  re 
fe rre d  to , 10 a re  to w a rd s  th e  u t i l is a tio n  of a 
s t r a ig h t  m ix tu re  of a  sing le  r e fra c to ry  m a te r ia l  
w ith  ra w  clay.

T he v a r ia tio n  in  p a r tic le  size d is t r ib u t io n  an d

e x p e r im e n t in  w hich  som e of th e  m ateria ls 
a lre a d y  re fe r re d  to  in  co n n ec tio n  w ith  F igs. 2 
an d  3 w ere  fo rm ed  in to  cy lin d e rs  2.256 in . long by 
1.128 in . d ia . ,  w hich  w ere  h e a te d  to  1,460 to 
1,470 deg. C. fo r  1 h r .,  a n d  th e ir  lengths 
m easu red  a g a in  a f te r  cooling .

T he a c tu a l  figu res o b ta in e d  n a tu ra lly  v a ry  with 
th e  p rev ious h is to ry  of th e  m a te ria ls . F o r  ex
am ple , a c lay  base w hich  h as a lre ad y  been cal
c in ed  w ill h av e  a lre a d y  c o n tra c te d  p e rm an en tly , 
w h ils t th e  raw  c lay  used  fo r  b in d in g  w ill co n trac t 
on h e a tin g . S im ila rly , if  an y  rec la im ed  silica 
g ra in s  a re  inc lu d ed  w hich  h av e  p rev io u sly  been



heated to  a  sufficiently  h ig h  te m p e ra tu re , th e  
a fte r-ex p an sio n  of th e  sand  m ix tu re  w ill be 
reduced.

Mixture.
Green

relative
density.

Change in 
length. 

Per cent.

B 1 . 8 ‘ +  2.08
C 1 . 8 +  4.07
F 1.9 -  1.39
G 1.9 +  3.47

M akin g  M e d iu m -W e ig h t C asting s
For m ould ing  m ed iu m -w eig h t cas tin g s , compo 

and dry  san d  are  co m p e titiv e  m a te ria ls . E ith e r  
can be used sa tis fac to r ily , an d  th e  choice, fo r a 
given cas tin g , o f te n  d ep en d s on th e  re la tiv e  
q u an tities of th e  tw o m a te ria ls  av a ilab le  a t  th e  
time, or on th e  am o u n t of w ork  p assin g  
through d iffe ren t sections of th e  shop. The possi
bilities of d ry  san d  a re  b e in g  in v e s tig a te d , and  
i t  is being used fo r p rogressively  h e av ie r  w ork. 
I t  m ay in  tim e  rep lace  com po e n tire ly , in  th is  
country. F ro m  a n  econom ic p o in t of view , d ry  
sand is a  ch eap er m a te ria l  th a n  compo, since  i t

T a b l e  V I .— Properties of Three Compos.

Per cent, remaining on 
B.S.I. sieve No. Compo 1 Compo 2 Compo 3

8 ........................................ 0 .3 3.1 1.9
1 0 ....................................... 5 .8 4.7 3.2
1 6 ........................................ 7 .8 1 1 . 6 8 . 6
2 2 ........................................ 5.9 7 .5 4.1
3 0 ........................................ 4 .3 4 .0 3.9
4 4 ........................................ 6.3 7.5 4.1
6 0 ........................................ 9 .0 7.6 4 .8

1 0 0 ........................................ 1 1 . 1 8 . 6 11.5
1 5 0 ........................................ 3.1 2.7 16.7
Silt grade 26.2 24.1 2 0 . 0
Clay grade 2 0 . 2 18.6 19.4

Permeability No. 19 33 30
Green strength. Lbs. per

sq. in. 8 . 6 6.7 8 . 8
Water content. Per cent. 8 . 6 8 . 2 7.7
Dried at 200 deg. C. for

1 hr. Lbs. per sq. in. 116 218 140
Heated to 900 deg. C. for

1 hr. and crushed cold.
Lbs. per sq. in. . . 190 470 150

uses a  cheaper base, some old san d  m ay be re 
claimed for su b seq u en t use, and  th e  co st of p a in ts  
ing m oulds is less th a n  in  th e  case of compo. 
On th e  o th e r h an d , com po h as a n  estab lished  
position in  m ak in g  th e  h eav ie s t stee l c as tin g s, 
and also th e re  seems no reason  w hy la rg e r  
am ounts of compo should  n o t be recla im ed  th a n  
in c u rre n t p rac tice . I n  th e  a u th o rs ’ op in ion , 
both m a te ria ls  w ill be used  in  th is  c o u n try  fo r 
some y ears to  come, th e i r  fo u n d ry  p ro p e rtie s  
being s tead ily  im proved  as in v es tig a tio n s  
progress.

T h e  a u th o rs  ex p ress th e i r  g ra te fu l  th a n k s  to  
th e  d ire c to rs  an d  m an a g em e n t of E n g lish  S teel 
C o rp o ra tio n , L im ited , fo r  perm ission  to  publish  
th is  P a p e r ,  th e  e x p e rim e n ta l w ork fo r  w hich was 
c a r r ie d  o u t in  th e  fo u n d ries  an d  lab o ra to rie s  of 
t h a t  com pany.
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D IS C U S S IO N

The d iscussion  w as opened by M r. V. C. 
F a u l k n e r  (P a s t-P re s id e n t, I n s t i tu te  of B ritish  
F o u n d ry m en ), who asked w h e th er th e  steel- 
fo u n d ry  in d u s try  h ad  c a r r ie d  o u t any  ex p eri
m en ts  in  co n n ec tio n  w ith  th e  m e ta l sp ra y in g  of 
cores or m ould su rfaces w ith  a lu m in iu m . I t  
h ad  been done successfu lly  b u t  to  a v ery  lim ited  
e x te n t  in  iro n fo u n d ry  p rac tice , b u t  he h ad  n o t 
h e a rd  of ex p e rim e n ts  in  connection  w ith  steel 
fo u n d in g . H e  w ondered  w h e th er i t  was of 
value , o r w h e th er th e  a u th o rs  would re g a rd  i t  
as m erely  a  w aste  of tim e .

In flu en ce  o f E leva ted  T e m p e ra tu re s  on Sands
D r . J .  G. A. S k e r l , h av in g  com m ented on th e  

g re a t  p ra c tic a l im p o rtan ce  of th e  P a p e r  to  th e  
stee lfo u n d er, sa id  t h a t  g rap h s  in  F ig s. 2 an d  3 
confirm ed some w ork  he  h a d  c a rr ie d  o u t fo r th e  
B r itish  C a s t I ro n  R esearch  A ssociation some 
y ears  ago. In  t h a t  w ork th e  cold com pressive 
s tre n g th s  of a  ra n g e  of sands a f te r  h e a tin g  to  
c e r ta in  te m p e ra tu re s  w ere d e te rm in ed . I t  was 
fo u n d , fo r exam ple, t h a t  th e  red  sands of th e  
M id lands of th is  c o u n try , which w ere som ew hat 
com parab le  to  th e  red  san d s of B elgium  as 
re g a rd s  p a r t  of th e i r  chem ical com position, 
showed, a f te r  h e a tin g  to  ab o u t 250 deg. C ., a 
p rogressive  decline in  s tre n g th  a t  h ig h e r  te m 
p e ra tu re s , w hereas th e  S co ttish  rock  ty p e  of 
m o u ld in g  san d , w hich was similar- to  th e  M ill
stone  G r i t  se ries from  th e  Sheffield a rea , showed 
a  g ra d u a l in crease  of s tre n g th  as th e  te m p e ra 
tu r e  of d ry in g  becam e g re a te r . The E r ith  
sands an d  P ic k e rin g  sands gave in te rm ed ia te  
re su lts .

The tw o g ra p h s  re fe rre d  to  ra ised  th e  ques
t io n  as to  w h a t w as re q u ire d  in  a  m ould ing  sand . 
One could have tw o ty p es o f sand , one o f which 
had  decreasing  s tre n g th  w ith  increase o f
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te m p e ra tu re , a n d  th e  o th e r  in c re as in g  o r r e ta in 
ing  its  s tre n g th .  F o r  som e jobs, such  a s  th e  
p ro d u c tio n  of a  p la in  c y lin d e r, a san d  which 
re ta in e d  i ts  s t re n g th  a t  h ig h  te m p e ra tu re  m u s t 
be of g r e a t  v a lue , especially  as re g a rd s  ru n n in g . 
B u t  fo r  c a s tin g s  w ith  r ib s  a n d  flanges, e tc ., 
such a  san d  w ould be d isa d v an tag e o u s , bet a use 
b e tw een  th e  rib s  or flanges a p re ssu re  w ould be 
developed  in  th e  sa n d  d u e  to  th e  e x p an s io n , 
w hich w ould go a g a in s t  th e  c o n tra c tio n  of th e  
m e ta l a n d  so in c re ase  th e  l ia b ili ty  to  b u rn  on . 
T here fo re , i t  w as necessary  to  choose san d s to  
su i t  th e  p a r tic u la r  job  in  h an d .

W ith  re g a rd  to  m ou ld  p a in ts ,  h e  asked  w hether 
th ey  w ere a p p lie d  be fo re  o r a f te r  th e  d ry in g  of 
th e  m oulds. I n  th e  iro n  fo u n d in g  in d u s try  it 
was fo u n d  th a t  w hen c e r ta in  san d s w ere used 
one could co a t th e  m oulds in  th e  g reen  condition, 
w hereas t h a t  could  n o t be done w ith  o th e r sands, 
a n d  he asked  w h e th er t h a t  w as th e  case also in 
th e  s tee l fo u n d in g  in d u s try .

M o is tu re  R em o va l fro m  Stoves
M b. M . B b o w n  (H adfie lds, L im ited ) said th a t 

th e  d ry in g  of m oulds a n d  cores was essentially 
a lo w -tem p era tu re  fu rn ac e  process. In  th e  lieat-

F i g . 1 2 .— 8 - c w t . C a s t i n g  m a d e  i n  a  D i f f e r e n t  
S a n d .

F o r th e  g e n e ra l pu rp o ses of th e  s teel fo u n d ry , 
th e  B e lg ian  ty p e  of san d  w as p re fe rab le , because 
i t  lost s tre n g th  a t  h ig h  t e m p e ra tu r e ; an d  i t  w as 
only fo r  heavy  cas tin g s  t h a t  m a te r ia ls  such  as 
compo h a d  to  be used , w hich  re ta in e d  o r  in 
creased  s t re n g th  a t  h ig h  te m p e ra tu re s .

H e  w as ve ry  d e fin ite ly  of th e  op in io n  t h a t  th e  
stoves w hich w ere re fe r re d  to  in  th e  P a p e r  as 
core stoves w ere n o t core  stoves a t  a ll, b u t  
w ere m ere ly  a n n e a lin g  stoves. T he d ifference  of 
te m p e ra tu re  th ro u g h o u t th e  stoves was enorm ous, 
a n d  one m u s t feel t h a t  if  som e m oulds w ere 
sufficiently  d r ied , some m u st be u n d e r-d r ie d  and 
some m u st be d efin ite ly  b u rn ed .

t r e a tm e n t  of alloy  s teel, su ch  as tem p e rin g , uni
fo rm ity  of re su lts  w as on ly  a tta in a b le  by circu
la t in g  th e  a tm o sp h e re  in  th e  fu rn a c e  to  avoid 
th e  s tra ti f ic a tio n  cau sed  by n a tu r a l  convection 
w hen  th e  a tm o sp h e re  w as n o t  d is tu rb e d . H e felt 
t h a t  th is  p r in c ip le  cou ld  be a p p lie d  w ith  advan
ta g e  to  m ould  d ry in g .

A n o th e r  p rob lem  w hich  d id  n o t  a rise  in  the 
h e a t- tr e a tm e n t  of alloy  steels, b u t  w as very  im
p o r ta n t  in  m ould  d ry in g , w as th e  rem oval of 
m o is tu re , a n d  if  one cou ld  g e t an  in stru m en t 
w hich w ould  reco rd  a u to m a tic a lly  th e  degree of 
s a tu ra t io n  of th e  e x h a u s t  gases th e  ind u stry  
w ould be in  a  b e t te r  p o sitio n  to  c o n tro l th e  dry



ing process an d  could  possibly speed i t  up . H e  
wondered w h e th er th e  a u th o rs  of th e  P a p e r  had  
considered th ese  tw o asp ects of th e  problem .

H e also asked w h e th er th e  san d  used  fo r th e  
cores was th e  sam e as t h a t  used fo r th e  m oulds. 
Fig. 11 gave a very  good i llu s tra tio n  of th e  
phenomena m et w ith  in  steel c a s tin g  p rac tice , 
th a t is, th e  difference in  “ b u rn in g -o n  ”  betw een 
a concave and  a convex su rface .

A y rs h ire  C h a m o tte

M r. J .  E . 0 .  L i t t l e  (G lenfield & K en n ed y ), 
re ferring  to  ch am o tte , asked  e x ac tly  w h a t was 
m eant by th e  “  calc ined  ”  b a u x itic  clay  which 
was o b tained  in  A yrsh ire , fo r h is fo u n d ry  was 
in the  d is tr ic t .  I n  A y rsh ire  th e re  w as a q u a n 
tity  of su rface  clay of ex trem e ly  low re f r a c to r i 
ness ; i t  was used  to  a c e r ta in  e x te n t  in  fo u n d ries  
in th a t  d is tr ic t  as a. bo n d in g  c lay  fo r som e of 
the w et loam  fo r iron  cas tin g s , a n d  he w ondered  
whether th e  b a u x itic  clay  w ould be usefu l. 
H aving m ade in q u irie s  of v a rio u s re fra c to ry  su p 
pliers, he h ad  o b ta in e d  v ery  v a ry in g  rep lies  or 
widely d iffering  defin itio n s of “  c h a m o tte .”  A p
parently m ost of th em  re fe r re d  to  i t  as be ing  
the crushed-up re jec ts  o r sc rap s of b rick s which 
were p u t back in to  th e  m ix tu re  as a  g ro g  w hen 
m aking a fresh  b rick . H e  asked w h e th er th e  
cham otte h a d  ab o u t 40 p e r  cen t, a lu m in a  con
ten t, because m ost of th e  m a te r ia ls  in  th e  
d istric t co n ta in ed  a b o u t 40 p e r cen t, a lu m in a , 
and w hether i t  w as su p p lied  by ju s t  one 
p articu lar su p p lie r.

M r . J .  D e s c h a m p s  (K ry n  & L ah y , L im ited ) 
also asked fo r  fu r th e r  in fo rm a tio n  as to  th e  
theory concerning th e  use of ch am o tte , w hich 
was said to  be a calcined  b a u x itic  o r siliceous 
clay. H e asked w h a t h a p p en ed  in  th e  c a lc in a 
tion. W as i t  a im ed  to  effect a m odification  in  
the allotropie s ta te  of th e  silica  P

Com m enting upon  a re fe ren ce  in  th e  P a p e r  to 
the d ry ing  of c h am o tte  a t  a  te m p e ra tu re  of 
about 700 deg. C ., he sa id  t h a t  t h a t  seem ed to  
be a very m uch h ig h e r te m p e ra tu re  th a n  one 
dare employ in  m ak in g  san d  m oulds, a n d  he 
wondered w he ther th e  figure  w as a m is ta k e . I f  
it were n o t a m is tak e , he asked  w h a t reac tio n  
occurred a t  t h a t  te m p e ra tu re .

M r . A . P .  R i l e y  (Sheffield) asked  w h e th e r th e  
authors had found  th a t  th e  ty p e  of m illin g  a n d  
the m illing tim e  em ployed fo r th e i r  sands m ade 
any appreciab le  d ifference to  th e  re su lts . Also, 
he asked w h e th er th e  b ack in g  san d  w as v a ried  
according to  th e  fac in g  san d  used. C om m enting  
upon a rem ark  by M r. W alk er t h a t  a m ould 
should be closed an d  cas t as soon as possible 
a fte r d ry ing , p resum ab ly  w hile s till  w arm , he 
asked w he ther t h a t  re m a rk  ap p lied  to  oil-bonded 
sands.

A U T H O R S ’ R E P LIE S

D r . D a d s w e l l , rep ly in g  to  M r. F a u lk n e r ’s 
q u estio n  con cern in g  th e  possib ility  of m eta l- 
sp ra y in g  th e  cores o r m oulds in  th e  steel fo u n 
d ry , sa id  t h a t  th ey  h a d  n o t a tte m p te d  it.  They 
h ad  th o u g h t  of m e ta l-sp ray in g , b u t  m ore p a r t i 
cu la rly  in  connection  w ith  th e  p ro tec tio n  of 
p a tte rn s ,  especially  w hen used  w ith  th e  S and- 
s lin g er. H e  d id  n o t th in k  th a t  m eta l-sp ray in g  
w ould have  a n  a p p lic a tio n  in  steel m ould ing , 
because none of th e  m eta ls  w hich could be 
sp ray ed  h ad  a m eltin g  p o in t sufficiently h ig h  to  
be of a n y  use. E v en  if  th e  core or m ould were 
sp ray ed  to  g ive a lay e r of steel, he  d id  n o t th in k  
th e  th ick n ess of t h a t  lay e r would be of any  use 
in  c o n ta c t w ith  th e  m olten  steel.

D ry in g  S tove D e ta ils
D ealin g  w ith  D r. S k e rl’s rem ark s concern ing  

th e  d ry in g  stoves, he sa id  t h a t  th e  stoves th em 
selves h ad  been in  use fo r some y ears w ith  a poor 
fo rm  of firing . T he pe rio d  of d ry in g  w as a t  
t h a t  tim e  too  long a n d  th e  q u a lity  of th e  d ry in g  
w as bad . They w ere th e re fo re  m odern ised  by 
in s ta llin g  new  fireboxes a n d  a ir-m ix in g  cham 
bers. The view  in  e lev a tio n  of th e  fire side of th e  
d ry in g  stove shown in  F ig . 4 was a l i t t le  m is
lead in g , an d  probab ly  would lead  D r. S k erl to  
th in k  t h a t  th ey  looked ra th e r  like an n ea lin g  
stoves. A ctually , th e  p o rts  d id  n o t e n te r  in to  
th e  firebox, b u t  in to  a  form  of m ix in g  cham ber. 
The p ro d u c ts  of com bustion  passed  from  th e  fire
box in to  th e  m ix in g  cham ber, w here  d ilu tio n  
a ir  was added , i .e .,  a th i r d  supply  of a ir ,  so th a t  
all th e  secondary  a ir  w as n o t necessarily  added 
in  th e  firebox. The th ird  supply  of a ir  was added 
in th e  m ix in g  cham ber to  reduce th e  te m p e ra tu re  
of th e  p ro d u c ts  of com bustion  to  th e  te m p e ra tu re  
of d ry in g . The in v es tig a tio n  w as u n d e rta k e n  to  
find th e  b est d is tr ib u tio n  of th e  p o rts. H a v in g  
t r ie d  th e  stove fo r  a while, i t  h ad  been possible 
to  im prove  th e  d is tr ib u tio n  by b locking up  some 
of th e  p o rts  an d  fo rc in g  th e  gas to  ta k e  a  cer
t a in  course ro u n d  th e  stove. T he re su lts  were 
in cluded  in  th e  P a p e r  in  o rd e r to  show th e  
necessity  fo r  s tu d y in g  th e  b eh av io u r of stoves. 
I t  w as a  fa ir ly  easy in v es tig a tio n , fo r  all th ey  
h ad  done w as to  m ake a n u m b er of holes th ro u g h  
th e  stove doors a n d  to  in s e r t  pyrom eters .

The re su lts  of th e  te s ts  on th e  d ry  s tre n g th  of 
sands a f te r  d iffe re n t s ta n d in g  periods showed in  
q u ite  a g ra tify in g  m a n n e r  how lab o ra to ry  ex
p e rim en t could defin ite ly  prove som eth ing  which 
one had  lea rn ed  by p ra c tic e  an d  which one had  
n o t been able to  show by scientific m eans. Tt 
d id  n o t a lw ays h a p p en  th a t  way, b u t  in  t h a t  
p a r tic u la r  case i t  d id , an d  th a t  w as why he re 
g a rd ed  th e  re su lts  o b ta in ed  as be ing  so very 
in te re s tin g .



P a in t A p p lic a tio n
P a in ts  w ere a p p lie d  to  g reen  m oulds befo re  

d r y in g ; b u t  th e y  w ere  on ly  a p p lie d  to  o il-san d  
cores w hen th e  cores w ere w arm  a n d  d ry . C er
t a in  com po m oulds a n d  cores rece iv ed  a  f u r th e r  
co a t of p a in t  w hen  com ing  o u t of th e  sto v e , i .e .,  
w h ils t s t i ll  h o t ;  b u t  th e  g e n e ra l p ra c tic e  w as to  
p a in t  m oulds, san d  cores a n d  com po cores when 
th e y  w ere g reen .

T he re m a rk s  of M r. B row n co n ce rn in g  th e  
s im ila r ity  betw een  h e a t- tr e a tm e n t  fu rn ac e s  h a v 
in g  re -c ircu la tio n  an d  a  good d ry in g  s to v e  w ere 
in te re s tin g . H e  believed  th e  success of th e  con
tin u o u s  c o re -d ry in g  stove w as p a r tly  d u e  to  th e  
fa c t  t h a t  one o b ta in e d  good c irc u la tio n , as th e  
cores cam e o u t v ery  m uch  m ore u n ifo rm ly  d r ie d  
th a n  th e y  o f te n  d id  from  th e  o rd in a ry  b a tc h  
ty p e  of stove.

F o r  p ro d u c in g  th e  c a s tin g  show n in  F ig s . 9 
a n d  1 0  th e  core m a te r ia l  used w as d iffe re n t fro m  
th e  m ould  m a te ria l.  I n  b o th  cases sy n th e tic  
san d s were used , b u t  th e  core c o n ta in ed  a  c e r
t a in  a m o u n t of core b in d e r. T he c a s tin g  in  
F ig . 11 w as s lig h tly  th ic k e r  th a n  t h a t  in  F ig s .
9 an d  10.

Use o f C h a m o tte

The c h am o tte  from  A y rsh ire  w as received  from  
one su p p lie r. H e  believed t h a t  a  calc ined  clay 
such as th a t ,  of from  40 to  45 p e r  cen t, a lu m in a , 
could be  sufficiently  re fra c to ry  from  th e  p o in t 
o f view  of m ak in g  a sy n th e tic  m ix tu re , b u t  in  
i ts  raw  s ta te ,  u sed  as a  b o n d in g  m a te r ia l,  i t  
m ig h t n o t be sufficiently  re fra c to ry . H e  h ad  
n o t used th e  A y rsh ire  clay as a bo n d in g  m ed ium , 
b u t  h a d  used  one of th e  D erb y sh ire  fireclays. 
The h ig h -a lu m in a  clay w as used  only  as a g rog, 
so t h a t  th e  e x p la n a tio n  of th e  w ord “  ch am o tte  ”  
t h a t  was g iven  by M r. L it t le  w as m ore  o r less
co rrec t. I t  rea lly  m e a n t g rog , an d  i t  w as th e
coarse m a te r ia l  w hich fo rm ed  th e  basis of th e  
re fra c to ry  m a te ria l.  H e  a n d  h is colleagues h ad  
ad o p ted  th e  w ord “  c h am o tte  ”  because th ey  
h ad  o rig in a lly  tr ie d  th e  m ethod  w hich  m ig h t be 
described  as th e  “  S koda m e th o d ,”  u s in g  
ch am o tte  only, p lus bo n d in g  c lay . B u t  t h a t  w as 
r a th e r  expensive  a n d  th e  tec h n iq u e  was r a th e r  
d iffe re n t from  th e  u su a l, so t h a t  i t  involved
tr a in in g  th e  m e n ; f u r th e r ,  th e  cost of th e
m a te ria l  was r a th e r  h ig h , fo r i t  h a d  to  be t r a n s 
p o rted  fro m  A y rsh ire  to  Sheffield, a n d  in  a d d i
t io n  ca lc in in g  was necessary . T h ere fo re , th ey  
h ad  used th e  c h am o tte  clay as an  in g re d ie n t  in  
th e  o rd in a ry  compo in  p lace  of th e  old c ru cib le  
po ts fo rm erly  used . T h is used to  be w h a t m ig h t 
be called  a  w itch ’s brew , co n sis tin g  of a  b i t  of 
e v e ry th in g , b u t  i t  h a d  since  been sim plified  by  
u s in g  c h am o tte  a n d  old firebricks, etc .

D ea lin g  w ith  th e  re fe ren ce  by M r. R ile y  to  
th e  ty p e  a n d  tim e  of m illin g , D r. D adsw ell said

t h a t  b o th  in  th e  case of com po a n d  of syn the tic  
san d , those fa c to rs  m ade  a  d ifference. I n  compo 
one w as d e a lin g  w ith  co arse  m a te ria ls  a n d  had  to 
sp re ad  th e  clay  a ro u n d  coarse  g ra in s , so th a t  a 
h e a v ie r  ty p e  of m illin g  w as necessary  th a n  for 
sy n th e tic  sands.

T he ty p e  of b ack in g  san d  w as n o t  v a ried  in 
d ry -sa n d  p ra c tic e  over a  c e r ta in  w eigh t. When 
u s in g  com po o r sy n th e tic  fa c in g  fo r  th e  larger 
c as tin g s , a  com m on b ack in g  san d  could be used. 
O il-sand  m ou lds should  n o t be  c a s t  w arm . The 
re m a rk s  in  th e  P a p e r  w ith  re g a rd  to  closing 
th e  m ould  as soon as possible a f te r  d ry in g  had 
r e la te d  to  c lay-bonded  sands. In d eed , th e  whole 
of th e  P a p e r  re a lly  re fe r re d  to  clay-bonded 
sands, e x ce p t fo r  a b r ie f  re fe ren ce  to  oil-bonded 
cores.

A lu m in iu m -S p ra y e d  M oulds
M r . W a l k e r , re p ly in g  to  M r. F a u lk n e r , said 

he knew  of one stee l fo u n d ry  w hich h ad  tried  
sp ra y in g  cores w ith  a lu m in iu m , th e  purpose 
b e in g  to  su p p ly  a  l i t t le  e x t r a  a lu m in iu m  to  the 
s tee l a n d  e n su re  t h a t  th e  s tee l in  th e  m ould was 
k illed . T h e  process h ad  subseq u en tly  been aban
doned.

R e g a rd in g  D r. S k e r l’s re m a rk s , he agreed  th a t 
th e  cu rv es in  F ig s . 2 a n d  3, show ing th e  cold 
com pressive  s t r e n g th  of san d s a f te r  be ing  heated 
to  c e r ta in  ' te m p e ra tu re s ,  confirm ed th e  results 
o b ta in e d  by D r. S k erl in  h is  w ork  fo r th e  British 
C a st I ro n  R esearch  A ssocia tion . Some of the 
e x p e rim e n ts  c a r r ie d  o u t  by  D r. Dadsw ell and 
h im self, how ever, h a d  been  m ade  on B ritish 
m a te ria ls  n o t h i th e r to  used  fo r steel-foundry 
w ork , as th e y  w ere  in v e s tig a tin g  th e  possibility 
of f in d in g  new  B r i t is h  m a te r ia ls  fo r th is  pur
pose. So f a r  th e y  h a d  n o t  fo u n d  any  new 
m a te r ia ls  w ith  e x ce p tio n a lly  good properties, 
a n d , g e n e ra lly  sp e a k in g , th e  re su lts  w ere simi
la r  to  those  o b ta in e d  by  D r. S kerl some years 
ago.

R e p ly in g  to  M r. B row n , he  sa id  t h a t  they had 
m ad e  a  la rg e  n u m b e r of e x p e r im e n ts  in  which 
th ey  h ad  an a ly sed  th e  gases issu in g  from  the 
d ry in g  stoves to  d e te rm in e  th e  m o is tu re  con
te n t ,  b u t  so f a r  th e y  h a d  n o t o b ta in ed  a re
co rd er fo r  t h a t  p u rp o se . H e  w as n o t sure 
w h e th e r a  re co rd e r  w as on th e  m a rk e t which 
w ould be e n tire ly  su ita b le  fo r  t h a t  particu lar 
service.

A y rs h ire  B a u x it ic  C lays
D iscussing  M r. L i t t le ’s re fe re n ce  to  bauxitic 

clays, M r. W a lk e r  sa id  t h a t  th e re  w as only one 
p a r t ic u la r  ty p e  of A y rsh ire  c lay  w hich  was suit
ab le  fo r  th e  p u rp o se  m en tio n ed , a n d  i t  could be 
o b ta in e d  from  m ore  th a n  one m a n u fa c tu re r  of 
r e fra c to ry  m a te ria ls . A p a r t  from  its  chemical 
an aly sis, a n  im p o r ta n t  p ro p e rty  of th e  m aterial 
was th e  m a n n e r  in  w hich  i t  b ro k e  up  on crush-



m g a f te r  c a lc in in g . T he p a r tic le s  so o b ta in ed  
should be a n g u la r  a n d  th e  size d is tr ib u tio n  was 
im p o rta n t if  th e  m a te r ia l  w ere to  be successfully 
used in  th e  steel fo u n d ry .

The A y rsh ire  b a u x it ic  clay  re fe rre d  to  w as n o t 
qu ite  th e  sam e as th e  o r ig in a l S koda  c h a m o tte ; 
i t  h ad  n o t e x ac tly  th e  sam e p ro p e rtie s , b u t  i t  
was th e  n e a re s t  ap p ro ach  to  th e  S koda  c h am o tte  
th a t th e  a u th o rs  h a d  been ab le  to  find in  th e  
B ritish  Isles. M r. D escham ps h a d  q u e rie d  th e  
tem p era tu re  of 700 deg. C. w hich  was m en tio n ed  
in th e  P a p e r  as th e  te m p e ra tu re  to  w hich  a 
mould of ch am o tte  an d  c lay  w as h e a te d  d u r in g  
drying. T h a t te m p e ra tu re  h a d  been freq u e n tly  
used a t  Skoda, a n d  th e  a u th o rs  h a d  also used 
it on m ore th a n  one occasion in  th e i r  own

fo u n d ry . T h ere  w as no d o u b t t h a t  t h a t  tem 
p e ra tu re ,  o r so m eth in g  v ery  n e a r  i t ,  w as very  
su ita b le  fo r d ry in g  th e  m oulds of th e  Skoda 
ch am o tte . F o r  th e  B r i tish  m a te r ia l  th e  te m p e ra 
tu r e  need  n o t  be q u ite  so h ig h , b u t  i t  should 
be m uch  h ig h e r  th a n  was o rd in a r ily  found  neces
sa ry  fo r  d ry in g  san d  m oulds. A su itab le  tem 
p e ra tu re  w as a  l i t t le  below 600 deg. C.

R e p ly in g  to  M r. R iley , M r. W a lk e r  considered  
i t  b e s t to  allow o il-sand  m oulds to  go cold and  
th e n  to  leave th e m  fo r 24 h o u rs  befo re  filling 
th em  w ith  m eta l. T his w as because th e  s tre n g th  
of such  m oulds in creased  on cooling r ig h t  o u t 
a n d  fo r  ab o u t 24 h o u rs  a f te rw a rd s , w hereas in  
th e  case of d ry -sa n d  m oulds th e  s tre n g th  fell 
ra p id ly  as soon as th e  m oulds becom e cold.
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Over th e  period  of th e  la s t  tw o decades, i t  
has been n o t uncom m on in  c e r ta in  circles to  
hear d ire  p rophesies of th e  p en d in g  e x tin c tio n  
of th e  fo u n d in g  in d u s tr ie s . A cu te  co m p etitio n  
has developed in  v a rio u s d irec tio n s , each  of 
which is a logical an d  ex p ec ted  h a p p e n in g  in  a 
progressive in d u s tr ia l  c iv ilisa tio n . I t  is becom 
ing obvious, how ever, th a t ,  f a r  from  th e  steel 
casting becom ing a n  e x tin c t  re lic  of th e  D a rk  
Ages of en g in e erin g  in d u s try , such know ledge 
of its  p ro d u c tio n , a n d  co n tro l of i ts  m a jo r 
characteris tics , a re  now fo rth co m in g  t h a t  a n  in 
creasing scope of a p p lic a tio n  is re su ltin g .

In  th e  la te  1920’s, a  p e rio d  of p ro b ab ly  th e  
g reatest in d u s tr ia l  a c tiv ity  th e  U n ite d  S ta te s  
of Am erica has ex p erien ced , th e  p ro d u c tio n  of 
steel castings av erag ed  ab o u t one a n d  a q u a r te r  
millions of tons. S ince th is  t im e , m an y  de
velopments of a  co m p e titiv e  n a tu re  have 
appeared, an d , w here su ited , tech n ica lly  and  
economically, have  ta k e n  a c e r ta in  to ll of th e  
production of th e  in d u s try . I n  sp ite  of th is , 
however, th e  y e a r 1937, n o t by  a n y  m eans a 
good year, b u t one t ru ly  described  as only  an 
im provem ent on th e  tw o im m ed ia te ly  p reced in g  
it, saw th e  p ro d u c tio n  of steel c as tin g s alm ost 
touch th e  one m illion  to n  m ark .

Affected by g en era l s ta g n a tio n , and  th e  accu 
m ulated influences of several h ig h ly  an d  effi
ciently ad v ertised  co m p etitiv e  p ro d u c ts , such a 
figure in d ica tes beyond q u estio n  th a t  new  a p p li
cations of steel c as tin g s h av e  a t  le a s t stab ilised  
the position of th e  in d u s try , an d  gives reaso n 
able g rounds fo r th e  b e lie f t h a t  a  r e tu r n  to  
norm al business co n d itio n s will see i t  a t ta in  
new heigh ts of p ro d u c tio n . One of th e  m ost 
powerful influences in  th is  d ev elopm en t is be
lieved to  be th e  f a c t  t h a t  th e  in d u s try  as a 
whole is becom ing tech n ica lly  s tro n g .

S teel fo u n d in g  has f re q u e n tly  been described  
as a m ix tu re  of a r t  an d  science. A defin ition  
of th e  tw o te rm s possesses no h a rd  an d  fa s t  
d iv id ing lin e , b u t  assu m in g  one log ica lly  could 
define a r t  as d e x te r ity  or skill in  perfo rm an ce , 
acquired by ex perience , a n d  science as sv s tem at- 
ised know ledge, th e n  i t  is believed th a t  p rogress

* Presented  on b eh a lf  o f th e  A m erican F ound rym en 's  Asso
ciation.

fo r th e  fu tu re  is m ost su re ly  based on th e  en 
c o u rag em en t and  m ore com plete a p p lica tio n  of 
th e  la t te r .

T he p re se n t P a p e r  proposes to  offer evidence 
t h a t  th is  d esirab le  co n d itio n  is be ing  achieved, 
a n d  t h a t  th e  re su lts  fo rth co m in g  a re  a  p rim a ry  
fa c to r  in  th e  co n stan tly  w id en in g  field of ap p li
ca tio n  of steel c as tin g s in  th e  U n ited  S ta te s . 
The incidence of th e  efforts of th e  m e ta llu rg is t  
on th is  ch an g in g  th o u g h t  in  fo u n d ry  p ro d u c 
tio n  is rem ark ab le , an d  a s tu d y  of th e  l i te r a 
tu r e  of th e  la s t  te p  y ears  or so im presses one 
w ith  th e  convic tion  th a t  th e  b ro a d er conception  
of re sp o n sib ility  ev inced  by th e  m e ta llu rg is t  is 
p ro d u c in g  a la rg e  p a r t  of th e  m ore system atised  
m ethods of a tta c k  on fu n d a m e n ta l fou n d ry  
problem s.

A  N e w  D iv is io n  o f M e ta llu rg y
W ith in  th e  w ider de fin itio n  of iro n  a n d  steel 

m e ta llu rg y , th e re  is be in g  b u ilt  up  w h a t m ig h t 
be called  a  fo u n d ry  m e ta llu rg y , devoted  to  th e  
e ssen tia l problem s of cas t-to -shape, unw orked  
m ate ria ls . Any m eta llu rg ica l in v es tig a tio n  in to  
th e  cond itions g o v ern in g  th e  p ro d u c tio n  of 
sound  steel c as tin g s ru n s  im m ed ia te ly  in to  th e  
closely re la te d  fac to rs  of m ould an d  core effects, 
te m p e ra tu re  g ra d ie n ts  and  th e ir  effect upon  
so lid ification , localised te m p e ra tu re  differences 
du e  to  d e sign , an d  m an y  o th e r  p o in ts  which, 
while n o t to  be defined s tr ic tly  as m e ta llu rg ica l, 
e x e r t  so p ro fo u n d  a n  in fluence u p o n  th e  suc
cess o r fa ilu re  of th e  u ltim a te  c a s tin g  as to  
com pel th e ir  b e in g  ta k e n  fu lly  in to  accoun t.

I t  was a logical outcom e, th e n , t h a t  th e  m eta l
lu rg is t  should  ex ten d  his ac tive  in te re s t  beyond 
th e  confines of th e  m eta l itse lf, an d  from  th is  
has grow n m ost of th e  sy stem atic  in v es tig a tio n  of 
m o u ld in g  m a te ria ls  an d  m ethods of p o u rin g  and  
feed in g  steel cas tin g s. By ta k in g  each  m ajo r 
o p e ra tio n  singly , an d  c o rre la tin g  th e  w ork done 
in  th e  U n ited  S ta te s  d u r in g  th e  la s t  few  years, 
as evidenced by published  l i te ra tu re ,  i t  w ill be 
possible to  d e m o n s tra te  these  s ta te m en ts  c learly  

S te e lm a k in g
The m a n u fa c tu re  of su itab le  steel fo r castings, 

in  m an y  of th e  p rin c ip a l fe a tu re s , is q u ite  
se p a ra te  an d  d is t in c t  from  s tee lm ak in g  as
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p ra c tis e d  by th e  m ak ers  of in g o t steel. I n  th e  
l a t te r  case, physical w ork  of a  s tru c tu re -m o d ify 
ing  n a tu re  reduces th e  sign ificance of c e r ta in  
co nd itions, w hich  in  th e  case of th e  sa n d  c a s tin g  
m ay m ean  th e  d ifference  b e tw een  success an d  
fa ilu re .

I t  is also of v i ta l  sign ificance t h a t  th e  p ro 
d u cer of steels d e s tin ed  to  be  m echan ically  
w orked, a s  by ro llin g  or fo rg in g , e x e rts  a  com
p le te  an d  u n q u estio n ed  c o n tro l o v e r th e  sh ap e  
and  g e n e ra l d esig n  of th e  in g o t fo rm  in  w hich 
his c a s t m e ta l und erg o es so lid ification . H e  is 
able, th e re fo re , to  assis t so u n d  an d  p rogressive  
so lid ification  to  w h a tev e r e x te n t  he  m ay  see fit.

The case o f th e  steel fo u n d ry m an  is v a stly  
d iffe ren t. F aced  by a  leg ion  of d iffe rin g  shapes, 
and  a m u ltip lic ity  o f sec tio n al th ick n esses in  th e  
sam e cas tin g , an d  a  v e ry  v a ry in g  deg ree  of re 
sponse to  h is calls fo r  d esig n  c o n sid e ra tio n , his 
m olten  steel h a s  p e rfo rce  to  so lid ify  m an y  tim e s  in  
6 uch  fash ion  t h a t  no  a d v a n ta g e  c an  be ta k e n  of 
o rd e rly  an d  progressive  co n d itio n s of t r a n s 
fo rm atio n . In  such c ircu m stan ces , s tee l m u st 
possess, in it ia lly , every  possib le s tee lm ak in g  
in h e re n t  q u a lity  of soundness, c lean liness an d  
re g u la r ity  of te m p e ra tu re  and  com position .

I n  th e  la s t decade th e  reco g n itio n  of such 
severe  q u a lity  re q u ire m e n ts  h as led  to  con
c e n tra te d  effo rt to  re g u la rise  steel p ro d u c tio n  fo r 
cas tin g s, and  to  a tte m p t,  a t  least, to  e lu c id a te  
such  steel p ro d u c tio n  problem s as cou ld  be 
believed logically  to  have  a b e a r in g  on c as tin g  
b ehav iour. P ro m in e n t am ong A m erican  fo u n d ry  
m e ta llu rg is ts , w ho have  ad vanced  th e  know ledge 
of th is  su b jec t, one finds such  nam es as Sim s, 
L illieqv ist, B a tty ,  J .  H ow e H a ll, to  m en tio n  only 
a few.

The im p o rtan ce  of slag  c o n s titu tio n  an d  de
ox id is in g  p ro ced u re  h as been in v e s tig a te d  in  
th e  case of b o th  e lec tric  and  o p e n -h ea rth  p ra c 
tice . The sign ificance of inclusions, th e ir  deg ree  
of occurrence  an d  shape , had  been considered  
n o t only from  th e  v iew p o in t of th e i r  effect on 
u l tim a te  p ro p e rtie s , b u t  also because of th e  
possibly b e t te r  b eh av io u r of c lean  steel in  th e  
m ould. I n  th is  connection , i t  is a w idely held  
op in io n  t h a t  basic  o p e n -h ea rth  steel is su p e rio r 
to  t h a t  p roduced  on acid lin in g s  in  re s is tin g  
h o t- te a r  fo rm a tio n  in  cas tin g s of in tr ic a te  an d  
v a rie d  designs. T h ere  a p p ea rs  no  basis fo r  th e  
o p in ion  he ld  a t  one tim e  t h a t  su lp h u r a n d  phos
p ho ru s c o n te n t ex p la in ed  th is  d iversified  beha
v iou r, as m a te r ia l  co n tro l in  acid  p ra c tic e , re 
su ltin g  in  eq ually  low p e rcen tag es  of b o th , d id  
n o t e lim in a te  th e  d isp a r ity .

T h ere  w ould a p p e a r  to  be no q u estio n  t h a t  in  
cases w here  s tee lm ak in g  p ra c tic e , a n d  p a r t i 
c u la rly  m ethods of d eo x id a tio n , w ere of a  ty p e  
d isre g a rd in g  th e  deg ree  of o ccurrence  a n d  ty p e  
of inclusions, th e re  o ccu rred  a  g re a te r  h o t- te a r -  
in g  h a za rd . D iscussion  in v a r ia b ly  b r in g s  o u t

th e  fa c t  t h a t  c lean  steel, fo u n d ry  conditions 
be ing  o therw ise  eq ual, su ffers m uch  less from  
th is  p a r tic u la r ly  d a n g ero u s  te n d e n c y .

I t  is from  th e  v iew p o in t of o b ta in a b le  physi
cal p ro p e rtie s , how ever, t h a t  steelm ak in g  
m ethods hav e  been m ost r ig o ro u sly  overhauled . 
I n  th e  absence of m ech an ica l w ork  of a  s tru c 
tu re -a ffe c tin g  ty p e , a  stee l c a s tin g  m u st re 
spond  p e rfe c tly  to  h e a t- tr e a tm e n t  if  the  
d em an d s of m o d ern  specifications a re  to  be m et. 
N o n -m eta llic  inclusions, u n affec ted  by any  type 
of h e a t- tr e a tm e n t ,  a re  w ith o u t d o u b t th e  most 
effective sin g le  fa c to r  in  lim itin g  th e  physical 
p ro p e rtie s  of s tee l c as tin g s.

T he w ork  of C. H e r ty ,  ju n . ,  on  th e  conditions 
g o v e rn in g  th e  fo rm a tio n , size a n d  ty p e  of such 
n o n -m eta llic s  h as been  of g re a t  v a lu e  to  steel 
fo u n d ry m en . T he re a lis a tio n , also, t h a t  the  
m a jo r  h a rm fu l e ffect of a lu m in iu m  a d d itio n s  to 
s teel fo r  c a s tin g s  w as an  outcom e of th e  action 
of a lu m in iu m  on n o n -m eta llic  inclusions, th e ir  
shape  b e in g  ch an g ed  fro m  a  com paratively  
in n ocuous g lobu le  to  a m ore  o r less m em branous 
fo rm  o c cu rrin g  in  th e  c ry s ta l ju n c tio n s , paved 
th e  w ay fo r  a d d itio n a l w ork  on th e  co rrec t use 
o t deo x id ise rs. C om stock, S im s an d  L illieqvist 
w ere la rg e ly  responsib le  fo r  th is  e lu c id a tio n  of 
th e  a lu m in iu m  problem , w hich, p a r tic u la r ly  to 
s tee l fo u n d rie s  eq u ip p ed  w ith  acid  e lec tric  fu r 
naces, w as of re a l sign ificance.

F u r th e r  w ork  by S im s a n d  collaborators 
th ro w s s ti ll  m ore  l ig h t  on th e  su b jec t, and 
evolves th e  su g g estio n  t h a t  in creased  alum in ium  
a d d itio n s  in  c e r ta in  co n d itio n s  w ill re su lt  in a 
r e tu r n  to  n o rm al d u c ti l ity . T he m a jo r ity  of 
A m erican  s tee l c a s tin g s  a re  p ro duced  in  green 
san d  m oulds, a n d  th e  use of a lu m in iu m  in  such 
c ircu m stan ces  is of u n d o u b ted  assis tan ce  in  pro
m o tin g  soundness, by in h ib i t in g  p o ro sity  due to 
m ould gases. V e ry  o f te n , how ever, such cast
ings a re  m ade  to  s t r in g e n t  physical te s t  speci
fications, a n d  th e  o b ta in in g  of freedom  from 
poro sity , a t  th e  sacrifice  of a la rg e  p o rtio n  of 
th e  specified d u c ti l i ty ,  is of m ore  th a n  dubious 
value .

T he p re se n t s i tu a t io n  on th is  m uch  discussed 
q u estio n  of th e  effect of a lu m in iu m  in  steel for 
c as tin g s  is b e s t in d ic a te d  by sa y in g  t h a t  m any 
steel fo u n d rie s  in  th e  U n ite d  S ta te s  u sin g  acid- 
lin ed  e le c tr ic  fu rn a c e s  a re  c a re fu lly  a n d  ex ten 
sively  ch eck in g  th e  re su lts  o b ta in e d  by large 
a lu m in iu m  a d d itio n s , up  to  th re e  or m ore 
po u n d s p e r  to n  of liq u id  s teel. So f a r ,  th e  re 
p o rte d  o p in io n s show a p re p o n d e ra n ce  w^ho claim  
a decided  im p ro v em en t in  d u c ti l ity , as com
p a re d  w ith  th e  n o rm a l a d d it io n  of a h a lf  to  
one p o u n d  p e r  to n  of steel. T h ere  a re  s ti ll  p ro 
d u cers , how ever, who fa il to  ex p erien ce  such 
benefits, an d  i t  seem s v ery  p ro b ab le  t h a t  steel
m ak in g  te c h n iq u e  h as a  decided  in flu en ce  on th e  
response  o b ta in ed .



The dev elo p m en t of th e  e lec tr ic  fu rn a c e  in 
steel fo u n d ries  of th e  U n ite d  S ta te s  has been 
largely to w a rd  acid  lin in g s. In d eed , a re ce n t 
questionnaire  ad d ressed  to  th e  m em bers of th e  
S ix th  D iv ision  of th e  S tee l F o u n d e rs ’ S ocie ty  
of A m erica disclosed only  one basic-lin ed  f u r 
nace p ro d u c in g  steel fo r c a s tin g s  in  th e  e n tire  
d is tr ic t, covering  som e th i r ty  fo u n d rie s— m any  
of them  larg e . T h is calls fo r some com m ent, as 
it  is c o n tra ry  to  co n d itio n s in  E u ro p e .

The fran k ly  he ld  o p in io n  of A m erican  steel 
founders s u b s ta n t ia t in g  th e ir  p re fe ren ce  fo r acid 
practice is t h a t  w hile su itab le  sc rap  is av ailab le ,

“  o v e r-red u ced .”  “  U n d er-o x id ised  ”  would 
probab ly  be m ore tech n ica lly  co rrec t.

In  n o rm al co n d itio n s of p ra c tic e  i t  would 
a p p e a r  t h a t  s tee lm ak in g  m ethods have  resolved 
them selves in to  a  d e fin ite  o rd e r in  th e  m in d s of 
steel fo u n d ry m en , based on th e ir  a b ility  to  p ro 
duce eas ily  poured  steel. H e a d in g  th e  lis t is th e  
co n v erte r , a n d  in  A m erica  th e  basic-lined  e lectric  
fu rn a c e  occupies b o tto m  position . I t  is sign ifi
c a n t  t h a t  th e  p o sitio n  on th e  l is t  occupied  by any  
process is in  inverse  re la tio n  to  th e  d eg ree  of 
red u c in g  co n d itio n s no rm al to  its  use, a t  any 
pe rio d  of th e  s tee lm ak in g  process.

T a b l e  I .

B ib l io g r a p h y  o f  A m e r ic a n  L i t e r a t u r e  o n  S t e e l m a k in g  P r a c t ic e  f o r  C a s t in g s .

Title. Author. Publication. Date.

Furnace Manipulation Governs C. H. Herty, Jr., and The Foundry November 15, 1931.
Inclusions in Acid Open-Hearth J . E. Jacobs
Steel.

Taking Care of Inclusions in S teel.. Dr. C. H. Herty, Jr. The Iron Age December 17, 1931.
Inclusions—Their Effect, Solubility C. E. Sirns and The American Institu te of February, 1932.

and Control in Cast Steel G. A. Lillieqvist Mining and Metallurgical
Engineers.

Some Factors Affecting the Clean C. H. Herty, J r . American Foundrymen’s As May, 1932.
liness of Steel Castings. C. F . Christopher, sociation Reprint No. 32-4.

M. W. Lightner.
Points to Causes of Porosity R. A. Bull The Foundry January, 1935.
The Preparation of Steel to Avoid C. E. Sims Transactions, American Foun 1934.

Porosity in Castings. drymen’s Association
Physical Appearance of Slag Indi E arl C. Smith Steel March 18, 1935.

cates Quality of Steel.
Report of Committee on Methods American Foundry- Transactions, American Foun April, 1937.

of Producing Liquid Steel for men’s Association drymen’s Association
Castings

Slag Viscosity Control Affords C. H. Herty, J r . . . Steel June 7, 1937.
Greater Uniformity in Steel.

Open-Hearth Practices in a Steel John W. Porter The Iron Age November 25, 1937.
Castings Plant.

Four Decades of Steel Making P a t Dwyer The Foundry May, 1938.
Effects of Aluminium on the Pro C. E. Sims and Transactions, American Foun September, 1938.

perties of Medium Carbon Cast F . B. Dahle drymen’s Association
Steel.

offering a d eq u a te  su lp h u r  and  phosphorus con
tro l, such p rac tice  h as th e  follow ing ad v an 
tages : —

(1) I t  is sp eed ier, a n d  th e re fo re  m ore 
economical.

(2) The life  of th e  fu rn ac e  is m uch longer 
using s ta n d a rd  re fra c to rie s .

(3) The tech n iq u e  of th e  process is m ore 
easily acqu ired  by u n tu to re d  lab o u r.

(4) The steel is m uch m ore flu id , an d  th e re 
fore b e tte r  su ited  to  th e  p o u rin g  of lig h t, th in - 
section castings.
Item  4 is th e  m ost co n tro v e rsia l, b u t  in  th e  

a u th o r’s op in ion  is su b s ta n tia lly  c o rre c t when 
stan d ard  p rac tice s of acid  an d  basic ty p es  a re  
being com pared . T he slugg ishness in  p o u rin g  
exh ib ited  by basio e lec tr ic  m ild  steels in  c e r ta in  
conditions of m a n u fa c tu re  led  to  th e  te rm

The qu estio n  of th e  influence of long 
m a in ta in e d  red u cin g  co n d itio n s on th e  flu id ity  
of s tee l fo r cas tin g s is no longer t re a te d  w ith  
scep ticism , an d  in q u iry  confirm s an  alm ost u n i
versal avo idance of such fu rn ac e  co nd itions. The 
im provem en ts in  steel c a s tin g s  p erfo rm ance , and  
consequen tly  in  th e ir  scope of en g in eerin g  a p p li
ca tio n , d ue  to  a b e tte r  know ledge of stee lm ak in g  
tech n iq u e  fo r  cas tin g s , have  been ve ry  consider
able, an d  offer a  su b s ta n tia l  c o n tr ib u tio n  to  th e  
in d u s try  by m eans of m e ta llu rg ic a l progress. The 
su b je c t is ex trem ely  live in  th e  U n ited  S ta te s  of 
A m erica, th e  S teel D iv ision  of th e  A .F .A ., and  
th e  t r a d e  o rg a n isa tio n  of th e  in d u s try , th e  S teel 
F o u n d e rs ’ Society  of A m erica, b o th  d evo ting  
specia l a t te n tio n  to  g iv ing  i t  fu ll p rom inence in 
co m m ittee  w ork  an d  conferences.

T able  I  gives a  b ib lio g rap h y  of A m erican
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l i t e r a tu re  on  s te e lm ak in g  p ra c tic e  fo r  c a s tin g  
p ro d u c tio n .

A llo y  S te e l C a s tin g  D e v e lo p m e n t
One of th e  m a jo r  effects of in c reased  m e ta llu r 

g ical th o u g h t on s tee l-ca s tin g  p ro d u c tio n  has 
been th e  g ro w th  of th e  idea of “  m a k in g  th e  c a s t
in g  to  fit th e  jo b .”  I n  o th e r  w ords, i t  h as  been  
rea lised  t h a t  m ere  th ick n ess changes w ith  a 
s ta n d a rd  m a te r ia l  do n o t even  a p p ro ac h  a so lu 
t io n  of c e r ta in  difficult se rv ice  cond itio n s. A 
s tu d y  of th e  co n d itio n s, in  th e  l ig h t  of availab le  
m e ta llu rg ic a l know ledge, h as led  to  a  s te ad y  an d  
co n tin u o u s increase  in  th e  use of alloy com posi
tio n s  of m an y  types.

I n  e a r l ie r  days th is  g ro w th  was m enaced  
seriously  by  a lack  of a p p re c ia tio n  of th e  v i ta l  
im p o rtan ce  o f su itab ly -a llied  h e a t- tre a tm e n t ,  
a n d  fo u n d ries , slow to  em brace th e  g ro w in g  
m e ta llu rg ic a l influences in  th e  in d u s try , assum ed 
a  sign ificance in  alloy c o n te n t, w hich d id  n o t 
e x is t  a p a r t  from  co rrec t h e a t- tre a tm e n t .  V ery  
la rg e ly  th is  a t t i tu d e  h as d isa p p ea red , an d  
reaso n ab ly  a c c u ra te  know ledge of th is  re la tio n  is 
p ra c tic a lly  in d u stry -w id e  to -day . T he n a tu ra l  
r e su l t  has been a n  ex p an sio n  of th e  scope of 
a p p lic a tio n  of th e  steel c a s tin g , a n d  its  u se  in  
v ery  m an y  cases w here  p rev iously  i t  was n o t 
believed adv isab le.

T he steel fo u n d ries  o f th e  U n ited  S ta te s  have 
c a re fu lly  fo ste red  th e  low alloy ty p es  of steel, 
w hich, w ith  c o rre c t h e a t- tre a tm e n t,  c o n ta in  
w ith in  th e ir  ra n g e  a m a te ria l  h ig h ly  su ita b le  fo r 
a lm ost every  e n g in e e rin g  ap p lic a tio n , a p a r t  from  
corrosion  o r h ig h -te m p e ra tu re  re sis tan ce .

T he p ra c tic a l u t i l is a tio n  of th ese  stee ls  in 
c a s tin g  form  re p re se n ts  a m e ta llu rg ic a l p rob lem  
w ith  th re e  closely re la te d  phases—m ass, com
p o sitio n  and  h e a t- tr e a tm e n t— an d  th e  fo u n d ry  
m e ta llu rg is t  h a s assisted  p rogress re m a rk ab ly  by 
re a lis in g  a n d  e lu c id a tin g  th e  c o rre la te d  effects 
o f all th re e .

The n u m b er of alloy com bina tions in  th ese  low- 
alloy steel cas tin g s is to -d ay  v e ry  la rg e , m any  
of th em  m a n ife s tin g  a p p ro x im a te ly  th e  sam e 
physical p ro p e rtie s . Choice, th e re fo re , is o ften  
d ep en d e n t upon  in d iv id u a l p re fe ren ce  on th e  
p a r t  of e ith e r  th e  fo u n d e r o r th e  p u rch ase r. A 
few' of th e  m ore p o p u la r  m ay  be briefly  described , 
as a m a t te r  of in te re s t ,  e n tire ly  w ith o u t  p re 
ju d ic e  to  th e  m an y  o th ers  whose p ro p e rtie s  a re  
p robab ly  ju s t  as v a lu ab le , b u t  whose inclusion  
could u n d u ly  pro long  th is  section.

M an g an ese -v an ad iu m  cas tin g s, c o n ta in in g  from
1.2 to  1.5 p e r  cen t, m an g an ese , an d  0.1 to
0 . 2  p e r  cen t, v a n ad iu m , c o n s titu te  a v a lu ab le  

. m em ber of th e  g ro u p , re sp o n d in g  eas ily  to  
v a rio u s h e a t- tre a tm e n ts  w ith  a w ide ra n g e  of 
re su ltin g  p ro p e rtie s , an d  especia lly  h ig h  dynam ic  
values.

M anganese-m olybdenum  stee l is an  exceedingly 
p o p u la r  one fo r use  in  c a s tin g s  in  th e  U nited  
S ta te s . R esponse  to  h e a t- tr e a tm e n t  is very  com
p le te  an d  easily  accom plished , a n d  th e  steel 
possesses good fo u n d ry  c h a ra c te ris tic s . W here 
d esig n  a n d  m ass a re  su ita b le , th is  m a te ria l, in 
c a s tin g  fo rm , can  be quenched  sa fe ly  in  w a te r  or 
oil, a n d , follow ed by a  te m p e rin g  tr e a tm e n t  d e 
signed  to  s u i t  th e  serv ice  in te n d e d , re su lts  in  a 
c a s tin g  of h ig h  ten s ile  a n d  y ie ld  ra tio ,  w ith 
ex ce llen t d u c ti l i ty  a n d  re s is tan c e  to  im pact.

Som e s t r a ig h t  copper steels a re  in  use, b u t 
com m only th is  e lem en t is p re se n t in  com bination 
w ith  a t  le a s t  one o th e r  a llo y in g  e lem en t, such 
as ch ro m iu m  o r  m olybdenum . S u ch  castings 
c o rrec tly  h e a t- tr e a te d  possess ex ce llen t pro
p e r tie s , b o th  s ta t ic  a n d  dyn am ic . They also 
possess in  a  h ig h  d e g ree  good fo u n d in g  quali
ties, a p o in t of v e ry  g r e a t  im p o rta n ce  in  view 
of th e  d ifficu lt an d  co m p lica ted  designs commonly 
e n co u n te re d  to -d ay .

N ickel steels of v a ry in g  c a rb o n  c o n te n t a re  in 
w ide use , in  cases w here  g r e a t  toughness and 
shock re s is tan c e  a re  essen tia l. N ickel in  com
b in a t io n  w ith  ch ro m iu m , som etim es w ith  the 
a d d itio n  of 0 .2  to  0.3 p e r  cen t, m olybdenum , 
h as a  firm  p lace  in  th e  confidence of m any 
fo u n d e rs , a n d  excels w here  h ig h  s tre n g th  and 
to u g h n ess a re  d e m a n d ed  in  serv ice. T he te rn a ry  
co m b in a tio n  also has a fo llow ing fo r high-tem - 
p e ra tu re  p re ssu re -o as tin g s, h a v in g  good creep 
re s is tan c e  p ro p e rtie s .

S t r a ig h t  carbon-m olybenum  steels a re  being 
found  of in c re a s in g  v a lu e  fo r h ig h  tem p e ra tu re  
an d  p re ssu re  co n d itio n s in v o lv in g  creep  resis t
ance, a n d  hav e  th e  ad d ed  q u a lit ie s  of sim plicity  
in  m a n u fa c tu re  a n d  good fo u n d ry  b eh av io u r. A 
m a te r ia l  find ing  a n  in c re a s in g  ap p lic a tio n , p ar
tic u la r ly  in  oil re fin e ry  w ork , w'here o ften  tem 
p e ra tu re  an d  p re ssu re  occur in  som ewhat 
corrosive co n d itio n s, is th e  4 to  6  pe r cent, 
ch rom ium , 0.5 p e r  cen t, m olybdenum  com bina
tio n . C o rrec tly  h e a t- tre a te d ,  th is  steel has re 
m ark a b le  physical p ro p e rtie s . F o r  ca s tin g  uses, 
low carbon  is a  d is t in c t  a d v a n ta g e , an d  ra re ly  
exceeds 0.2 to  0.25 p e r c en t., g re a t  s tren g th  
be ing  c o n fe rre d  by  th e  a lloy  c o n te n t.

A re p re se n ta t iv e  se t  of physical p rop erties  
a p p e a rs  in  T ab le  I I ,  an d  i t  is of added  in te res t 
to  n o te  t h a t  in  th e  case q u o ted  a n  im p a c t speci
fica tio n  a t  25 deg. F .  below  zero w as im posed. 
The t r e a tm e n t  re q u ire d  to  b re a k  dowm th o rough ly  
th e  cost s t ru c tu re  of th is  m a te r ia l  is of g re a t 
im p o rta n ce  in  such  a  case, as i t  w as fo u n d  th a t  
h ig h  s ta tic  q u a lit ie s , ev en  th e  possession of such 
e lo n g a tio n  an d  re d u c tio n  o f a re a  as 32 p e r  cent, 
an d  63 pe r cen t, re sp ec tiv e ly , re p re se n te d  no 
g u a ra n te e  of successfu lly  m ee tin g  th e  im p ac t 
spec ifica tions a t  sub-zero  te m p e ra tu re s . As a 
m a t te r  of fa c t, a lm o st ev ery  steel used  in  worked 
fo rm  finds i ts  c o u n te rp a r t  in  u se  fo r s tee l cast-



mgs in  th e  U n ited  S ta te s  ot A m erica  to -day , and  of these  alloys a re  p roduced  in  c e n tr ifu g a lly  spun
the e n g in eer has a w ide choice of ty p es to  m oulds, w ith  a d v an tag e s  of a p p ea ran c e  and
m eet any  serv ice  co n d itio n s. soundness w here  design  is su itab le .

Ohrome-molyibdemum steels of v a ry in g  carbon  T his sec tion  of th e  P a p e r  should  n o t be con- 
con ten t, an d  possessing good re s is tan c e  to  e luded  w ith o u t re fe ren ce  to  th e  series of F o rd
abrasion , an d  m an g an ese  s teel of th e  H ad fie ld  alloys, classified as steels, some co n ta in in g  a h igh

T a b l e  I I .— Composition and Physical Properties of Modern American Steels for Castings.

Steel.
Analysis. -----

Heat-treatm ent.C. Mn. Si. Mo. Cr. Ni. Va.

1. Mn-Mo 0.28 1.29 0.46 0.30 _ deg. C.
926 Furnaoe cool.

2. Mn-Mo 0.28
926 Air cool.

1.29 0.46 0.30 — — — 815 Air cool.

3. Mn-Mo 650 Air cool.
0.28 1.29 0.46 0.30 — — — 926 Air cool.

815 W ater quench.

4. Mn-Ni 0.23
649 Air cool.

1.16 0.44 — — 0.71 ___ 900 Furnace cool.
6 . Mn-Ni 0.23 1.16 0.44 — — 0.71 ___ 900 Air cool.
6 . Mn-Ni 0.23 1.16 0.44 — — 0.71 — 900 W ater quench. 

650 Air cool.

7. Ni (2.5 per
926 Air cool.

0 . 2 1 0.64 0.35 — — 2.55 — 837 Air cool.
cent.) 593 Air cool.

8 . 5 per cent. Cr- 0.18 0.55 0.41 0.48 5.1 — — 982 Fum ace cool.
Mo 857 Air cool.

726 Furnace cool.

9. Cr-Va
926 Air cool.

0.33 0.72 0.41 — 0.93 — 0.19 837 Air cool.

10. Ni-Mo
650 Air cool.

0.24 0.64 — 0.33 — 2.15 — Normalised and tempered.
11. Ni-Va 0.33 1.05 1.58 0 . 1 0 Oil quenched. 

Tempered 677 deg. C.

P h y s ic a l  P r o p e r t i e s . H a r d n e s s .

No.
Yield 
point. 

Tons per 
sq. in.

Ultimate 
strength. 
Tons per 

sq. in.

Elongation 
per cent, 
in 2  in.

Reduction 
of area. 

Per cent.

Charpy 
impact. 
Ft.-lbs.

Brinell. Shore scler.

1 . 26.8 40.6 21.5 34.40 19.8 187 27
2 . 28.9 37.7 28.0 60.58 45.3 179 26
3. 37.4 44.6 23.5 57.04 51.4 2 1 2 31
4. 23.2 36.2 30.5 51.67 — 146 2 2
5. 23.3 39.0 29.5 57.30 — 153 23
6 . 32.6 41.5 27.0 61.81 — 207 30
7.* 24.4 33.8 28.2 52.39 25.0 2 0 ^ 30
8 -t 28.5 40.4 24.6 60.59 25.6 146 2 2
9. 29.9 42.1 23.0 44.85 — 196 29

1 0 4 31.2 41.3 24.0 50.00 36 _ _
1 1 4 45.4 51.4 19.5 48.00 — — —

* Charpy test a t 50 deg. below zero, 
t  Charpy test a t 25 deg. below zero.
I Paper by F. J . Walls and T. M. Armstrong, W estern Metal Congress, 1938.

type, w here serv ice  cond itions involve th e  neces
sary w o rk -h ard en in g  su rfa c e  d is to r tio n , a re  
produced in la rg e  q u a n tit ie s . T he h ig h e r alloys 
for heat- an d  co rrosion -resistanoe  a re  all a v a il
able in c as tin g  fo rm , and  c o n s titu te  a g row ing  
branch of th e  in d u s try . I n  some p lan ts , m any
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carbon  c o n te n t, w hich in  th e  presence of silicon 
as h ig h  as 1 . 1 0  p e r  c en t., causes these  m a te ria ls  
to  be g ra p h itic  in  ty p e , h u t  possessing ap p rec i
ab le  d u c til ity  a f te r  su itab le  h e a t- tre a tm e n t. 
P ra c tic a lly  all a re  copper b earin g , in  am o u n ts 
from  0.5 to  2 p e r c en t., an d  some also c o n ta in



chrom ium . In tro d u c e d  o r ig in a lly  fo r  c ra n k  
sh a f t  m a n u fa c tu re  as san d  c a s tin g s , th e ir  
a p p lic a tio n  h as b een  ra p id ly  e x te n d ed , v e ry  
g re a t  q u a n ti t ie s  now  b e in g  p ro d u ced  b o th  a t  th e  
F o rd  p la n t  an d  by o th e r  su p p lie rs .

M any  in te re s t in g  d e ta ils  w ere g iv en  in  a  re c e n t 
P a p e r  by M r. M cC arro ll, of th e  F o rd  p la n t  a t  
D e arb o rn , M ich ig an , an d  in te re s te d  re a d e rs  a re  
re fe r re d  to  th e  p u b lished  d e ta ils . T h ere  is l i t t le  
d o u b t b u t  t h a t  th e  in c re as in g  use  of alloy 
c o n te n t  in  a n  in te l l ig e n t  e ffo rt to  m ee t v a ry in g  
service dem ands has e x e r ted  a g r e a t  in fluence  on 
th e  possib ilities of u t il is in g  steel c as tin g s  to  a 
g re a te r  e x te n t.

O rig in a lly , th e  reco m m en d a tio n  of u s in g  alloy 
steels w as accom pan ied  by an  in sis ten ce  u p o n  th e

case. Such  w ork is e ssen tia lly  m e ta llu rg ic a l, and 
re p re se n ts  an  in c o n tro v e rtib le  p roof of th e  value 
of m e ta llu rg ic a l know ledge to  th e  in d u s try .

T able I I I  g ives a  b ib lio g ra p h y  of A m erican 
l i t e r a tu r e  on alloy steel c as tin g s.

H e a t -T  r e a tm e n t
A lth o u g h  em phasis is o f te n  p laced  upon the 

u n d e n ia b le  f a c t  t h a t  recourse  to  alloy composi
t io n  shou ld  be ta k e n  only w hen th e  service con
d itio n s  im pose loads o r  s t ra in s  o u tsid e  th e  capa
c ity  of ca rb o n  steels to  b e a r safely , y e t i t  is tru e  
to  say  t h a t  a d v a n ta g e  of h e a t- tre a tm e n t applied 
to  ca rb o n  steel c a s tin g s  h as only been  tak e n  in 
an y  co n sid erab le  d eg ree  since  alloy con ten t 
fo rced  th e  re a lis a tio n  of th e  g re a t  benefits de-

T a b l e  I I I .
B i b l io g r a p h y  o f  A m e r ic a n  L i t e r a t u r e  o n  A l l o y  S t e e l  C a s t in g s .

Title. Author. Publication. Date.

Nickel Alloy Steel Castings A. G. Zima The Steel Founder January-February,
1932.

Excellent Properties Developed by Jerome Strauss and The Steel Founder March-April, 1932.
Vanadium Alloy Steel Castings Geo. L. Norris

Chrome-Nickel Steel for Navy Cast T. N. Armstrong The Iron Age January  12, 1933.
Steel Anchor Chain.

B etter Steel Castings Reflected in David Zuege Metal Progress February, 1934.
Specifications.

Studies Physical Properties of Low- T. N. Armstrong Steel December 3, 1934.
Alloy Cast Steels.

Specialises in Alloy Steel Castings P a t Dwyer . . The Foundry March, 1935.
Ford’s New Facilities for Casting — The Iron  Age April 30, 1936

Alloy Steels.
Ford Alloy Castings R. H. McCarroll and Metal Progress August, 1936.

J . L. McCloud
Heat-Resisting Castings, Cr-Ni-Fe J . D. Corfield Metal Progress October, 1936.

Alloys.
Strong Steel Castings Ride the Rails Raymond L. Collier Metal Progress February, 1937.
Alloy Steels Designed for Specific Vincent T. Malcolm The Foundry July, 1938, August

Uses. 1938, September
1938.

Progress in Automotive Steel Cast R. H. McCarroll . . The Foundry . . October, 1938.
ings.

possib ility  of d ecreas in g  w e ig h t by  so do in g , in  
m an y  cases th is  be in g  fa llac io u s as a n  a rg u m e n t, 
as i t  o ften  h a p p en s  t h a t  r ig id i ty  h a s a n  im p o r
ta n c e  even  h ig h e r th a n  m ere  u n i t  s tre n g th .  
W h ils t in  m an y  cases some sav in g  in  w e ig h t can  
be ach ieved  ad v an tag eo u sly  on e x is tin g  cas tin g s, 
y e t in  an  even g re a te r  n u m b er, th e  so u n d er 
a rg u m e n t in  su p p o r t of alloy com positions is 
th e  re -e s tab lish in g  o f sa fe ty  m arg in s  w ith o u t 
a d d in g  to  w eigh t, in  e n g in e e rin g  a p p lic a tio n s  
w hore progress d em an d s h ig h e r  speeds, h e av ie r  
loads, h ig h e r  p ressu res, h ig h e r  te m p e ra tu re s  and  
so on, each  of w hich  ra p id ly  absorbs th e  av a ilab le  
m a rg in  of s t r a ig h t  carb o n  steels.

A s tu d y  of serv ice  co n d itio n s a lm o st a lw ays 
can  re su lt  in  a fo u n d ry  reco m m en d a tio n  of a  s u i t 
able alloy steel, th e  spec ia l c h a ra c te ris tic s  of 
w hich have  a  d e fin ite  v a lu e  in  each  p a r tic u la r

riv ab le  fro m  c o rre c t h e a t- tr e a tm e n ts  of various 
ty p es .

E v en  to -d ay , i t  is d o u b tfu l w h e th e r such ad
v a n ta g e  is fu lly  ta k e n , o f te n  ow ing to  prejudice 
on th e  p a r t  of som e users, f e a r  of severe tre a t
m en t c au s in g  tro u b le , o r th e  l im itin g  effect of 
c e r ta in  sp ec ifica tio n s w hich  la g  b eh in d  m etal
lu rg ic a l p rog ress. S tee l fo u n d e rs  have  per
m it te d  th e  id ea  to  re m a in  in  th e  m inds of 
e n g in e e r in g  use rs  of th e ir  p ro d u c t t h a t  in  some 
s tra n g e  w ay u n w o rk ed , c as t- to -sh ap e  steel articles 
do n o t re sp o n d  in  a fu ll deg ree  to  m ore advanced 
m ethods of h e a t- tre a tm e n t .

I t  is assum ed  t h a t  th e  absence of m echanical 
w ork  of a s tru c tu re -a f fe c tin g  ty p e , such  as rolling 
o r fo rg in g , in flic ts  a  fo rm  of in h e re n t  penalty  
on th e  stee l c a s tin g , slow ing o r  p re v e n tin g  the 
s t r u c tu r a l  m o d ifications b ro u g h t a b o u t  by various



forms of t r e a tm e n t .  I n  view  of th e  physical 
p roperties d a ily  be in g  produced  in  a n u m b er of 
A m erican fo u n d ries , i t  is d ifficult to  see why th is  
idea should  n o t long ago  h av e  been rem oved. 
As a ty p ic a l in s tan c e , th e  w r i te r  w as recen tly  
inform ed of th e  successful p ro d u c tio n  of q u ite  
in tric a te  cas tin g s, w e ig h in g  a b o u t one a n d  a 
half tons each , to  th e  fo llow ing sp e c if ica tio n s : — 

M axim um  stre ss  ... 40 to n s  p e r sq. in .
Yield p o in t 
E longation  
R ed u ctio n  of a re a  
C harpy  im p a c t ...

26.8 
30 p e r cen t. 
60 ,,
30 ft.-lb s .

N ot very long ago th e  liq u id  q u en ch in g  of such 
castings would have  been looked upon  as a lm ost 
a foolish p ro ced u re  ; b u t  a n y  fo u n d ry  m e ta llu r 
gist knows t h a t  such a  spec ifica tion  can  be m et 
only by th e  use of th is  ty p e  of h e a t- tre a tm e n t.  
In  the  a u th o r ’s p la n t , low-alloy c a s tin g s  have 
been w ater-quenched  in  ve ry  la rg e  nu m b ers , an d , 
on occasion, in d iv id u a l cas tin g s  w eigh ing  over 
H  tons have been g iv en  a  w a ter-q u en ch  and  
tem per tre a tm e n t q u ite  sa tis fac to r ily .

A h ig h -te m p era tu re  b reak d o w n  t r e a tm e n t  is 
indispensable if  th e  h ig h e s t s ta n d a rd  is  to  be 
a tta ined , and  on th is  a cco u n t i t  h a s  become 
common to  fix th e  h e a t- tr e a tm e n t  te m p e ra tu re s  
about as follow : —

(1) A nneal o r n o rm alise  a t  926 to  1,010 
deg. C.

(2) N orm alise  o r liqu id -q u en ch , 815 to  870 
deg. C.

(3) T em per a t  a  te m p e ra tu re  to  s u i t  th e  
intended purpose.

By th is  m eans, th e  c a s t  s t ru c tu re  is th o ro u g h ly  
broken down, an d  on th is  a cco u n t th e  n o rm alis
ing or quenching o p e ra tio n  c an  be c a r r ie d  o u t 
from a lower te m p e ra tu re , g iv in g  a n  o p p o r tu n ity  
for th e  o b ta in in g  of th e  finest m ic ro -s tru c tu re  
and the  best com b in a tio n  of physical p ro p e rtie s .

At th e  W este rn  M eta ls  C ongress, held  in  Los 
Angeles in  1938, th e  a u th o r  p re sen te d  a P a p e r  
intended to  show th e  response of san d -cas t steels 
to  va ry in g  ty p es of h e a t- tre a tm e n t .  F o u r  ty p es 
of steel were s tu d ied , th re e  of th em  p la in  carbon  
and one a low-alloy steel of a inanganese-m olyb- 
denum type.

E very care  was ta k e n  to  avoid  v a riab le s , both  
in pouring  an d  so lid ification , and a f te r  cooling, 
and a fixed schedule of th e rm a l t r e a tm e n ts  was 
used for all bars. T he b a rs  w ere c a s t  as in te g ra l  
castings, w eigh ing  over 70 lbs. each, so as to  
elim inate th e  possible rep ro ach  of sm all, sepa
ra te ly -cast test-coupons.

A fter t re a tm e n t,  a ll b a rs  w ere m ach in ed  and  
tested for th e  follow ing p r o p e r t ie s :—-(1) T ensile  
s tren g th  ; (2) y ield  p o in t ; (3) e lo n g a tio n  ; (4) 
reduction  of a rea  ; (5) cold b end  ; (6 ) scleroscope 
hardness ; (7) B rin e ll h a rd n ess , and  (8 ) C harpy  
im pact (s ta n d a rd  keyhole no tch ). In  all cases th e

response  to  t r e a tm e n t  w as p e rfec t, a n d  n o t in  
an y  one case h ad  a b a r  to  be re je c te d  o r  rep laced  
fo r an y  d e fec t w hatsoever.

The h e a t- tre a te d  te s t  re su lts  w ere of a s ta n d a rd  
q u ite  equal to  m an y  w orked s te e ls ; th e  im p a c t 
re su lts  in  p a r tic u la r  w ere of a n  o rd e r  s ig n ify in g  
ex ce llen t e n g in e e rin g  p ro p e rtie s . T ensile  
s tre n g th s  ra n g ed  from  29.9 to n s p e r sq. in ., in  
th e  a n n ea led  co n d itio n , to  58 to n s p e r  sq. in ., in  
th e  quenched  a n d  tem p e re d  co n d itio n . N o re la 
t io n sh ip  be tw een  im p a c t p ro p e rtie s  a n d  th e  re 
su lts  of th e  s ta tic  t e s t  could be d e te rm in ed  
defin ite ly , i t  b e in g  very  a p p a re n t,  how ever, t h a t  
a n n e a lin g  was of v ery  l i t t le  v a lu e  in  th e  develop
m en t o f sh o ck-resis ting  q u a litie s . I n  th e  case of 
th e  ca rb o n  steels, s t r a ig h t  no rm alis in g  re su lted  
in  a n  in c re ase  of over 50 p e r  cen t, in  C harpy  
im p a c t v a lu e  as com pared  w ith  th e  annealed  
sam ples of th e  sam e steels.

A sig n ifican t fe a tu re  was t h a t  w a ter-q u en ch 
ing , b o th  in  th e  case of th e  carbon  steels an d  
th e  low alloy  steel, follow ed by a  h ig h  tem p e r
in g  d esigned  to  p ro duce  a ten s ile  s tre n g th  ab o u t 
equal to  t h a t  in  th e  an n ea led  sam ple, re su lted  
in  C h a rp y  va lues, in  th e  quenched  a n d  te m 
pered  sam ples, up  to  tw o an d  a  h a lf  tim es those 
of th e  an n ea led  sam ples of th e  sam e steels. 
H a rd n ess  be ing  p ra c tica lly  id en tica l, i t  is 
e v id e n t th a t ,  w ith  p ra c tic a lly  no in crease  in  
m ach in in g  d ifficulty , special ap p lica tio n s  de 
m an d in g  g re a t  shock re sis tan ce  can  be cared  fo r 
in  th is  m an n e r.

D e ta ils  of th e  com plete series w ill be published  
in  th e  A m erican  Society  of M eta ls  P ro ceed ings 
in  d ue  course, an d  th e y  a re  only p a r tia l ly  
q u o ted  now as f u r th e r  p roof of th e  en g in eerin g  
va lue  of c o rrec t h e a t- tre a tm e n t fo r steel cas t
ings.

T h ere  be ing  no d irec tio n a l w eakness due to  
work d is to rtio n  in  a steel cas tin g , i t  should be 
a p p a re n t  th a t ,  co rrec tly  m ade a n d  h e a t- tre a te d , 
i t  offers a serv ice p e rfo rm an ce  equal to  m ost 
w orked m ate ria ls , and  in  some ap p lica tio n s 
b e tte r  th a n  m an y .

H e a t- t r e a tm e n t  has been dw elt upon  con
side rab ly , ow ing to  th e  p ro fo u n d  conviction  of 
th e  a u th o r  t h a t ,  as an  in d u s try , steel fo u n d ers  
have  neg lected  to  public ise  sufficiently  th e  ready  
a n d  com plete response of th e i r  m a te ria ls  to  re 
finem en t by  th e rm a l m eans, leav in g  an  im p res
sion th a t  m echan ical w ork is a  necessity  to  th e  
o b ta in in g  of exce llen t physical p ro p e rtie s  in  
steel. Such is defin ite ly  n o t th e  case, a n d  de
sig n ers  should  be so in fo rm ed  on every  possible 
o p p o rtu n ity . One s till  en co u n ters  eng in eers  who 
fe a r  b r itt le n e ss , “ because i t  is only  a  c a s tin g .”  
Y et, w hen c o n fro n ted  w ith  cold bend  tes ts , 
com plete ly  doubled  a n d  associated  w ith  tensiles 
up  to  58 to n s p e r  sq. in .,  such sceptics a re  fa ir ly  
easy  to  convince. T he re a l tro u b le  is t h a t  en g i
n eers  have  no  one to  in fo rm  th em  of such  possi

307



b ilitie s  b u t  th e  steel fo u n d in g  in d u s try ,  a n d  as 
a  whole we have  fa iled  to  do so e ffectively .

T ab le  IV  g ives a  b ib lio g ra p h y  o f A m erican  
l i te r a tu r e  on  h e a t- tr e a tm e n t  of s tee l c a s tin g s .

M o u ld in g  M a te r ia ls  and T e c h n iq u e
E a r l ie r  in  th e  P a p e r  i t  was p o in te d  o u t t h a t  

in  a p p ro ac h in g  m e ta llu rg ic a l prob lem s assoc iated  
w ith  s tee l c as tin g s , i t  w as in e v ita b le  t h a t  th e  
m e ta llu rg is t  w ould be led  in to  th e  in v e s tig a tio n  
of m a te ria ls  a n d  m ethods used  in  m o u ld in g . I t  
is p resu m ed  t h a t  th e  d em an d  fo r  b e t te r  su rfa ce  
finish a n d  in te rn a l  soundness ex p erien ced  in  
A m erica, h as been  also ex p erien ced  in  o th e r  
co u n trie s , a n d  th is  h as led  to  in ten sified  w ork  
on sands a n d  o th e r  m a te ria ls  used  in  th e  m ak in g  
of m oulds. T h is w ork  has becom e la rg e ly  th e  
re sp o n sib ility  of th e  p la n t  m e ta llu rg is t ,  a n d  
few, if  an y , fo u n d rie s  in  th e  U n ite d  S ta te s  a re  
w ith o u t a  section  of th e i r  la b o ra to ry  devo ted  to  
san d  co n tro l, a n d  to  some e x te n t ,  also, in v es ti-

th e  re a lis a tio n  t h a t  p e rm e a b ility  to  rap id ly , 
evolved gases is e sse n tia l in  b o th  fa c in g  and 
back in g , th e re  h a s developed  a n  a lm o st general 
use of sa n d  h a n d lin g  a n d  re c la im in g  equ ipm en t. 
G en era lly  sp eak in g , th e re  is no  a t te m p t  to  re 
move a ll fines, i t  b e in g  rea lised  t h a t  re g u la rity  
of fines c o n te n t, a t  a  reaso n ab ly  low figure, is 
f a r  m ore  log ica l a n d  p ra c tic a l.

I t  is, of course, p ro b ab le  t h a t  some p a r t  of 
th e  im p ro v em en t in  th e  soundness of steel cas t
ings has re su lte d  from  im proved  steelm aking  
p ra c tic e , b u t  i t  is believed  g e n era lly  t h a t  by fa r 
th e  g re a te r  p a r t  of such im p ro v em en t has 
o ccu rred  as th e  re su lt  of re g u la r is e d  sand  con
d itio n s  a n d  a n  a p p re c ia tio n  of th e  significance 
of m o u ld -p ressu res d u r in g  p o u rin g .

T he p re p o n d e ra n ce  of g reen -san d  m ethods of 
m ould  p ro d u c tio n  in  th e  U n ited  S ta te s  has 
m uch  in te n sif ied  w ork  a lo n g  th ese  lines, and it 
is ty p ic a l to  find a ll san d , b o th  fac in g  and 
b ack in g , fo r th e  l ig h te r  ty p es  of cas tings sub-

T a b l e  IV.
B ib l io g r a p h y  o f  A m e r ic a n  L i t e r a t u r e  o x  H e a t  T r e a t m e n t  o f  S t e e l  Ca s t in g s .

Title. Author. Publication. Date.

Production and H eat Treatm ent of R. A. Bull Metals and Alloys September, 1931.
Alloy Steels.

February 2, 1933.New H eat Treatm ent for Carbon A. W. Gregg.. The Iron Age
Steel Locomotive Castings.

February, 1935.H eat Treating Steel Castings John  D. Knox The Foundry
Localised Surface Hardening R. L. Rolf Steel November 30, 1936.
A Continuous Heat Treating F u r John Howe Hall The Iron  Age Ju ly  22, 1937.

nace in a Steel Foundry.
Report of Steel Division Committee 

on H eat Treatm ent of Steel
— Transactions, American Foun- 

drym en’s Association
August, 1937.

Castings.
Symposium on Steel Castings, 

American Society for T est
ing Materials and American 
Foundrym en’s Association

June, 1932.Problems and Practices in the Heat 
Treatm ent of Steel Castings.

A. W. Lorenz

g a tio n  of san d  p ro p e rtie s  from  th e  s ta n d p o in t  
of so u n d er an d  b e tte r-su rfa c e d  cas tin g s.

I t  is n o t proposed  to  d iscuss a n y  shortcom ings 
of ex is tin g  san d  te s tin g  an d  co n tro l m ethods, or 
to  a t te m p t  to  com pare  d iffe rin g  m ethods. F ro m  
th e  essen tia lly  p ra c tic a l v iew p o in t, i t  w ould 
a p p e a r  to  be accep ted  t h a t  th e  in s tru m e n ts  an d  
m ethods av a ilab le  g ive re su lts  d irec tly  co m p ar
ab le  in  re g u la r  co n d itio n s a n d  w ith  th e  sam e 
m ethod  of o p e ra tio n . T his has en ab led  execu
tiv es to  fo rm u la te  c o n tro l schem es u s in g  such 
in s tru m e n ts  as g u id es an d  in d ic a to rs , and  
ach iev in g  th e  p ra c tic a l re su lt  of p re v e n tin g  
la rg e  v a r ia tio n s  cap ab le  of a ffec tin g  th e  p ro 
d u c t.

T hough  a few fo u n d rie s  s ti ll  use a n a tu ra lly -  
bonded san d , th e  g re a t  m a jo r i ty  re ly  e n tire ly  
u p o n  sy n th e tic  m ix tu re s , a n d  i t  is th e  accep ted  
o p in io n  t h a t  such m ix tu re s  len d  them selves m ore 
re ad ily  to  d e fin ite  q u a n ti ta t iv e  c o n tro l. F ro m

je c t  to  c a re fu l p re p a ra tio n . Com m only, such 
san d  a r riv e s  a t  th e  m ou ld  w ith  know n per
m eab ility , g re en  a n d  d ry  s t r e n g th  an d  m oisture 
c o n te n t. T he b ack in g  san d , w here fac in g  sand 
is used , is re g u la r ly  h ig h e r  in  p e rm eab ility  and 
low er in  bond  th a n  is  th e  fa c in g , th u s  tend ing  
a lw ays to  a u to m a tic  v e n tin g , a n d  th e  preven
tio n  of t ro u b le  d ue  to  th e  b u ild in g  up  of gase
ous p re ssu re s  in  th e  body of th e  m ould  during  
th e  p o u rin g  o p e ra tio n .

T his m eth o d  of th o u g h t  h as re n d e re d  possible 
th e  use  of fin er g ra in  m a te r ia ls  fo r  fac in g  p u r
poses, c o n tr ib u tin g  co n sid erab ly  to  th e  excel
le n t su rfa ce  fin ish  of A m erican  l ig h t  steel cast
ings, w ith o u t a n y  in c reased  r isk  of porosity. 
F ire c la y  is s t i l l  used  occasionally  as b in d e r  for 
g re en  san d  fac in g , b u t  in  by  f a r  th e  g re a te r  
n u m b er of cases b e n to n ite  is re lied  u p o n , usually  
w ith  sm all a d d itio n s  of a cerea l b in d e r.

I t  is  in te re s t in g  h e re  to  n o te  t h a t  even  in  very 
308



large  cas tin g s , i t  is becom ing m ore com m on to  
e lim in a te  fireclay  a n d  re ly  u p o n  b en to n ite , a l
though  such c a s tin g s  a re  oven -d ried  befo re  p o u r
ing. im p ro v e d  s t r ip p in g  q u a litie s , less scabb ing , 
and less ten d en cy  to  blow ing a re  a ll c la im ed  as 
a resu lt.

I t  is a lm ost a x io m a tic  t h a t  i t  is unw ise  to  
prophesy, b u t in d ic a tio n s  m ost d is tin c tly  a re  th a t  
the  steel fo u n d ry  of th e  fu tu r e  w ill d e liv e r all 
sand to  th e  m o u ld in g  floors fu lly  p re p a re d  to  
known an d  u n d e rs to o d  s ta n d a rd s , a n d  n o t  m erely  
the facing  san d  as in  m an y  fo u n d ries  is th e  case 
to-day. T he m an y  ill-effects u p o n  th e  so lid i
fying c a s tin g  w hich a re  tra c e a b le  to  v a r ia tio n s  
and deficiencies in  b ack in g  san d  re n d e r  th is  q u ite  
necessary an d  logical if  c o n tro l a n d  re su ltin g  
reg u la rity  of p ro d u c t a re  to  be achieved.

I t  should h e re  be n o ted  t h a t  cem ent-bonded  
sands a re  c re a tin g  an  in c re as in g  a m o u n t of in 
terest in th e  U n ited  S ta te s , a n d  some fo u n d ries  
are o p e ra tin g  th e  R a n d u p so n  process u n d e r 
licence. The d e ta ils  of th e  process a re  know n 
very well in  E u ro p e , of course, a n d  need  n o t be 
described, i t  be ing  suffic ient to  say t h a t  re p o rts  
from users of i t  in d ic a te  a  co n siderab le  im p ro v e
m ent w hen th e  w ork in g  d e ta ils  a re  co rrec tly  
m astered an d  u n d ersto o d .

In  com m enting u p o n  m o u ld in g  m ethods com
monly in  use in  A m erica , th e  a u th o r  w ould like  
to a tte m p t to  rem ove severa l m isconceptions 
which a p p e a r  to  be com m only he ld  by m any  of 
his E u ro p ean  fr ien d s . T he firs t is th e  id ea  th a t  
repetition  p ro d u c tio n , or m ass p ro d u c tio n  as 
it is m ore o ften  called , is com m on in  th e  steel- 
founding in d u s try . I t  is t r u e  t h a t  w ith  c e r ta in  
specialised ty p es of w ork , such  as ra ilw ay  w agon 
parts, th e  dem and , p eriod ic  in  occurrence , is of 
a type calling  fo r la rg e  n u m b ers  from  in d iv id u a l 
p atterns. M any fo u n d ries  have  been e rec ted  an d  
equipped to  m ee t th is  d em an d , an d  h av e  evolved 
production  schem es of a  re m a rk ab ly  efficient 
and economic c h a ra c te r . I t  is equally  t r u e  to  
say, however, t h a t  fo r each  of such sp ec ia lity  
foundries th e re  ex is ts q u ite  a  n u m b er whose 
general dem and is as w ide in  scope as th e  a v e r
age E u ro p ean  fo u n d ry , a n d  w here  la rg e  n um bers 
from a p a tte rn  a re  no  m ore f re q u e n t th a n  in 
sim ilar fou n d ries  in  E u ro p e . P ro b lem s can  be 
discussed, th e re fo re , on a  m uch  m ore common 
ground th a n  is  o f te n  accep ted  as fa c t.

Secondly, i t  is  o ften  s ta te d  t h a t  th e  h a rd - 
headed p ra c tic a li ty  of th e  A m erican  u se r of cas t
ings resu lts  in  a  d e m a n d  satisfied  by th e  te c h n i
cal perfo rm an ce  of th e  p a r t  in  serv ice, a n d  q u ite  
d isreg ard in g  such m a t te r s  as accu racy  of shape 
and co n to u r an d  su rfa ce  ap p ea ran ce .

If  th is  w ere th e  case in  som e e a r lie r  period , 
i t  is m ost c e r ta in ly  n o t  a f a c t  to -day . A ccuracy, 
soundness, a n d  sm oothness of finish, w ith  th e  
sm allest possible m ach in in g  allow ances, a re  d e 

m an d ed  to  a s ta n d a rd  in  m ost cases h ig h e r th a n  
th e  a u th o r  ex p erien ced  in  s im ila r  w ork  in  
E u ro p e .

T he th i r d  an d  la s t m isconcep tion  is one which 
is being  c o n tin u a lly  d isp roved  by th e  ad o p tio n  
of id e n tic a l m eth o d s in  a ll p a r ts  of th e  w orld, 
an d  a rises  from  an  op in ion  t h a t  re p e tit io n  p ro 
d u c tio n , o r m ass p ro d u c tio n , involves some low er
ing  in  s ta n d a rd s  of q u a lity  a n d  re liab ility .

T he proof of th e  fu n d a m e n ta lly  in co rre c t 
n a tu r e  of th is  o p in io n  h as a lre ad y  been given  
by th e  w orld-w ide ad o p tio n  of th e  m eth o d s p re 
viously s ta te d ,  b u t ,  specifically re fe r r in g  to  steel 
c as tin g s, i t  is of v a lu e  to  g ive in  some d e ta il  
fa c ts  in  c o n tra d ic tio n .

T he cost of a d eq u a te  p a t te rn  e q u ip m en t is of 
so l i t t le  sign ificance w here v ery  la rg e  num bers 
a re  to  be p ro d u ced  t h a t  such  p a t te rn s  a re  com 
m only b e a u tifu lly  designed  an d  p roduced , and  
a re  w onders of accu racy  a n d  perm an en ce  as com
p a red  w ith  jo b b in g  p a tte rn s .  The m ould  from  
them  is th e re fo re  m ore c o n sis ten t an d  a ccu ra te . 
The p a t te rn  be ing  m ade of b e tte r  m a te ria ls  and 
m ore h igh ly  finished, th e  re su ltin g  ca s tin g  bene
fits also in  su rface  finish.

P ilo t  c as tin g s a re  m ade, som etim es m any  tim es, 
a n d  su b jec ted  to  d e s tru c tiv e  te s tin g , a n d  in  m any 
cases X -ra y  e x am in a tio n , before  final g a tin g  and  
h ead in g  m ethods a re  decided upon , a n d  th e  re 
su lts of th is  a re  involved as a  p e rm a n en t p a r t  of 
the  p a t te rn  eq u ip m en t, and  n o t le f t  to  th e  o p e ra 
to r ’s v a ria b le  d isc re tio n .

T he p a t te rn  th u s  p roduced  is m oun ted  on an  
expensive  a cc u ra te  m ach ine, an d  th e  n e t  re su lt 
is a ca s tin g  w hich— once rig h ts—is liab le  to  be 
p e rm an en tly  so, as very  m any  v ariab les  in  its  
p ro d u c tio n  have  been  e lim in a ted .

G iven  th e  sam e steel an d  m ethods of c lean ing  
and  h e a t- tre a tm e n t,  i t  is logical t h a t  one should 
g e t a  c as tin g  of h ig h  q u a lity , a n d  w h a t is m ore 
im p o r ta n t— keep on g e tt in g  i t .  Econom ic ex ig en 
cies u t te r ly  p re v en t th is  m ethod  of ap p ro ach  to  
cas tin g s  p ro duced  by o lder, slow er m ethods, an d  
th ey  freq u e n tly  re p re se n t th e  final outcom e of a 
gam b lin g  h a za rd , ac tion  be ing  con tro lled  by p e r
sonal op in io n  r a th e r  th a n  by e stab lish ed  fa c t.

A lth o u g h  n o t e n tire ly  re le v an t, con firm ation  of 
th e  re lia b i l ity  a n d  th e  o f te n  su p e rio r in tr in s ic  
q u a litie s  of th e  rep e titio n -p ro d u ce d  a r tic le  is 
found  in  w h a t c o n s titu te s  p robably  th e  g re a te s t  
d ifference  be tw een  A m erican  an d  E u ro p ea n  s ta n 
d a rd s  of l iv in g ; t h a t  is, th e  deg ree  to  which 
a d v a n ta g e  is ta k e n  of lab o u r-p e rfo rm in g  
ap p lian ces.

D om estically , p ra c tic a lly  a ll form s of household 
to il a re  e ith e r  p a r tia l ly  o r  wholly p e rfo rm ed  by 
m echan ical ap p lian ces, th e  possib ilities of use of 
w hich a re  con tro lled  by, first, th e i r  p rice , and , 
second, th e ir  b u ilt- in  re lia b ility  an d  cap a b ility  
to  p e rfo rm  p e rfec tly  over long periods of tim e



w ith o u t an y  sk illed  a tte n tio n . A ll such  a r tic le s  
a re  re p e titio n -p ro d u c e d  to  fixed h ig h  s ta n d a rd s , 
a n d  a p e rio d  o f y ea rs  obse rv in g  th e i r  a lm o st 
p e rfe c t p e rfo rm an ce  re su lts  in  one dev elo p in g  
a g r e a t  re sp ec t fo r  th e  p ro d u c ts  of th e  ré p é t it io n -  
p ro d u c tio n  in d u s tr ie s . T he so m ew h at o p p ro 
b rio u s te rm , “  m ass p ro d u c tio n ,”  shou ld  now 
g ive w ay to  one m uch  m ore  in d ic a tiv e  of w h a t 
th e  a d o p tio n  of such  m eth o d s in d ic a te s , nam ely , 
“ p lan n e d  p ro d u c tio n .”

W h ils t i t  is c o rre c t to  say  t h a t  th e  e a r lie r  
s ta te m e n t re g a rd in g  th e  la rg e  d em an d  of a  jo b 
b in g  ty p e  holds good, y e t  f irs t a n d  fo rem o st in  
th e  m in d s of A m erican  p ro d u cers  is th e  possi
b ili ty  of p lan n e d  m ethods of p ro d u c tio n . 
W h erev er possible, m ach in ery  reduces th e  physi
cal dem an d  m ade  u p o n  o p e ra to rs , o r  red u ces 
c e r ta in  o p e ra tio n s  to  th e  q u a n ti ta t iv e  accu racy  
of th e  m ach ine. I t  has been  sa id  t h a t  th e  
m ain  reason  fo r  th is  is th e  h ig h  w age s ta n d a rd  
of th e  U n ite d  S ta te s , b u t  close ex p erien ce  sug
gests th e  e x ac t opposite  : t h a t  th e  h ig h  w age 
s ta n d a rd s  h av e  grow n in ev itab ly  o u t  of th e  p ra c 
tic a l re su lts  ach ieved  by th is  m eth o d  of th in k in g .

T he w age s ta n d a rd s  g en era lly  ap p licab le  in  
A m erica  a re  m ost decided ly  n o t  fa llin g , b u t 
r a th e r ,  ow ing to  in c reased  lab o u r o rg a n isa tio n  
a c tiv ity , a re  s ti ll  r is in g . P rev io u s  h ig h  s ta n 
d a rd s  be ing  a d ire c t  outcom e of logical an d  econo
m ic p ro d u c tio n  m ethods, an d  th e  p re se n t te n 
dency  f u r th e r  to  increase  b e in g  in  no w ay  due 
to  a n  eq ually  sound  fu n d a m e n ta l cause, i t  is 
easy to  see t h a t  even g re a te r  e ffo rt m u s t be m ade  
to  red u ce  u n p ro d u c tiv e  e ffo rt if  m uch  h ig h e r 
p rices, likely  to  c re a te  a  co n d itio n  u n fa v o u ra b le  
to  p rogress a n d  ex p an s io n , a re  to  be avoided.

I t  is a lm ost g e n e ra l t h a t  steel fo u n d rie s  a re  
su b je c tin g  th e i r  eq u ip m e n t to  r ig o ro u s  o v erhau l, 
w ith  a view  to  w a ste -e lim in a tio n , a n d  th is
th o u g h t lies b eh in d  each  m eth o d  ad o p ted  even 
m ore p ro m in e n tly  th a n  a t  an y  p rev ious tim e . 
W h e th e r jo b b in g  o r re p e tit io n  in  ty p e , th e  slogan 
of a ll A m erican  fo u n d ries  is “  C o n tro l.”  C on
tro l of cost in  a ll i ts  b ran ch es, c o n tro l of all 
m a te ria ls  used  to  te s te d  an d  ap p ro v ed  s ta n d a rd s , 
con tro l of s tee lm ak in g  m ethods an d  m o u ld in g
and  co rem ak in g  m ethods, e x is t in  a lm o st all 
fo u n d ries , a n d  as l i t t le  as possible is le f t  to
chance, o r to  th e  possibly dub ious fa c to r  of
pe rso n al o p in ion .

T his lin e  o f th o u g h t h a s  led  to  a g re a t  effo rt 
on th e  p a r t  of s tee lfo u n d ers  to  en co u rag e  re 
search  in to  th o se  fa c to rs  of steel c a s tin g  p ro 
d u c tio n  u su a lly  considered  as h aza rd o u s , o r  diffi
c u lt  of a c c u ra te  a n d  q u a n ti ta t iv e  p re -d e te rm in a 
tio n . I t  is fe lt  t h a t  only  w hen one know s why 
a h a p p e n in g  ta k e s  p lace  can  p lan s be dev ised  
to  c o n tro l such h a p p e n in g  a n d  h i t  o r  m iss re su lts  
be avoided.

A m ore c a re fu l s tu d y  is b e in g  m ad e  of the 
m echanism  of so lid ification  in  stee l cas tin g s , th e  
re su lts  of w hich  a re  e v id e n t b o th  in  m ethods 
of m o u ld in g  a n d  p o u rin g , a n d  in  a n  increased  
in te re s t  in  th e  p a r t  p lay ed  by d esig n . Im proved  
a p p e a ra n c e  an d  b e h av io u r in  serv ice  have  em
ph asised  to  m an y  d esig n ers  t h a t  th e  requests 
of th e  fo u n d ry  fo r c o n sid e ra tio n  a re  m uch  m ore 
th a n  m ere  cap ric io u s ob jec tio n s to  d ifficulty , b u t 
a re  based on know n fu n d a m e n ta ls , an d  th e  in 
h e re n t  a n d  u n a lte ra b le  c h a ra c te ris tic s  of liquid 
to  solid p h ase  changes. M ethods of m oulding 
will keep in  line  w ith  these  logical desig n  changes, 
so t h a t  fu ll a d v a n ta g e  can  be m ade  availab le  in  
th e  final c a s tin g  of sound  a n d  c o rre c t solidifica
tio n .

M ech an ica lly , m ould  an d  core p ro d u c tio n  varies 
l i t t le  b e tw een  E u ro p e  a n d  A m erica , w ith  th e  
possible ex ce p tio n  t h a t  in  th e  l a t t e r  c o u n try  free r 
use  is m ad e  of th e  m ach in e , an d  i t  has long 
been rea lised  th a t  a m o u ld in g  m ach ine, o r any 
o th e r  p ro d u c tio n  m ach in e  fo r  t h a t  m a t te r ,  is of 
l i t t le  v a lue  if  one ex cep ts  th e  abso lu te  necessity 
fo r a u x il ia ry  e q u ip m e n t p e rm it tin g  th e  easy and 
u n in te r r u p te d  flow to  a n d  rem oval from  the 
m ach in e  o f b o th  th e  m a te r ia l  u sed  a n d  th e  pro
duced  m ould .

T ab le  V  gives a b ib lio g rap h y  of A m erican 
l i te r a tu r e  on m o u ld in g  m a te ria ls  an d  technique 
fo r  s tee l-ca s tin g  p ro d u c tio n .

R esearch
A t th e  r is k  of in c u r r in g  severe  c ritic ism  from 

some q u a r te r s ,  th e  a u th o r  co n siders t h a t  the  
steel fo u n d in g  in d u s try  h as possessed in  a high 
deg ree  th e  c h a ra c te r is tic  of endless experim en
ta t io n , b u t  a lm o st a com ple te  absence of fu n d a 
m en ta l re sea rch . A t th e  t im e  of h is first active 
co n n ec tio n  w ith  th e  c a s tin g s  branch , of th e  steel 
t ra d e ,  v e ry  few  m e ta llu rg is ts  w ere employed 
d ire c tly  by fo u n d e rs . T ra in e d  m eta llu rg is ts  
fa iled  to  find e i th e r  a tt ra c t iv e n e s s  o r prom ise of 
ad v an cem en t in  th e  in d u s try ,  an d  i t  is n o t u n fa ir  
to  say  t h a t  th e  m ost p ro m in e n t a t t i tu d e  on the 
p a r t  of ex ecu tiv es an d  su p e rv is in g  forem en 
to w a rd s  such m en  w as on e  of p ro fo u n d  sceptic
ism of th e i r  e v e r  b e in g  o f m uch  use in  th e  m an u 
fa c tu re  of c a s tin g s . A t th is  tim e , some tw enty- 
five y ea rs  ago, th e  h a b i t  of re sea rc h  an d  the  
a p p lic a tio n  of sc ien tific  m eth o d s of th o u g h t were 
g ro w in g  ra p id ly  in  th e  m a jo r  p o rtio n  of the  
m eta l in d u s tr ie s , t h a t  re p re se n te d  by m echanic
a lly -w orked  p ro d u c ts .

T h e  illu sio n  of a r t  w as p re se rv e d  by th e  foun
d ries  to  th e  exclusion  of th e  cold-blooded sc ru tin y  
of th e i r  processes by science, a n d  th e  in ev itab le  
e lu c id a tio n  of m an y  of th e  fu n d a m e n ta ls  govern
in g  th e  p ro d u c tio n  of sound  c as tin g s . A to le r
ance w as show n fo r  th e  m a n ife s ted  re su lts  of 
sc ien tific  re sea rc h  in  sev era l p ro d u c tio n  phases 
m ore o r less com m on to  a ll b ra n ch e s  of th e  steel

310



tra d e , such  as m e ltin g  m eth o d s a n d  h e a t- tre a t-  
m en t, b u t  t h a t  in tr ic a te  com posite  of co n tra d ic 
tions and  in te l l ig e n t  guesses, th e  a c tu a l p ro d u c
tion of th e  c a s tin g  its e lf , was p ra c tic a lly  sacro
sa n c t: aloof from  th e  ty p e  of th o u g h t  b e in g  g iven  
to  th e  fo rg in g , th e  ro lled  p ro d u c ts , a n d  th e ir  
in itia l s tag e , th e  p ro d u c tio n  of sound  ingo ts .

I t  is believed a  f a i r  s ta te m e n t t h a t  th e  pro
duction  of sound  cas tin g s  re p re se n ts  a com bina
tion  of p ra c tic a l an d  th e o re tic a l fa c to rs  o ffering  
really  g re a t  difficulty , a n d  c a llin g  fo r all possible 
e lucidation  an d  u n d e rs ta n d in g , an d , as a conse
quence, th is  a t t i tu d e  to w a rd  scien tific  develop
m ent has re ta rd e d  p ro g ress  to  a n  e x te n t  im pos-

i r r i t a t i n g  defec ts , re p re se n ts  a n  e n g in eerin g  
m a te ria l  of c o n s tru c tio n  w ith  g r e a t  a p p lic a tio n  
possib ilities.

T his, th e n , m u s t be th e  o b jec t of basic resea rch  
in to  stee l c a s tin g  m a n u fa c tu re , a n d  i t  is  be
lieved t h a t  th e  e n g in e e rin g  in d u s tr ie s  to  whose 
p ro d u c t steel c as tin g s  com m only a re  b u ilt ,  will, 
over a pe rio d  of tim e , absorb  an d  conso lida te  
in to  d esign  an y  fa c tu a l m a te r ia l  which is fo r th 
com ing as a re su lt.

P o in ts  callin g  fo r  im m ed ia te  a t te n tio n  in 
c lu d e :— F ir s t ,  in v es tig a tio n  in to  v a rio u s  p o rtio n s 
of th e  v a rio u s s tee lm ak in g  processes an d  th e  
effect of com position  v a r ia tio n  on th e  s tre n g th

T a b l e  V .

B ib l io g r a p h y  o p  A m e r ic a n  L i t e r a t u r e  o n  M o u l d in g  M a t e r ia l s  a n d  T e c h n iq u e  f o r  S t e e l  Ca s t in g

P r o d u c t io n .

Title. Author. Publication. Date.

The Relation of Moulds and Cores George B atty Transactions, American Foun- 1934.
to Porosity in Steel Castings 

The Mechanics of Porosity in Steel R. C. Woodward
drymen’s Association

>>
Castings.

Function of the Steel Foundry R. A. Bull JJ »
Foreman in Preventing Porosity. 

Controlled Directional Solidification George B atty >>
Studies on Solidification and Con Charles W. Briggs and ,,

traction in Steel Castings. Free 
and Hindered Contraction of 
Cast Carbon Steel.

The Influence of Temperature

Roy A. Gezelius 

George B atty ?» 9f 1935
Gradients in the Production of 
Steel Castings.

The Expansion and Contraction of H. W. D ietert and 5» ff
Moulding Sand a t Elevated 
Temperatures.

Sand Control in Relation to Steel

F. Valtier 

Charles Fuerst October, 1937.
Foundry Production.

A Study of Steel Moulding Sands. . H. W. Dietert, tt December, 1938.
1 E. E. Woodliff and 

J . A. Schuch

sible of q u a n ti ta t iv e  e s tim a tio n , an d , a lth o u g h  
conditions a re  ch an g in g , fu tu r e  ra p id  progress 
rests upon its  com ple te  e lim in a tio n .

The m ajo r p o rtio n  of th e  ro le  of th e  m e ta llu r 
g is t in th e  a d v an cem en t re m a in s  to  be  p layed , 
and p resen t in d ica tio n s in  th e  U n ite d  S ta te s  and  
elsewhere a re  t h a t  th e  degree  to  w hich such ty p e  
of effort is u tilised  w ill be la rg e ly  in creased . The 
grow ing re a lisa tio n  t h a t  a steel c a s tin g  m ade 
according to  th e  p rin c ip les  of good m eta llu rg ic a l 
and  en g in eerin g  design , p o u red  from  stee l p ro 
duced by m ethods co n tro lled  to  g iv e  good cas t
ing p ro p erties , an d  g iven  th e rm a l t r e a tm e n t  of 
a  re g u la r  an d  u n d e rsto o d  ty p e , possesses physical 
p roperties a lm ost equal to  e q u iv a le n t w orked 
steels, an d  in  c e r ta in  spec ia l a p p lic a tio n s  m ay 
even show su p e rio r re su lts , is defin ite ly  w iden ing  
th e  scope of ap p lic a tio n .

The u n riv a lled  v e rs a t i l ity  of steel m ade fu lly  
availab le  in  cas t-to -fo rm  co n d itio n , a n d  free  from

of steels a t  te m p e ra tu re s  ju s t  below solidifica
tio n .

The p ra c tic a l significance of th is  is th e  e lim i
n a tio n , o r m ark ed  re d u c tio n  in  freq u en cy  of 
occurrence, of h o t te a r s  o r cracks. V ery  o ften , 
indeed , a lm ost th e  e n tire  b lam e fo r such h a p 
pen ings is p laced upon  design , an d  w h ils t such 
an  a t t i tu d e  is p ro b ab ly  t r u e  in  a  deg ree , y e t i t  
m u st be rea lised  t h a t  no design  v a r ia tio n s  can 
be ex p ected  w hich can rem ove from  a la rg e  p a r t  
of th e  p ro d u c t th e  su b jec tio n  of th e  cooling 
c as tin g  to  severe s tra in s , a t  a tim e  w hen i t  is 
physically  lea s t able to  w ith s tan d  them .

I t  is know n th a t  s tee lm ak in g  m ethod  has a 
m ark e d  b e a rin g  on th is  p a r tic u la r  tro u b le . I t  
is n o t by  a n y  m eans well know n why. F u n d a 
m en ta l know ledge on th is  sub jec t, absorbed in to  
s tee lm ak in g  processes, would be of inca lcu lab le  
benefit to  s tee l-ca stin g  producers.



A second p o in t of v i ta l  im p o rta n ce , on w hich 
th e re  ex is ts a m u lt i tu d e  of o p in ions, b u t  l i t t le  
sc ien tifically  e s tab lish ed  fa c t,  is re la te d  to  th e  
b eh av io u r of m o lten  s tee l to  m ould  gases evolved 
d u r in g  p o u rin g , a n d , th e re fo re , p ra c tic a lly  in 
ev itab le . I t  is know n  t h a t  s tee l in  c e r ta in  con
d itio n s  is m u ch  m ore su scep tib le , even  i f  of 
id e n tic a l o rth o d o x  an aly sis. T h is  m a t te r  of gas 
so lu b ility  h a s  a  g r e a t  p ra c tic a l h e a r in g  on 
soundness, b u t  th e  fu n d a m e n ta l causes of be
h a v io u r v a r ia tio n s  a re  f a r  from  b e in g  c lear.

G iven p e rfe c t soundness, th e  co m p e titiv e  
s tre n g th  of th e  steel c a s tin g  in  th e  e n g in e e rin g  
in d u s try  depends on tw o o u ts ta n d in g  fe a tu re s , 
su rfa ce  a p p ea ran c e  a n d  response to  h e a t- tre a t-  
m en t. E x p e r im e n ta l w ork  is in  p rogress con
tin u o u s ly  on bo th  in  a lm ost all A m erican  fo u n 
d ries , an d  re m a rk ab le  im p ro v em en t h as been 
accom plished. T h ere  a re  fa c to rs  in  b o th , how 
ever, w hich re m a in  to  be solved, if  th e  re g u 
la r i ty  of b eh av io u r, w hich  can  only  come as a 
re su lt  of co n tro l of know n a n d  u n d e rs to o d  p r in 
ciples, is to  be g en era lly  ach ieved . T he rew ard s  
of such re sea rch  w ill be ve ry  g re a t ,  a n d  u n t il  
such know ledge is av a ilab le  to  th e  in d u s try , i t  
m u st necessarily  w ork  u n d e r  a h a n d ic ap .

Design

T he inclusion  of re m a rk s  on design , in  a
P a p e r  e n tit le d  as th is  one, w ill p robab ly  provoke 
th e  suggestion  of irre lev an ce , b u t  th is  is p re 
cisely why th ey  a re  so in c luded . T he a u th o r  
believes p ro fo u n d ly  t h a t  th e  design  of c a s tin g s  
has too  long been p u re ly  th e  business of an  e n g i
n eer, whose m in d  an d  im a g in a tio n  q u ite  n a tu r 
a lly  a re  c o n ce n tra ted  on th e  e n g in e e rin g  s ig n i
ficance of h is sh ap e  a n d  co n to u rs , o ften  to  th e  
com plete  exclusion of m e ta llu rg ic a l fac to rs . 
These l a t t e r  a re  th e re fo re  le f t  to  chance, or to
th e  in g e n u ity  of th e  fo u n d ry m an  in  d evelop ing
w ays of c o u n te r in g  th e  n a tu r a l  b eh av io u r of 
so lid ify in g  m eta l, a n d  th e  d ev is in g  of e x p ed ien ts  
to  c o rre c t th e  m e ta llu rg ic a l anom alies involved 
in  th e  d esign .

T he design  of an  in g o t from  w hich fo rg ed  or 
ro lled  p ro d u c ts  a re  d estin ed  to  be p ro d u ced  is 
accep ted  as m e ta llu rg ic a l, in  view  o f th e  shape 
in fluence on u l tim a te  soundness a n d  usefu lness 
fo r th e  in te n d e d  purpose. The u n d e rly in g  
th o u g h t is of course  co n tro l of so lid ification  so 
t h a t  i t  occurs in  an  o rderly , p rogressive  m an n e r 
b e s t c a lcu la ted  to  p ro d u ce  soundness an d  hom o
gen eity .

The d esign  of a  ca s tin g , th e re fo re , to  which 
no la te r  w ork  is ap p lied  of a  sh ap e-fo rm in g  ty p e , 
possesses a d e fin ite  m e ta llu rg ic a l sign ificance. 
C a stin g  design  th u s  becom es a  tw o-phase  p ro b 
lem  : p r im a rily , a n  e n g in e e rin g  phase , c o n tro l
lin g  th e  m a tte r s  re le v a n t to  g en era l shape , and  
su itab le  s tre n g th  to  p e rfo rm  th e  in te n d e d  s e rv ic e ;

secondly, a m e ta llu rg ic a l ph ase , e x e r t in g  a n  in 
fluence ca lcu la ted  to  p ro duce  such  so lid ification  
p ro g ressio n  t h a t  soundness re su lts  n a tu ra lly ,  and 
th e  c a s tin g  is th u s  en ab led  in  a ll p a r ts  to  ex
h ib it  th e  physical p ro p e rtie s  of th e  m e ta l from  
w hich  i t  is m ade.

I t  h as  been su g g ested  m an y  tim es  t h a t  a de 
s ig n e r should  be fa m ilia r  w ith  th e  m ain  ch arac
te r is t ic s  of th e  m e ta l fro m  w hich  h is design  shape 
w ill be p rod u ced , so t h a t  such  know ledge on his 
p a r t  h a s  an  o p p o r tu n ity  of a ffec tin g  h is u ltim ate  
decisions, b u t ,  so fa r , no  rea lly  p ra c tic a l m ethod 
of a ch iev in g  th is  d e s irab le  en d  h as been  evolved.

I t  is w o rth y  of n o te  a t  th is  tim e  th a t  the  
tw o m a jo r  o rg a n isa tio n s  d ea lin g  w ith  castings 
in  A m erica  a re  m ak in g  serious a n d  organised  
a tte m p ts  to  rem edy  th is  s i tu a t io n . T he A m eri
c an  F o u n d ry m e n ’s A ssocia tion , by  m eans of 
re g u la r  an d  f re q u e n t  sp ec ia l conferences held in 
th e  v a rio u s  u n iv e rs it ie s  a n d  w ith  th e  effective 
co -o p era tio n  of th e  fa cu ltie s , h a s b ro u g h t before 
s tu d e n ts  o p p o r tu n it ie s  of a tte n d in g  tech n ica l dis
cussions on m an y  fo u n d ry  su b jec ts , p ro m in en t 
am ong th em  be in g  d esig n . T he S tee l F o u n d e rs’ 
S ociety  of A m erica , th ro u g h  new ly organised  
d iv is io n a l o p e ra t in g  g ro u p s, h as fo rm u la ted  com
m ittee s  in  each  d iv is io n  w hose specia l d u tie s  are 
to  co -o p era te  w ith  u n iv e rs ity  an d  en g ineering  
college a u th o r i t ie s  in  th e  b r in g in g  before  engi
n e e r in g  s tu d e n ts  of th e  e sse n tia ls  of casting  
p ro d u c tio n  a n d  th e  po ss ib ilities  of g re a t  im prove
m en t by  th e  c o rre la tio n  of m e ta llu rg ic a l facto rs 
a n d  d esig n  sh ap e  a n d  fo rm . I n  each  case th e  
u n d e rly in g  id ea  is to  e n su re  a c tu a l  fo u n d ry  in 
fo rm a tio n  b e in g  a t  th e  d isp o sa l of th e  embryo 
d esigner.

The re ac tio n  to  th ese  m ovem ents has been more 
th a n  m ere ly  e n c o u ra g in g , th e  u tm o s t w illingness 
b e in g  ev idenced  to  allow sp eak ers  qualified  by 
ex p erien ce  o p p o r tu n itie s  of s ta t in g  th e  case for 
cas tin g s . T he u l tim a te  re su lt  of th ese  develop
m en ts  c a n n o t be o th erw ise  th a n  beneficial, as 
m ore  an d  m ore  p ra c t ic a l  fa c ts  of design  effect 
a re  m ade  av a ilab le  to  th e  d esig n ers  of th e  fu tu re .

A P a p e r  p re sen te d  to  th e  1938 A .F .A . Con
v e n tio n , by  B rig g s, G ezelius an d  D onaldson , is 
especially  w o rth y  of n o te  in  th is  connection , as 
i t  re p re se n ts  a n  u n u su a l e ffo rt to  e v a lu a te  p rac 
tic a lly  m an y  of th e  m e ta llu rg ic a l effects of con
v e n tio n a l d e sign . A c tu a l p ro d u c tio n  of a  large  
n u m b er of com m only o c cu rrin g  shapes a n d  ju n c 
tio n s , a n d  th e i r  e x h a u s tiv e  e x a m in a tio n  by 
m e ta llu rg ic a l m ethods w hich  in c lu d ed  th e  X -ray , 
led th e  a u th o rs  to  fo rm u la te  c e r ta in  ru le s  of 
design .

I t  is s ig n ific a n t t h a t  in  a ll cases th ese  ru les, 
a r is in g  fro m  e x h au s tiv e  te s tin g , p a ra lle l a lm ost 
ex ac tly  th e  reco m m en d a tio n s to  d e s ig n ers  which 
have  been e m a n a tin g  fro m  stee l fo u n d e rs  fo r 
y ea rs  as a  re s u lt  of th e i r  p ra c t ic a l  experiences



The p re sen t a u th o r  re ce n tly  s ta te d  in  an  a r tic le  
d ealing  w ith  c a s tin g  d esign  t h a t  th e  curse  of 
th e  steel c as tin g s  in d u s try  w as o rth o d o x y  of de
sign, and  he h as l i t t le  or no  reason  to  m odify  
th is s ta te m e n t as h is ex p erien ce  h as ex ten d ed .

Shapes an d  co n to u rs  accep ted  as co rrec t to  
perform  c e r ta in  serv ices fa ll d e fin ite ly  in to  fixed 
types, m any  of w hich  becam e cu sto m ary  when 
in less developed en g in e e rin g  tim e s  g rey  iron  
was by f a r  th e  m ost com m only used  cas t 
m ate ria l. C hanges have  u su a lly  been in  m in u te  
deta il, m in o r concessions of local effect, o f te n  of 
value, b u t  n o t a ffec ting  m a jo r  p rinc ip les .

I t  has been t ru ly  s ta te d  t h a t  “  M an  is a 
c rea tu re  of h a b i t ,”  an d  th e  design  of m eta l 
castings is an  o u ts ta n d in g  exam ple  of h a b it  
fo rm ation . T he a u th o r  can  im ag in e  no  o th e r 
single fa c to r  in  fo u n d ry  p ro d u c tio n  of such  v ita l 
effect, no r one w hich offers g re a te r  fu tu r e  possi-

D IS C U S S IO N

A m e ric a n  L o c o m o tiv e  F ram e  Castings
M r . T. H e n r y  T u r n e r  (chief chem ist and  

m e ta llu rg is t  of th e  L ondon & N o rth  E a s te rn  
R a ilw ay ), o p en in g  th e  d iscussion, sa id  h is ex 
p erien ce  of A m erican  stee l-fo u n d ry  w ork  was 
lim ited  to  a sh o rt  v is it to  U .S .A . an d  C an ad ian  
fo u n d ries  in  1926. H e  re g re t te d  t h a t  i l lu s tra 
tio n s  h ad  n o t been inc lu d ed  in  th e  P a p e r , as 
he h a d  been  g re a t ly  im pressed  by th e  am azing ly  
la rg e  a n d  co m plica ted  steel c a s tin g s  w hich were 
tac k led  in  th e  U .S .A . H e  q u o ted  as a n  exam ple 
th e  steel c a s tin g  m ade  in  one m onobloc to  include 
b o th  th e  long side m em bers and  all cross m em bers 
of a locom otive fram e , an d  th e  com plicated  cy lin 
d e r c a s tin g  w hich m ig h t include  fo u r cy linders .

T h a t  all th is  could be m ade  in  one colossal 
m onobloc w as a v ery  rem ark ab le  ach ievem en t, 
an d  i t  seem ed h a rd ly  necessary  to  h ead  th e  P a p e r

T a b l e  VI.

B ib l io g r a p h y  o r  A m e r ic a n  L it e r a t u r e  o n  t h e  D e s ig n  o f  S t e e l  C a s t in g s .

Title. Author. Publication. Date.

Economies in Steel Casting Design 
Fillet Profiles for Constant S tress.. 
How Solidification Affects Steel 

Casting Design.
Steel Casting Design for the Engi

neer and Foundryman.

Steel Castings Prove Merit as 
Large Intricate Parts.

F. A. Lorenz, Jr.
Dr. R. V. Band 
F. A. Melmoth

C. W. Briggs,
R. A. Gezelius and 
A. R. Donaldson 

F. K. Donaldson

The Foundry 
Product Engineering . .

»J >» * * * •

American Foundrym en’s As
sociation Preprint No. 38-28

Machine Design

October, 1932. 
April, 1934. 
April, 1934.

1938.

June, 1938.

bilities of rew ard , th a n  th e  co -o p era tiv e  m e ta l
lurgical and  en g in e e rin g  d esig n in g  of cas tin g s.

Almost ev ery th in g  in  th e  w orld  has been re 
designed in  o rd e r to  m ee t co n d itio n s effectively  
as they  arise , a n d  a lw ays in  th e  l ig h t  of new 
knowledge of co n tro llin g  fa c to rs . I t  is reaso n 
able to  suppose, th e re fo re , t h a t  u ltim a te ly  th is  
method of th o u g h t w ill in je c t  its e lf  in to  th e  
m etal cas tin g  in d u s tr ie s , an d  w hen th is  tim e  
arrives th e re  will be e n tire ly  new shapes and  
forms, m eta llu rg ica lly  sane , an d  possessing even 
g rea te r cap ac itie s  of e n g in e e rin g  p e rfo rm an ce  
because of t h a t  fa c t.

Economy of p ro d u c tio n , re d u c tio n  of m a n u 
fac tu rin g  hazard s, th e  m a n ife s ta tio n  in  a ll p a r ts  
of th e  availab le  physical p ro p e rtie s  of th e  m eta l 
used, g re a te r  re lia b ility  an d  re g u la r ity ,  an d  an  
increasing  a p p lic a tio n — all a re  possible of 
achievem ent in  g re a te r  d eg ree  w hen know n 
m etallurgical fu n d a m e n ta ls  a re  p e rm itte d  to  
exert th e ir  co -opera tive  in fluence on en g in e erin g  
design dem ands.

Table V I  gives a b ib lio g rap h y  of A m erican  
lite ra tu re  on th e  design  of steel cas tin g s.

“  T he R en aissan ce  of th e  S tee l C astin g  ”  when 
A m erican  fo u n d ries  h a d  been able to  produce 
such c a s tin g s  a n d  w hen such  cas tin g s w ere in 
som e cases rep lac in g  forg ings.

The p ra c tic e  in  th is  co u n try  a n d  on th e  Con
t in e n t  w as to  b u ild  u p  locom otive fram es from  
fo rged  p a r ts ,  b u t  i t  was claim ed in  th e  U n ited  
S ta te s  t h a t  th ese  com plica ted  m onobloc fram e  
an d  cy lin d er steel c as tin g s w ere m ore econom ical 
to  m a in ta in  th a n  fo rg ed  fram es fo r  th e  very  
heavy  locom otives used  in  t h a t  c o u n try . M ore
over, th ese  cas t steel fram es h a d  been exp o rted  
to  A u s tra lia  an d  elsew here. So f a r  as he  could 
ju d g e , th e  h is to ry  of cas tin g s in  th e  U n ited  
S ta te s  w as one of c o n s ta n t p rogress, an d  he h ad  
been in te re s te d  to  no te , in  every  steel fo u n d ry  
which he  v is ited , th e  use of e lec tric  fu rn aces.

T he a u th o r ’s re m a rk s  re g a rd in g  research  and 
m e ta llu rg is ts  deserved  especial a tte n tio n . T here  
was a tim e  w hen tr a in e d  m e ta llu rg is ts  fo u n d  th e  
iro n  fo u n d ry  u n a tt r a c t iv e  in  th e  w ay described  
by th e  a u th o r  fo r  th e  steel fo u n d ry , b u t  th e  de 
velopm en t of fo u n d ries  a long  b e tte r  e n g in eerin g  
lines h a d  m ade  th e  fo u n d ry  a  less u n a tt r a c t iv e



place th a n  i t  was, a n d  one m ig h t  th e re fo re  feel 
confiden t t h a t  w hen th e  a u th o r  s ta te d  t h a t  th e  
m a jo r  p o rtio n  of th e  ro le  of th e  m e ta llu rg is t  
in  th e  ad v an cem en t of s tee l-fo u n d ry  w ork  r e 
m ain ed  to  be p layed , m e ta llu rg is ts  w ould be 
fo u n d  to  ass is t th e  en g in e e rs  in  such  develop 
m en ts , a n d  if  X -ra y s  w ere u sed  in  th e  develop 
m e n t o f new  c a s tin g  designs a n d  m a g n e tic  c rac k  
d e te c tio n  w as em ployed in  th e  in sp ec tio n  of th e  
fin ished cas tin g s , th e re  w as no reaso n  w hy e n g i
n e e rs  should  n o t h av e  g re a te r  f a i th  in  th e  steel 
c a s tin g  th a n  ev er before , even  if  th e  specifica
t io n s  w ere stiffened  up  ap p rec iab ly .

M r . R .  C h a v y  (F ra n c e ) , r e fe r r in g  to  th e  de
v e lo p m en t o f som e spec ia l s tee ls  fo r  c ra n k 
sh a fts , sa id  t h a t  th e i r  com position  was v ery  
d iffe re n t from  t h a t  of steels used  fo r  fo rg in g , 
th e  p ro p e rty  of fa tig u e  s t re n g th  b e in g  r a th e r  
m ore im p o r ta n t  th a n  ten s ile  s tre n g th  o r e lo n g a
tio n .

P o te n tia lit ie s  o f P la in  C a rb o n  S tee l

M r. J .  D e s c h a m p s  (K ry n  & L ah y ) sa id  he  
w ould have  liked  to  hav e  asked  w h e th er th e  
a u th o r  w as q u ite  sa tisfied  t h a t  th e  p o te n tia li tie s  
of p la in  carb o n  steels fo r  cas tin g s h a d  been  fu lly  
ex p lo ited . W as i t  rea lly  necessary  to  re so r t  to  
th e  obvious an d  easy  m eth o d  of a lloy ing  th e  
steel in  o rd e r to  im prove  i t ,  in s te a d  of ex erc is
in g  th e  necessary  care  in  im p ro v in g  th e  p la in  
ca rb o n  stee ls?  R e fe ren ce  w as m ad e  in  th e  
P a p e r  to  a n  e x tra o rd in a r i ly  good re su lt  o b ta in e d  
w ith  a  fu lly  h e a t- tre a te d  stee l c as tin g , show ing 
a  m ax im u m  ten s ile  s tre ss  of 40 to n s  p e r  sq. in .,  
y ie ld  p o in t ap p ro x im a te ly  27 to n s  p e r  sq. in . 
(w hich was a b o u t 70 p e r  cen t, of th e  u l t im a te  
ten s ile ) , e lo n g a tio n  30 p e r  c en t., re d u c tio n  of 
a re a  60 p e r  c en t., a n d  a  C h a rp y  im p a c t figure  
of 30 ft.-lb s . ( th e  l a t t e r  figu re  c o rre sp o n d in g  w ith  
35 o r 40 Izo d ). M r. D escham ps u rg e d  t h a t  such 
re su lts  could be o b ta in e d  w ith  p la in  carb o n  
steels, p ro v id ed  th e y  w ere p ro p e rly  con tro lled . 
W hy, th e re fo re , should  we re so r t  to  th e  re la 
tiv e ly  expensive  m eth o d  of a lloy ing  an d  h e a t-  
t r e a tm e n t,  w hen s im ila r  re su lts  could be o b ta in ed  
w ith o u t h e a t- tre a tm e n t  from  p ro p e rly  m ade  c a r 
bon s tee l?

A n o th e r qu estio n  w as w h e th er th e  A m erican  
stee lm ak ers  fe lt , as some fo u n d ry m en  d id  in  th is  
c o u n try , t h a t  th e  spec ifica tions th e y  h a d  to  w ork  
to  w ere too le n ie n t. A lm ost anybody  could  m ak e  
steels to  m ee t some of th e  sp e c if ica tio n s ; he was 
defin ite ly  of th e  o p in io n  t h a t  th e  spec ifica tions 
should  be m ad e  m uch  m ore d ifficult, an d  t h a t  
th is  m ove w ould  ben efit th e  s te e l-fo u n d ry  in d u s
t r y ,  w hich  w as b em o an in g  th e  f a c t  t h a t  fo rg in g s  
w ere re p la c in g  cas tin g s.

A g a in , h e  asked  w h e th er th e re  w ere g re a t  de
velopm en ts in  A m erica  in  th e  d ire c tio n  of

m ak in g  com posite  assem blies of s tee l c as tings 
a n d  w elded p a r ts , as, fo r in s ta n c e , by  w elding 
p la te s  to  c a s tin g s ; o r, s t i ll  m ore  in te re s tin g , 
w h e th e r th e re  w ere developm en ts in  th e  d irec
tio n  of re p la c in g  in tr ic a te  s teel c as tin g s by an 
assem bly of p la in  stee l c a s tin g s  w hich could be 
m ade  on p ro d u c tio n  lines by sem i-skilled  labour 
a n d  w elded  to g e th e r.

F in a lly , he  w o n dered  w h e th er f u r th e r  develop
m en ts  h a d  ta k e n  p lace in  A m erica  in  connection 
w ith  th e  a p p lic a tio n  of th e  h y d ro -b las t to  replace  
sh o t-b la s tin g .

M r . A. T i p p e r  com m ented  on th e  s im ila rity  
o f som e of th e  s ta te m e n ts  m ad e  by M r. Mel- 
m o th , p a r tic u la r ly  w ith  re g a rd  to  m oulding 
m a te ria ls ,  a n d  by th e  a u th o rs  of som e o ther 
re c e n t P a p e rs , as, fo r  in s tan c e , M r. J .  J .  
S h eeh an , in  h is  P a p e r  be fo re  th e  C ongress on 
th e  su b je c t of core shop co n tro l, an d  by M r. 
H u d so n  in  a  P a p e r  n o t v e ry  long ago in  which 
he  h ad  s tre sse d  th e  im p o rta n ce  of th e  control 
of g ra in  size. M r. M elm o th  h a d  stressed  th e  
im p o rta n ce  of o b ta in in g  b e tte r  su rfaces on cast
ings, an d  h a d  p o in te d  o u t t h a t  th e  m oulding 
m a te r ia l  w as a  v e ry  im p o r ta n t  fa c to r  affecting 
th e  su rfa c e  c o n d itio n . H e  h ad  also s ta te d  th a t  
“  F ro m  th e  re a l is a t io n  t h a t  p e rm eab ility  to  
ra p id ly  evolved gases is e sse n tia l in  b o th  fac
ing  an d  b a ck in g , th e re  h as developed a n  alm ost 
g e n e ra l u se  of sa n d  h a n d lin g  a n d  recla im ing  
e q u ip m e n t.”  T h a t  w as recogn ised  h e re  b o th  as 
re g a rd s  iro n  a n d  s tee l fo u n d ries . T he s ta te 
m en t th a t ,  g e n era lly  sp e a k in g , th e re  was no 
a t te m p t  to  rem ove a ll fines, p resu m ab ly  m eant 
th a t ,  in s te a d  of a t te m p tin g  to  keep  th e  sand 
in  th e  r i g h t  c o n d itio n  in  t h a t  w ay, we should 
se lect th e  r ig h t  ty p e  of san d  p rim a rily . The 
w ork  of S h eeh an  on th e  f i tt in g -in  of g ra in  
sizes h a d  an  im p o r ta n t  b e a r in g  on th a t.  
A n o th e r s ta te m e n t  w hich  i t  w as im p o r ta n t  to 
n o te  w as t h a t  co n ce rn in g  th e  se lection  of a 
b ack in g  san d  w ith  a h ig h e r  p e rm e ab ility  and 
low er bond w here  one w as u s in g  se p a ra te  back
ing  an d  fa c in g  san d s. T h a t  p r in c ip le  also had 
proved  to  be  successful w hen  ap p lied  to  cast 
iro n  san d s in  th is  c o u n try , a n d  he believed it  
could  be  re g a rd e d  as p roved  fo r  steel also.

A U T H O R ’S W R IT T E N  R E P L Y

T he e n g in e  bed, side f ra m e  a n d  u n d e rfram e  
cas tin g s  m en tio n ed  by M r. T . H e n ry  T u rn e r 
have  been  m ad e  fo r  a  co n sid erab le  tim e  in  the  
U .S .A ., q u ite  successfu lly , a n d  i l lu s tra tio n s  of 
th e m  h av e  been  in c lu d e d  in  m an y  a r tic le s  pub
lish ed  in  th e  te c h n ic a l P re ss . I t  is  t r u e  th a t  
c a re fu l reco rd s k e p t  by th e  m a n u fa c tu re rs  of 
such  c a s tin g s  s u b s ta n t ia te  c la im s t h a t  in te g ra l 
c a s tin g  o f such  m em bers re su lts  in  co n siderab le  
econom y of m a in te n a n c e  a n d  lo n g er life . I t  is



equally  t ru e ,  how ever, t h a t  th e  phase  has 
ex isted  w hen steel c a s tin g s  w ere be in g  rep laced  
by o th e r  m a te ria ls , o f te n  w ith o u t rhym e or 
reason, o r on u n su b s ta n tia te d  claim s of econom y 
o r increased  efficiency.

D u rin g  th e  p a s t  few years , in  sp ite  of th e  
very slack s ta te  of in d u s try  g en era lly  in  th e  
U nited  S ta te s , th e  v a lu e  of th e  steel c a s tin g  is 
becoming m ore a n d  m ore to  he rea lised , a n d  its  
scope of a p p lic a tio n  w idened  a p p rec ia b ly ; 
hence, th e  choice of t i t l e  fo r th e  P a p e r .  I t  is 
believed th a t  a  r e tu r n  to  n o rm a l p ro d u c tiv e  
conditions w ill find th e  s tee l-ca s tin g  in d u s try  of 
the U n ited  S ta te s  in  a  m uch  s tro n g e r  position , 
both tech n ica lly  an d  econom ically , as a  re su lt  
of th e  g en era lly  im proved  m ethods of m an u fa c 
tu re  and  con tro l w hich have  developed d u r in g  
recent years.

The a u th o r  is in  com plete a g ree m e n t w ith  M r. 
T urner re g a rd in g  th e  su p p ly  of t r a in e d  m e ta l
lurgists fo r th e  a d v an cem en t of s tee l-fo u n d ry  
work, as a t  no  tim e  in  h is ex p erien ce  has th e re  
been such a considerab le  in te re s t  show n by 
m eta llu rg is ts in  s tee l-castin g  p ro d u c tio n , w hich 
in te res t has been evinced by a d esire  to  becom e 
associated w ith  th e  in d u s try .

W h e n  A llo y  A d d itio n s  a re  N eed ed
R eplying to  M r. J .  D escham ps, th e  a u th o r  

has s ta ted  in  severa l P a p e rs  t h a t  a re so r t  to  
alloy ad d itio n s was unnecessa ry  u n t il  th e  p o ten 
tia lities of p la in  carbon  steels w ere fu lly  u tilised . 
The m a tte r  of design  an d  size of c a s tin g  ex erts  
a contro lling  in fluence on th e  ty p e  of h ea t-  
trea tm e n t to  w hich i t  can  be su b jec ted  w ith  
safety, and  recourse  is m ade  to  a lloy  a d d itio n s  
frequently  only fo r th is  reaso n , t h a t  i t  p e rm its  
the ap p lication  of a less s t r in g e n t  fo rm  of t r e a t 
m ent to  produce s im ila r physical c h a ra c te ris tic s .

In  sp ite  of th is ,  th e  a u th o r  has re g re tfu lly  
to concede th a t  if  M r. D escham ps can  p roduce 
in tr ic a te  steel cas tin g s of, say , a ro u n d  1 J  to  2  

tons each in  w e ig h t, w ith  te s t-b a rs  c a s t  in te g 
rally on th e  cas tin g s, an d  use a p la in  carbon  
steel to  p roduce physical te s t  re su lts  w ith  re 
gu larity  equal to  those  m en tio n ed  in  th e  in 
stance he quo tes from  th e  P a p e r ,  he is well 
ahead of m ost e x p o n e n ts . of th e  s teel cas tin g . 
For his own in fo rm a tio n , th e  a u th o r  w ould wel
come th e  opin ions of o th e r  p ro d u c in g  m em bers 
of th e  in d u s try  on th is  m a t te r ,  as i t  is of con
siderable im p o rtan ce  in  co n tro llin g  o n e ’s 
opinion as to  th e  s tr in g en c y  or o therw ise  of 
ex is ting  specifications. U n fo r tu n a te ly , i t  has 
to  be rem em bered t h a t  specification  figures re 
present m in im a, w hich  m eans t h a t ,  to  en su re  
safety, th e  p o te n tia li tie s  of th e  m a te r ia l  should 
be considerably  h ig h e r  th a n  th e  d em anded  
figures.

U .S . S pec ifications
R e p ly in g  specifically  to  M r. D escham ps’ ques

tio n  re g a rd in g  specifications, i t  is n o t f e lt  in  
th e  U n ited  S ta te s  t h a t ,  g en era lly  sp eak in g , 
spec ifica tions a re  too  len ie n t. T he a u th o r ’s ex 
perience , as a  m a t te r  of fa c t, is t h a t  th ey  a re  
r a th e r  m ore s t r in g e n t  in  A m erica  th a n  in 
B r i ta in .  I n  a lm ost all cases, re d u c tio n  of a rea  
is specified a t  a c e r ta in  m in im um , w hich in  
th e  a u th o r ’s ex p erience  was n o t th e  case for 
m an y  B r i tish  re q u ire m e n ts ; an d  th e  a u th o r  
th in k s  t h a t  M r. D escham ps w ill ag ree  t h a t  re 
d u c tio n  of a rea  re p re se n ts  th e  one phase of 
steel c a s tin g  p ro p e rtie s  w hich is v e ry  quickly  
affected  de le te rio u sly  by s lig h t im p erfec tio n s , or 
m icroscopic inclusions. B ased on re q u irem en ts  
of ten s ile  s t re n g th , e la stic  l im it and  e longa tion  
p e rcen tag e , th e  a u th o r  is inclined  to  ag ree  w ith  
M r. D escham ps’ op in ion  th a t  steels a re  easily  
m ad e  to  m ee t some of th e  specifications, b u t  very 
few  such  specifications e x is t in  A m erican  en g i
n e e r in g  re q u ire m e n ts , i t  b e in g  believed, an d  
q u ite  r ig h tly , t h a t  re d u c tio n  of a re a  rep re se n ts  
th e  m ost rev ea lin g  c h a ra c te ris tic  as to  th e  tru e  
va lue  of b o th  th e  m a te ria l  a n d  h e a t- tre a tm e n t .

C o m p o s ite  Assem blies
T h ere  have  been  considerab le  developm ents in  

A m erica  in  th e  d irec tio n  of com posite  assem blies 
of steel cas tin g s a n d  w elded p a r ts . I n  fa c t, 
w here  fa b ric a te d  c o n stru c tio n  has rep laced  cas t 
iro n , a  new  o u tle t  fo r  m an y  steel cas tin g s has 
th u s  been produced . The second p o rtio n  of th is  
questio n , re fe r r in g  to  developm ent in  th e  d irec 
t io n  of rep lac in g  in tr ic a te  steel cas tin g s, by 
an  assem bly of p la in  steel cas tin g s la te r  w elded 
to g e th e r, is m ore d ifficult to  rep ly  to  positively , 
a lth o u g h  th e  a u th o r  has seen several cases of th is  
ty p e  of p ro d u c tio n , a n d  has seen i t  suggested 
in  m an y  cases. H e  is n o t  aw are , how ever, of 
ve ry  ac tiv e  d ev elopm en t a long  th is  line.

T he su b s ti tu tio n  of sh o t-b las tin g  by th e  use 
of th e  h y d ro b las t has been c a rr ie d  o u t in  some 
q u a r te rs , b u t  w here  steel c as tin g s  a re  concerned 
th e  re p o rts  of i ts  success a re  n o t sufficient to  
ju s t ify  one in  s ta tin g  fu tu re  possib ilities in  th is  
d irec tio n .

M r. T ip p e r’s re m a rk s  a re  a p p rec ia ted , and  
th e  a u th o r  w ould assu re  him  t h a t  any  s im ila rity  
of s ta te m e n t as p o in te d  o u t by h im  is “  pu re ly  
c o in c id en ta l.”  T he s ta te m e n t m ade  in  th e  P a p e r  
t h a t  th e re  w as no a t te m p t  to  rem ove a ll fines 
from  m o u ld in g  san d  was based on th e  accepted  
fa c t  t h a t  th e  co n tro l of th e  p e rcen tag e  of fines 
a t  a l im it know n n o t to  be h a rm fu l w as th e  
a im , r a th e r  th a n  th e  ta k in g  of uneconom ic 
m easu res to  rem ove th em  en tire ly . T he a u th o r  
ag rees w ith  M r. T ip p e r t h a t  one should  select 
th e  r ig h t  ty p e  of san d  p rim a rily , b u t  th e  ques
tio n  a rises  • W h a t is th e  r ig h t  ty p e  of san d  P



I t  would a p p e a r  t h a t  as th e  in d u s t ry ’s know 
ledge of th e  effect of g ra in  size, g ra in  sh ap e , 
p e rm e ab ility  a n d  o th e r  m o u ld in g -san d  c h a ra c 
te r is t ic s  is ad d ed  to  by  th e  m an y  ab le  w o rk ers 
who a re  g iv in g  th e  re su lts  of th e ir  w ork  free ly  
to  th e  in d u s try , new  ideas as to  m o u ld in g  
m a te ria ls  m ay  be produced  e v en tu a lly  w hich  m ay

en ab le  th e  in d u s try  to  ta k e  f u r th e r  fo rw ard  
s tep s  in  th e  im p ro v em en t of th e  a p p ea ran c e  of 
s tee l cas tin g s . Such  w ork  h a s  been  h ig h ly  pro
d u c tiv e  in  th e  U .S .A ., w here , in  sp ite  of 
o p in ions to  th e  c o n tra ry  h e ld  by  m an y  E u ro 
pean s , “  sk in  ap p ea l ”  re p re se n ts  q u ite  a p o ten t 
fa c to r  in  th e  se lling  of s tee l cas tin g s.
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Pitting Corrosion of Cast-Iron and Steel Pipes
By Dr. Ing. L 'JDVIK  O R A N S K Y  (B rno.)

Paper No. 685

In tro d u c tio n
A fter considering  th e  q u estio n , w hich of th e  

two k inds of p ipes is th e  m ore d u ra b le  an d  
therefore  th e  m ore econom ical w hen lay in g  gas 
mains in  loca lities w here  m echan ical s tre n g th  is 
of m inor im p o rt, th e  a u th o r  reach ed  th e  conclu
sion th a t  i t  is n e ith e r  necessa ry  n o r e q u itab le  to  
seek a num erica l p o s tu la tio n  of th e  tim e  before  
perforation  of th e  p ipes occurs. On th e  con
tra ry , i t  is p re fe rab le  a n d  m ore a d v an tag e o u s  to  
determ ine th e  re la tiv e  tim e  in  w hich  such pipes 
would p e rfo ra te  th ro u g h  p i tt in g ,  u n d e r  th e  con
dition th a t  b o th  ty p es  a re  p laced  in  th e  g ro u n d  
the same tim e  ; u n d e r  id en tica l c ircu m stan ces 
and sim ultaneously  in  th e  sam e p osition , and  
carrying p re a rra n g e d  a n d  fre q u e n tly  o ccu rrin g  
defective spots in  th e  p ro tec tiv e  co a tin g  an d  th e  
insulation, larg e ly  se t u p  th ro u g h  m echanical 
influences.

In  o th er words, th e  c o rre c t d e te rm in a tio n  of 
the re la tio n  of tim es in  w hich  these  p ipes would 
be p e rfo ra ted  th ro u g h  p i t t in g  m u st be so 
carried o u t t h a t  th e  co rro d in g  ac tio n  on th e  
outer and  th e  in n e r  su rfa ce  of th e  tw o typ es 
would ta k e  place u n d e r  d e fin ite ly  c o m p ara tiv e  
conditions, i .e .:  —

(1) Id e n tica l p re ssu re  ; te m p e ra tu re  ; concen
tra tio n  of chem ical re a g e n t ; q u a n ti ty  of th is  re 
agent ac tin g  on a  g iven  su rface  of equal size, 
representing  th eo re tic a lly  in  th e  h y p o th e tica l 
case a p o in t. Such co n d itio n s c an n o t be o b ta in ed  
except in  a lab o ra to ry .

(2) The m a te ria l  ex am in ed  m u st be in  th e  
sta te  in w hich i t  w ould be a f te r  th e  p ro tec tiv e  
coating or in su la tio n  has been d estro y ed . E v ery  
other e x p erim en ta l m ethod , especially  th e  
m achining of th e  su rface , will g ive w rong  re 
sults in th e  ev a lu a tio n  of p ip e  m a te ria l,  as will 
be seen from  w h a t follows.

M oreover, i t  is essen tia l th a t ,  w hen e x am in 
ing th e  d e p th  of th e  corrosion , th e  m a te ria l  
lying im m edia tely  a g a in s t th e  place a tta c k e d  
m ust be m a in ta in ed  to  conform  w ith  th e  o rig in a l 
wall th ickness d im ension, so as to  be ab le  to  
study m eta llo g rap h ica lly  th e  ev en tu a l d iv e r
gences in  th e  d e p th  of th e  corrosion  w hich m ig h t 
be pu rsued  only in  th e  case of corrosion a t  one 
spot.

B y in s is tin g  upon  th e  above-m entioned  com
p a ra t iv e  cond itio n s, a n d  secu rin g  th e  co rrec t 
p ro p o rtio n  of tim es in  which th e  m a te ria l  of th e  
p ip e  h ad  been p e rfo ra te d  by p i tt in g ,  i t  is possible 
to  s ta te  w hich  p ipes a re  th e  m ore d u ra b le  and  
th e re fo re  th e  m o re  econom ical. Should , fo r

in s tan ce , a p ip e  lin e  la s t  fo r x  years, th e n  in  th e  
sam e loca lity , u n d e r  th e  sam e co n d itio n , a n o th e r 
p ip e  lin e  w ould la s t  fo r p x  years, w here p  is th e  
n u m b er in d ic a tin g  how m any  tim es  one p ip e  is 
m ore  re s is ta n t , an d  th e re fo re  m ore en d u rin g

F i g . 1 .— T e s t i n g  A r r a n g e m e n t s .
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th a n  a n o th e r . T he cause  of th e  d e s tru c t io n  of 
cas t iro n  an d  steel p ip es h as been s tu d ie d  by th e  
a u th o r  on sec tions of p ipes w hich h a d  n o t  been 
m ach in ed , i .e .,  com ply ing  s tr ic t ly  to  th e  neces
sa ry  co m p a ra tiv e  co n d itio n s, a n d  la te r  on 
m ach in ed  sections of p ipes. F o r  th ese  te s ts  a 
5 p e r cen t, so lu tio n  of H N 0 3 w as used  a n d  th e  
re su lts  d e riv ed  th e re fro m  on sections of b o th  
ca s t- iro n  a n d  steel u n m ach in ed  p ip es w ere  g iven  
be fo re  th e  P a r is  I n te rn a tio n a l  F o u n d ry  C on
gress in  1937 u n d e r  th e  h e ad in g , “  U n e  É tu d e  
su r  les E ffe ts C orrosifs su r  les T ubes en  F o n te  
e t  en  A c ie r .”

I n  w h a t follows th e  a u th o r  p roposes to  d e ta il  
th e  m ethods used  fo r  s tu d y in g  th e  p e rfo ra tio n

ft f 1t j /
J / y
u

4 ; j 15 2
It h

/ V*
/ 'y /

/ /
/j y*/

/ y V v
/✓'f/

y
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Time o f corrosion aclion in days ---------------■

I n  o rd e r to  en su re  t h a t  th e  c o rro d in g  ag en t 
will p roduce  a ipit only  a t  th e  re q u ire d  spot, 
i t  w as necessary  to  c a r ry  o u t  a  f u r th e r  an d  now 
w ell-know n p re p a ra tio n  of th e  sam ple. A card 
b o a rd  sh ee t was p laced  in  th e  base  of th e  p ipe 
sec tion , a n d  th e  te s t-p ieces so p rep ared  were 
d ip p ed  w ith  th e  c a rd b o a rd  base  bottom -m ost 
in to  m olten  paraffin  6 0  t h a t  i t  reached  th e  upper 
edge  in  o rd e r  to  o b ta in , a f te r  rem ov ing  i t  and 
a llow ing  i t  to  cool, a good overall p ro tective  
c o a tin g , a d h e rin g  well to  th e  su rface . Once again , 
as th e  c o rro d in g  a g en t, a  5 pe r cen t, solution 
of n i tr ic  acid  w as used . G lass c o n ta in e rs  having 
a  d ia m e te r  of 10 in . a n d  5 in . h ig h  w ere used. 
B efo re  s t a r t in g  a  s ta n d a rd  q u a n ti ty  of th e  acid,
i .e .,  3 .5  litre s , w as p o u red  in to  each of these 
co n ta in e rs .

To m easu re  th e  corrosion  effect, a  simple 
a r ra n g e m e n t, show n in  F ig . 1 of th e  P a ris  
C ongress P a p e r ,  w as used , w hich  m ade it

F i g . 2 .— D e p t h  o f  C o r r o s i o n  R e l a t e d  t o  
P e r i o d  o f  A t t a c k .

Time of corrosion aclion in days

F i g . 3.— D e p t h  o f  C o r r o s i o n  R e l a t e d  to  
P e r i o d  o f  A t t a c k .

by p i t t in g  of m ach in ed  sec tions of cas t- iro n  and  
stee l p ipes, as well as a  com parison  of th e  re su lts  
o b ta in e d  u n d e r  s im ila r  a n d  co m p a ra tiv e  cond i
tio n s  w ith  those  o b ta in ed  w hen w o rk in g  w ith  
u n m ach in ed  p ip e  sections u n d e r  id e n tic a l con
d itio n s.

E x p e rim e n ta l W o r k

T he te m p e ra tu re  of th e  la b o ra to ry  w as con
tro lle d  d u r in g  a ll te s ts  a t  a b o u t 2 0  deg. C. F o r  
th e  te s ts  sec tions of cas t- iro n  p ipes, m ark e d  T H , 
to  T H ,, h a v in g  a n  in n e r  d ia m e te r  of 4 in . an d  
6  in . long, w ere used , to g e th e r  w ith  sec tions of 
s tee l p ipes h a v in g  s im ila r  d im ensions w hich  w ere 
m ark e d  th ,  to  th t . I n to  th ese  p ip e  sections, a t  a 
d is ta n c e  of 1 5  m m. from  th e  base , a recess 
3 0  m m. long an d  0 .5  m m . deep w as cu t. I t  was 
a s  is show n in  F ig . 1.

possible to  m easu re  th e  p its  p roduced  by the 
corrosion  in  th re e  ax es (ranged v e rtic a lly  to  each 
o th e r. T h is m e a su rin g  a r ra n g e m e n t consisted  in 
p r in c ip le  of a c ro ss-su p p o rt, th e  sh if tin g  of 
w hich  in  tw o  h o riz o n ta l axes, v e r tic a l  to  each 
o th e r , w as p ro v id ed  w ith  a  m illim e tric  scale. 
T his c ro ss-su p p o rt c a r r ie d  a n  in d ic a to r  to 
m easu re  th e  detpth in  th e  th i r d  ax is v e rtic a l to 
th e  tw o p reced in g  ones. T he c ro ss-su p p o rt was 
fixed to  a su p p o r t p ro v id ed  w ith  an  a tta ch m en t 
to  hold th e  p a r ts  of th e  p ipes to  be m easured .

T e s tin g  P ro c e d u re

F ro m  th e  te s t-p ieces so p re p a re d , th e  pro
te c tiv e  c o a tin g  w as d estro y ed  by p u n c tu r in g  it 
in  th e  sam e p lace  as n e a r  th e  m idd le  of the  
su rfa ce  to  be  te s te d  as possib le , so as to  b ring  
th e  unco v ered  a re a  b e n e a th  th e  su rfa c e  of the
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liquid a g en t fo r th e  d u ra tio n  of th e  te s t .  The 
two test-p ieces to  be co m pared  w ere in v ariab ly  
placed in to  th e  c o n ta in e rs  filled w ith  th e  acid , 
the card b o ard  b o ttom -m ost, fo r a  tim e  in te rv a l  
of 5 m ins. I n  th is  se ries th e  ac tio n  of th e  re 
agent was p e riod ica lly  in te r ru p te d  fo r tw o days, 
allowing sufficient tim e  to  m easu re  th e  shąpe  of 
the p its  p roduced  by th e  ac tio n  of th e  acid . 
D uring th e  te s t ,  th e  te m p e ra tu re  ( circa  20 deg. 
C.) was c o n stan tly  m easu red .

A g rap h  show ing a n u m erica l in d ic a tio n  is 
given in  F ig . 2. T hese te s ts  w ere re p e a te d  on 
sections of th e  cas t-iro n  p ip e  T H , an d  th e  steel 
pipe th lt th e  d e p th  of th e  c y lin d rica l recess be ing

F ro m  a  s tu d y  of th e  curves of F ig . 2, show
ing  th e  p rogress of th e  p i t t in g  corrosion  in  
d e p th s  in  b o th  ty p es  of p ipes a t  p laces w hich 
have  been  m ach in ed , i t  is e v id e n t t h a t  these  
cu rv es have  n ea rly  th e  sam e sh ape  a n d  th e  sam e 
tr e n d  as th e  curves in  F ig . 4, show ing th e  
m a g n itu d e  u n d e r  s im ila r  co n d itio n s fo r th e  sam e 
m a te ria ls  e x te n d in g  from  0.5 m m . and  in i t ia t in g  
a  p rogressive  corrosion .

S im ila rly , fro m  a s tu d y  of th e  curves of F ig . 3 
show ing th e  p rogress of p i t t in g  in  d e p th s  fo r 
b o th  ty p es  of p ipes a t  places w hich w ere 
m ach in ed  to  a  d e p th  of 1  m m ., i t  is show n th a t  
th ese  curves a g a in  hav e  p ra c tic a lly  th e  sam e

Time of corrosion action in days  *-■

F i g . 4 .— D e p t h  o f  C o r r o s i o n  R e l a t e d  t o  P e r i o d  o f  A t t a c k .

increased to  1 m m. T he re su lts  o b ta in ed  a re  
illu stra ted  in  F ig . 3.

In  order to  be able to  com pare  th e  p rogress 
of th e  d e s tru c tio n  of th e  m a te r ia l  of m ach ined  
and unm achined  p ip es exposed to  th e  co rro d in g  
agent u n d er ex ac tly  s im ila r  cond itio n s, i t  has 
been deemed necessary  to  c o n s tru c t th e  d iag ram  
in F ig . 4 on th e  basis of n u m erica l records. In  
the d iagram s (F igs. 2 to  4) th e  tim e  in  days 
has been set o u t on th e  h o rizo n ta l ax is , w h ilst 
on the  v e rtica l one th e  resp ec tiv e  m axim um  
depths in  mm. of th e  p i ts  p roduced  by th e  
action of th e  5 p er cen t. H N O , a t  an  av erag e  
tem p era tu re  of 20 deg. C a re  g iven . T he th ic k 
ness of th e  walls of th e  p ipes is lim ited  by  a 
horizontal ax is an d  lines p a ra lle l to  i t  by  cross- 
hatching.

sh ape  a n d  th e  sam e t re n d  as th e  curves in  F ig . 4, 
show ing th e  p rogress of p i t t in g  of th e  sam e 
m a te ria ls , b u t th is  tim e  e x te n d in g  from  1  m m.

C onclusions
F ro m  th e  above com parisons an d  te s ts  th e  

follow ing conclusions c an  be d raw n  : —
(1) T he w idely-held  o p in io n  as to  th e  im p o r

ta n c e  of th e  as-cast sk in  fo r in c reas in g  th e  resis
ta n c e  of cas t- iro n  p ipes to  corrosion  se t up  by 
th e  in fluence of co rro d in g  m edia  is a sound one.

(2) The scale (m ag n e tic  oxide) fo rm ed d u rin g  
ro llin g  h as th e  sam e im p o rtan ce  fo r  in creas in g  
th e  re s is tan c e  of stee l p ipes to  corrosion  as th e  
as-cast sk in  in  th e  case of cas t-iro n  p ipes.

(3) T he o u te r  lay e r of th e  m a te r ia l  of p ipes 
s i tu a te d  im m ed ia te ly  b en ea th  th e  as-cast sk in ,



or b e n ea th  th e  scale , is m uch  m ore  r e s is ta n t  
th a n  th e  in te rn a l  lay e rs .

(4) T he as-cast sk in  o r  th e  scale  a n d  th e
lay ers  of th e  su rfa ce  s i tu a te d  d irec tly  beh ind  
th em  a t  those  places w hich a re  o p posite  to  p o in ts  
w here th e  corrosion  beg an , h a v e  no  in fluence  on 
th e  re s is tan c e  to  corrosion .

(5) I t  is only d es irab le  to  m ak e  a  c o m p a ra tiv e  
te s t  on  c a s t- iro n  o r s tee l p ipes w ith  a n  u n 
m ach in ed  su rfa ce , i .e .,  as th e y  a re  used  fo r  lay 
in g  gas m ain s.

(6 ) I t  is im possible to  e v a lu a te  th e  re s is tan c e  
of c a s t- iro n  a n d  steel p ipes to  co rrosion  o n  th e  
basis of m ach in ed  cy lin d ers  as h as been in d ic a te d  
by th e  a u th o r  u n d e r  th e  s ig n a tu re  H . B .*  fo r, 
by m ach in in g , th e  q u a lit ie s  of b o th  th e  c a s tin g

* S tro jn ick^  Obzor, 1936, p. 45.

an d  th e  steel a re  com plete ly  ch an g ed  w ith  regard  
to  th e  influence of co rro d in g  ag en ts .

C o m p o s itio n
The chem ical com position  of th e  cas t-iro n  pipe 

a n d  p lugs used  in  th ese  te s ts  w a s :— T.G, 3.67 to 
3 .7 1 ; C .C , 0.88 to  0 .97 ; S i, 1.64 to  1 .83; Mn, 
0 .6 0 ; S, 0.075 to  0.08, a n d  P ,  0.19 to  0.45 per 
c en t.

T he com position  of th e  steel p ipes and  plugs 
w a s :— C, 0 .3 8 ; M n , 0.73 to  0.8, an d  P , 0.03 to 
0.031 p e r  cen t.

T h e  a u th o r  considers i t  h is d u ty  to  express 
h is  th a n k s  to  D r. M o n t. In g . F r .  P isek , P ro 
fessor a t  th e  Czech T echn ica l U n iv e rs ity  of Brno, 
fo r  h is  g re a t  in te re s t  a n d  k in d  help  d u rin g  the 
s tu d y  of th is  su b je c t.
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Foundry Education and Training in Great Britain
By J. G. PEARCE,* M.Sc., M.I.Mech.E., M.I.E.E., F.Inst.P. (Member)

Paper N o. 686

In tro d u c tio n

Much has been w r i t te n  from  tim e  to  tim e  on 
this subject, an d  i t  is in te n d e d  t h a t  th e  p re sen t 
Paper shall be in  th e  m ain  a reco rd  of fac ts . In  
particu lar, i t  g ives an  acco u n t of th e  a im  and  
work of th e  B ritish  F o u n d ry  School, which 
opened in 1935.

U ntil recen t years, fo u n d ries  w ere conducted  
mainly on a basis of skilled  c ra ftsm en , led  by 
foremen and  m an ag ers  who h ad  in  m any  cases 
had long p rac tica l experience  in  th e  p a tte rn sh o p  
or on th e  fo u n d ry  floor an d  who h ad  proved 
their capacity  to  hold posts of h ig h e r  resp o n si
bility. This system  gave th is  c o u n try  an  env iab le  
reputation  fo r c ra ftsm an sh ip . T o-day, tw o 
developments have  changed  th e  whole asp ec t of 
many sections of th e  in d u s try , and  seem likely 
to change i t  s till  m ore. The first is th e  ap p lica 
tion of those m ethods of co n tin u o u s an d  m ass 
production which have a lread y  so p ro fo u n d ly  
influenced th e  re m a in d e r of th e  e n g in e e rin g  in 
dustry ; th e  second is th e  e s tab lish m en t of a 
vast body of tech n ica l and  m e ta llu rg ic a l know 
ledge re la tin g  to  th e  m ate ria ls , processes and  
products of th e  in d u s try . These developm ents 
have b rough t ab ou t g re a t  changes in  ou tlook on 
the problems of ed u ca tio n  an d  t r a in in g  an d , 
indeed, are responsible fo r ra is in g  th em  seriously  
for the first tim e, since th e  o rd in a ry  system  of 
apprenticeship an d  p rom otion  sufficed to  m eet 
the needs of an  in d u s try  w ork in g  on a job b in g  
basis.

The m ain source of supp ly  of o p e ra tiv e s is 
inevitably th e  p r im a ry  school, an d  th e  norm al 
school-leaving age of 14 has recen tly  (E d u ca tio n  
Act, 1936) been ra ised  to  15, ex cep t in  cases 
where the  p a ren ts  wish th e  bov to  e n te r  em ploy
ment and th e  ed u ca tio n  a u th o r i ty  is satisfied  
th a t th is  em ploym ent is “ b en efic ia l.” T here  
is a strong  body of op in ion  in  fa v o u r of no 
exemptions a t  all, t h a t  is, a u n iv e rsa l leav in g  
age of 15, and  some associations of em ployers 
and employed have a lre ad y  in tim a te d  th a t  i t  is 
preferable to  re c ru i t  em ployees a t  15. S ound  
apprenticeship  schemes enro l young  people fo r 
trade ap p ren tice sh ip  up  to  16,' since i t  is fo u n d  
th a t th e  ex tra  ed u ca tio n a l period  easily  o u t

* Director, B ritish  Cast I ro n  R esearch  A ssociation.

weighs in  va lue  any  loss from  a sh o rte r  a p p re n 
tic e  period . A t th e  sam e tim e , th e  closing of 
b lind -a lley  o ccupations to  y o u n g  people u n d e r 
15 as non-beneficial em ploym ents (i.e .,  offering 
no t r a in in g  of va lue  o r fu tu re  prospects) should 
re ac t fav o u rab ly  on firm s who could ta k e  m ore 
young  people th a n  th ey  no rm ally  can  ob ta in .

C e rta in  typ es of sen io r or c e n tra l  schools ta k e  
boys a t  1 1  o r  1 2  fo r a th ree -v ea r o r  fo u r-y ea r 
period . J u n io r  T echnical Schools ta k e  boys, 
who w ish to  e n te r  in d u s try , from  p rim ary  
schools a t  13, an d  provide a tw o-year o r th ree - 
y e a r course, w ith  a p ronounced  vocational bias 
in  th e  case of those p re p a r in g  boys fo r  e n try  to  
th e  c o n stru c tiv e  in d u s tr ie s , in  such su b jec ts  as 
workshop p rac tice , m ach ine  d raw in g , etc . Such 
schools fo rm  a  ve ry  d esirab le  source of t ra d e  
a p p ren tic e s , b u t th e re  is no in fo rm a tio n  as to  
how m any  from  th is  source e n te r  th e  in d u s try . 
The secondary  an d  g ra m m ar schools also receive 
young  people from  p rim a ry  schools (public  or 
p riv a te )  a t  a b o u t 1 1  or 1 2 , an d  ta k e  them  
a p p ro x im ate ly  to  th e  s ta n d a rd  req u ired  fo r 
u n iv e rs ity  e n tra n ce . C o m p ara tiv e ly  few boys 
from  these  schools e n te r  th e  in d u s try , ex cep t for 
em ploym ent in  lab o ra to rie s  an d  offices.

T he H adow  re p o r t  (1931)1 is accep ted  genera lly  
as in d ic a tin g  th e  fu tu re  lines of developm en t of 
p o st-p rim a ry  e d u ca tio n  in  th is  c o u n try , and , 
b road ly  sp eak in g , these  aim  a t  a p r im a ry  school 
t r a in in g  to  th e  age of, 1 1  an d  th en  tra n s fe r ,  
acco rd in g  to  ab ility , desires of p u p il and  p a ren ts , 
e tc ., to- a n o th e r  ty p e  of school, senior, 
secondary , e tc . T he ra is in g  of th e  leav ing  age 
was a logical consequence. The Spens re p o rt 
recen tly  issued (1939)2 m ark s a fu r th e r  develop
m en t of th e  H adow  schem e, an d  envisages th e  
g ro w th  of ty p es  of school which, w ith o u t sa c ri
ficing th e  dem an d  fo r a good g enera l ed u ca tio n , 
w ill recognise  t h a t  a c tiv ity  and  experience  are  
im p o r ta n t  channels to  know ledge and  w ill p re 
p a re  boys m ore d irec tly  fo r in d u s tr ia l  em ploy
m en t, and  th u s  m eet th e  c ritic ism  t h a t  o rd in a ry  
secondary  schools p repare- boys fo r th e  so-called 
b lack-coated  posts. T hus i t  envisages th e  de
v e lopm en t o f tech n ica l h igh  schools, ra n k in g  
w ith  th e  secondary  schools, b u t d irec tin g  pupils 
to  in d u s try  as th e  p re sen t ty p e  of secondary  
school ten d s  to  do to  comm erce.
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.  The school-leaving c e r tif ic a te  fo rm s a  su itab le  
c r ite r io n  of s ta n d a rd  reach ed  by secondary-school 
boys, a n d  u n t i l  re ce n tly  th is  h a s been  accep ted , 
su b je c t to  c e r ta in  co n d itio n s, as a s u b s t i tu te  fo r 
m a tr ic u la t io n  o r u n iv e rs ity  e n tra n c e  e x a m in a 
tio n , a lth o u g h  th is  ten d e d  to  such  u n d e s irab le  
m odification  o r sp ec ia lisa tio n  of c u rric u la  t h a t  
th e  p la n  h a s  recen tly  been ab an d o n ed . A 
u n iv e rs ity  e n tra n c e  e x a m in a tio n  in  a lim ite d  
n u m b er of su b jec ts  is n o t  a  d esirab le  fo rm  of 
ce rtif ic a te  fo r  boys who a re  n o t  in  th e  m a in  p re 
p a r in g  fo r th e  u n iv e rs ity . N ev erth e less , a s u i t 
able le a v in g  c e r tif ic a te  is v e ry  u se fu l to  em 
p loyers as an  in d ex  to  s ta n d a rd  reach ed , an d  
in v a lu ab le  to  i ts  ow ner as a basis fo r  a cq u ir in g  
a p ro fessional c e rtif ic a te  by  p a r t- t im e  s tu d y . 
Som e boys s tay  long enough  a t  th e  seco n d ary  o r 
g ra m m ar school to  ta k e  th e  h ig h e r school c e r t i 
ficate , w hich ro u g h ly  covers th e  f irs t y e a r of a 
u n iv e rs ity  d eg ree  course, i.e .,  to  th e  in te rm e d ia te  
deg ree  e x a m in a tio n , a t  an y  r a te  in  sc ien tific  
su b jec ts , m a th em a tic s , physics, ch em istry . 
Y oung  m en leav in g  school fo r in d u s try  w ith  th e  
in te n tio n  of secu rin g  a  p ro fessio n al q u a lifica tio n  
o r e x te rn a l deg ree  w ould do well to  g e t th e  
h ig h er school ce rtif ica te  from  school. Such  
q u a lifica tio n s a re  th o se  o f th e  I n s t i tu t io n  of 
M echan ica l E n g in e ers , I n s t i tu t io n  of E le c tr ica l 
E n g in e ers , I n s t i tu te  of C h em istry , I n s t i tu te  of 
Physics.

T he n u m b er of u n iv e rs it ie s  in  G re a t B r i ta in  
h a v in g  d e p a r tm e n ts  of m e ta llu rg y , o r  o ffering  
in s tru c tio n  in  m e ta llu rg y , is ab o u t te n , b u t  th e  
n u m b er of s tu d e n ts  a c tu a lly  ta k in g  degrees in  
m e ta llu rg y  is sm all3; so m uch  so, t h a t  no  g r e a t  
r e c ru i tm e n t  of u n iv e rs ity  g ra d u a te s  to  th e  in 
d u s try  is to  be ex p ec ted , a lth o u g h  f u r th e r  r e fe r 
ence is m ade  below  to  in s t i tu t io n s  o ffering  fu ll
t im e  fo u n d ry  t r a in in g .  F o r  u n iv e rs ity  m en who 
a re  w ith o u t in d u s tr ia l  experien ce , th e  a u th o r  
firm ly believes in  th e  a d v an tag e s  of a  sh o r t w orks 
a p p ren tic e sh ip , in  w hich ex p erien ce  is  g a in ed  of 
v a rio u s  d e p a rtm e n ts  a n d  in  w hich  b o th  th e  
a p p re n tic e  a n d  th e  em ployer have  o p p o r tu n itie s  
of fin d in g  o u t w h e th e r s ta ff em p lo y m en t is s u i t 
able. P a r t  of th is  is m ost ad v an tag e o u sly  ta k e n  
betw een  leav in g  school and  e n te r in g  th e  
u n iv e rs ity .

One can  th u s  p ic tu re  th e  b u lk  o f those  who 
go in to  th e  in d u s try  d o ing  so w ith  a p r im a ry  
e d u ca tio n , a  v e ry  sm all p ro p o rtio n  w ith  a  
seco n d ary  o r h ig h e r  ed u ca tio n , a n d  a s till  
sm a lle r p ro p o rtio n  w ith  a u n iv e rs ity  q u a lifica 
tio n . C o n tin u ed  ed u ca tio n  ta k e s  p lace  a f te r  
e n try  to  in d u s try  th ro u g h  p a r t- t im e  even in g  
s tu d y  in  local tec h n ica l colleges, a lth o u g h  some 
colleges also offer fa c ilitie s  fo r p a r t- t im e  t r a in in g  
d u r in g  th e  d a y  fo r  one or tw o days a  week. 
L it t le  p rov ision  of th is  k in d  is m ad e  fo r  or 
used by th e  fo u n d ry  in d u s try . P a r t - t im e  con
tin u e d  e d u ca tio n  is t r e a te d  f u r th e r  below. I t  is

un d ersto o d  t h a t  p a r t- t im e  ev en in g  co n tin u a tio n  
ed u ca tio n , w hich, of course, is e n tire ly  volun
ta r y ,  a tt r a c ts  ab o u t 5 p e r cen t, of those eligible 
to  a t te n d  ( i.e .,  those  be tw een  14 and  18 not 
p u rsu in g  a fu ll- tim e  ed u ca tio n a l course), while 
a  f u r th e r  5 p e r cen t, of those  in  in d u s try  a lready 
ta k in g  p a r t- t im e  e d u ca tio n  a tte n d  p a rt-tim e  
d a y , as d is t in c t  from  even in g  courses. These 
figures r e fe r  to  in d u s try  as a whole. Em ployers 
can  g re a t ly  a ss is t a tte n d a n c e  by encouraging 
a p p re n tic e s  to  a tte n d , p ay in g  fees, and  so on.

A p p re n tic e s h ip
I n  days w hen in d u s try  w as m ain ly  a 

“  m y s te ry ,”  an d  an  affa ir of p ra c tic a l experience 
an d  in d iv id u a l c ra f tsm a n sh ip , developed from  a 
long p e rio d  of t r a in in g ,  in d e n tu re d  ap p ren tice 
sh ip  w as th e  m eth o d  of t r a in in g . A fte r  serving 
a m as te r , th e  a p p re n tic e  g a in ed  fu r th e r  know
ledge an d  ex p erien ce  by w ork ing  elsew here, as a 
jo u rn e y m a n . T he changes in  in d u s try  have, 
ex cep t in  a c o m p ara tiv e ly  sm all nu m b er of cases, 
re su lte d  in  a decline  in  ap p ren tice sh ip , and 
y o u n g  people e n te r in g  th e  in d u s try  o b ta in  their 
ex p erien ce  of th e  in d u s try  on w h a tev er work is 
g o ing  th ro u g h  th e  shops, w ith o u t e n te r in g  into 
an  o b lig a tio n  b in d in g  on e ith e r  em ployer or 
a p p re n tic e . A d is tin c tio n , how ever, does still 
p e rs is t  b e tw een  th e  young  m an  who works on an 
a p p re n tic e  basis an d  th e  h an d y  y o u th  who works 
to  sa tis fy  h is im m ed ia te  need  fo r employment 
r a th e r  th a n  to  le a rn  th e  tra d e .  L e a rn in g  from 
ex p erien ce , how ever, c an n o t s tr ic tly  be regarded 
as t r a in in g ,  w hich  invo lves tw o th in g s .

W h a te v e r  th e  l im ita t io n s  of a shop in  size or 
scope of w ork , y o u n g  people be in g  tra in e d  should 
hav e  o p p o r tu n it ie s  of w o rk in g  on all th e  types 
of w ork  in  th e  shop, w ith , if  possible, periods 
in  p a tte rn m a k in g  as well as m o u ld in g  and  core- 
m ak in g , as well as a  b r ie f  spell in  a machine 
shop. T he d i aw in g  office a n d  lab o ra to ry  could be 
inc lu d ed  in  ex cep tio n a l cases. Secondly, young 
people should  be t a u g h t  th e  o p e ra tio n s instead 
of b e in g  allow ed m ere ly  to  p ick  th em  up  by 
w a tch in g  o lder m en . S uch  t r a in in g  is  n o t only 
v a lu ab le  in  c o n fe rr in g  m an u a l sk ill. The experi
ence of shop d isc ip lin e , shop o rg a n isa tio n , of co
o p e ra tio n  to  a com m on e n d , a re  also very  valu
ab le  p a r ts  of th e  t r a in in g ,  a n d , m ore  th a n  any
th in g  else, a spell in  th e  shops shows a  young 
m an  w h e th e r he finds th e  in d u s try  congenial and 
his em ployers w h e th e r he h as th e  q u a litie s  needed 
fo r p ra c tic a l fo u n d ry  o p e ra tio n s . I t  will be 
obvious t h a t  such  t r a in in g  can  only  be obtained 
in  an  in d u s tr ia l  e s tab lish m en t, an d  th a t  no 
school o r college can  u se fu lly  offer o r claim  to 
offer p ra c tic a l t r a in in g  in  lieu  o f th is .

A t th e  sam e tim e , p ro v id ed  th is  is understood, 
th e  l im ite d  p ro v isio n  offered by  technical 
colleges serves a u se fu l p u rp o se , in  fac ilita tin g  
e x p e rim e n ts  im p ra c tic a b le  in  a  w orks, and



in p ro v id in g  in s tru c t io n  in  e lem en tá is  to  
those engaged  in  en g in e e rin g  an d  o th e r  m eta l
lurgical o p e ra tio n s  a n d  n o t in  th e  fo u n d ry  t ra d e  
itself. The sam e ap p lies  in  lesser deg ree  to  th e  
small t r a in in g  shop fo r  a p p ren tic e s  in  la rg e r  
works, such as a re  o ften  found  on th e  C o n tin e n t. 
I t  has th e  a d v an tag e  of o ffering  w ork  care fu lly  
g raduated  in  d ifficulty  to  th e  hoy in  h is early  
stages, b u t th e  period  th e re  should  n o t be u n d u ly  
prolonged.

In one la rg e  B r i tish  works, a schem e is found  
which ad m irab ly  com bines th e  need to -d ay  fo r 
combined p ra c tic a l ex p erien ce  an d  tech n ica l 
knowledge. S ix  m o n th s’ p ro b a tio n  is served 
after educa tion , p re fe ra b ly  a t  a ju n io r  tech n ica l 
or cen tra l school, an d  a physical e x am in a tio n  is 
passed. Skilled a p p re n tic e  in s tru c to rs  superv ise  
the p rac tica l t r a in in g , w hich  is te s te d  every  six 
months, and  in s tru c tio n  in  su b jec ts  of g en era l 
and technical ed u ca tio n  is p ro v id ed  in  th e  
works’ school. F a c ilitie s  ex is t w hereby  every  
ambitious young  m an  m ay rise  to  a  post of 
superior responsib ility . I n  t r a in in g  u n iv e rs ity  
men for en g in eerin g  posts, th e  sam e com pany 
arranges fo r th e  th re e  m o n th s of th e  first y ear 
to be spen t in  th e  fo u n d ry  o r p a tte rn sh o p .

Such a scheme well i llu s tra te s  n o t only th e  
requirem ent to -d ay  of a co m b in a tio n  of m an u a l 
skill and techn ica l know ledge, b u t  also of an  
adap tab ility  of m ind  to  m ee t th e  changes in 
dustry will p roduce. As a whole, i t  m u s t be 
regretfully  a d m itte d  th a t  only a  sm all p ro p o r
tion of those e n te r in g  th e  in d u s try  a re  p ra c t i
cally and techn ica lly  tra in e d  fo r w h a tev e r g rad e  
they hope to  occupy w ith in  it.

The m ain  ob jection  to  an  a p p ren tic e sh ip  con
fining the  young m an  to  one fo u n d ry  is th a t ,  
even in a good g en era l fo u n d ry , th e  v a r ie ty  of 
work is lim ited . One in te re s t in g  proposal to  
overcome th is  difficulty , d ue  to  Inga ll,*  p rov ided  
th a t appren tices u n d e rg o in g  a fu ll-tim e  tw o-year 
course of t r a in in g  in  th e  a re a  served by th e  
C onstantine T echnical College, M idd lesb rough , 
should reg u la rly  v is it  an d  w ork  in  th e  whole of 
the shops send ing  a p p ren tic e s  to  th e  g ro u p . I t  
is u n fo rtu n a te  t h a t  th is  schem e of fu ll-tim e  
train ing  is a t  p re sen t su spended , a lth o u g h  i t  
may be revived on a sandw ich basis of six 
months in th e  College and  six m on ths in  th e  
works.

I t  is now proposed to  consider th e  fac ilitie s  
offered to  an d  q u a lifica tions open to  th e  o p e ra 
tive, the  tech n ica l an d  th e  ex ecu tiv e  g ra d es  fo r 
technical t ra in in g , b e a r in g  in  m in d  t h a t  e x p e ri
ence in a fo u n d ry  is n o t n ecessarily  fo u n d ry  
tra in ing  and  th a t  fo u n d ry  ed u ca tio n  is only one 
factor in  success in  fo u n d ry  ex ecu tiv e  w ork.

Techn ica l T ra in in g  fo r  th e  O p e ra t iv e  
o r  C ra fts m a n

In  p ro v id in g  fa c ilitie s  fo r  y oung  people to  
acquire some know ledge of th e  tech n ica l basis

u n d e rly in g  th e  in d u s try , th e  tech n ica l schools 
have  to  face  tw o co n d itio n s w hich m a te ria lly  
affect th e  n a tu re  of these . T he first con d itio n  
is t h a t  a tte n d a n c e  is on a v o lu n ta ry  basis, and 
i t  is only  in  re c e n t y ears  t h a t  tech n ica l schools 
have  been ab le  to  ind u ce  s tu d e n ts  to  ta k e  a 
course  in  closely a llied  or g ro u p ed  sub jects, 
as d is tin g u ish e d  fro m  iso la ted  su b jec ts . T he con
sequence of th is  is t h a t  a tte n d a n c e  is u n d e r ta k e n  
only  by th o se  m ore ab le  a n d  fa r-s ig h te d  young 
people who d esire  to  m ak e  use  of th e  ed u ca tio n  
in  secu rin g  positions of h ig h e r  re sp o n sib ility . 
T h is is a  p e rfec tly  n a tu ra l  a n d  d esirab le  proce
d u re , a n d  g ives v a lu ab le  help  to  th ose  who would 
prev iously  hav e  r ise n  p u re ly  by v ir tu e  of 
q u a litie s  of c h a ra c te r , p e rso n a lity  an d  persever
ance, b u t  who would to -d ay  find them selves u n 
d u ly  h a n d ic ap p e d  by lack  of tech n ica l know ledge. 
W ere  th e  e d u ca tio n  system  faced  w ith  p ro v id in g  
in s tru c tio n  fo r  a ll young  people in  in d u s try , th a t  
is, on  a  com pulsory  basis, th e  m ethod  of ap p ro ach  
w ould necessarily  be  e n tire ly  d iffe ren t.

T he second co n d itio n  is  t h a t  th e  schools c an n o t 
confine in s tru c tio n  in  fo u n d ry  su b jec ts  to  pu re ly  
fo u n d ry  s tu d e n ts , w ith  th e  re su lt  t h a t  in  fo u n d ry  
classes th e re  is alw ays, a p a r t  fro m  m oulders an d  
p a tte rn m a k e rs , a p ro p o rtio n  of s tu d e n ts  from  
o th e r  b ran ch es of e n g in e e rin g  an d  o th ers  who fo r 
v a rio u s reasons d esire  to  le a rn  som eth ing  of 
fo u n d ry  science. T his m a te ria lly  affects th e  a t t i 
tu d e  of th e  tech n ica l colleges to  p ra c tic a l w ork, 
fo r s tu d e n ts  o u ts id e  th e  in d u s try  have  no op p o r
tu n ity  of g a in in g  any  in s ig h t in to  p ra c tic a l 
fo u n d in g  e x ce p t th ro u g h  such provision  as is 
m ad e  by th e  tech n ica l colleges, a lth o u g h  th e  
fo u n d ry  a p p re n tic e  can  only lea rn  h is t r a d e  in 
th e  fo u n d ry  itse lf . T h ere  is also d ifficulty  in  ob
ta in in g  su itab le  tea ch e rs  of fo u n d ry  sub jec ts . The 
sk illed  p ra c tic a l m an  does n o t a lw ays possess th e  
necessary  g i f t  fo r  im p a r t in g  h is know ledge and  
th e  tr a in e d  teach e r has seldom  h ad  t r a in in g  e ith e r  
in  fo u n d ry  science or p rac tice . T his deficiency 
is now, how ever, be ing  m ade good.

I n  fo rm u la tin g  courses fo r  tb e  tech n ica l t r a in 
in g  of young  fo u n d rv m en , i t  is g en era lly  con
s id e red  th a t ,  fo r even in g  s tu d y , tw o y e a rs ’ p a r t-  
tim e  w ork is re q u ire d  in  ca lcu la tio n s, science and  
d raw in g , in  o rd e r to  e stab lish  th e  necessary  foun
d a tio n s  beyond th e  w ork of th e  p r im a ry  school, 
a n d  a  f u r th e r  th re e  y e a rs ’ w ork  to  en ab le  th e  
a p p re n tic e  to  reach  a  q u a lify in g  s ta n d a rd . 
Secondary  an d  ju n io r  techn ica l school boys m ay, 
of course, sh o r t-c irc u it  th e  p re lim in a ry  course. 
T he q u a lify in g  s ta n d a rd  is a d m irab ly  prov ided  by 
th e  ex am in a tio n s  of th e  C ity  a n d  G uilds of 
L ondon I n s t i tu te ,  w hich  co n ducts each y e a r  tw o 
e x am in a tio n s  in  p a tte rn m a k in g , in te rm ed ia te  
an d  adv an ced , a n d  one e x am in a tio n  in  fo u n d ry  
scienoe a n d  p ra c tic e , w hich  a t  a  la te r  d a te  m ay 
be s im ila rly  d iv id ed  in to  tw o g rad es. T he exam i
n a tio n s  a re  co n tro lled  th ro u g h  an  A dvisory  Com- 
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m itte e , la rg e ly  n o m in a ted  by th is  I n s t i tu te .  The 
ex am in a tio n s  a re  wholly w r i t te n  a n d  w ith o u t th e  
w ho leh earted  co -o p era tio n  of th e  in d u s try  i t  
would n o t be possible to  a r ra n g e  p ra c tic a l e x am i
n a tio n s  a t  a la rg e  n u m b er of c en tre s , b u t  fo r th e  
reasons in d ic a te d  above, th e  w r i t te n  e x am in a tio n  
m eets th e  re q u ire m e n ts  of th e  p re se n t v o lu n ta ry  
basis v ery  sa tis fa c to r ily . T he sy llabuses fo r th ese  
C ity  a n d  G uilds e x am in a tio n s  a re  av a ilab le  to  
those  in te re s te d  on a p p lic a tio n  to  th e  I n s t i tu te .

So m uch c ritic ism  is d irec te d  a t  e x am in a tio n s  
a n d  ex am in in g  bodies t h a t  i t  is sa tis fa c to ry  to  
r e p o r t  th e  fav o u ra b le  in fluence of th ese  p a r 
t ic u la r  ex am in a tio n s  on  th e  g ro w th  of fo u n d ry  
in s tru c tio n , fo r  th e re  is l i t t le  d o u b t  t h a t  th e  
ex is tence  of th e  C ity  an d  G u ilds sy llabus has 
fa c i li ta te d  th e  p rov ision  of classes by th e  te c h 
nical colleges. I n  1930 In g a ll  re p o rte d  t h a t  27 
tech n ica l colleges p ro v id in g  classes in  fo u n d ry  
technology  h a d  b a re ly  200 s tu d e n ts . I n  a  re ce n t 
in q u iry , th e  a u th o r  h ad  rep lie s  from  a b o u t 40 
tech n ica l colleges, p ro v id in g  classes in  p a tte rn -  
m ak in g  a n d /o r  fo u n d ry  w ork , a b o u t 30 of w hich 
specifically p rov ide  courses lea d in g  to  th e  C ity  
an d  G uilds e x am in a tio n s , w hile sev era l o th e rs  a re  
m ak in g  prov ision  fo r th is  in  th e  n e a r  fu tu re .  In  
severa l o th e r  cases s tu d e n ts  a re  p re p a re d  fo r th e  
ex am in a tio n s  of v a rio u s re g io n a l bodies, such  as 
th e  U n ion  of L an cash ire  a n d  C hesh ire  I n s t i tu te s ,  
or th e  E a s t  M id lau d s E d u c a tio n a l U n ion .

W hile  no specific in q u iry  was m ad e  ab o u t 
n u m bers, th e  in fo rm a tio n  rece ived  suggested  
t h a t  in  e ig h t  of these  in s t i tu t io n s  th e  n u m b er 
of s tu d e n ts  to ta lle d  n e a rly  doub le  t h a t  reco rd ed  
by In g a ll , a lth o u g h  th e re  w as v e ry  g en era l 
adm ission  of th e  d ifficulty  of secu rin g  th e  
p resence and  re g u la r  a tte n d a n c e  of fo u n d ry  
s tu d e n ts . A t th e  sam e tim e , fro m  th e  scan ty  
d a ta  ava ilab le , i t  is th o u g h t  t h a t  th e  fo u n d ry  
in d u s try  is a t  lea s t u p  to  th e  a v erag e  of o th e r 
in d u s tr ie s  in  th e  p ro p o rtio n  of yo u n g  m en u n d e r
ta k in g  v o lu n ta ry  p a r t- t im e  ed u ca tio n . T he p ro 
v ision  of sy llabuses fo r th ese  e x am in a tio n s  an d  
th e  p re p a ra tio n  of e x am in a tio n  p a p ers  by th ose  
closely in  to u ch  w ith  th e  in d u s try  h av e  u n d o u b t
edly h a d  a fav o u rab le  in fluence , an d  th e  te c h 
n ica l colleges a re  to  be c o n g ra tu la te d  on th e i r  
e ffo rts to  e stab lish  classes.

T e c h n ic a l T ra in in g  fo r  In te rm e d ia te  G rades

The dev elo p m en t of th e  in d u s try  has re su lted  
in  a v ery  m uch m ore d iversified  g ro u p  of occu
p a tio n s  an d  a g re a te r  d em and  fo r m en  n eed in g  
some tech n ica l know ledge th a n  was th e  case a 
few y ears  ago, such posts in c lu d in g  chem ists, 
la b o ra to ry  a s s is ta n ts , in sp ec to rs , te s te rs , e s tim a 
to rs , r a te  fixers, p ro g ress m en , a n d  so on. Those 
who h av e  such posts, o r th e  m ore am b itio u s 
w orkm en who hope to  g e t th em , a re  p ro v id ed  fo r 
by th e  en d o rsem en t in  fo u n d ry  science of th e  
N a tio n a l C e rtif ica te  in  M echanical E n g in e e r in g ,
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o rd in a ry  o r h ig h e r, of th e  In s t i tu t io n  of 
M echan ica l E n g in eers .

The n a tio n a l c e rtif ic a te , re su ltin g  from  a co
o rd in a te d  a n d  progressive  course of s tu d y  in  a 
p a r t ic u la r  g ro u p  of su b jec ts , is th e  n a tu ra l  re 
su lt  of th e  d evelopm en t of th e  course system 
in  te c h n ica l schools, and  usu a lly  a certificate 
can  be o b ta in e d  a f te r  th re e  y e a rs ’ s tu d y  fo r the 
o rd in a ry  c e rtif ic a te  an d  ab o u t five y ears fo r the 
h ig h e r  ce rtif ic a te , which is re g a rd e d  as reaching 
u n iv e rs ity  d eg ree  s ta n d a rd  in  i ts  p a r tic u la r  sub
jec ts . A b o u t e ig h t of th ese  certifica tes a re  now 
av a ilab le  in  v a rio u s b ran ch es, m echanical, elec
t r ic a l  a n d  g as e n g in e e rin g , ch em istry , e tc . Since 
no such c e rtif ic a te  ex is ts  in  m e ta llu rg y  and since 
th e  p ro d u c tio n  of c a s tin g s  is as m uch an engi
n e e rin g  as a m e ta llu rg ic a l ta sk , a rran g em en ts  
w ere m ade  by th e  I n s t i tu te  fo r th e  endorsem ent 
in  fo u n d ry  science a n d  p ra c tic e  of o rd in a ry  and 
h ig h e r  n a tio n a l  c ertifica tes , issued u n d e r the 
æ gis of th e  In s t i tu t io n  of M echan ica l E ngineers. 
T h is can  be done by th e  s tu d e n t  ta k in g  a course 
su b seq u en t to  o b ta in in g  th e  ce rtif ic a te  or during  
th e  c e rtif ic a te  course.

In  acco rd an ce  w ith  th e  u su a l p rac tice  govern
ing  n a tio n a l  c e rtif ic a te  e x am in a tio n s , th e  sylla
buses a n d  e x a m in a tio n  p a p e rs  a re  a rra n g e d  by 
th e  tec h n ica l college a n d  e x te rn a lly  assessed, 
w hile th e  sc r ip ts  a re  m ark ed  by th e  college and 
assessed e x te rn a lly . T he college is therefo re  
m u e t  f re e r  th a n  those  te a c h in g  to  an  ex ternal 
sy llabus, a n d  local in d u s tr ia l  req u irem en ts  can 
be k e p t  in  m in d . W hile  th e  p re sen t position 
w ith  re g a rd  to  q u a lifica tio n  fo r th e  in te rm ed ia te  
tec h n ica l g ra d es  c an n o t be re g a rd e d  as en tirely  
sa tis fa c to ry , th e  a r ra n g e m e n t does offer some
th in g  u n til  a b e t te r  basis can  be established. 
In fo rm a tio n  rece ived  su g g ests t h a t  e ig h t techni
cal colleges offer o r a re  p re p a re d  to  offer courses 
lead in g  to  th e  fo u n d ry  en d o rsem en t of the 
H ig h e r  o r  O rd in a ry  N a tio n a l C ertifica te , and one 
college offers a F o u n d ry  E n g in e e r in g  Course 
lead in g  to  th e  O rd in a ry  C e rtif ica te  in  subjects 
best ca lcu la te d  to  a ss is t th e  fo u n d ry  engineer. 
F o r  those w ho a re  in  a  p o sitio n  to  beg in  the 
course  w ith  th e  a im  of fo u n d ry  en d o rsem en t in 
view , such a  fo u n d ry  e n g in e e r in g  course is to 
be w arm ly  com m ended.

T e c h n ic a l T ra in in g  fo r  E x e c u tiv e  G rades
T he g ro w th  of fo u n d ry  science necessitated  

p rov ision  fo r th e  tec h n ica l t r a in in g  of those  who 
exerc ise  e x ecu tiv e  re sp o n sib ilitie s . F u rth e rm o re , 
th e  g ro w th  in  size of fo u n d rie s  an d  of m echani
sa tio n  m akes i t  d e s irab le  t h a t  in  such estab lish
m en ts  th e re  should  be severa l m en in  various 
key po sitio n s who a re  a d eq u a te ly  qualified  tech
n ica lly , an d  i t  w ill be  c le a r  t h a t  while th is 
t r a in in g  is in d ic a te d  fo r  ex ecu tiv e  g ra d es , i t  is 
also in te n d e d  fo r th o se  whose resp o n sib ilitie s  are 
m ain ly  tech n ica l o r b o th  tec h n ica l an d  execu tive .



A lthough u n iv e rs itie s  fo rm  a n a tu r a l  re serv o ir 
of m en w ith  th e  h ig h e s t tech n ica l q u a lifica tions, 
as in d ica ted  above, th e  n u m b er of g ra d u 
ates leav ing  th ese  d e p a r tm e n ts  a n n u a lly  
does n o t en co u rag e  th e  b e lie f t h a t  a 
large accession of u n iv e rs ity - tra in e d  m en  to  
the foundry  in d u s try  can  be ex p ec ted , e ith e r  
now or in  th e  im m ed ia te  fu tu re ,  a lth o u g h , of 
course, a sm all n u m b er of g ra d u a te s  do find 
their way in to  th e  in d u s try .

Loughborough College m akes p rov ision  fo r 
foundry teach in g , b u t  m ain ly  fo r i ts  e n g in eerin g  
students, as fa r  as day  in s tru c tio n  is concerned. 
A few years ago th e  U n iv e rs ity  of Sheffield, w ith  
the co-operation of th e  I n s t i tu te  an d  w ith  th e  
financial assistance  of a n u m b er of firm s in  th e  
industry, m ade prov ision  fo r  in s tru c tio n  in  fo u n 
dry science, and  i t  is u n d e rs to o d  th a t  c a n d id a te s  
for the  honours deg ree  in  m eta llu rg y , invo lv ing  
three years’ s tu d y  a f te r  th e  in te rm e d ia te  ex am i
nation, m ay ta k e  e ith e r  fe rro u s  m e ta llu rg y , non- 
ferrous m eta llu rg y  or fo u n d ry  m e ta llu rg y . S ince 
the scheme was begun in  1935, sufficient tim e  
has not elapsed to  see to  w h a t e x te n t  th e  schem e 
yields rec ru its  to  th e  in d u s try , a lth o u g h  th e re  
is already l i t t le  d o u b t t h a t  i t  h as  h ad , from  a  
foundry p o in t of view, a beneficial in fluence  on 
the tra in in g  of m e ta llu rg is ts  in  g en era l. F u r 
ther reference to  th e  Sheffield schem e will n o t be 
made here, as i t  is u n d ersto o d  t h a t  fu lle r  t r e a t 
ment is being g iven  in  a n o th e r  P a p e r .

The difficulty of t r a in in g  m en  th ro u g h  in s t i tu 
tions outside th e  in d u s try  is h e ig h ten ed  by th e  
difficulty of know ing w h e th er a g iven  can d id a te  
so tra in ed  will find th e  in d u s try  congen ial to  
him and, as in o th e r fields of a c tiv ity , th e  h ig h er 
branches of fo u n d ry  w ork call fo r q u a litie s  of 
personality, c h a ra c te r  an d  ex perience , n o t 
necessarily b ro u g h t o u t o r developed by a  fo rm al 
scheme of ed u ca tio n . T he skilled  fo u n d ry  ex ecu 
tive can co m p ara tiv e ly  qu ick ly  m ake  up  his 
mind w hether a young  m an  has th e  necessary  
qualities fo r success in fo u n d ry  w ork , an d  a n 
other proposal fo r a fu ll-tim e  t r a in in g  scheme 
put forw ard by th e  a u th o r  in  1934 was based in 
part on a reco g n itio n  of th e  im possib ility  of 
teaching p rac tica l fo u n d ry  w ork in  a  school and  
of the fa c t t h a t  th e  in d u s try  itse lf  was in  a 
measure th e  b e s t possible sieve fo r d e te rm in in g  
what men were likely to  be successful in  i t .  I t  
was fu rth e rm o re  th o u g h t th a t ,  to  be successful, 
any school fo r t r a in in g  fou n d ry m en  should  be 
associated w ith  th e  in d u s try  in  a w ay w hich has 
not perhaps been fu lly  ach ieved  e ith e r  in  th is  or 
in any o th e r sphere, a n d  th ese  co n sid e ra tio n s  led 
to the  estab lish m en t of th e  B r itish  F o u n d ry  
School, of which a b r ie f  d esc rip tio n  can  now be 
given.

T h e  B ritis h  F o u n d ry  School
The School opened fo r i ts  f irs t session in  1935 

and is now in  i ts  fo u r th  y ea r. The course las ts

fo r one academ ic y ea r, from  S ep tem b er to  Ju ly . 
The School is financed  in  p a r t  by a g ro u p  of ten  
in s titu tio n s , of which th e  I n s t i tu te  is one, be ing  
resea rch  assoc ia tions, t r a d e  asso c ia tio n s or tech 
n ica l in s t i tu t io n s  connected  w ith  th e  in d u s try  
(A p p en d ix  I  g ives a  l is t  of th e  in i t ia l  g ro u p  con
cern ed ), in  p a r t  by d o n a tio n s from  in d u s tr ia l  
firm s, m  p a r t  by s tu d e n ts ’ fees, an d  in  p a r t  by 
a g r a n t  from  th e  B o ard  of E d u ca tio n . T he su b 
sc rib in g  in s t i tu t io n s  an d  bodies n o m in a te  re p re 
se n ta tiv e s  to  th e  G overn ing  B ody, to  which a 
n u m b er of p ro m in e n t in d u s tr ia l is ts  have  also 
been co-opted, an d  th e  a u th o r  has th e  ho n o u r of 
b e in g  its  H o n o ra ry  A dviser an d  H o n o ra ry  
T re a su re r .

T he School is th u s  e n tire ly  co n tro lled  by th e  
in d u s try  th ro u g h  its  G overn ing  B ody, b u t  i t  is 
necessary  to  m ak e  am ply  c lear t h a t  th e  fu lle st 
co -opera tion  is exerc ised  w ith  th e  ed u ca tio n a l 
a u th o r i t ie s , b o th  n a tio n a l an d  local, an d  bo th  
th e  B oard  of E d u ca tio n  a n d  th e  B irm in g h am  
E d u c a tio n  C om m ittee  a re  re p re se n ted  on th e  
G overn ing  Body. In d eed , i t  would n o t be too 
m uch to  say t h a t  w ith o u t th e  b ro ad -m in d ed  an d  
co n tin u o u s help  of th e  B o ard  of E d u c a tio n  and  
p ra c tic a l a ssistan ce  from  th e  local a u th o r ity , th e  
School could n e ith e r  have  come in to  ex istence 
n o r c o n tin u ed  to  fu n c tio n . B irm in g h am  was 
chosen as a co n v en ien t c e n tra l  c ity  in  w h a t is 
p e rh ap s  th e  m ost densely  p o p u la te d  fo u n d ry  a rea  
in  th e  c o u n try , an d  fo r  convenience th e  School 
is housed in  th e  b u ild in g s of th e  B irm in g h am  
C e n tra l T echnical College, by a r ra n g e m e n t w ith  
th e  B irm in g h am  E d u ca tio n  C om m ittee . The 
School is n a tio n a l in  c h a ra c te r  an d  aw ards a 
D ip lom a on th e  re su lt  of i ts  a n n u a l ex am in a tio n , 
w hich is endorsed  by th e  B o ard  of E d u ca tio n .

I t  is necessary  to  em phasise th e  fa c t t h a t  th e  
whole ra n g e  of fo u n d ry  p ro d u c tio n  is covered 
by th e  School, g rey  iro n , w h ite  an d  chilled  iro n , 
m alleab le  c a s t iro n , cas t steel an d  c a s t non- 
fe rro u s  m eta ls , since th e  p rin c ip les  of fou n d in g  
a re  comm on to  all an d  th e  s tu d e n t is n o t  p e r
m itte d  to  specialise. T he cu rric u lu m  is av a il
able to  those in te re s ted .

The n u m b er of s tu d e n ts  can  in  th e  n a tu re  of 
th e  case n e v er be la rg e . T h irty -s ix  s tu d e n ts  
h ave  been en ro lled  to  d a te , an d  an  a n n u a l en 
ro lm en t of tw elve to  fifteen  s tu d e n ts  w ill ju s tify  
i ts  co n tin u an ce . Ju d g in g  by th e  ex p erien ce  of 
th e  F re n c h  F o u n d ry  H ig h  School in  P a r is , to  
w hich th e  B r i tish  F o u n d ry  School has s im ila ri
tie s , th e re  should  be no d ifficulty  in  secu rin g  a 
m in im u m  of tw e n ty  s tu d e n ts  p e r an n u m , which 
w ould fo r - th e  tim e  be ing  be re g a rd e d  as a m ax i
m um .

The School a im s a t  a t t r a c t in g  young  m en who 
have  a lre ad y  e n te re d  th e  in d u s try , who have 
o b ta in ed  some p ra c tic a l experience  in  i t ,  and  
who have  some tech n ica l know ledge, a t  least 
e q u iv a len t to  t h a t  of an  o rd in a ry  o r h ig h er
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n a tio n a l c e rtif ic a te , a n d  who g ive ev idence  th a t  
th ey  a re  su itab le  fo r ad v an cem en t to  h ig h e r  re 
sp o n sib ilities . I n  th e  la rg e  m a jo r i ty  of cases 
th ese  y oung  m en a re  n o m in a ted  by  th e i r  em 
ployers, who b o th  p ay  th e  School fee (£30  fo r 
th e  session) a n d  m a in ta in  th e  s tu d e n t  d u r in g  
th e  period  of in s tru c tio n  ( £ 1 1 0  to  £ 1 2 0  is a 
reasonab le  m in im u m  fo r  th is  p e rio d ). A t th e  
sam e tim e , n o th in g  p re v en ts  a  su ita b ly  qualified  
s tu d e n t  from  ta k in g  th e  course on b is own 
in it ia t iv e  a n d  in  some a re a s  local E d u c a tio n  
C om m ittees a re  p re p a re d  to  a id  su ita b le  s tu d e n ts  
who w ould o therw ise  find fin an c ia l difficulty  in 
e n te r in g . T he a v erag e  ag e  of th e  s tu d e n ts  is 
ab o u t tw e n ty -fo u r, an d  ab o u t one-seven th  of th e  
c an d id a te s  have  been  to  pub lic  schools, a n d  a 
s im ila r  p ro p o rtio n  have  u n iv e rs ity  deg rees. The 
G overn ing  B ody preserves a m easu re  of e las
t ic i ty  in  assessing  e n tra n c e  re q u ire m e n ts , be ing  
p re p a re d  to  ba lan ce  m ore o r less tech n ica l ed u ca 
tio n  w ith  less or m ore p ra c tic a l ex p erien ce , if  
th ey  a re  sa tisfied  t h a t  th e  c a n d id a te  is of th e  
r ig h t  calib re . T he m ix in g  fo r a  y e a r  of a  g roup  
of yo u n g  m en w ith  v a ry in g  ex p erien ce  an d  
t r a in in g  is of th e  h ig h es t va lue  to  th em  a n d , 
a p a r t  from  th e  U n ite d  K in g d o m , s tu d e n ts  have  
been se n t to  th e  School from  New Z ea lan d , 
S o u th  A frica , I n d ia  an d  E g y p t.

T he cu rric u lu m  is such as to  m ake  a  very  
h a rd  y e a r ’s w ork, an d  considerab le  dem ands a re  
m ade on th e  s tu d e n ts ’ own tim e , so t h a t  th ey  
a re  n o t p e rm itte d  to  ta k e  a d d itio n a l w ork, 
a lth o u g h  in  c e r ta in  cases p a r t- t im e  classes a re  
specified in  th e  College to  equalise  v a r ia tio n s  in  
ex p erience  a n d  t r a in in g .  T be basic  p a r t  of th e  
c u rric u lu m  consists of le c tu re s  by th e  le c tu re r-  
in -ch arg e, M r. J .  B am fo rd , B .S c ., a n d  th e  p e r
m an e n t sta ff, w ith  p ra c tic a l w ork  in  m e ta llu rg i
cal analysis, m icroscopic e x a m in a tio n , m ech an i
cal te s tin g , san d  te s tin g , p y ro m etry  a n d  fo u n d ry  
w ork. N o a t te m p t  is m ad e  to  te a c h  p ra c tic a l 
fo u n d in g , since p ra c tic a l ex p erien ce  in  a  fo u n d ry  
is a  re q u ire m e n t fo r adm ission  to  th e  c o u rs e ; 
n e ith e r  a re  s tu d e n ts  ta u g h t  to  becom e lab o ra to ry  
w orkers, b u t  r a th e r  to  u n d e rs ta n d  an d  in te r p r e t  
th e  re su lts  of lab o ra to ry  te s ts .  They do, how 
ever, c a rry  o u t  p ra c tic a l w ork  in  m e ta l m ix in g  
and  m eltin g  p ra c tic e , and  v a rio u s  a sp ects of 
m an a g em e n t such  as co stin g  and  tim e  s tu d y  a re  
i llu s tra te d .

A p a r t  from  th is  basic  w ork, th e  cu rric u lu m  
has c e r ta in  spec ia l fe a tu re s . T he firs t of th ese  
is a  series of lec tu re s , 1 0 0  to  1 2 0  in  n u m b er, by 
n a tio n a lly -k n o w n  fo u n d ry  spec ia lis ts , and  n o t 
only is an  ex cep tio n a l ra n g e  of p ra c tic a l know 
ledge th u s  p laced a t  th e  d isposal of th e  s tu d e n ts , 
b u t c o n ta c t is p ro v id ed  w ith  th e  o u ts ta n d in g  
m en in  th e  in d u s try , an d  each  lec tu re  is fo l
lowed by fu ll d iscussion . As o p p o r tu n ity  offers, 
lec tu re s  a re  g iven  by o u ts ta n d in g  v is ito rs  from  
overseas.

T he second special fe a tu re  of th e  cu rricu lum  
is th e  a r ra n g e m e n t each  week of a  fo u n d ry  v isit, 
a b o u t fo r ty  be ing  p a id  d u r in g  th e  School year, 
in c lu d in g  a g ro u p  of v is its  once a  y ea r to  a 
c e n tre  aw ay  from  th e  M id lan d s , a n d  so fa r  Scot
lan d , L ondon  a n d  th e  S o u th  an d  B elgium  and 
F ra n c e  h av e  been  v is ited . The v isits  a re  of the  
h ig h es t possible v a lu e  to  s tu d e n ts , and  the 
G o v ern in g  B ody is g re a tly  in d eb ted  to  those 
fo u n d rie s , b la s t  fu rn aces , e tc ., which p erm it 
v is its  to  ta k e  p lace.

T he th i r d  specia l f e a tu re  of th e  cu rricu lu m  is 
th e  tim e  a n d  a t te n t io n  devoted  to  w h a t a re  con
v e n ie n tly  te rm e d  m o u ld in g  an d  ca s tin g  studies 
an d  fo u n d ry  p la n n in g . I n  th e  m ould ing  and 
c a s tin g  s tu d ies , th e  s tu d e n t  is fu rn ish e d  w ith  a 
b lu e -p r in t  (or a  c a s tin g  o r a  p a t te rn )  and  is ex
p ec ted  to  p ro v id e  th e  whole of th e  d a ta  required  
fo r th e  com ple te  fo u n d ry  p ro d u c tio n  of th e  job, 
based  on th e  n u m b er of pieces req u ired . H e  is 
ex p ec ted  to  d e ta i l  com plete ly  th e  m ateria l 
eq u ip m e n t, te s ts  a n d  n u m b er of m an-hours re 
q u ired . H e  also p lan s fo u n d rie s  to  m ee t given 
p ro d u c tio n  re q u ire m e n ts  or m odifies ex isting  
p lans.

T he D ip lo m a e x a m in a tio n  p ap ers  an d  the 
sc r ip ts  by  th e  s tu d e n ts  a re  assessed by well- 
know n e x p e r ts  in  th e  in d u s try  a n d  th e  A nnual 
R e p o rts  of th e  School, g iv in g  d e ta ils  of the 
cu rric u lu m , lec tu re s , v is its  an d  financia l support, 
a re  av a ilab le  to  a ll in te re s te d , a n d  th e  Diploma 
e x a m in a tio n  p a p e rs  a re  also av ailab le . Four 
p ap ers  a re  g iv en  a t  th e  D ip lom a ex am in a tio n  in 
th e  th re e  su b je c ts  of fo u n d ry  m e ta llu rg y , foundry 
techno logy  (e q u ip m en t, m ethods, processes, 
m a te ria ls , e tc .) ,  a n d  fo u n d ry  m an ag em en t (cost
ing , e s tim a tin g , o rg a n is a tio n , a d m in is tra tio n , 
e tc .) . T h ere  a re  tw o  o th e r  p a p e rs , to  which the 
h ig h es t im p o rta n c e  is  a tta c h e d . I n  one the 
s tu d e n t  is u su a lly  offered th e  choice betw een an 
iro n  c a s tin g  a n d  a  s tee l ca s tin g , a n d  expected 
to  p ro d u c e  a co m p le te  schem e of fo u n d ry  pro
d u c tio n  on  th e  lin es in d ic a te d  above. In  the 
re m a in in g  p a p e r  he  is ex p ec ted  to  choose 
s im ila rly  a n d  d ea l w ith  a n o n -fe rro u s  casting, 
say , one in  b ra ss  o r one in  a lu m in iu m . A n a lte r
n a tiv e  to  one of th ese  q u estio n s is a  fo u n d ry  lay
o u t. T y p ical e x a m in a tio n  q u estio n s a re  detailed  
in  A p p en d ix  I I .

E x -s tu d e n ts  of th e  School have  a n  ac tiv e  body 
am ong th em selves fo r m a in ta in in g  social and 
pro fessio n al c o n ta c ts  know n  as th e  F oundry  
T echn ica l G ro u p , w hich  h a s  i ts  own officers, 
a n n u a l m ee tin g , e tc . E x -s tu d e n ts  r e tu r n  to 
th e ir  em ployers, an d  in  n e a r ly  a ll cases have 
been p ro m o ted  to  p o sitio n s of re sp o n sib ility  in 
th e  fo u n d ry .

F in n s  who w ould like  to  send  s tu d e n ts  to  the 
School, b u t  who do n o t have  su ita b le  cand idates, 
a re  recom m ended  to  em ploy a  su ita b ly  educated  
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young m an  fo r an  a p p ren tic e sh ip  of from  tw o 
to fou r y e a rs ’ d u ra tio n . F o r  a  u n iv e rs ity  man. 
two y ears’ a p p re n tic e sh ip  m ay  he re g a rd e d  as 
adequate, b u t  fo u r y e a rs  is necessary  fo r  a 
secondary school boy of, say , 17. T he la s t  y ea r 
of th is  ap p ren tice sh ip  irresp ec tiv e  of its  len g th  
should be sp e n t a t  th e  School. S uch  ap p ren tic e s  
may be re ad y  fo r  adm ission  a t  20. A  schem e 
is briefly o u tlin ed  in  A p p en d ix  I I I ,  a n d  o rd in a ry  
appren ticesh ips can  be m odified on  th ese  lines 
for th e  m ore p ro m isin g  m en.

I t  will be c lear t h a t  since s tu d e n ts  ta k in g  th e  
course r e tu rn  to  th e ir  em ployers by p rio r 
a rrangem en t, F o u n d ry  School s tu d e n ts  a re  n o t 
normally availab le  fo r em ploym ent. Y oung  m en 
employed on an  a p p re n tic e  basis an d  d esirin g  
admission a re  recom m ended  to  com plete th e ir  
technical ed u ca tio n  to  th e  s ta n d a rd  req u ired  for 
admission by p a r t- t im e  s tu d y  in  th e  a p p ro p ria te  
technical colleges. T he prob lem  of how th ey  
can be absorbed in to  th e  in d u s try  does n o t  a rise  
with s tu d en ts  of th e  F o u n d ry  School.

The a u th o r is freq u e n tly  appro ach ed  by firms 
desiring to  engage m en fo r  th e  in d u s try , an d  in  
a high p ro p o rtio n  of th e  cases th e  spec ifica tion  
is th a t which could be filled by a  d ip lom a s tu d e n t 
of the F o u n d ry  School, i .e .,  a  young  m an  ab o u t 
25 to 30 w ith  some p ra c tic a l ex p erien ce  and  suffi
cient technical know ledge to  be able to deal w ith  
foundry problem s, b o th  o f p ro d u c tio n  an d  
personnel. Of th e  people who m ig h t n o rm ally  
be considered, w ith o u t th e  School t r a in in g ,  th ey  
usually lack e ith e r  th e  p ra c tic a l know ledge (such 
as chemists and  o th e r lab o ra to ry  em ployees) or 
the technical know ledge (such as p a t te rn m a k e rs  
and m oulders), a lth o u g h  a su itab le  m an  from  
either side m ig h t be cap ab le  of d ea lin g  w ith  th e  
work a f te r  a period  a t  th e  School. T h e  a u th o r  
believes in  and  uses th e  p r in c ip le  as f a r  as 
possible of t r a in in g  an d  p ro m o tin g  m en who 
prove them selves inside  th e  o rg a n is a tio n , 
although th is , of course, by  no m eans m eets 
every case. In  o th e r  w ords, th e  only w ay in  
which th e  in d u s try  can  g e t t r a in e d  m en is to  
tra in  them . T his p ro ced u re  w ill ra is e  th e  
numbers and  q u a lity  of its e lf , because good m en 
respond to  th e  p o ss ib ility  of t r a in in g  and  
appreciate th e  s ta n d in g  of an  in d u s try  in  w hich 
tra in in g  is reg ard ed  as im p o r ta n t,  an d  a g re a te r  
choice of ap p lic an ts  is th e  re su lt.  T he w ider 
employment of tra in e d  m en will help  to  p rom ote  
the p roper p re p a ra tio n  of y o u n g e r m en.

W o rs h ip fu l C o m p a n y  o f Fo un ders
I t  is im possible to  conclude w ith o u t  re fe ren ce  

to the  re ce n t proposal of th e  W o rsh ip fu l Com
pany of F o u n d ers , based on th e i r  conv ic tion  th a t  
the  “ developm ent an d  progress of fo u n d in g  
and th e  science o f m e ta llu rg y  m u s t dep en d  very  
largely on a t t r a c t in g  to  th e  in d u s try  h igh ly  
tra ined  m en of o u ts ta n d in g  t a l e n t .”  They p ro 

pose to  aw ard  a  F ellow ship  of £250 p e r an n u m  
to  m en of c h a ra c te r  an d  in i t ia t iv e  who h av e  th e  
sc ien tific  t r a in in g  u su a lly  assoc iated  w ith  an  
h o n o u rs  deg ree . T h e  se lected  c an d id a te  m ay  do 
re sea rch , m ay  spend  a  p e rio d  in  a  w orks o r m ay 
go ab ro ad . As th e  fe llow ship is renew ab le  fo r  a 
second y e a r, th e re  w ill o rd in a r ily  be tw o fellow
sh ips in ex istence . T his schem e w ill be welcomed 
by a ll who h av e  th e  f u tu r e  w ell-being of th e  
in d u s try  a t  h e a r t ,  fo r i t  prom ises to  be as b ro ad 
m inded ly  a p p lied  as i t  is care fu lly  conceived.

C onclusion
M odern  fo u n d ry  t r a in in g  m u s t be based on 

good g en era l ed u ca tio n  fo r a ll g rad es  of work 
an d  re sp o n sib ility . I t  m u s t com prise  bo th  p rac 
tic a l ex p erien ce  an d  tech n ica l know ledge a p p ro 
p r ia te ly  ba lan ced  fo r each g ra d e . I t  m u st 
a t t r a c t  a d e q u a te  n u m bers of w orkers bo th  from  
th e  ra n k s  and  from  h ig h e r e d u ca tio n a l in s t i tu 
tions, a n d  th e  in d u s try  m u s t  offer a d eq u a te  
in cen tiv e  a n d  p o ss ib ility  of p rom otion  to  m en 
who p rove to  be of first-class ca lib re , irresp ec tiv e  
of th e  level a t  w hich e n te r in g  to  th e  in d u s try  is 
m ade. T ra in ed  m en  can  only be  g o t by tra in in g , 
a n d  th e  m ore d ifficult i t  becom es fo r  fo u n d ries  to  
do th is  them selves, th e  m ore  im p o r ta n t  i t  
becom es to  m ake use of th e  in s t i tu t io n s  described.
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A P P E N D IX  II
E x a m in a tio n  P apers fo r  B ritis h  Fo un dry  School

The work on moulding and casting studies in 
iron, steel or non-ferrous m etals is illustrated  by a 
typical question, below, while one is also given on 
foundry design.

(1) P lan  the  production in grey cast iron of the 
housing casting shown. Ten castings are required, 
w ith a possibility of fu tu re  small orders. The plan
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ning should be in accordance w ith the following
schemes :—

(a) Calculate the weight of the  casting, m aking 
suitable allowances for machining. Indicate  
the allowances you have made.

(b) Sketch and describe the  p a tte rn  and core
boxes in detail, sta ting  th e  m aterial used in 
th e ir m anufacture.

(c) Design the m oulding boxes to be used, includ
ing all details.

(d) Indicate  the  types of sand to  be used for the 
mould and cores, giving the  necessary tes t 
figures.

(e) Describe in detail th e  m ethod of moulding, 
core-making and closing, and illustra te  by 
sketches.

(/) Give the composition of th e  cast iron suitable 
for the casting. E xplain  why th is  particular 
composition has been chosen.

(¡7) W ork out the m ix ture  to be charged into a 
4-ton per hr. cupola and indicate the  m elting 
losses.

(h) E stim ate the to ta l man-hours required per 
casting.

(i) Assuming some nominal values for cost of 
m etal and overheads, work out the  selling 
price.

(7 ) W hat modifications, if any, to the casting 
design would you suggest to aid production 
and produce sounder castings in fu tu re  orders?

(2) A new non-ferrous foundry is to be b u ilt to 
take the place of an existing older shop. I t  is to 
use th e  existing patte rn  plates, patte rns and boxes. 
The required output can be obtained w ith :—

1 2  squeeze machines (sizei of box p a rt is 16 in. 
by 14 in. by 4 in. deep, production 80 boxes per 
man per day per machine).

1 2  hand-ram  pa tte rn  draw machines (size of box 
pa rt is 18 in. by 18 in. by 4£ in deep, production 
26 boxes per man per day per machine).

6  jo lt machines (size of box p a rt 24 in. by 21 in. 
by 5 in. deep, production 70 boxes per day per 
machine w ith 2  men per machine).

In  addition to the  area required for the above 
machines i t  will be necessary to provide about 
1 , 0 0 0  sq. ft. for loose-pattern moulders.

For the  melting p lan t a fu rth er space of approxi
m ately 500 sq. ft. should be provided.
Design a foundry to su it the above requirem ents, 

incorporating the following features :—
(a) Offices, foundry and pattern  stores, laboratory.
(b) Mechanised sand p lan t to feed machines.
(c) Roller conveyor(s) to serve machines, and other 

handling appliances.
(d ) Core shop suitable for about 1 2  core-makers 

(young persons).
(e) Stoves for oil sand cores and dry sand moulds.

A P P E N D IX  I I I
S ta ff A p p re n tic e s h ip

The existence of the  Foundry School has brought 
home to some foundry m anagers and proprietors the 
fact th a t there is no system atic method of en try  of 
better-educated young men into the industry , since 
they find they  have no suitable candidates to send. 
In  order to remedy this, the following suggestions 
are made, the common feature  of which is the final

year of apprenticeship a t  the  Foundry School. 
Foundries differ so much in size and character, and 
posts differ in requirements and responsibility, that 
a rigorously defined system of entry  is undesirable. 
The proposals are based on the foundry employing 
an apprentice w ith a view to  training him for a 
staff post.

Graduates.—U niversity  graduates in metallurgy, 
engineering, or in some branch of applied science, 
form  an adm irable source of suitable men. These 
men will, in general, have no practical training 
except, possibly, vacation courses in works, and it 
is suggested th a t a two years’ foundry apprentice
ship should be arranged, of which ten months a t the 
la tte r  end of the period should be occupied by the 
normal Foundry  School course, the  remainder being 
spent in acquiring practical experience in as many 
types of work—moulding, coremaking, etc.—as the 
foundry offers. The experience should be made as 
broad as possible and opportunities offered to see the 
work of the  draw ing and design office, costing, plan
ning, purchasing and other related departments, as 
well as machining, finishing and enamelling shops in 
works where these operations are pursued. Appren
ticeship should not be lim ited to teaching manipula
tive and operative skill if executives are to be 
trained.

Secondary School and Public School Men.—These 
may be expected to be ready for entry between the 
ages of 16 and 18 and a four-year or five-year 
apprenticeship is suggested, ten months of which at 
the end of the course should be spent in the Foundry 
School. The age of entry  to the la tte r should not 
be less than  20. Assuming th a t m atriculation stan
dard is reached a t  entrance, th e  early years of the 
apprenticeship should be spent in acquiring practical 
experience in the foundry and in part-tim e classes, 
to some ex ten t in the  day-time, leading to the 
ordinary  national certificate and preferably higher 
national certificate in engineering, w ith as much 
m etallurgy as possible Two years should be 
adeauate for the ordinary certificate, and the higher 
certificate could be taken prior to the Foundry 
School on a five-year apprenticeship.

Prim ary School M en.—An ordinary apprenticeship 
usually provides ample practical experience and 
part-tim e classes adequate technical knowledge, but 
experience has shown th a t  good men may be sent to 
the Foundry  School w ith profit up to 30 or over.

Engineering Apprentices.—M any firms have suit
able courses of train ing  for engineering apprentices 
on these lines, and it may well happen th a t a young 
m an who has a lready started  on such a course would 
be suitable, by te s t and inclination, for foundry 
work. Provided some practical engineering experi
ence has been obtained, a year or eighteen months 
in the foundry would be adequate train ing  prior to 
en try  to the Foundry School. A part from the 
train ing  in foundry operations, apprenticeship is 
chiefly valuable in inculcating works discipline, in 
teaching ideas of th e  sequence of operations in pro
duction and in teaching the  apprentice whether he is 
reallv suited to industria l work. From  these points 
of view, engineering and foundry  train ing  may be 
regarded to some ex ten t as interchangeable and, 
indeed, some tim e in machine and assembly shops 
where castings are m achined and used is" highly 
recommended for foundry apprentices.



The W o rk  of the Technical Committee of the 
Institute of British Foundrymen

By J. W . G A R D O M *

Paper N o. 687

I t  was to  th e  In te rn a t io n a l  F o u n d ry  C ongress 
held in London in  1929 t h a t  th e  firs t tech n ica l 
report of th e  I n s t i tu te  of B r itish  F o u n d ry m e n  
was presen ted , an d  i t  is th o u g h t, th e re fo re , t h a t  
a general review  of th e  w ork  which th e  T echnical 
Committee has done d u r in g  th e  in te rv e n in g  y ears 
may be of in te re s t. To th o se  who a re  m em bers of 
the In s t i tu te  of B r i tish  F o u n d ry m e n , such a 
review will serve as a p rogress re p o rt ,  b u t  even 
to those ou tside, and  p a r tic u la r ly  th ose  engaged  
in th e  in d u stry  ab ro ad , th is  P a p e r  should  be of 
interest, for i t  reflects to  a la rg e  e x te n t  th e  
progress which has been m ade in  th e  in d u s try  
which th is  In s t i tu te  seeks to  serve.

Although a T est B a r C o m m ittee  h ad  been in  
existence fo r several y ears p rio r  to  1930, i t  was 
not u n til A pril 12 of t h a t  y ea r t h a t  th e  Council 
of the In s t i tu te  san c tio n ed  th e  fo rm atio n  of th e  
Technical C om m ittee.

The Technical C om m ittee  is composed of a  C on
vener, a D epu ty  C onvener, and  a t  th e  p re sen t 
time 0 2  mem bers, an d  severa l co rresp o n d in g  m em 
bers. All these g en tlem en  a re  eng ag ed  in  th e  
industry, and on e lection  to  th e  T echnical Com
mittee serve on a  sub-com m ittee  d ea lin g  w ith  
the subject in which th ey  have  specia lised . The 
work which they  do on beh alf of th e  I n s t i tu te  is 
entirely v o lu n ta ry , an d  th ro u g h  th e  co u rtesy  of 
the firms w ith  whose w orks th ey  a re  assoc iated , 
many m em bers of th e  C om m ittee  a re  ab le  to  
carry ou t w ork of a n  in v es tig a tio n a l c h a ra c te r .

The In s t i tu te  has u n d e r  i ts  co n tro l no m e ta l
lurgical lab o ra to ries, and  th is  is one of th e  m ajo r 
reasons why p rim a ry  resea rch  is n o t u n d e r ta k e n . 
When any research  connected  w ith  th e  Com
m ittee’s work c an n o t be sa tis fa c to r ily  c a r r ie d  o u t 
by indiv idual m em bers, th e  co -opera tion  of one 
of the research  associations is so u g h t. These 
associations, such as th e  B r i tish  C a st Iro n  
Research A ssociation an d  th e  B r itish  N on- 
Ferrous M etals R esearch  A ssociation , n o t only 
specialise in  fu n d a m e n ta l resea rch , b u t  hav e  in 
the p ast co-operated  w ith  th e  I n s t i tu te  in  any 
such work which i t  d esired  to  u n d e rta k e .

M eetings of th e  fu ll T echn ica l C om m ittee  a re  
held a t  least fo u r tim es p e r a n n u m , an d  m ee tin g s

* Convener, Technical C om m ittee o f th e  In s titu te  of B ritish  
foundrym en.
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of in d iv id u a l sub-com m ittees m ay  be called  w hen
ev er th e y  a re  req u ire d . These sub-com m ittees 
w ere ap p o in te d  by  th e  T echnical C om m ittee  to  
d eal w ith  c a s t  iro n , m alleab le  c a s t  iro n , non- 
fe rro u s  m eta ls  and  sands an d  re fra c to r ie s , and  to  
in v e s tig a te  problem s in  these  specific fields. A t 
a  la te r  d a te  the' S an d s an d  R e frac to rie s  .Sub
c o m m itte e  w as d iv ided  in to  tw o, nam ely , th e  
S an d s  S ub-C om m ittee  a n d  th e  R e frac to r ie s  Sub- 
C om m ittee , an d  in  a d d itio n  a  M e ltin g  F u rn a c es  
S ub-C om m ittee  and  a  C osting  Sub-C om m ittee  
were ap p o in te d . S ince th e  fo re ru n n e r  of th is  
C om m ittee  h ad  devo ted  its  a t te n t io n  to  th e  
fo rm u la tio n  o f specifications and  th e  w ork of 
s ta n d a rd is a tio n , i t  was only to  be ex p ec ted  th a t  
th ese  su b jec ts  should  also fo rm  th e  basis of pro
cedure  -which th e  T echnical C om m ittee  should 
ad o p t. T his, in  fa c t, was th e  case, an d  each of 
th e  Sub-C om m ittees proceeded to  o b ta in  as m any 
specifications covering  th e ir  p a r tic u la r  a sp ec t of 
fo u n d ry  p ra c tic e  as was possible. The Non- 
F e rro u s  Sub-C om m ittee  e v en tu a lly  accu m ula ted  
67 specifications, covering  47 d iffe re n t alloys, 
w h ils t th e  S teel C astin g s Sub-C om m ittee  col
lected  2 1  d iffe ren t specifications fo r p la in  carbon  
stee l c as tin g s  fo r v a rio u s  purposes.

N a tu ra lly , th is  in fo rm a tio n  h ad  to  re m a in  con
fiden tia l to  th e  m em bers of th e  T echnical Com
m ittee , b u t  as a  re su lt  of th e  close s tu d y  which 
m em bers m ade of these  specifications, each Sub- 
C om m ittee  w as able to  decide upon  a p rogram m e 
of w ork. I n  th is  s ta n d a rd isa tio n  of p rac tice  and  
specifications covering  all b ran ch es of th e  fo u n d ry  
in d u s try , th e  re su lts  of w orks’ experience  is, of 
course, essen tia l.

The I n s t i tu te ,  m ain ly  th ro u g h  m em bers of th e  
T echnical C om m ittee , is re p re se n ted  on va rio u s 
com m ittees of th e  B r itish  S ta n d a rd s  In s t i tu t io n  
which deal w ith  fo u n d ry  su b jec ts , an d  in  th is  
u 'ay th e  I n s t i tu te  is able to  sa feg u a rd  th e  
fo u n d e rs ’ in te re s ts  w hen new specifications a re  
being  d ra f te d ,  o r w hen rev isions a re  be ing  m ade 
to e x is tin g  specifications. Ow ing also to  th e  
o rg a n isa tio n  of th e  B ritish  S ta n d a rd s  I n s t i tu 
tio n , th e  T echn ica l C om m ittee  is able to  exam ine 
th e  d ra f ts  of an y  new  o r rev ised  specifications 
d ea lin g  w ith  fo u n d ry  su b jec ts  an d  to  m ake 

recom m endations to  th e  a p p ro p ria te  B ritish



S ta n d a rd s  I n s t i tu t io n  C o m m ittee  w hen such new  
d ra f ts  have, in  th e  o p in io n  of th e  T echn ica l 
C om m ittee , n o t been d raw n  u p  in  acco rdance  
w ith  th e  b est fo u n d ry  p ra c tic e , o r  w ith  d ue  
re g a rd  to  th e  fo u n d e rs ’ v iew po in t.

A n o th e r fa c to r  w hich  a ro se  from  th e  e x a m in a 
tio n  of th e  v a rio u s specifications was t h a t  i t  was 
fo u n d  possible to  red u ce  th e  n u m b er of specifica
tio n s  a n d  use B ritish  S ta n d a rd  Specifica tions in  
th e ir  s te ad . In  th e  c as t-iro n , s teel, m alleab le  cas t- 
iron  an d  no n -ferro u s sections of th e  in d u s try , th is  
was fo u n d  to  be possible to  q u ite  a n  ap p rec ia b le  
e x te n t,  an d  la rg e ly  as a re su l t  of th e  C o m m ittee ’s 
recom m endations, sev era l p r iv a te  spec ifica tions 
w ere e ith e r  rep laced  by B r i tish  S ta n d a rd  Speci
fications, o r  th e  B r i tish  S ta n d a rd  Specifica tions 
w ere quo ted  as a lte rn a tiv e s .

T he T echnical C om m ittee  is  keen ly  sensib le  of 
th e  w ork  w hich is c a rr ie d  o u t  in  o th e r  co u n trie s , 
and , w here i t  is desirab le  o r  necessary , th e  Com 
m ittee  co-opera tes w ith  th e  fo u n d ry  tech n ica l 
associations ab ro ad . A p a r tic u la r ly  in te re s t in g  
exam ple of th e  p rogress in  th is  sp h ere  is th e  w ork  
which th e  C ast I ro n  Sub-C om m ittee  is d o in g  in  
co n ju n c tio n  w ith  th e  In te rn a tio n a l  C o m m ittee  on 
T es tin g  C a st Iro n . I t  is hoped  t h a t  th ro u g h  
M r. .T. 1?. H u rs t ,  who is ai p ro m in e n t m em ber of 
th e  C a st Iro n  Sub-C om m ittee , a n d  P re s id e n t  of 
th e  I n te rn a tio n a l  C om m ittee  on  T es tin g  C ast 
I ro n , fu r th e r  u sefu l w ork  w ill be done in  th is  
d irec tio n .

T H E  R E P O R T S  O F  T H E  T E C H N IC A L  
C O M M IT T E E

C a s t-Iro n  S u b -C o m m itte e

A fte r  i ts  f irs t y e a r  of w ork , in  w hich  a 
collection an d  e x am in a tio n  was m ade of specifi
ca tio n s fo r g rey  c a s t iro n , th e  C a st I ro n  Sub- 
C om m itte  was en la rg ed  an d  i t  w as decided  th a t  
i t  could  b est assis t th e  in d u s try  by  p u rsu in g  
in v es tig a tio n s  in  th e  follow ing fo u r  
d ire c tio n s : —

(1) To in v es tig a te  th e  th eo ry  t h a t  th e  
p ro p e rtie s  of c a s t  iro n  in  re la tio n  to  s tre n g th  
a n d  soundness w ere a t  th e ir  w orst w hen th e  
p hosphorus c o n te n t w as a p p ro x im a te ly  0.4 to  
0 . 6  p e r  cen t.

• (2) To com pile a series of p ho tom icro 
g ra p h s  re p re se n ta tiv e  o f v a rio u s  g ra d es  of 
c a s t  iro n , w hich  m ig h t be used  as a re fe ren ce  
s ta n d a rd  by m e ta llu rg is ts  in  th e  in d u s try .

(3) To a t te m p t  to  evolve ru les fo r th e  con
t ra c tio n  of c a s t iro n , acco rd in g  to  com 
p osition , sec tion  an d  p o u rin g  te m p e ra tu re s .

(4) To ex am in e  e x is tin g  m ethods of w ear 
te s tin g , w ith  a  view  to  recom m end ing  a 
s ta n d a rd  fo rm  of te s t.
All th ese  su b jec ts  w ere in v es tig a te d , a n d  th e  

S u b-C om m ittee’s re su lts  w ere pub lish ed  in  th e  
fo rm  of a  re p o rt  in  19341, an d  in  a  P a p e r  by

N e a th . 2 V ario u s m em bers of th e  C om m ittee 
w ere also, a t  t h a t  tim e , engaged  upon  researches 
co n n ec ted  w ith  th ese  in v es tig a tio n s , an d  th ro u g h  
th e i r  k in d  co -o p era tio n , th e  Sub-C om m ittee  was 
e n ab led  to  s tu d y  those re su lts  w hich were of 
in te r e s t  to  th e m . 2 4

T he w ork  of com piling  a  series of s tan d ard  
p h o to m ic ro g rap h s  w as sa tis fa c to r ily  com pleted 
in  c o n ju n c tio n  w ith  th e  B ritish  C ast Iro n  R e
sea rch  A ssocia tion , an d  th e  com plete series has 
been p u b lish ed , 5 an d  includes m ic ro stru ctu res 
of b o th  b la c k h e a r t  an d  w h ite h e a r t  m alleable 
c a s t  iro n .

B efo re  th e  w ork  on th e  fo rego ing  subjects 
h a d  been  com ple ted , th e  Sub-C om m ittee  had 
p re p a re d  a n  in te rn a l  re p o r t  on  th e  physical 
p ro p e rtie s  of c a s t  iro n . T his was n o t published 
g e n era lly , b u t  m ad e  av a ilab le  only to  m em bers 
of th e  I n s t i tu te .  H ow ever, th e  m a jo rity  of the 
d a ta  p re sen te d  is now  included  in  th e  Sub- 
C o m m ittee ’s la te s t  r e p o r t  an d  w ill be m ade 
g e n era lly  av a ilab le  in  th e  n e a r  fu tu re .  I t  has 
a lre a d y  been  p re sen te d  befo re  severa l B ranches 
of th e  I n s t i tu te ,  a n d  a  r e p o r t  of th e  discussions 
w ill also be  pu b lish ed , to g e th e r  w ith  th e  Cast 
I ro n  S u b -C o m m ittee ’s rep ly .

I t  w as la rg e ly  as a  re su lt  of th e  Sub-Com
m it te e ’s w ork  on  th e  v a rio u s  p ro p e rtie s  of grey 
a n d  h ig h -d u ty  c a s t  iro n  t h a t  i t  was decided 
to  seek a rev is io n  o f B r i t is h  S ta n d a rd  Specifica
t io n  321/1928, w hich  th ey  fe l t  to  be somewhat 
o u t of d a te , as a  re su lt  of tech n ica l progress in 
th e  in d u s try . I n  o rd e r  to  o b ta in  such a 
rev is io n , f u r th e r  w ork  h a d  to  be com pleted so 
t h a t  th e  I n s t i tu t e ’s re p re se n ta tiv e s  on the 
B r i tish  S ta n d a rd s  I n s t i tu t io n ’s C om m ittee  could 
be su p p lied  w ith  re la tiv e  d a ta .  In  due course, 
th e  rev is io n  of th is  spec ifica tion  w as completed, 
a n d  a new  spec ifica tio n , N o. 786, covering  high- 
d u ty  c a s t  iro n  was issued. A f te r  th is  th e  Sub- 
C o m m ittee  p re p a re d  a n d  p u b lished  its  second 
r e p o r t . 6 T he S u b -C o m m ittee  is now continu ing  
its  w ork  by in v e s tig a tin g  th e  re la tio n sh ip  be
tw een  v a rio u s  m ech an ica l te s ts .

T he q u estio n  o f th e  c lassifica tion  of g rap h ite  
has also been co n sid ered  by th e  Sub-Com
m itte e , b u t  u n fo r tu n a te ly  i t  has been found 
necessary  to  a b an d o n  th is  in v e s tig a tio n  owing 
to  th e  lack  of fa c ilitie s  fo r  th e  ex tensive  re
search  t h a t  i t  was fo u n d  to  involve. The Sub- 
C o m m ittee  a p p re c ia te s  th e  need  fo r  th e  con
t in u a n c e  of th is  w ork , a n d  ow ing to  the 
c h a ra c te r  of th e  in v e s tig a tio n a l w ork  neces
sa ry , h as su g g ested  t h a t  th is  prob lem  m ig h t be 
ta k e n  u p  by th e  B r i tish  C a st I ro n  R esearch 
A ssociation .

S te e l C asting s S u b -C o m m itte e
W hen  firs t th e  S teel C a s tin g s  Sub-C om m ittee 

s ta r te d  on i ts  wro rk  of co llec tin g  a n d  com paring  
e x is tin g  sp ec ifica tions fo r  s tee l c as tin g s , i t  was 
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found t h a t  in  th is  c o u n try  th e re  w as b u t  l i t t le  
dev iation  in  th e  re q u ire m e n ts  of th e  v a rio u s 
issuing houses, a n d  t h a t  in  g en era l th ey  all 
conform ed q u ite  closely to  B r itish  S ta n d a rd  
Specifications a lre ad y  e x is tin g . L it t le  fu r th e r  
could, th e re fo re , be done w ith  th e  ex cep tio n  of 
recom m ending t h a t  those  specifications which 
showed any  w ide d iv ergence  from  th e  B ritish  
S tan d ard  Secifications should  be rev ised  to  con
form m ore closely w ith  s ta n d a rd  p ra c tic e . In  
several cases such reco m m en d a tio n s m e t w ith  
success.

At a som ew hat la te r  d a te , th e  S teel C astin g s 
Sub-Com m ittee tu rn e d  its  a t te n tio n  to  fo u r  m ain  
problems : —

(1) Im p a c t te s tin g  of steel castings.
(2) The h e a t- tre a tm e n t of ca rb o n  steel

castings.
(3) The soundness of steel valve cas tin g s.
(4) F lu id ity  (flow ing pow er) of m olten  steel.

A considerable am o u n t of d a ta  has been
collected from  in d u s try  in  connec tion  w ith  all 
four of these  in v es tig a tio n s , an d  i t  is  expected  
th a t th ree  re p o rts  will be issued in  th e  very  
near fu tu re .

P a rtic u la rly  in te re s t in g  a re  th e  d a ta  on th e  
h ea t-trea tm en t of carbon  steel cas tin g s , fo r th e  
inform ation p re sen ted  w ill cover ty p ic a l B ritish  
practice, and  i t  is hoped th a t  th is  R e p o r t will 
show where im p rovem en ts m ay be possible. The 
Izod im pact te s t  re su lts  show re m a rk ab le  v a r ia 
tions in  all classes of steels on w hich  th ese  te s ts  
were made.

For th e  th ird  in v es tig a tio n , some tw elve valve 
castings w ere m ade an d  su b jec ted  to  severe  t e s t 
ing before c u tt in g  fo r e x am in a tio n .

The S teel C astin g s S ub-C om m ittee  has also 
played a no t u n im p o r ta n t  p a r t  in  in v es tig a tio n s  
carried o u t u n d e r th e  ausp ices of o th e r  in v es ti
gators and  in s titu tio n s , p a r tic u la r ly  th e  I ro n  and  
Steel In s t i tu te ,  7 on whose S teel C astin g s R e 
search C om m ittee th e  I n s t i tu te  is rep re sen ted . 
I t  was, in fa c t, in  a r e p o r t  of th e  I ro n  an d  
Steel In s t i tu te  t h a t  th e  d a ta  w hich th e  S teel 
Castings Sub-C om m ittee  h ad  collected  on flu id ity  
(flowing power) w as published .

N o n -F e rro u s  S u b -C o m m itte e
W ith th e  ex ten d ed  use of a lu m in iu m , m ag n e

sium and  nickel in  no n -ferro u s fo u n d ries  to -day , 
an enorm ous ran g e  of com m ercial alloys has been 
developed. V ery  o ften , only  v e ry  s lig h t m odifica
tions in com position a re  e v id e n t in  th e  d iffe re n t 
alloys, each of w hich is deem ed by its  pro
prietors to  have  some p ro p e rty  w hich  m akes i t  
far m ore usefu l th a n  o th e r  s im ila r  alloys. W ith  
th is ever-grow ing co m plex ity , th e  w ork  of th is  
Sub-Com m ittee h as been  p a r tic u la r ly  d ifficult. 1 n 
order to  sim p lify  i ts  p ro g ram m e to  a la rg e  
ex ten t, th e  N o n -F e rro u s  S ub-C om m ittee  h as, so

f a r ,  c o n c e n tra te d  upon th e  h e av ie r  ty p es  of non- 
fe rro u s  alloys.

I t s  f irs t  w ork  was to  ex am in e  th e  v a rio u s 
spec ifica tions which h a d  been d raw n  up  fo r th e  
d iffe re n t alloys, an d  i t  was as a re su lt  of th is  
w ork  t h a t  i t  w as decided  to  sim p lify  th e  posi
t io n  by s ta n d a rd is in g  upon  a  sm alle r n u m b er of 
alloy com positions. In  a la rg e  m easu re , th e  
w ork  h as been successful, an d  n e g o tia tio n s  are 
now in  h an d  w ith  th e  B r itish  S ta n d a rd s  I n s t i tu 
t io n  fo r th e  p re p a ra tio n  of specifications fo r tw o 
leaded  g u n m eta ls , w hich form ed th e  su b jec t of a 
R e p o rt issued by th e  Sub-C om m ittee  in  1936. 
T his R e p o r t m ad e  a serious en d eav o u r to  b rin g  
ab o u t some s ta n d a rd is a tio n  of com position  in  th e  
alloys com m only used , an d  led to  th e  p re p a ra 
tio n  of a f u r th e r  re p o rt ,  w hich is b e in g  p re 
sen ted  to  th is  C ongress , 9 on th e  p ro p e rtie s  of 
th re e  leaded  phosphor bronzes.

T his w ork now being  com plete fo r th e  tim e  
b e ing , th e  S ub-C om m ittee  has tu rn e d  its  a t te n 
tio n  to  th e  degasifica tion  an d  d eo x id a tio n  of non- 
fe rro u s  alloys, a n d  is a t  p re sen t engaged  upon 
th e  p re p a ra tio n  of a r e p o r t  on th is  su b ject.

M a lle a b le  C as t Iro n  S u b -C o m m itte e
T he M alleab le  C ast I ro n  S ub-C om m ittee  lias, 

d u r in g  th e  whole period  of i ts  ex is tence , devoted  
its  a t te n tio n  to  an  e x am in a tio n  of th e  B ritish  
S ta n d a rd  Specifications Nos. 309 an d  310, 1937, 
fo r w h ite h e a r t  and  b la c k h e a rt m alleable cas t 
iron , and  i t  is believed t h a t  w hen a re p o rt  of 
th is  w ork is pub lished , i t  will form  one of th e  
m ost a u th o r i ta t iv e  s ta te m e n ts  which hav e  been 
m ade co n cern ing  m alleab le  c a s t iron .

A lread y  tw o  in te r im  r e p o r ts 10. 1! have been 
pub lished  upon th e  S u b-C om m ittee’s w ork, which, 
a lth o u g h  of considerab le  in te re s t,  have, i t  is 
th o u g h t, n o t received th e  a tte n tio n  w hich th ey  
deserve. T he second of th ese  re p o rts  d e a lt  w ith  
d im en sio n a l to le ran ces fo r cas tin g s—a. su b jec t 
which was in ad e q u a te ly  covered in  all e x is tin g  
specifications, n o t only fo r m alleab le  c a s t iron , 
b u t  also fo r g rey  c a s t iro n , steel an d  no n -ferro u s 
alloys. T h a t  a re p o r t  d ea lin g  w ith  a question  
of such v ita l im p o rtan ce  to  th e  fo u n d ry  in d u s try  
as a whole should  have  received so l i t t le  a tte n tio n  
has aston ished  th e  T echnical C om m ittee , espe
cia lly  as th is  R e p o rt,  to g e th e r  w ith  a n  in v es ti
g a tio n  c a r r ie d  o u t  by th e  A m erican  F o u n d ry - 
rnen’s A ssociation  on g rey  c a s t iro n , fo rm s p rob
ab ly  th e  only re ce n t w ork  upon  th is  su b ject.

À suggestion; t h a t  a< y ie ld  p o in t ; ten s ile  s tre n g th  
ra tio  should  be included  in  th e  m alleab le  speci
fica tion  h as rece ived  th e  co n sid era tio n  of th e  
Sub-C om m ittee . A co n siderab le  a m o u n t of d a ta  
has been collected  on th is  su b jec t, and  th e  p re
se n t views of th e  C om m ittee  a re  te n d in g  a g a in s t 
th e  inclusion  of such a  ra tio  in  th e  specification. 
E x p e rim en ta l d a ta  hav e  shown t h a t  th e  yield



p o in t:  ten s ile  s tre n g th  ra tio  v a rie s  co n siderab ly , 
and in  m an y  cases h igh  re su lts  a re  o b ta in e d  on 
im p erfec tly  an n ea led  m a te ria l.  U n d e r such con
d itio n s , such a  r a tio  w ould be of no serv ice  to  
th e  in sp e c tin g  en g in eer, who w ishes to  a sc e r ta in  
w h e th er th e  m a te r ia l  has u n d e rg o n e  c o rre c t a n 
n ea lin g  tre a tm e n t.

I n  th is  c o u n try , l i t e r a tu r e  upon  th e  su b je c t 
of m alleab le  c a s t iro n  is p a r tic u la r ly  scarce, 
w h ils t in  th e  U n ite d  S ta te s  of A m erica  th e re  is 
n o t only co nsiderab ly  m ore l i te r a tu re ,  b u t  also 
th e  p ro d u c t is rece iv in g  ev er-in c reas in g  a t t e n 
tio n . G o v ern m en t d e p a r tm e n ts , m otor-veh icle  
m a n u fa c tu re rs  an d  o th e r p o te n tia l  u se rs  in  th is  
c o u n try  seem  o ften  to  overlook th e  possib ilities  
of m alleab le  c a s t iro n . T h is h as been  a t t r ib u te d  
la rg e ly  to  th e  ex is tin g  specifications, w hich, be in g  
over a decade old, do n o t now fa ith fu l ly  re flect 
th e  position  in  th e  in d u s try  to -d ay . I n  sp ite  
of th e  seem ingly  undeveloped  s ta te  of th e  in d u s
try ,  th e  T echn ica l C om m ittee  is aw are  t h a t  con
siderab le  im p rovem en ts have  been m ade in  p ra c 
tic e  d u r in g  th e  p a s t few  years , an d  i t  is  th o u g h t 
th a t  th e  w ork  w hich th e  M alleab le  C a st I ro n  
S ub-C om m ittee  is d o in g  w ill m a te ria lly  assist 
in  th e  developm ent of th e  m alleab le  cas t-iro n  
in d u s try  in  th is  c o u n try .

Sands S u b -C o m m 'tte e
M ethods of te s tin g  d ry  san d , g reen  san d  an d  

loam  have  occupied  th e  a t te n tio n  o f th is  S u b 
c o m m itte e  d u r in g  th e  p a s t few years . As is well 
know n, th is  su b je c t is one w hich h as assum ed 
g re a t  im p o rtan ce  in  re ce n t tim es , p a r tic u la r ly  
since th e  m ech an isa tio n  of fo u n d ries  h a s been 
accelerated .

Two m ain  san d -tes tin g , m ethods w ere in  ex is
ten ce  a t  th e  tim e  th e  S an d s S ub-C om m ittee  began  
i ts  w ork, nam ely , th ose  recom m ended by th e  
A m erican  F o u n d ry m e n ’s A ssocia tion , a n d  th e  
B ritish  C a st I ro n  R esearch  A ssocia tion ’s m ethods. 
M em bers of th is  S ub-C om m ittee  w ere of th e  
op in ion  t h a t  n e ith e r  of th ese  m ethods w as in  
itse lf  th e  idea l one, a n d  th e y  considered  t h a t  a 
u se fu l p u rp o se  w ould be  se rv ed  by ex am in in g  
an d  co m p arin g  th e  p ro cedures a n d  a p p a ra tu s  
recom m ended by these  tw o  A ssocia tions.

T he w ork  w as v ery  c a re fu lly  c a r r ie d  o u t, a n d  
in 1933 a  re p o r t  on “ R o u tin e  M ethods fo r  T est
in g  G reen  Sands ” was p re sen te d  to  an  A n n u a l 
C onference of th e  I n s t i t u t e d 2  T he p u b lica tio n  
o f th is  R e p o r t  was follow ed by an  in v e s tig a tio n  
in to  th e  te s tin g  of d ry  san d  a n d  loam , a n d  a 
r e p o r t  on th is  su b je c t has now been p u b lish ed . ! 3

T he su b je c t of san d  te s tin g  h a s  n o t y e t  been  
e x h au s te d  a n d  th e  S u b-C om m ittee  realises th a t  
a co n siderab le  a m o u n t of w ork  h as y e t  to  be 
done. T he S ub-C om m ittee  feel, how ever, “  t h a t  
n e x t in  im p o rtan ce  to  in v e s tig a tin g  a n d  recom 
m en d in g  sim ple  an d  sa tis fa c to ry  m ethods of t e s t 

in g  san d s, is th e  need fo r a  cam p aig n  to  u rge 
u p o n  fo u n d e rs  th e  benefits w hich  th ey  will ob ta in  
by sy s tem atica lly  u s in g  such  te s ts  d a ily  in  th e  
f o u n d ry .”  T h e ir  c o n tr ib u tio n  to  th is  cam paign  
h as been th e  p re p a ra tio n  of th ese  rep o rts , which 
h a v e  a ro u sed  co n sid erab le  in te re s t  in  th e  
in d u s try .

A t th e  p re sen t tim e  th e  Sub-C om m ittee  is 
en g ag ed  upon  th e  follow ing lines of inv estig a 
tio n , a n d  is su rv e y in g  th e  san d  m ix tu re s  as used 
a t  th e  p re se n t tim e  in  G re a t B r i ta in  fo r  various 
classes of cas tin g s .

(1) C a s tin g  d e fec ts  a tt r ib u ta b le  to  m oulding 
m a te ria ls .

(2) D ry in g  o v e n s : (a) fo r d ry  sands, and
( 6 ) fo r  oil sands.

(3) T es tin g  o il san d s, in c lu d in g  th e  g rad in g  
a n d  sa m p lin g  of silica  sands.

(4) The c o m p ress io n -s tren g th  te s tin g  m a
ch in e  an d  th e  m ea su re m e n t of de fo rm atio n  of 
m o u ld in g  sands.

T he f irs t of th ese  is p ro v in g  to  be a  most 
in te re s t in g  s tu d y , an d  to  assis t th e  Sub-Com
m itte e  in  i ts  w ork  th e  co -o p era tio n  of in d u stry  
h as been  so u g h t w ith  a  v iew  to  o b ta in ing  
sam ples of cas tin g s , de fec ts  in  w hich m ay be 
a t t r ib u ta b le  to  th e  m o u ld in g  m a te ria l  used. The 
second in v e s tig a tio n  w ill, i t  is expected , re su lt 
in  a  r e p o rt  b e in g  issued  upon  v a rio u s drying 
stoves an d  p ra c tic e s  w hich a re  in  common use 
to -d ay , w h ils t th e  th i r d  s tu d y  w ill a ss is t in  the 
com ple tion  of th e  S u b -C o m m ittee ’s w ork on 
recom m ended  m ethods fo r  te s tin g  v a rio u s sands.

I t  is rea lised  t h a t  th e  va lues o b ta in ed  under 
th e  h e a d in g  of g re en  com pression  s tre n g th  a re  of 
g re a t  im p o rta n ce  in  e v a lu a tin g  a  m ou ld ing  sand. 
I t  is, how ever, a p p re c ia te d  t h a t  w hen th is 
s t re n g th  is a t  i ts  m ax im u m  th e  sand  is b rittle  
a n d  u n su ita b le  fo r  m o u ld in g . O th e r q u a litie s  of 
th e  san d  m u s t be  ta k e n  in to  co n sid era tio n  in 
asso c ia tio n  w ith  th e  g re en  com pression s tren g th  
in  d e te rm in in g  th e  s a n d ’s s u i ta b i l i ty  in  practice. 
O ne of th e  fa c to rs  is a  c ap a c ity  to  deform  under 
load , a n d  m eth o d s of m e a su rin g  i t  a re  under 
co n s id e ra tio n  by th e  S an d s  Sub-C om m ittee .

M en tio n  should  be  m ade  of th e  J o in t  Com
m itte e  on S a n d s  w hich has re ce n tly  been se t up 
in  th is  c o u n try . On th e  C o m m ittee  a re  rep re 
se n ta tiv e s  of th e  B r i t ish  N o n -F erro u s  M etals 
R esearch  A ssocia tion , th e  I ro n  a n d  S teel In s ti
tu te ,  th e  B r i tish  C a s t I ro n  R esearch  A ssociation 
an d  th e  I n s t i tu te  of B r i t is h  F o u n d ry m e n .

T he aim  of th is  C o m m ittee  is to  p roduce  an 
ag reed  s ta te m e n t  on ro u tin e  m ethods of tes tin g , 
to  be ad o p te d  as s ta n d a rd ,  a n d  recom m ended to 
th e  in d u s try . T h is n ecess ita te s  th e  m o st carefu l 
sc ru tin y  a n d  c o n sid e ra tio n  of all p re se n t m ethods 
an d  te s t in g  a p p a ra tu s ,  a n d  a lth o u g h  th e  w ork is



not com plete, consid erab le  p rogress has a lread y  
been m ade.

M e lt in g  Furnaces S u b -C o m m itte e
Form ed a t  a  la te r  d a te  th a n  th e  m a jo r ity  of 

the o th er sub-com m ittees, th e  M e ltin g  F u rn a c es  
Sub-Com m ittee w as a p p o in te d  w ith  th e  p rim a ry  
object of p re p a rin g  a  r e p o r t  u p o n  cu p o la  m e lt
ing p ractice . T his w ork  h as, how ever, been 
extended to  cover a ll ty p es  of m e ltin g  fu rn aces 
for cast iro n . A m ost th o ro u g h  and  com pre
hensive tre a tis e  has now been  d raw n  up  an d  w ill 
be published w ith in  th e  n e x t  few w eeks . 14

No p re tension  is m ade  t h a t  th is  R e p o r t  con
tains any really  o r ig in a l m a t t e r ; its  v a lu e  lies 
ra ther in  its  com pleteness, fo r  n o t only does i t  
cover th e  design  an d  o p e ra tio n  of cupolas, elec
tric  fu rnaces and  v a rio u s  ty p es  of ro ta ry  an d  
crucible fu rn aces, b u t  th e re  is also a  section  
dealing w ith  m eltin g  costs. I t  will, th e re fo re , 
be seen th a t  i t  w ill be a n  in v a lu ab le  d ocum en t 
for s tu den ts , an d  all th o se  who w ish to  m ake  a 
study of th e  fu n d a m e n ta ls  of th is  p hase  of 
foundry w ork. A serious en d eav o u r has been 
made th ro u g h o u t th is  R e p o r t to  include  some 
reference to  every  w ell-founded op in ion  which 
has been expressed upon  any  of th e  fu rn aces  
dealt w ith  in  i ts  pages.

R efrac to ries  S u b -C o m m itte e
As has a lread y  jjeen m en tio n ed , th e  R e f ra c 

tories and Sands S ub-C om m ittee  w as d iv id ed  in  
1936 in to  tw o—th e  S an d s Sub-C om m ittee  and  
the R efrac to ries  S ub-C om m ittee . T he w ork of 
this com paratively  new S ub-C om m ittee  on re 
fractories has necessarily  been slow, fo r a f te r  its  
in itial work of d ra f t in g  a specification  fo r cupola  
firebricks, i t  has been necessary  to  t e s t  th e  
recommended m a te ria l  in  p ra c tic e  befo re  any  
definite recom m endation  can  be m ade to  a s ta n 
dardising body. M eanw hile , p re lim in a ry  te s ts  of 
a practical n a tu re  h av e  been  c a r r ie d  o u t w ith  a 
view to p re p a rin g  a  s im ila r  d r a f t  specification  
for cupola g a n is te r . I t  is ex p ec ted  t h a t  a  com 
prehensive re p o rt  will sh o rtly  be pub lished  g iv in g  
details of these in v es tig a tio n s .

In  fu rth e ra n ce  of th is  w ork, th e  C onvener of 
the Sub-C om m ittee has p re sen ted  m an y  va luab le  
Papers before several B ran ch es of th e  I n s t i tu te ,  
and also to  fo u n d ry  assoc ia tions ab road .

C osting  S u b -C o m m itte e
The C osting  Sub-C om m ittee , like  th e  M eltin g  

Furnaces Sub-Com .m ittee, was also ap p o in te d  to  
carry o u t a specific p iece of w ork, and  in  th is  
case to  t ry  to  m ake  defin ite  reco m m en d a tio n s on 
costing system s su itab le  fo r th e  fo u n d ry .

As is well know n, th e re  a re  few su b jec ts  in  
which th e  fo u n d ry m an  is m ore in te re s te d , and  
sim ilarly th e re  a re  b u t  few phases of fo u n d ry

w ork w hich a re  so beset w ith  in tr ic a te  problem s, 
each of w hich has been d e a lt  w ith  by m an y  well- 
know n a u th o r it ie s . I t  is in te re s t in g  to  m en tion  
t h a t  considerab le  discussion took p lace  am ongst 
m em bers of th e  Sub-C om m ittee  a n d  officials of 
th e  I n s t i tu te ,  as to  w h e th er th e  qu estio n  of cost
ing  cam e w ith in  th e  scope of th e  T echnical Com
m itte e , or even  of th e  I n s t i tu te .

E v en tu a lly , i t  was ag reed  t h a t  th e  C osting  
Sub-C om m ittee  should  be fo rm ed . I t s  R e p o r t15 

is p ro bab ly  th e  m ost com plete w hich has been 
pub lished  on th is  su b jec t, a t  le a s t in  th is  
c o u n try , a n d  its  va lue  to  in d u s try  can  be gauged  
from  th e  n u m b er of la rg e  an d  im p o r ta n t  fo u n d ry  
com panies who have in s ta lled  th e  system  o u tlin ed  
th e re in . N a tu ra l ly  enough, considerable 
com m ent an d  d iscussion  took  p lace upon  th is
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retport w hen i t  w as p re sen ted  to  th e  1936 A nnual 
C onference of th e  I n s t i tu te ,  before  B ranches and  
also before o th e r associations, b u t  i t  is s ig n ifican t 
to  n o te  t h a t  none of th e  c o n trib u tio n s  to  th e  
d iscussions n ecessita ted  an y  a lte ra tio n  being 
m ade to  th e  recom m endations.

T he w ork  com pleted , pro tem pore , th e  Sub
c o m m itte e  w as dissolved in  1938, b u t if  a t  any 
tim e  th e re  arises th e  necessity  of co n tin u in g  its 
w ork u p o n  th is  su b jec t, th e  C osting  Sub-Com 
m ittee  w ill be reconvened.

C onclusion

I n  th is  re p o rt ,  an  end eav o u r has been m ade 
to  p re sen t, in  a  sm all space, a p ic tu re  of th e  
w ork  w hich th e  T echnical C om m ittee  has so fa r  
c a rr ie d  o u t, and  i t  is hojped th a t ,  a t  le a s t  to  
th e  m em bers of th e  I n s t i tu te  of B ritish  F o u n d ry 
m en, th is  w ill p rove of in te re s t  and  value .

I n  some s tag es of th e  T echnical C o m m ittee ’s 
w ork, i t  m ay  be th o u g h t th a t  progress has been



co m p ara tiv e ly  slow, b u t  i t  m u st be rem em bered  
t h a t  all th e  re p o rts  w hich  hav e  been m en tio n ed  
have been p re p a re d  by m en eng ag ed  in  in d u s try . 
The m em bers of th e  T echnical C o m m ittee  a re  
conscious t h a t  p rog ress in  some spheres has n o t 
been m ade as ra p id ly  as could be w ished, a n d  a 
rev iew  has th e re fo re  recen tly  been m ade  of th e  
C o m m ittee ’s w ork. As a re su lt  of th is ,  and  
because of recen t reo rg a n isa tio n s  in  th e  I n s t i 

t u t e ’s w o rk in g  m ethods, i t  is believed th a t  in 
f u tu r e  th e  T echnical C om m ittee  will prove of 
even g re a te r  v a lue  to  m em bers of th e  In s t i tu te  
o f B r i t ish  F o u n d ry m e n , and  o thers engaged in 
th e  fo u n d ry  in d u s try .

T he a u th o r  w ishes to  express his th an k s  to  
M r. J .  B olton , A ssis tan t S e c re ta ry  of th e  In s t i
t u te  of B ritish  F o u n d ry m en , fo r h is help in the  
p re p a ra tio n  of th is  re p o rt .
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Paper N o . 688

Recommendations for Three Leaded-Bronze Bearing 
Alloys

By the Non-Ferrous Sub-committee o f  the Technical Committee o f the Institute of
British Foundrymen

Bronze b earin g  alloys c o n ta in in g  ap p rec iab ly  
high percen tages of lead  a re  w idely used  in  a 
variety  of ap p lica tio n s . These alloys a re  covered 
by a large  n u m b er of in d iv id u a l specifications, 
many of w hich d iffer only in  m in o r respec ts, 
while no recognised  s ta n d a rd  specifications have 
been d raw n up . T he p u rc h ase r of such m a te ria ls  
has th ere fo re  e ith e r  to  d raw  up  h is own speci
fication o r to  a d o p t one of th e  m an y  e x is tin g  
private specifications, w hich  m ay  o r  m ay  n o t 
exactly m eet h is re q u ire m e n ts . F u r th e r ,  th is  
m ultip licity  of specifications m akes fo r u n d u e  
com plications in  th e  fo u n d ry , w hile  th e  e n g in e e r
ing in d u stry  loses by th e  absence of an y  s ta n d a rd  
m ateria ls of u n ifo rm  p ro p e rtie s .

W ith  th e  in te n tio n , th e re fo re , of recom m end ing  
the d ra ftin g  of s ta n d a rd  spec ifica tions covering

T able  I .— Composition of Bronze Bearing Alloys

I.B.F.
designa

tion.
Sn, 

per cent.
Pb, 

per cent.
Zn, 

per cent.
P,

per cent.

LB. 1 
(B. S.S. 

421)
LB.2 
LB.3 
LB.4

11 to 13 
9 to 11 
9 to 11 
8  to 1 0

0 .5  max. 
2 .5  to 3 .5  

9 to  11 
14 to 16

0.30 max. 
0 .50  max. 
0 .50  max. 
0 .50  max.

0.15 ruin. 
0 .35 max. 
0 .35 m ax . 
0 .35 max.

c a r r ie d  o u t  in  v a rio u s bronze fo u n d ries  w ith  thes*, 
se lected  alloys in  o rd e r to  d e te rm in e  w h a t re aso n 
ab le  va lues of final p ro p e rtie s  could be consis
te n t ly  o b ta in e d  a n d  specified. The th re e  com po
sitio n s chosen, to g e th e r  w ith  th e  com position  of 
th e  B .S .S . 421 alloy, a re  se t o u t in  T able  I .  F o r

.  - i
/ } fM 0-SSt‘oM. Tesr P/tC£
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leaded-bronze b e a rin g  alloys, th e  Sub-C om m ittee  
undertook th e  s tu d y  of th ese  m a te ria ls . I t  was 
felt th a t  th e  e s tab lish m en t of such  a  s ta n d a rd  
specification w ould m a te ria lly  ass is t th e  e n g i
neering in d u stry  to  se lect a p p ro p r ia te  an d  recog
nised alloy com positions fo r p a r t ic u la r  purposes, 
and would also he lp  to  e lim in a te  m uch  of th e  
present com plex ity  in  su p p ly in g  to  a w ide v a r ie ty  
of specifications. T he only m a te r ia l  of a s im ila r  
n a tu re  so f a r  covered by a  B r i tish  S ta n d a rd  
Specification is a phosphor-bronze fo r g e a r  b lanks, 
covered by B .S .S . 421.

Three com positions of leaded  bronzes were 
chosen fo r in v e s tig a tio n , an d  th e  p re sen t R e p o r t 
sum m arises th e  re su lts  of a la rg e  n u m b er of te s ts

* Convener : D r. L. B. H unt.
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F i g . 1 . — S t a n d a r d  C a s t  T e s t  B a r s  a d o p t e d  
f o r  L e a d e d  B r o n z e s .

purposes of re fe ren ce  th e  la t te r  m a te ria l  has 
been  d e s ig n a ted  L B .l  in  th is  R e p o rt.

I t  w ill be rem em bered  t h a t  in  a  prev ious 
R e p o r t by th is  S ub-C om m ittee  on  “  R ecom m enda
tio n s  fo r  Two L ead ed  G u n m e ta ls ,”  p re sen ted  to  
th e  Glasgow C onference in  1936, d e ta ils  w ere
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given  of th e  s ta n d a rd  te s t  b a r  ad o p te d  fo r use 
in  th e  in v es tig a tio n  fo r th ese  leaded  g u n m eta ls . 
T he shape  of te s t  b a r  finally  se lec ted , show n in  
F igs. 1 a n d  2, w as ad o p ted  a f te r  a  g re a t  deal 
of in v es tig a tio n  as be in g  one w hich w ould g ive

T h ree  s ta n d a rd  ca s tin g  te m p e ra tu re s  were 
chosen, and  w ith  a few ex cep tions one la rg e  and 
one sm all te s t  b a r  was c a s t a t  each  tem p e ra tu re . 
These c a s tin g  te m p e ra tu re s  w ere as follow s: — 
L B .2, 1,050, 1,100, an d  1,150 deg. C . ; LB.3,

T a b l e  I I .— Summary of Mechanical Tests on Three Leaded-Bronze Bearing Alloys.

Maximum stress, tons per sq. in. Elongation, per cent.

Large bar. Small bar. Large bar on 3 in. Small bar on 2 in.

Casting temperature, deg. C. Casting temperature, deg. C.

1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150

LB. 2
A _ 16.6 15.1 — 17.1 16.2 — 14.0 9 .5 — 1 1 . 0 9.5
F _ 13.8 13.9 — 14.8 14.0 — 7.0 6 . 0 — 8 . 0 7.0
G _ 15.9 1 1 . 1 — 1 0 . 8 17.2 — 1 1 . 0 3.0 — 3.0 16 0

H _ 17.6 — — 15.4 — — 15.0 — — 1 0 . 0 —

H ___ 16.9 — — 10.5 — — 13.0 — — 2 . 0 —

I 17.0 17.7 18.2 14.9 17.9 19.1 2 2 . 0 19.0 27.0 11.5 2 0 . 0 30.5
L 17.0 15.8 14.5 14.2 16.0 15.2 9.0 9.0 8 . 0 4.0 8 . 0 1 0 . 0

M — — _ 15.6 15.6 14.4 — — — 5.0 7.0 5.0
M — — — 16.0 18.0 16.8 — — — 6 . 0 1 1 . 0 1 0 . 0

Average 17.0 16.3 14.6 15.2 15.1 16.1 15.5
1

1 2 . 6 10.7 6 . 6 8 .9 1 2 . 6

1 5 7 1 1 . 2

1 , 0 0 0 1,050 1 , 1 0 0 1 , 0 0 0 1,050 1 , 1 0 0 1 , 0 0 0 1,050 1 , 1 0 0 1 , 0 0 0 1,050 1 , 1 0 0

LB.3
A — — 15.4 — — 14.4 — — 10.5 — — 4.0
A — — 1 2 . 0 — — 1 1 . 6 — — 7.0 — — 5.0
C 14.6 15.0 14.2 19.2 19.2 16.8 . 4 .0 6 . 0 4 .5 4.0 4.0 4.0
F — — 1 1 . 8 — — 11.5 — — 5.0 — — 6 . 0
G — — 13.1 — — 1 2 . 2 — — 6 . 0 — — 4.0
I 14.5 13.8 15.1 14.4 14.1 15.2 9.0 13.0 1 1 . 0 9.0 14.0 10.5
J 16.8 15.0 15.1 16.8 14.2 17.2 15.0 1 1 . 0 1 2 . 0 17.0 1 2 . 0 2 1 . 0
J 16.2 1 2 . 8 1 2 . 1 16.4 14.4 16.5 14.0 9.0 5.0 18.0 1 0 . 0 2 0 . 0
K 13.9 13.8 1 2 . 1 14.4 13.9 12.9 9.0 9.0 7.0 1 0 . 0 9.0 1 0 . 0
L 14.5 13.6 1 1 . 8 12.4 11.4 1 1 . 6 9.0 8 . 0 4.0 6 . 0 3.0 4.0
M — — — 12.56 12.4 15.2 — — — 4.0 3.0 9.0
M — • — — 14.74 12.48 14.4 — .— — 2 . 0 4.0 7.0

Average 15.1
V. . 14.0 13.3 15.1 14.0 14.1 1 0 . 0  1 9 .3  1 7 .2 8 . 8 7 .4 8.7

V
14 .3 8 . 6

1 , 0 0 0 1,050 1 , 1 0 0  | 1 , 0 0 0 1,050 1 , 1 0 0 1 , 0 0 0 1,050 1 , 1 0 0 1 , 0 0 0 1,050 1 , 1 0 0

L ^ . 4
A — 13.8 15.2 — 14.8 16.0 — 6 . 0 13.5 _ 6 . 0 1 1 . 0
F — — 12.5 — — 13.2 — — 6 . 0 — ____ 7.0
G — — 14.0 — — 15.2 — — 6 . 0 — ____ 7.0
I 15.2 15.5 15.5 15.3 15.5 16.8 11.7 13.3 15.0 1 0 . 0 1 0 . 0 17.5
J 14.6 13.9 13.66 15.0 15.0 14.4 14.0 14.0 13.0 14.0 2 2 . 0 18.0
J 14.6 13.0 13.8 14.4 14.8 14.8 2 0 . 0 1 2 . 0 16.0 2 0 . 0 24.0 2 1 . 0
K 12.9 12.7 11.4 12.7 1 2 . 1 12.4 9.0 7.0 6 . 0 1 1 . 0 9.0 9.0

A verage 14.3 13.8 13.7 14.4 14.4 14.7 13.7 10.5 1 0 . 8 13.7 14.2 12.9

14.2 12.6

th e  g re a te s t  u n ifo rm ity  of re su lts  th ro u g h o u t 
th e  m a jo rity  of fo u n d ries . T h is b a r, in  th e  tw o 
s ta n d a rd  sizes, w as a g a in  ad o p te d  fo r  th e  w ork 
on leaded  bronzes.

1,000, 1,050, an d  1,100 deg . C . ; L B .4 , 1,000, 
1,050, an d  1,100 deg. C. T he te s t  re su lts  ob tained  
in  th is  way by v a rio u s m em bers of th e  Sub-Com 
m itte e s  a re  su m m arised  in  T ab le  I I .
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These d a ta  do  n o t include th e  analyses o f th e  
alloys em ployed, as th is  would g ive rise  to  u n d u e  
com plication in  th e  tab les , b u t  each  w orker has 
satisfied th e  S ub-C om m ittee  t h a t  h is alloy fell 
w ithin th e  re su lts  se t o u t in  T able I. S im i
larly, no d e ta ils  a re  g iven  as to  th e  use of v irg in  
or secondary  m e ta l in  th e  charges. These re 
sults a re , how ever, considered  to  be in d ic a tiv e

im p o rtan ce  of th e  p roposed  specification  is n o t 
th e re fo re  one of ten s ile  p ro p e rtie s , b u t  of classi
fication . T he co m p ara tiv e ly  low va lues fo r  p e r 
cen tag e  e lo n g a tio n  a re  also m ade necessary  by 
th e  re la tiv e ly  h ig h  m ax im um  phosphorus con
te n t  p e rm itte d . I t  w ill be rem em bered  th a t  
B .S .S . 421, “  P h o sp h o r B ronze C astin g s for 
G ear B la n k s ,”  calls fo r a  m in im um  ten s ile

T a b l e  I I I .— Summary of Mechanical Tests on Modified Composition of Alloy LB. 2.

Maximum stress, tons per sq. in. Elongation, per cent.

Large bar. Small bar. Large bar on 3 in. Small bar on 2 in.

Casting tempe rature, deg. C. Casting temp<»rature, deg. C.

1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150 1,050 1 , 1 0 0 1,150

LB. 2 
I 
J  
J  
K

Averag e

14.2
15.6
16.4
13.0
14.8

14.0
16.6
15.6
14.9
15.3

16.5
16.2
14.2 
14.0
15.2

15.8 
13.0 
18.4
13.8 
15.3

12.5 
16.8
17.6 
14.8 
15.4

19.2
13.9 
18.4
14.9 
16.6

5.7
26.0
23.0

9.0
15.9

6 . 0
23.0
15.0
1 1 . 0  
13.7

10.7
14.0
13.0 

8 . 0
11.4

5.0
5.0 

32.0
9.0 

12.7

2.5
2 2 . 0
31.0
1 0 . 0  
16.4

2 0 . 0
1 2 . 0
2 2 . 0
1 0 . 0
16.0

15.4
v  . . . . . .

14.3

of those to  be o b ta in e d  in  n o rm al w orks co nd i
tions w ith reasonab le  m e ta llu rg ic a l co n tro l.

Subsequent to  th e  com ple tion  of th ese  re su lts , 
it was decided to  m odify  th e  com position  of 
LB.2 by in c reas in g  th e  lead  c o n te n t to  4 to  6  

per cent. A f u r th e r  series of te s ts  was th e re 
fore u n d e rtak en  u s in g  th is  m odified com posi
tion, and th e  re su lts  of th ese  te s ts  a re  sum 
marised in Table I I I .

From a fu ll co n sid e ra tio n  of all th e  re su lts  
given in T ables I I  an d  I I I ,  th e  Sub-C om m ittee  
proceeded to  d raw  u p  th e i r  recom m endations

s tre n g th  of 14 to n s p e r sq. in . an d  a m in im um  
e lo n g a tio n  of 7 pe r cen t, on san d -cast te s t  bars.

Some e x p la n a tio n  is also necessary  re g a rd in g  
th e  p e rce n ta g e  of n icke l to  be allowed in  these  
leaded  bronzes. In  an  a t te m p t  to  o b ta in  fu lle r 
in fo rm a tio n  on th e  effects of sm all percen tag es 
of th is  m eta l on th e  p ro p e rtie s  of th e  alloys, some 
in v es tig a tio n s  w ere c a rr ie d  o u t by th e  Sub- 
C om m ittee , b u t  a f te r  co n sid era tio n  of th e  d a ta  
o b ta in ed , i t  w as fe lt  t h a t  no defin ite  in feren ce  
could be d raw n  in  resp ec t to  th e  effect upon 
m ax im um  stress an d  p e rcen tag e  e lo n g a tio n . I t

T a b l e  IV .— Recommended Composition and Mechanical Properties to be Specified for the Three Leaded-Bronze
Bearing Allays.

Composition. Maximum 
stress. 
Tons 
per 

sq .in .

Elongation, 
per cent.Sn, 

per cent.
Pb, 

per cent.

P,
per cent.

Zn, 
per cent.

Ni, 
per cent.

Per cent, of 
other 

impurities, 
maximum.May be present up to  :

LB 2 9 to 11 4 to 6 0.30 0.50 1 . 0 0 .5 1 2 5
LB. 3 9 to 11 9 to 11 0.30 0.50 1.5 0 .5 1 1 4
LB. 4 8  to 1 0 14 to 16 0.30 1 . 0 2 . 0 0 .5 1 0 4

W-

upon which th e  d r a f t in g  of a s ta n d a rd  specifica
tion m ight be based. These recom m endations 
are set o u t in  T able IV , b u t  some com m ent upon  
these figures is necessary . I n  con sid erin g  these  
recom mendations, i t  m u s t firs t be rem em bered 
that the  cas tin g s to  be re p re se n ted  by fine p ro 
posed specification  a re  n o t no rm ally  used  as 
structural m em bers, b u t  a re  fu lly  su p p o rted  in 
the form  of b e a r in g s , lin e rs , e tc . The m ajo r

is, how ever, well know n, an d  has been fu r th e r  
s u b s ta n tia te d  by th e  S u b-C om m ittee’s work, 
t h a t  ad d itio n s  of n icke l to  leaded  bronzes do 
re su lt  in  im proved  an d  m ore u n ifo rm  m ech an i
cal p ro p e rtie s  (p a r t ic u la r ly  in  a h ig h e r  yield 
p o in t)  an d  th e  red u c tio n  of seg reg a tio n  of lead, 
especially , of course, w ith  th e  h ig h e r lead  con
te n ts . The a m o u n t of n ickel re q u ire d  depends 
upon  th e  com position  of th e  alloy and  upon  the

337



ty p e  of c a s tin g  b e in g  m ade . T he n ick e l con
te n ts  g iven  in  T able  IV  a re  th e re fo re  th ose  
w hich th e  S u b-C om m ittee  f e lt  i t  re aso n ab le  to  
associate  w ith  th e  p roposed  lead  a n d  p h o sp h o ru s

The S ub-C om m ittee  will welcome th e  fu llest 
co -o p era tio n  a n d  o p in io n s on th ese  recom m en
d a tio n s  fro m  b o th  m ak ers  a n d  use rs  of th is  ty p e  
of m a te r ia l ,  w ith  a view  to  th e ir  m ak in g  repre-

F i g . 2 .— T h e  S t a n d a r d  T e s t  B a r s  a s  C a s t .

c o n te n ts  of th e  th re e  alloys in  q u estio n , a n d  a re  
those  w hich correspond  in  g e n e ra l w ith  good 
p ra c tic e  in  o rd e r to  o b ta in  th e  benefits of n icke l 
in  red u c in g  seg reg a tio n  a n d  in c re a s in g  th e  y ie ld  
p o in t.

se n ta tio n s  in  th e  a p p ro p r ia te  q u a r te r s  for the  
d ra f t in g  of s ta n d a rd  spec ifica tions along these 
lines, su b je c t to  an y  m o d ificatio n s t h a t  m ay be 
deem ed ad v isab le  a f te r  all op in ions have been 
secu red .
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Influence of Repeated Remelting on the Properties 
of Light Alloys

By M. HAJEK and J. KORITTA

Paper N o. 689

In  recen t y ears  a lu m in iu m  alloys have  been 
steadily g a in in g  in  im p o rtan ce  as a  m a te r ia l  fo r 
construction . T he reasons fo r th e  c o n tin u a lly  
increasing use of th is  m a te r ia l  in  m ach ine  con
struction  a re  th e  dem an d  fo r  l ig h t  a n d  sim ple 
designs of eng ines, w here h ig h e r  o u tp u ts  a re  re 
quired, an d  a n u m b er of a d v a n ta g e s  w hich th e  
light alloys offer in  th e  d irec tio n  of m echan ical 
and o th er p ro p e rtie s . T he increased  p ro d u c tio n  
of light-alloy cas tin g s dem an d s, u n d e r  p re sen t 
economic cond itions, th e  so lu tio n  of th e  problem  
of u tilisa tio n  of fo u n d ry  scrap .

In  th is  P a p e r , w hich is th e  f irs t p a r t  of a 
more ex h au stiv e  s tu d y  of th is  p roblem , th e  
authors a tte m p t to  d e te rm in e  th e  in fluence  of 
repeated m eltin g  on th e  m echan ical p ro p e rtie s  
of cast a lu m in iu m  alloys.

T a b l e  I .— Composition of Alloys used for Testing.

Desig
nation.

Si.
Per

cent.

Cu.
Per

cent.

Fe.
Per

cent.

Zn.
Per

cent.

Mn.
Per

cent.

Mg.
Per

cent.

A
B
C
®l- 2  • ■

0.18
0.58

12.42
12.90

8 . 1 2
4.26
0.89

0.27
0.25
0.35
0.28

5.80
0.28
0.42 0.25

In  th e  ligh t-a lloy  fo u n d ry , som etim es m ore 
than  50 pe r cen t, of th e  m a te r ia l  m elted  tak es 
the form  of ru n n e rs , r ise rs , re je c ts  an d  o th e r 
foundry scrap , w hich is ad d ed  to  th e  new  
m aterial and  so su b jec ted  to  re p ea te d  m eltin g . 

Such m a te ria l is to  be d iv ided  in  tw o classes :
(1) M a te ria l o r ig in a tin g  in  th e  fo u n d ry  

itself, e.g ., ru n n e rs , r ise rs , re je c te d  castings, 
and borings from  m ach ine  shops d irec tly  con
nected w ith  th e  fo u n d ry . Such  m a te ria l,  when 
properly classified, re p re se n ts  m e ta ls  of know n 
chem ical com position  an d  of know n q u a lity .

(2) M a te ria l p u rch ased  from  o u tsid e  sources. 
The use of th is  m a te ria l  is a lw ays associated  
w ith a  c e r ta in  r isk , as i ts  q u a lity , even w hen 
covered by a g u a ra n te e  as to  chem ical com posi
tion , m ay n o t be sa tis fac to ry .
The use of m a te r ia l  sc rapped  d u r in g  th e  

m an u fac tu re  of a lu m in iu m  cas tin g s is a lw ays a

c o n tro v e rsia l su b jec t. The rem elted  m a te ria l is 
usua lly  considered  as in fe r io r  and  as a m a te ria l 
su itab le  only fo r second-grade cas tin g s to  be 
u tilise d  fo r  less stre ssed  p a r ts . T he q u a litie s  of 
rem elted  a lu m in iu m  scrap  w ere s tu d ied  by 
I rm a n n , 1 who has g iven  d irec tio n s  fo r com pound
ing  v a rio u s a lu m in iu m  alloys. H e  reach ed  th e  
conclusion th a t  a s im u ltan eo u s c h a rg in g  of two 
or m ore  ty p es  of a lu m in iu m  scrap  m ay re su lt  in  
a  m elt w hich is p ra c tic a lly  useless fo r fo u n d ry  
purposes. F ig . 1 shows, in  a g rap h ica l form ,

Alloy (DIN) / 2_̂ s_Y 7_ 8_ 9_10 //_ !2_ ¡4 (S_(6_!7_
A K u -M g |
Al-Cu-Ni • o
A l-C u 3 • • Q
GAl-Cu 4 • • Q O
C A l-Zn-C u 5 y X • y Q z
G A l-C u-N i 6 • 0 V • X □
AL-M g-Si 7 X x X X X X Q
A l-S t 8 • y • • • X Y q
G A !-M g-S i 9 y y y X X X q •  1□
C A l-S i 10 • y • • • X ~üj o Y q
-A t  - : II • y v V • X Y Q •1Q Q _
GAM S i Mg 12y y Y • X X 2 Q Y Q Q A

aA! - Mg_______ 13 X y X X X X X X X [Y X, aT
A l-M a -M n ¡4 Y y X X X £ X X. X y y □ a Û 'A l - M n 15 y y X X X X s • X Y • □ □

A
□

•
•
Q

□
•
• g□

C A I-M g Ï y y X X X X X X X \y X □
C Al-Ma-Mn 17 y y X X X X X X X y y □

□  Alloys which can be melted together
5]  - . . .  only partially be m elted together
2  •• - must not be m elted together

F i g . 1 .— G u i d e  i n  t h e  M e l t i n g  o f  A l u m i n i u m  
S c r a p  ( I r m a n n ) .

ty p es of a lu m in iu m  scrap  w hich m ay  an d  which 
m u s t n o t be m ixed  in  th e  sam e m elt.

I n  th e  l i te r a tu r e  av a ilab le  to  th e  a u th o rs  only 
a few d a ta  on th e  in fluence of rep ea ted  m eltin g  
of a lu m in iu m  alloys have  been found . A nder
son 2 s ta te s  t h a t  th e  q u a litie s  of a lu m in iu m  alloys 
a re  n o t a c tu a lly  affected  by re m e ltin g , b u t  in  
h is book, “  S econdary  A lu m in iu m ,”  he does n o t 
su b s ta n tia te  th is  s ta te m e n t num erica lly .

R o sen h a in  an d  G rogan 3 s tu d ied  th e  influence 
of re m e ltin g  on th e  m echanical p ro p e rtie s  of th e  
com m ercial a lu m in iu m  of 99.65 a n d  98.51 p er



cen t, p u r i ty ,  a n d  th ey  cam e to  th e  conclusion 
th a t  th is  m a te r ia l  d id  n o t lose any  of i ts  m ech an i
cal p ro p e rtie s  a f te r  a ten fo ld  m e ltin g  a n d  ro llin g .

In  o rd e r to  th ro w  m ore lig h t u p o n  th is  ques
tio n , th e  a u th o rs  s tu d ie d  th e  in fluence  of re 
p ea ted  m e ltin g  on th e  fo llow ing fo u r  s ta n d a rd  
a lu m in iu m  a llo y s: —

A lu m in iu m -co p p er alloy, d e s ig n a ted  ... A 
A lum in ium -copper-zinc  alloy, d e s ig n a te d ... B 
A lum in ium -silicon-copper alloy, d e s ig n a ted  C 
A lum in ium -silicon-m agnesium  alloy, which

in  th e  as-cast co n d itio n  is d e s ig n a ted  D, 
an d  in  th e  h e a t- tre a te d  co n d itio n  is 
d e s ig n a ted  ... ... ... ... D 2

The chem ical com positions of th ese  alloys a re  
g iven  in  T able I .

The alloys w ere m elted  in  coke-fired M organ  
fu rn aces  in  g ra p h ite  crucib les. F o r  th e  firs t m elt

T a b l e  I I . — Tensile Properties of Repeatedly Remelted 
Alloys.

Average Scattering of
Number tensile Average results in

of strength. elongation. percentage of the
melts. Tons per Per cent. average tensile

sq. m. strength.

Alloy A.

1 10.4 1.5 - 1 1 .4 + 2 0 . 2
2 10.3 1.9 - 2 2 . 0 +  7.0
3 1 0 . 6 2.3 -  9 .0 +  9.1
4 1 0 . 6 2 . 2 -  1 . 0 +  3.2
5 9.0 1 . 1 -  4 .5 +  3 .5
6 1 0 . 2 1 .9 -  3 .5 +  3 .5
7 9.6 1 . 8 -  2 . 6 +  1 . 8
8 9.3 1.5 -  3 .5 +  2 . 6
9 9.8 1.9 -  7 .0 +  5.3

1 0 9.0 1 .7 -  2 . 6 +  2 . 6

Alloy B.

1 1 0 . 2 2 .4 -  3.7 +  2 .5
2 10.7 3 .5 -  4 .2  +  4 .2
3 11.4 3.3 -  4 .2  + 1 4 .3
4 10.7 2.3 -  6 .3  +  2 .4
5 9.8 2 . 0 -  6 .4  +  4.2
6 9 .5 2 .4 -  5 .4  +  8.3
7 8 .5 2 . 1 -  7 .2  +  5.3
8 9.7 3.2 -  3 .6  +  4 .2
9 9 .8 2 . 6 -  3 .6  +  1.8

1 0 9 .5 2 . 0 -  3 .6  +  3 .6

Alloy C.

1 12.3 4 .8 -  5 .6  +  5.2
2 1 2 . 6 5 .6 — 5 .0  +  3 .5
3 11.9 5.0 -  6 .7  +  3.2
4 11.4 4.8 -  5 .6  +  3.3
5 1 1 . 2 3.9 -  1.1 +  2.3
6 12.7 5.8 -  1 . 0  +  1 . 6
7 11.9 6 . 0 -  5 .3  +  2.1
8 12.4 4.7 -  0 .5  +  1.0
9 12.5 6 .5 -  1 . 0  +  1 . 0

1 0 1 2 . 0 4.2 -  9 .0  +  4 .2

Alloy D x.

1 10.3 1 . 6 -  1 . 2  +  1 . 2
2 10.7 1 . 8 -  1 . 8  +  1 . 8
3 10.7 1 . 6 -  4.7 +  5.3
4 10.9 1 . 6 -  0 . 6  +  1 . 2
5 10.7 1.5 -  1.8 +  3.6
6 1 1 . 0 1 . 6 -  3 .5  +  2.3
7 1 0 . 8 1.3 -  5 .9  +  2.4
8 1 0 . 6 1.3 -  1 . 8  +  1 . 8
9 10.7 1.3 -  1.2 +  3.6

1 0 10.5 1 . 0 -  1 . 2  +  0 . 8

Alloy D 2.

1 18.2 0 . 6 -  2 .8  +  2.5
2 19.5 0 .4 -  1 . 0  +  1 . 0
3 18.7 0 . 6 -  2 .4  +  3.6
4 18.4 0 . 6 -  9 .6  +  7.0
5 19.8 0 .5 -  1.3 +  0.7
6 19.5 0 .5 -  5 .4  +  4.0
7 18.6 0 .4 -  2 .0  +  3.1
8 18.5 0 .4 -  2 .8  +  1.4
9 18.5 0 .4 -  2 . 1  +  2 . 0

1 0 17.7 0 .4 -  7 .5  +  5.4

only p u re  m e ta l w as c h arg ed . T he alloys A and  B 
w ere p re p a re d  fro m  a lu m in iu m  of 99.69 per 
c en t, p u r i ty ,  th e  alloys C a n d  D w ere used as 
d e liv e red  by th e  m a n u fa c tu re rs .

F o r  each  m e lt 100 kg . (220 lbs.) of m ate ria l 
w ere ch arg ed . N o flux  w as used  d u rin g  the 
m e ltin g  p rocess as i ts  in fluence  on th e  quality  
of a lu m in iu m  alloys is d o u b tfu l. The fluxes 
c u r re n tly  used  do n o t  hav e  a  decisive influence 
on th e  re d u c tio n  of th e  a lu m in iu m  oxide on 
acco u n t of th e  h ig h  o x id a tio n  te m p e ra tu re  of 
th e  a lu m in iu m . M oreover, th e  c u r re n t  prac
tic e  involves th e  d a n g e r  of h y d ro g en  absorption  
in  th e  m elted  m e ta l w hen m o is t fluxes a re  added 
to  i t .  A n o th e r reaso n  fo r  av o id in g  th e  use of 
fluxes w as th e  d esire  to  p re v e n t an y  factors 
in flu en cin g  th e  re su lts  of th e  re p ea te d  m elting .

T he alloys A a n d  B w ere cas t a t  th e  tem p era 
tu re  730 deg. C. m easu red  by m eans of a iron- 
c o n s ta n ta n  therm o co u p le . T he m eltin g  of alloys 
C a n d  D  was c a r r ie d  o u t acco rd in g  to  th e  recom
m en d ed  p ro ced u re , i .e .,  re fin em en t by m eans of 
sod ium  a n d  sod ium  flu o rid e  a t  760 deg. C. and 
c a s tin g  a t  730 deg . C.

F ro m  each  m elt of alloys A, B a n d  C, nine 
ten s ile  te s t-p ieces  w ere  c a s t  in  g reen  sand. The 
d ia m e te r  of th e  te s t-p ie ee  cas tin g s was 
12.5 m m ., th e ir  te s t  le n g th  w as 50 m m. (2 in.). 
The d im en sio n s of th e  te s t-p ie ce  a re  shown in  
F ig . 2.

F ro m  each  m e lt of alloy D , e ig h teen  test- 
pieces w ere c as t. N in e  of th e  tes t-p ieces of th is 
alloy w ere te s te d  in  th e  “  a s-ca s t ”  condition  
( D , ) ; th e  o th e r  n in e  w ere  su b je c ted  to  a  heat- 
t r e a tm e n t  co n sis tin g  of h e a tin g  to  530 deg. C. 
fo r 3 h rs ., q u en ch in g  in  cold w a te r  an d  ann ea lin g  
a t  175 deg. C. fo r  six  h o u rs  (D s).



In  a d d itio n  to  th e  tes t-p ieces some in tr ic a te  
green-sand c a s tin g s  w ere p ro duced  from  each 
m elt an d  of each  m a te r ia l  to  d e te rm in e  th e  sus
cep tib ility  of th e  alloys to  c rac k in g  an d  fa u lts  
due to  sh rin k ag e .

The tes t-p ieoes w ere m ach in ed  to  12 mm. 
d iam eter an d  th e n  te s te d . T he b ro k en  te s t-  
pieces, rise rs an d  e x p e rim e n ta l cas tin g s  w ere

-SS--

F i g . 2 .— T e s t - P i e o e  f o r  T e s t i n g  o f  R e m e l t e d  
A l l o t s .

then used fo r th e  n e x t m elt, w hich  w as c a rr ie d  
out exactly  in  th e  sam e w ay as th e  p reced in g  
one. The p ro ced u re  of m e ltin g , te s tin g  an d  re 
m elting was re p ea te d  a lto g e th e r  te n  tim es w ith  
each alloy.

All test-p ieces D 2 from  all te n  m elts w ere h ea t-  
trea ted  sim ultaneously  to  p re v e n t an y  possible
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pieces w ere used, th e  te s t  re su lts  show a no te
w o rth y  u n ifo rm ity . T he h ig h e s t a n d  low est 
figures fo r th e  ten s ile  s tre n g th  a re  show n in  
T able  I I  as fa c to rs  of th e  ca lcu la ted  av erag e  
ten s ile  s t re n g th . In  F ig . 3 th e  re su lts  a re  shown 
in a g ra p h ic a l form .

T he re su lts  of th e  te s ts  show t h a t  th e  re p ea te d  
m eltin g  of th e  a lu m in iu m  alloys te s te d , to  which 
no new  m a te ria l  was ad d ed , has no m ark ed  effect 
on th e i r  q u a lity . The sam e can  be sa id  ab o u t 
th e  cas tin g s p ro d u ced  from  th e  rem elted  
m a te ria l,  w hich even a f te r  te n  m eltin g s d id  n o t 
show an y  in fe r io r ity  as com pared  w ith  th e  c a s t
ings p roduced  fro m  th e  f irs t m elt. The re p ea te d  
m e ltin g  has also no effect on  th e  q u a lity  of th e  
h e a t- tre a te d  alloy D 2.

In  o rd e r  to  find any  possible v a r ia tio n  in  
th e  chem ical com position  of th e  te s te d  m a te ria l 
an  an a ly sis  w as m ade from  every  first, fifth  
an d  te n th  m elt, th e  re su lts  of which a re  shown 
in  Table I I I .

T a b l e  I I I .— Compositional Change after Remeltings.

Alloy. Melt
No.

Si.
Per

cent.

Cu.
Per

cent.

Fe.
Per

cent.

Zn.
Per

cent.

Mn.
Per

cent.

Mg.
Per
cent.

A .. 1 0.18 8 . 1 2 0.27 __ __ __
5 — 8 . 1 2 0.27 — — —

1 0 — 8 . 1 0 0.27 — — —

B 1 0.58 4.26 0.25 5.80 __ __
5 — 4.17 0.26 5.73 — —

1 0 — 4.05 0.26 5.27 — —

C .. 1 12.42 0.89 0.35 __ 0.28 —
5 12.40 0.89 0.34 — 0.27 —

1 0 12.54 1.00 0.35 — 0.27 —

1 12.90 __ 0.28 __ 0.42 0.25
5 13.02 — 0.26 — 0.40 0.29

1 0 12.95 — 0.29 — 0.40 0 . 2 2

F i g . 3 .— E f f e c t  o f  R e p e a t e d  M e l t i n g .

influence of s lig h t differences in  q u en ch in g  and  
annealing  te m p e ra tu re s .

The Tesults of th e  te s ts  a re  se t o u t  in  Table
II . The figures g iv en  show a n  averag e  of n in e  
tes t re su lts . D esp ite  th e  fa c t  t h a t  c a s t te s t-

The analyses show t h a t  th e  chem ical com
position  of th e  alloys, A, C and  D p rac tica lly  
d id  n o t ch an g e  w ith  th e  re p e a te d  m eltin g . The 
alloy B co n ta in in g  zinc lost a b o u t 0.5 p e r cen t, 
of i ts  zinc c o n te n t a f te r  te n  m eltings. The 
m agnesium  c o n te n t of th e  alloy D was k e p t in  
th e  lim its  of 0 .2  to  0.3 p er cen t, by ad d itio n  
of sm all q u a n ti t ie s  of m eta llic  m agnesium  to  
each  m elt.

I t  should  be em phasised  t h a t  th e  te s ts  w ere 
c a rr ie d  o u t u n d e r  no rm al fo u n d ry  cond itions 
and  w ith o u t th e  use of a n y  su rface  p ro tec tio n  
of th e  m elted  m eta l. T he te s t  showed t h a t  a 
re p e a te d  m eltin g  has no h a rm fu l effect on  th e  
q u a lity  of th e  fo u r  a lu m in iu m  alloys te s ted . 
The in fe r io r ity  of rem elted  m a te ria l  o f te n  ex
perienced  in  fo u n d ry  p ra c tic e  has to  be 
ascribed  th e re fo re  to  th e  use of sc rap  m a te ria l
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of u n k n o w n  com position  o r to  a  lack  of c a re  
d u r in g  m e ltin g  r a th e r  th a n  to  th e  re m e ltin g  
itself.

D IS C U S S IO N

M b. G. L .  B a i l e y , re fe r r in g  to  th e  in flu en ce  of 
re p ea te d  m e ltin g  on th e  p ro p e rtie s  of lig h t 
alloys, a sked  fo r e n lig h te n m e n t as to  th e  sign ifi
cance of F ig . 1. I t  a p p ea red  t h a t  in  m e ltin g  an d  
re -m e ltin g  m e ta l, one m u s t n o t m ix  such  alloys 
as a lu m in iu m -co p p er-m ag n esiu m  w ith  a lu 
m in ium -copper, or th a t  one could  m elt th em  
onlv in  lim ite d  p ro p o rtio n s . I f  t h a t  w ere  th e  
co rrec t u n d e rs ta n d in g , he  could  n o t follow i t ,  
because one was n o t in tro d u c in g  fo re ig n  e lem en ts  
o r any  in co n g ru o u s m a te ria ls  by p u t t in g  
a lu m in iu m -co p p er in to  a lu m in iu m -co p p er- 
m agnesium .

Fluxes fo r  R educing A lu m in a  
M r. A. L o g a n  p o in te d  to  th e  s ta te m e n t i n  

th e  P a p e r  t h a t  th e  fluxes c u r re n tly  used  
d id  n o t h av e  a decisive in fluence on th e  red u c
tio n  of th e  a lu m in iu m  oxide. As fa r  as th e  s ta te 
m en t in  th e  P a p e r  w en t, i t  was c o rrec t, he sa id  ; 
b u t  i t  d id  n o t follow t h a t  one could  n o t low er

th e  a lu m in iu m  oxide c o n te n t in  a  ch arg e  of 
m o lten  m eta l by th e  use of fluxes. I t  was qu ite  
possible, a n d  he  believed i t  w as c u r re n t  p ractice , 
to  red u ce  th e  a lu m in iu m  oxide co n ten t of 
m o lten  m e ta l by u s in g  su itab le  fluxes. The oxide 
w as n o t ac tu a lly  chem ically  reduced , b u t could 
be e lim in a ted  o r p a r tia lly  e lim in a ted  by 
m echan ical a c tio n  ; an d  th e  red u c tio n  of the  
a lu m in iu m  oxide c o n te n t  was a fa c to r  of very 
g re a t  p ra c tic a l im p o rtan ce  in  a lu m in iu m  found
in g . H e  would welcome th e  experience  of others 
co n ce rn in g  th e  a m o u n t o f a lu m in iu m  oxide per
m issib le, fo r he h ad  fa ir ly  d e fin ite  ideas about 
i t .  H e  h a d  in d ic a tio n s  t h a t  th e  presence of 
a lu m in iu m  oxide beyond a c e r ta in  lim it was in 
itse lf  sufficient to  cause  considerab le  trouble.
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Industrial Legislation In South Africa*
By A. H. GUY (M em ber)f

Paper N o . 690

The fo u n d ry  t r a d e  in  S o u th  A frica  is com 
paratively  young, as in d eed  is m ost in d u s tr ia l  
developm ent in  th e  U n ion . I t  v ir tu a l ly  owes 
its inception  to  th e  gold m in in g  in d u s try  on 
the W itw a te rsra n d , an d  its  e a r lie r  g ro w th , and  
even its p re se n t m a jo r  a c tiv itie s , a re  ro u g h ly  
parallel to  th e  d ev elopm en t of gold m in in g .

The in d u stry  th e re fo re  m ay  be sa id  to  d a te  
back only as f a r  as 1886, a t  w hich  tim e  i t  was 
extrem ely e lem en tary , be ing  em ployed on such 
jobs as th e  m ak in g  of fireb ars a n d  such  sim ple  
castings as could only  be im p o rted  w ith  con
siderable delay, ho ld ing  u p  w ork  in  consequence, 
and which m ig h t be c o n triv ed  u n d e r  th e  difficult 
conditions th e n  p rev a ilin g .

Since th e  b e g in n in g  of th e  p re se n t cen tu ry , 
foundry a c tiv ity  h a s  developed ro u g h ly  in  p ro 
portion to  th e  expansion  of gold m in in g , a n d  its  
technique is la rg e ly  designed  to  c a te r  fo r t h a t  
m arket. In  re ce n t y ea rs , how ever, fou n d ry m en  
have been seek ing  e x ten d ed  m ark e ts , an d  th e re  
is no doubt t h a t  scope ex ists . H i th e r to  th e  
bulk of p roduction  has been on a g en era l e n g i
neering basis, p robab ly  because of th e  re s tr ic te d  
m arket offering, b u t  as tech n iq u e  develops 
fu rther and  co n d itio n s of em p lo y m en t a re  
adapted to  th e  needs of m a n u fa c tu re , i t  is 
reasonable to  ex p ec t considerab le  p rogress by th e  
industry in  a n u m b er of d irec tio n s  h i th e r to  
unexplored.

C onditions of em ploym en t a re , of course, 
based upon ex is tin g  leg is la tio n  fo r th e  co n tro l 
of industry , and  such leg is la tio n  is advanced . 
The following A cts have a  d ire c t a p p lic a tio n  
to in d u s try :— F a c to rie s  A ct, A p p ren ticesh ip  
Act, W orkm en’s C om pensation  A ct, In d u s tr ia l  
Conciliation A ct and  th e  W age Act.

F acto ries  A c t
The F ac to ries  A ct was firs t in tro d u c ed  in  

1918 and b ro u g h t u p  to  d a te  in  1929. I t  p ro 
vides fo r th e  licensing  of fac to rie s  an d  g en era lly  
for m a tte rs  g e rm an e  to  fa c to ry  h y g iene . A 
48-hr. week is la id  dow n, w ith  t im e  an d  a 
q u arte r to  be p a id  fo r  o v ertim e, public  holidays 
are reg ard ed  as ho lidays w ith o u t pay— th e re

* Presented  on b eh a lf  o f th e  S ou th  A frican  B ranch  o f  th e  
In stitu te .

t  P resident, S ou th  A frican B ranch.

a re  eleven s ta tu to ry  holidays d u r in g  th e  y ea r 
in  S o u th  A frica —w hile p rov ision  ex is ts  fo r  th e  
c a re  of fem ale  lab o u r an d  ju v en iles  ( th e  la t t e r  
u n d e r  16 y ears of age m ay n o t be em ployed). 
R e g u la tio n s  re q u ire  th e  p ro p e r sa fe g u a rd in g  of 
h e a lth  an d  life , a n d  a re  ad m in is te red  by 
F a c to r ie s  In sp ec to rs  u n d e r  th e  con tro l of th e  
D e p a r tm e n t of L ab o u r.

C h a n g in g  room, accom m odation  m u s t be  p ro 
vided to  “  th e  sa tis fac tio n  of th e  in sp e c to r,” 
w hich, in  th e  case  of fo u n d ries , e n ta ils  th e  p ro 
vision  of h o t  an d  cold w a te r  in  c h an g in g  room s, 
show ers and  in d iv id u a l lockeTs fo r employees. 
T he R e g u la tio n s  also p rov ide fo r  first-a id  eq u ip 
m en t, th e  su p erv isio n  and  c o n tro l of m ach in ery  
a n d  boilers, g e n e ra tio n  an d  d is tr ib u tio n  of elec
tr ic i ty ,  e levato rs, an d  also lay  dow n p rocedure  
in  th e  ev en t of acc iden ts an d  in q u irie s  in  re la 
tio n  th e re to .

A p p re n tic e s h ip  A c t
The A p p ren ticesh ip  A ct, w hich was in tro d u ced  

in  1922 a n d  b ro u g h t u p  to  d a te  in  1930, is 
designed  to  re g u la te  ap p ren tic e sh ip  and  th e  
c a rry in g  o u t of c o n tra c ts  o f a p p ren tice sh ip  in  
d e s ig n a ted  tra d e s . The A ct m akes p rov ision  fo r 
th e  sch ed u lin g  of th e  in d u s tr ie s  in  w hich  i t  is 
to  app ly , an d  th e re a f te r  com m ittees a re  se t  u p  
to  advise th e  M in is te r  on  th e  d e s ig n a tio n  of 
th e  tra d e s  in  th e  in d u s try  concerned  w hich a re  
to  be co n tro lled  u n d e r  th e  A ct. Such com
m ittees consist of an  eq u al n u m b er of re p re 
se n ta tiv e s  of em ployers a n d  em ployees u n d e r  a 
c h a irm a n  a p p o in ted  by th e  M in is te r , and  i t  is 
th e i r  fu n c tio n  to  recom m end in te r  a lia  th e  
q u a lifica tio n s a y o u th  should  possess befo re  he 
m ay  be in d e n tu re d , in  re g a rd  to  age an d  ed u 
ca tio n , an d  f u r th e r  to  recom m end w h a t n u m b er 
of a p p ren tic e s  m ay  be  em ployed in  any  shop, 
th e  r a te s  of wages, th e  p e rio d  o f a p p re n tic e 
sh ip , courses o f t r a in in g  a n d  an y  o th e r  con
d itio n s  w hich  i t  deem s desirab le.

F u r th e r  fu n c tio n s  of ap p ren tic e sh ip  com m ittees 
em brace d isp u te s  w hich m ay a rise  over co n tra c ts , 
th e  ty p e  of ed u ca tio n a l class w hich an  a p p re n 
t ic e  m ay  be called  u p o n  to  a tte n d , th e  ex am in a 
tio n  of p roposals fo r  in d e n tu re s  of y o u th s  sub
m it te d  by em ployers, an d  g en era lly  th e  ab ility  
to  in q u ire  in to  an y  m a t te r  re la tin g  to  ap p ren -

343



fciceship in  th e  in d u s try  in  th e  a re a  fo r which 
th e  co m m ittee  has been ap p o in te d .

B riefly , th e  p ro c ed u re  w hich  m u s t he follow ed 
b efore  a boy can  be a p p re n tic e d  to  th e  m o u ld in g  
t r a d e  is as fo llo w s:— T he em ployer m ak es a p 
p lica tio n  to  th e  co m m ittee  fo r  th e  in d e n tu re  of 
a  c e r ta in  y o u th  on a p re scrib ed  fo rm . T he com 
m ittee , if  i t  is sa tisfied  t h a t  th e  boy is over 
s ix teen  y ears  of age a n d  h as passed S ta n d a rd  
V I, an d  t h a t  sufficient t r a in in g  fa c ili t ie s  e x is t  in  
th e  e s tab lish m en t of th e  em ployer to  e n su re  t h a t  
th is  p a r t ic u la r  in d iv id u a l w ill be g iven  th e  op 
p o r tu n ity  of becom ing a p ro p e rly  qualified  jo u r 
n eym an , w ill th e n  recom m end th e  in d e n tu re , 
w hich is th e r e a f te r  m ore  o r less a u to m a tic .

A c o n tra c t is th e n  e n te re d  in to  be tw een  th e  
em ployer an d  th e  boy’s g u a rd ia n , b e in g  b in d in g  
in  c iv il law  fo r a  p e rio d  of six  y e a rs , a n d  sub
je c t to  th e  su p erv isio n  of th e  a p p re n tic e sh ip  com 
m ittee . D u rin g  th e  first five y e a rs  of h is in d e n 
tu r e  th e  boy m u st a t te n d  tec h n ica l classes. F o r  
th e  f irs t tw o  y ears he is g iven  a c e r ta in  a m o u n t 
of tim e  off by th e  em ployer, b u t  th e r e a f te r  he  
m u st a tte n d  ev en in g  classes fo r th re e  n ig h ts  each 
week.

P ra c tic a lly  no o th e r  ty p e  of m o u ld er th a n  a 
jo u rn ey m an  ex is ts  in  S o u th  A frica  to -d ay . 
N e g o tia tio n s  a re  on fo o t b e tw een  th e  em p lo y ers’ 
o rg a n isa tio n  an d  th e  t r a d e  u n io n  w ith  a view 
to d ilu tio n  in  o rd e r to  en co u rag e  m a n u fa c tu re , 
b u t  a t  th e  tim e  of w r i t in g  no  co n cre te  step s hav e  
been ta k e n , ex cep t in  D u rb a n  w here  a la rg e  
fo u n d ry  is eng ag ed  in  v a rio u s  fo rm s of re p e tit io n  
w ork w ith  em ployees u n d e r  re p e tit iv e  cond itio n s.

The q u e s tio n  of tec h n ica l t r a in in g  in  th e  
tr a d e  in  c o n ju n c tio n  w ith  a p p ren tic e sh ip  is occu
py ing  th e  close a t te n tio n  of th e  S o u th  A frican  
B ran ch  of th e  I n s t i tu te ,  w hich  aim s a t  develop
ing  th e  s ta tu s  of fo u n d ry m en  in  S o u th  A frica , 
a n d  c re a tin g  th e  necessary  tec h n ica l ed u ca tio n a l 
fa c ilitie s  to  en ab le  p ro fessio n al q u a lifica tio n s to  
be o b ta in e d  to  t h a t  end.

W o r k m e n ’s C o m p e n s a tio n  A c t
The W o rk m e n ’s C o m pensation  A c t is th e  n e x t 

s ta tu te  w ith  w hich  th e  in d u s try  is concerned . 
W o rk m en ’s co m p en sa tio n  in su ra n ce  in  S ou th  
A frica  is com pulsory , b u t  w hile  th e re  a re  one or 
tw o  m u tu a l a ssoc ia tions in  ex is ten ce , th e  bu lk  
of th e  business is co n d u cted  by  p r iv a te  com 
panies, u n d e r  an  a r ra n g e m e n t w ith  th e  W o rk 
m en ’s C om p en satio n  C om m issioner, w hereby  th ey  
u n d e r ta k e  to  r e tu r n  65 p e r cen t, of th e  a g g re 
g a te  p rem ium s in  benefits . P re m iu m s a re  of 
course a d ju s te d  in  acco rdance  w ith  th e  risk .

A w orkm an  is e n ti t le d  to  co m p en sa tio n  u n d e r  
th e  follow ing c ircu m stan ces :-—

I f  an  a cc id e n t occurs to  h im  d u r in g  th e
course  of h is em ploym en t, p ro v id in g  t h a t  such

d isa b le m en t is n o t d ue  to  h is serious o r w ilful 
m isco n d u c t—unless he  is k illed  o r seriously 
d isab led  u n d e r  th ese  c ircu m stan ces leaving 
d e p e n d a n ts , b u t  th is  excep tio n  w ill n o t apply 
if th e  a cc id e n t w as d irec tly  a ttr ib u ta b le  to 
d ru n k e n n ess .

H e  is also n o t e n ti t le d  to  com pensation  if 
d isa b le m en t o r d e a th  is due to  a  p re -ex isting  
d iseased  co n d itio n  of w hich  h is em ployer was 
u n a w a re  b u t of w hich th e  w orkm an  h ad  cog
n isance .

A ccid en t re su ltin g  in  serious d isab lem en t or 
d e a th  co u n ts  fo r  com pensa tion  even though 
th e  w o rk m an  a t  th e  tim e  was a c tin g  unlaw 
fu lly  or a g a in s t  in s tru c tio n s , p ro v id in g  th a t  
he w as so d o ing  fo r  th e  pu rpose  of and  in  con
n ec tio n  w ith  h is  em p lo y er’s business.
I f  n eg ligence  on th e  p a r t  of th e  em ployer be 

th e  cause  of th e  a cc id en t, a p p lic a tio n  m ay be 
m ad e  fo r  in c reased  com p en sa tio n . C om pensation 
is p ay ab le  to  d e p en d a n ts , in c lu d in g  widows, 
c h ild ren  u n d e r  s ix tee n , p a re n ts , b ro th e rs  and 
s is te rs , p ro v id ed  t h a t  i t  can  be shown th a t  they 
w ere w holly o r  p a r tia l ly  d e p en d e n t on th e  w ork
m a n ’s e a rn in g s  a t  th e  tim e  of th e  acciden t.

T he a d m in is tra tio n  of th e  A ct is e n tru s te d  to 
th e  C om m issioner of W o rk m en ’s C om pensation, 
p rovision  b e in g  m ade  fo r  qu estio n s in  d isp u te  to 
be d e te rm in e d  by a  m a g is tra te ,  a n d  fo r  m edical 
a n d  tec h n ica l assessors an d  m edical a rb itra tio n , 
ap p ea l to  a  h ig h e r  c o u rt  b e in g  adm issib le on 
c e r ta in  specified g ro u n d s . C o n tro l of th e  pay
m e n t of co m p en sa tio n  is in  th e  h a n d s  of the  
C om m issioner.

C om p en satio n  fo r  te m p o ra ry  p a r tia l  or to ta l 
d isab lem en t is a t  th e  fo llow ing r a t e s : — A t the 
r a te  of 60 p er cen t, of th e  m o n th ly  ea rn in g s, up 
to  £20  of such  e a rn in g s , to g e th e r  w ith  35 per 
cen t, of h is m o n th ly  e a rn in g s  in  excess of £ 2 0  

up to  £33  6 s. 8 d. : P ro v id e d  t h a t  such com pen
sa tio n  m ay  be in creased  to  a n  a m o u n t n o t ex
ceed in g  th e  r a te  of th e  w o rk m a n ’s ea rn in g s  or 
£ 6  1 0 s. p e r  m o n th , w h ichever m ay  be th e  less: —

(i) W h en  th e  w o rk m an  w as a t  th e  d a te  of 
th e  a cc id e n t c au s in g  d isab lem en t u n d e r 2 1  

y ears  of ag e  ; or
(ii) W hen  th e  w o rk m an , a lth o u g h  above th a t  

age, would be u n a b le  to  m a in ta in  h im self and 
th o se  d e p e n d e n t on h im  u p o n  th e  periodical 
p a y m en t.

T he p e rio d  of te m p o ra ry  d isa b le m en t is six 
m on ths , w hich  m ay  be in c reased  to  tw elve 
m on ths , a n d  m ay  be f u r th e r  in c reased  on a d if
f e re n t  scale of p ay m en t.

T he co m p en sa tio n  in  th e  case of p e rm a n en t 
d isab lem en t, in c lu d in g  p e rm a n e n t  in ju ry  or 
serious d isfig u rem en t, sha ll be acco rd in g  to  the



degree of d isab lem en t of th e  w orkm an  a n d  in  
accordance w ith  th e  fo llow ing  ru le s :  —

(a) W here  th e  deg ree  of d isab lem en t is 40 
per cen t., a  lum p  sum  eq u al to  s ix tee n  tim es 
th e  m onth ly  e a rn in g s  of th e  w orkm an  up to  
£ 2 0  of such e a rn in g s , to g e th e r  w ith  n in e  tim es 
his m onth ly  e a rn in g s  in  excess of £ 2 0  up  to  
£33 6 s. 8 d.

(b) W here  th e  deg ree  of d isab lem en t is 
under 40 p e r c en t., a  lum p sum  b e a rin g  th e  
same p ro p o rtio n  to  a lum p sum  ca lcu la ted  in  
accordance w ith  p a ra g ra p h  (a) as th e  degree 
of such d isab lem en t b ears  to  40 p e r cen t.

(c) W here th e  deg ree  of d isab lem en t is over 
40 per cen t, and  u n d e r  70 p e r c en t., th e n  in  
respect of one-half of th e  p e rce n ta g e  of d is
ablem ent, a  lum p  sum  ca lcu la ted  acco rd ing  to  
pa rag rap h  (b), an d  in  re sp ec t of th e  o th e r  
half of th e  p e rce n ta g e  of d isab lem en t, a 
monthly pension ca lcu la ted  in  th e  m an n e r p ro 
vided in p a ra g ra p h  (e).

(d) W here th e  deg ree  of d isab lem en t is 100 
per cen t., a m on th ly  pension  equal to  one-half 
of the  m onth ly  e a rn in g s  of th e  w o rk m an  up 
to £ 2 0  of such e a rn in g s , to g e th e r  w ith  one- 
q u arte r of h is m o n th ly  e a rn in g s  in  excess of 
£20 up to  £33 6 s. 8 d.

(e) W here  th e  deg ree  of d isab lem en t is 70 
per cent, or over, b u t  u n d e r  1 0 0  p e r  c en t., a 
monthly pension b e a r in g  th e  sam e p ro p o rtio n  
to a pension ca lcu la ted  in  acco rdance  w ith  
pa rag rap h  (d) as th e  degree  of such  d isab le 
m ent bears to  1 0 0  p e r cen t.

The com pensation w here th e  w orkm an dies 
from an in ju ry  caused by an  a cc id en t shall be 
as follow s: —

(a) I f  th e  w orkm an leaves as a d e p e n d a n t 
a widow or in v a lid  w idow er an d  no ch ild ren , 
an am ount n o t exceed ing  tw o y e a rs ’ e a rn in g s  
of the  w orkm an o r £500, w hichever is th e  less.

(b) I f  th e  w orkm an leaves as d ep en d a n ts  a 
widow or in v a lid  w idow er an d  one or m ore 
children, an  a m o u n t n o t exceed ing  e ig h teen  
m onths’ ea rn in g s  of th e  w orkm an  o r £375, 
whichever is th e  less, to  such widow o r w idow er 
together w ith  a pension  in  re sp ec t of such 
children as p rov ided  in  p a ra g ra p h  (c) : P ro 
vided th a t ,  if  th e  a m o u n t of com pensation  
payable u n d e r th is  p a ra g ra p h  is less th a n  th e  
am ount payable  u n d e r  p a ra g ra p h  (o), such 
am ount m ay  be increased  to  an  a m o u n t n o t 
exceeding th a t  payab le  u n d e r  p a ra g ra p h  (a).

(c) I f  th e  w orkm an leaves as d e p en d a n ts  one 
or m ore ch ild ren , a m o n th ly  pension  in  resp ec t 
of the  ch ild ren  a m o u n tin g  to  th e  u n d e rm e n 
tioned p e rcen tag e  of th e  pension  w hich would 
have been g ra n te d  to  th e  w orkm an if  to ta lly  
and p e rm an en tly  d isab led  as p ro v ided  in  p a ra 
g raph  (d ) of sub -sec tion  (1) of S ec tion  48,

acco rd in g  to  th e  n u m b er from  tim e  to  tim e
of such c h ild ren  who a re  e n tit le d  to  rece ive  a
pension, th a t  is to  sa y : —
1  ch ild  ... ... ... ... 2 0  p e r cen t.
2 c h ild ren  ... ... ... 35 ,,
3 ch ild ren  ... ... ... 50 ,,
4 c h ild ren  ... ... ... 60 ,,
5 c h ild ren  ... ... ... 65 ,,
6  c h ild ren  o r m ore ... ... 70 ,,

su b je c t to  c e r ta in  provisos w hich re g u la te  th e  
position .

M ed ica l a id  is also p ro v id ed  by th e  A ct, and  
f irs t-a id  a n d  t r a n s p o r t  fo r an  in ju re d  em ployee. 
M edical expenses, in  a d d itio n  to  com pensation , 
m ay  be d e fra y e d  fo r a pe rio d  up  to  a y e a r on a 
scale deem ed reasonab le  by th e  a u th o rit ie s , up 
to  £100. The fees an d  charges to  be m ade by 
p ra c tit io n e rs  a re  p rescrib ed  by re g u la tio n , th e  
w orkm an h a v in g  freedom  of choice in  th e  selec
t io n  of h is m edical a n d  su rg ica l t r e a tm e n t,  u n 
less p rov ision  h as a lre ad y  been  m ad e  th e re fo r  
by h is em ployer on a scale app ro v ed  by th e  Com
m issioner.

T he A c t f u r th e r  p rov ides fo r  in d u s tr ia l  
d iseases, a n d  th e  com pensa tion  of n a tiv e  (A fri
can) em ployees on a  scale d iffe re n t from  E u ro 
peans, to  whom  th e  fo reg o in g  p rov isions m ain ly  
app ly . I t  should  be b o rne  in  m in d  th a t  m ost of 
th e  low er-pa id  o ccupations in  S o u th  A frica  a re  
filled by  n a tiv e s . P ro v isio n  fo r com pensa tion  in  
th e  A ct is re la tiv e  to  th e  gen era l re q u irem en ts  
fo r civ ilised  as opposed to  less c iv ilised  s ta n d a rd s  
of ex is tence . In su ra n c e  is, of course, com pul
sory  a n d  is conducted , as in d ic a te d , th ro u g h  
p r iv a te  in su ra n ce  com panies w hich re q u ire  to  be 
licensed to  conduct w orkm en’s com pensation  
business.

In d u s tr ia l C o n c ilia tio n  A c t
T he m easu re  which probab ly  p lays th e  g re a te s t 

p a r t  in  th e  re g u la tio n  of in d u s tr ia l  re la tio n s  is 
th e  In d u s tr ia l  C oncilia tion  A ct, w hich was in tro 
duced  in  1924 a n d  b ro u g h t up  to  d a te  in  1937. 
I t  is p e rh ap s  s ig n ifican t t h a t  no m ajo r s tr ik e s  
have ta k e n  p lace  in  S o u th  A frica  since th is  A ct 
becam e law , w hich a p p ea rs  to  in d ic a te  t h a t  th e  
p r im a ry  pu rposes of th e  m easu re—th e  p rev en 
tio n  an d  se ttle m e n t of in d u s tr ia l  d isp u tes—have 
been served.

B ro ad ly , th e  A ct p rov ides tw o classes of 
m ach in ery  fo r th e  co n tro l of r e la tio n s h ip s ; con
c ilia tio n  boards a n d  in d u s tr ia l  councils. A con
c ilia tio n  b o a rd  is b ro u g h t in to  ex is ten ce  e ith e r  
on th e  a p p lic a tio n  of a t r a d e  u n io n  o r of an  
em ployers’ o rg a n isa tio n . A lte rn a tiv e ly , th e  
M in is te r  m ay  decide to  c rea te  such a  bo ard . A 
co n d itio n  p re ce d en t is th a t  th e  m a t te r  in  d is
p u te  is one w hich fa lls  to  be d e a lt w ith  u n d e r  
th e  Act, a n d  i t  is p rov ided  th a t  no s tr ik e  or 
lock-ou t m ay ta k e  place u n til  th e  B oard
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h as re p o rte d  to  th e  M in is te r  on th e  m a t te r  in  
d isp u te .

I f  a g re e m e n t is reach ed  by th e  p a r tie s  th ro u g h  
a b o a rd , th e n  th e  a g ree m e n t m ay  be g iv en  th e  
fo rce  of law  fo r  a  specified pe rio d . M ed ia to rs  
m ay  be a p p o in te d  a t  th e  d isc re tio n  of th e  M in is
t e r  an d  a r b i t r a to r s  m ay  be called  in if  th e  
p a r tie s  agree .

T he second class of m ach in ery  is th e  in d u s tr ia l  
council. I t  is possible fo r in d iv id u a l t r a d e  un io n s 
an d  em ployers’ o rg a n isa tio n s , o r g ro u p s of such 
assoc iations, to  come to g e th e r  a n d  d raw  a  c o n sti
tu t io n  in  te rm s  of th e  A ct, w hich  is th e n  re g is
te re d  by  th e  In d u s t r ia l  R e g is tr a r  a n d  has th e  
effect of c re a tin g  th e  in d u s tr ia l  council as a 
body co rp o ra te . I t  becom es th e  fu n c tio n  of th is  
body, co n sis tin g  of a n  eq u al n u m b er of re p re se n 
ta t iv e s  of em ployers’ a sso c iatio n s a n d  t r a d e  
u n ions, to  e n d eav o u r to  se ttle  an y  d isp u te s  which 
m ay  a rise  in  th e  p a r t ic u la r  in d u s try  concerned, 
a n d  to  e n te r  in to  a g reem en ts  re g u la tin g  w ages 
a n d  cond itio n s.

T he m eth o d  of h a n d lin g  d isp u te s  is s im ila r  to  
t h a t  em ployed u n d e r  th e  c o n c ilia tio n  b o ard  
system , th e  ex is ten ce  of th e  council m ak in g  
s tr ik e s  a n d  lock-outs illeg a l u n t il  th e  council has 
fa iled  to  se ttle  th em  a n d  has re p o rte d  to  th e  
M in is te r  acco rd ing ly . M ed ia tio n  an d  a rb i t r a t io n  
proceed ings m ay  be invoked  as u n d e r  a co n cilia 
tio n  board .

I f  (as is th e  in v a r ia b le  p rac tice )  an  in d u s tr ia l  
council decides to  n e g o tia te  an  a g ree m e n t to  
govern  w ages a n d  co n d itio n s in  th e  in d u s try , it 
m ay , on com ple tion  of th e  a g reem en t, req u est 
th e  M in is te r  of L ab o u r to  g ive i t  th e  fo rce  of 
law fo r a g iven  p eriod . T he M in is te r  g a ze tte s  
th e  ag reem en t by v ir tu e  of th e  pow ers co n ferred  
on  h im  in  te rm s  of th e  A ct, an d  i t  th e n  h as th e  
fo rce  of law , p e n a ltie s  fo r  b reach  b e in g  p re 
scribed  u n d e r  th e  S ta tu te .

T he M in is te r  m ay  go f u r th e r  w ith  re fe ren ce  
to  an  ag reem en t— an d  in d eed  u su a lly  does. H e  
m ay  in d ic a te  in  g a z e tt in g  a n  a g ree m e n t th a t ,  
since he  is sa tisfied  t h a t  th e  p a r tie s  a re  suffici
en tly  re p re se n ta t iv e  of th e  in d u s try , i t  is to  be 
b in d in g  n o t only  upon  th e  p a r tie s  b u t  on  all 
em ployers an d  em ployees in  th e  in d u s try  in  a 
g iven  a rea , irre sp ec tiv e  of w h e th er th e y  a re  
m em bers of an y  of th e  em ployers’ o rg a n isa tio n s  
o r  t r a d e  un io n s co m p risin g  th e  in d u s tr ia l  council.

P o w er is g iv en  to in d u s tr ia l  councils by th e  
A ct to  a p p o in t a g en ts , an d  th e  M in is te r  m ay, 
if  he  ap p ro v es of such a g en ts , in v es t th em  w ith  
th e  pow ers of an  in sp e c to r in  th e  g o v e rn m en t 
service, so t h a t  th e y  m ay  e n te r  u p o n  p rem ises 
e ith e r  of p a r tie s  o r  n o n -p a rtie s , call fo r  books 
a n d  m ak e  in v e s tig a tio n s  w ith  a  view  to  ascer
ta in in g  t h a t  an y  in d u s tr ia l  a g ree m e n t in  force 
is being  p ro p e rly  carried  ou t.

T he A c t re q u ire s  t h a t  an y  a sso c iatio n  of em 
p loyers o r  em ployees who com e to g e th e r  w ith  th e  
o b jec t, in te r  a lia , of r e g u la tin g  co n d itio n s of 
w ork, m u s t re g is te r  u n d e r  th e  A ct, su b m ittin g  
th e i r  c o n s titu tio n s  to  th e  R e g is tr a r  w ith in  th re e  
m o n th s of fo rm a tio n . T he R e g is tra r ,  if he  is 
sa tisfied  t h a t  th e  c o n s titu tio n s  c o n ta in  n o th in g  
c o n tra ry  to  th e  o b jec ts  of th e  A ct, o r  to  th e  
pub lic  in te re s t ,  th e n  re g is te rs  th e  body concerned 
fo r a  g iv en  a rea , a n d  i t  becom es th e  body re p re 
s e n ta t iv e  of th e  p a r t ic u la r  in te re s t  concerned  in 
t h a t  a rea . N o u n re g is te re d  body h as any  s ta tu s  
in  law .

T he A ct defines, am ong  o th e r  th in g s , th e  te rm  
“ em ployee ”  an d  excludes from  such  defin ition  
persons fa ll in g  u n d e r  th e  pass law s of th e  U nion 
— t h a t  is  to  say  p ass-b earin g  n a tiv e s . A ny  ques
t io n  a ffec tin g  th e  in te re s ts  of n a tiv e  em ployees 
th e re fo re  does n o t fa ll w ith in  th e  scope of th e  
A ct, b e in g  r a th e r  a  m a t te r  fo r  th e  N a tiv e  A ffairs 
D e p a r tm e n t, a lth o u g h  in d u s tr ia l  ag reem en ts 
com m only lay  dow n w ages fo r  th e  ty p e  of occu
p a tio n  w hich  is u su a lly  filled by n a tiv e  employees 
—such  as lab o u rin g  w ork.

T he M in is te r  is g iv en  pow er, how ever, to  ex
te n d  th e  te rm s  of a n  a g re e m e n t to  n a tiv e s , to  
p re v e n t th e ir  e x p lo ita tio n  in  o ccu p a tio n s com
m on to  E u ro p e a n  classes of lab o u r, w hich  m ig h t 
be possible if  an  a g re e m e n t w ere  n o t  designed 
to  lay  dow n a  w age fo r  a  p a r t ic u la r  job , i r r e 
sp ec tiv e  of race .

T h e  W a g e  A c t

T he W age A ct, th e  final in d u s tr ia l  m easure , 
p rov ides fo r th e  c re a tio n  o f a  p e rm a n e n t wage 
b o ard  w hich  m ay  m ak e  in v e s tig a tio n s  in to  th e  
co n d itio n s of an y  p a r t ic u la r  t r a d e  o r in d u stry  
on a p p lic a tio n  to  i t  by  a  re p re se n ta t iv e  body of 
em ployers o r w o rk ers in  th e  t r a d e  o r in d u stry  
concerned , o r on a re fe re n ce  issued to  i t  by th e  
M in iste r.

T he b o a rd , h a v in g  in v e s tig a te d , re p o rts  to  th e  
M in is te r  an d  m ay  m ake  a reco m m en d a tio n  as 
to  th e  w ages a n d  co n d itio n s  w hich  should  apply 
in  th e  p a r t ic u la r  sp h e re  u n d e r  re fe re n ce . The 
M in is te r  m ay  accep t such  a  recom m endation , 
p ub lish  i t  fo r  o b jec tio n , cause  such  ob jections 
to  be co n sid ered , an d  g a z e tte  i t  in  o rd e r  to  give 
i t  th e  fo rce  of law .

T h e re a f te r  th e  re co m m en d a tio n  becom es a  de
te rm in a tio n  a n d  h as th e  sam e fo rce  as a n  in d u s
t r ia l  a g ree m e n t, save t h a t  i t  is  n o t  adm in is
te re d  by  a n  in d u s tr ia l  council, b u t  by th e  D e
p a r tm e n t  of L a b o u r  whose in sp e c to rs  a re  re 
sponsib le  fo r  see in g  t h a t  i t  is c a r r ie d  o u t.

T h e  W ag e  A ct is u su a lly  b ro u g h t  in to  op era 
tio n  in  re la tio n  to  u n o rg a n ised  t ra d e s  o r in d u s
tr ie s  o r in  th e  in te res ts  o f  th e  class o f w orkers 

346



(natives) who a re  n o t classified as em ployees 
falling u n d e r  th e  scope of th e  I n d u s tr ia l  C on
ciliation A ct.

C onclusion
The fo rego ing  very  b r ie f  su m m ary  of some of 

the m ain p rovisions of th e  in d u s tr ia l  leg is la tio n  
of the  U nion serves to  in d ic a te  th e  w ide scope 
of the  A cts, in  th e ir  re la tio n  to  in d u s tr ia l  wel
fare. I t  in d ica te s  also t h a t  th e  social leg isla 
tion of S ou th  A frica  is a b re a s t  of a n d  in  some 
cases ahead of t h a t  in  o p e ra tio n  in  m an y  older

in d u s tr ia l  co u n trie s . I t  ta k e s  cognizance, too , 
of th e  p e cu lia r  social co n d itio n s of S o u th  A frica , 
w here  th e  w age g ap  betw een  sk illed  an d  u n 
skilled  occu p a tio n s has alw ays been wide—  
a lth o u g h  th e re  is a s tro n g  ten d en cy  now to  
n a rro w  th e  g ap — an d  w here th e re  is a  n a tu ra l  
ten d en cy  fo r o ccupations to  fa ll in to  tw o ca te 
gories : th ose  g en era lly  c a rr ie d  o u t by em ployees 
e n jo y in g  a  civ ilised  s ta n d a rd  of liv ing , an d  those 
(such as lab o u re rs ’ w ork) w hich a re  usually  
c a r r ie d  o u t an d  re m u n e ra te d  on a  lower scale.
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Solution Heat-Treatment of Aluminium Casting 
Alloys

Paper No. 691

By Dr.lng.

Although th e  h a rd e n in g  of a lu m in iu m  fo rg in g  
alloys by m eans of so lu tio n  h e a t- tr e a tm e n t  has 
been known since th e  in v en tio n  of D u ra lu m in  in 
1906, and  has been ap p lied  tech n ica lly  since 
about 1910, y e t th e  so lu tion  h e a t- tr e a tm e n t  of 
alum inium  cas tin g  alloys fo r  th e  pu rpose  of im 
proving th e i r  s tre n g th  d id  n o t come in to  p rac 
tical use u n til  a f te r  th e  d iscovery  of “  Y alloy ” 
by R osenhain  in  1917. As show n in  F ig . 1 th e  
historical developm en t of a lu m in iu m  c as tin g  
alloys is in  p a r t  d ue  only to  th e  techno log ical 
point of view. The a lu m in iu m  c as tin g  alloys m ay 
be classified as follows : —

Group / . —Alloys to  w hich h a rd e n e rs  such as 
Cu, Zn, M g an d  Si a re  ad d ed  w hich im prove 
the s tre n g th  an d  corrosion  re s is tan ce  of th e  
alloy, (a) Im p ro v em en t of s tre n g th  by  a d d in g  
Cu and Z n  (Al-Cu an d  A l-Z n-C u). (b) Im 
provem ent of s tre n g th  an d  corrosion  re sis tan ce  
by m eans of M g (A l-M g). (c) Im p ro v em en t 
of s tren g th  an d  of ca s tin g  p ro p e rtie s  by m eans 
of S i ; u n su itab le  fo r san d  c a s tin g  unless th e  
grain  is refined s im u ltan eo u sly  by m eans of a 
refining w ith  N a  (A l-Si).

Group I I .— Alloys to  w hich C u, M g, S i a re  
added for th e  pu rpose  of o b ta in in g  a h a rd e n in g  
effect (A l-Cu-Ni, A l-Cu-M g, A l-M g-S i, A l-Si- 
Mg, and A l-M g).

Group I I I . — Alloys to  w hich sm all q u a n ti t ie s  
of an elem ent such as T i a re  ad d ed  fo r th e  
purpose of re fin ing  th e  g ra in  an d  im p ro v in g  
the m echanical p ro p e rtie s , p a r tic u la r ly  by solu
tion h e a t- tre a tm en t.
This classification shows t h a t  h ig h  s tre n g th s  

are only o b ta in ed  in  G roups I I  a n d  I I I ,  which 
are subjected to  a so lu tion  h e a t- tre a tm e n t.

H e a t -T re a tm e n t Processes
Solution h e a t- tre a tm e n t can  be ap p lied  only  to  

alloys co n ta in in g  a c o n s titu e n t, th e  so lu b ility  of 
which increases w ith  r is in g  te m p e ra tu re . As 
shown in  F ig . 2, Cu, Si, M g,S i, Z n  an d  M g Z n 2 

are such co n stitu en ts . The so lu tio n  h e a t - t r e a t 
m ent consists in  an n ea lin g  th e  alloy a t  a  tem 
peratu re  ra n g in g  above th e  so lu b ility  cu rv e  of 
the added e lem ent, so t h a t  th is  e lem en t becom es 
soluble. A t a te m p e ra tu re  of 550 deg. C ., for

R. IR M A N N

in stance, a b o u t 5.5 p e r cen t. Cu becomes soluble. 
By m eans of quen ch in g  th e  alloy from  th is  te m 
p e ra tu re , th e  p re c ip ita tio n  of th e  ad d ed  e lem en t 
Cu is p rev en ted , so t h a t  a t  room  te m p e ra tu re  
a  hom ogeneous solid so lu tion  of an  u n stab le  
n a tu re  an d  co n ta in in g  5.5 p er cen t. Cu is 
o b ta in ed .

T he solid so lu tio n  now has th e  ten d en cy  of ac
q u ir in g  a  s ta te  of s ta b ili ty  by m eans of p rec ip i
t a t in g  th e  su rp lu s  C u, th u s  p ro d u c in g  changes 
in  th e  sp ace-la ttic e  an d  a h a rd en in g  effect. In  
th e  case of some alloys, th is  increased  hard n ess 
is a lre ad y  n o ticeab le  w hen aged  a t  room  te m p e ra 
tu re , a n d  w ith  o th e rs  only a f te r  p re c ip ita tio n  
h e a t- tre a tm e n t .  The so lu tio n  h e a t- tre a tm e n t, 
a n d  th e  ag e in g  a t  room  te m p e ra tu re  and  p rec i
p i ta t io n  h e a t- tre a tm e n t , a re  shown d iag ram - 
m atica lly  in  F ig . 3.

Furnaces fo r  S o lu tio n  H e a t -T r e a tm e n t
T he te m p e ra tu re s  necessary  fo r th e  so lu tion  

h e a t- tre a tm e n t of c a s tin g  alloys a re  v ery  close to  
th e  solidus p o in t;  th e re fo re , very  u n ifo rm  te m 
p e ra tu re s  ra n g in g  betw een  ab o u t +  5 deg. C. 
a re  req u ired . L ikew ise, th e  te m p e ra tu re  for 
th e  p re c ip ita tio n  h e a t- tre a tm e n t (say, fo r in 
stan ce , 160 d eg .) which follows upon  th e  so lu tion  
h e a t- tre a tm e n t a n d  quen ch in g  m u st of necessity  
be w ith in  a ra n g e  +  3 deg. C.

I f ,  th e re fo re , a m ax im um  so lu tion  h e a t- tr e a t 
m en t tem p era tu re  o f 500 deg. C. is prescribed, 
th e  fu rn a c e  m u s t be se t  a t  495 + 5 deg. C., th is  
te m p e ra tu re  to  be evenly  m a in ta in e d  in  all p a r ts  
of th e  fu rn ac e  an d  th ro u g h o u t th e  so lu tion  hea t- 
t r e a tm e n t  process, ta k in g  usu a lly  from  2 to  4 
hours. O nly e lec trica lly -h ea ted  fu rn aces w ith  
a ir  c irc u la tio n  a n d  au to m a tic  h e a t  co n tro l can 
fu lly  sa tis fy  th ese  req u irem en ts . A ir c ircu la  
t io n  is e ssen tia l in  an y  case, because th e  r a te  of 
h e a tin g  would be  tw o or th re e  tim es slower 
w ith o u t i t .

Two p i t  fu rn ac e s  se p a ra ted  by  th e  quench ing  
ta n k  m ay  be used . One of th e  fu rn aces is used 
fo r  so lu tion  h e a t- tre a tm e n t  and  th e  o th e r for 
th e  p re c ip ita tio n  h e a t- tre a tm e n t . The h ea tin g  
e lem ents a re  fixed in  th e  b rickw ork  o r on th e  
c y lin d rica l e lem en t of non-scaling  steel which 
se p a ra te s  th e  fu rn a c e  ch am b er from  th e  h e a tin g
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e lem en ts. A m o to r, d r iv in g  a  c e n tr ifu g a l  fa n , is 
in s ta lle d  on th e  cover of th e  fu rn a c e . T he h o t 
a ir  is sucked  p a s t  th e  h e a tin g  e lem en ts and  
blow n in to  th e  fu rn a c e  ch am b er th ro u g h  th e  open 
e lem en t. B y m eans of a th e rm o co u p le  in se r te d  
in to  th e  cover, th e  fu rn a c e  c u r re n t  is re g u la te d  
au to m a tica lly .

T he pow er r a t in g  of a fu rn a c e  fo r  so lu tio n  
h e a t- tr e a tm e n t  h a v in g  a  d ia m e te r  of 40 in . a n d  
60 in . d eep , is 35 kw . F o r  p re c ip ita tio n  h e a t-  
t r e a tm e n t  a b o u t 6  kw. a re  re q u ire d  fo r  a f u r 
nace  of th e  sam e size.

A p a r t  from  th e  te m p e ra tu re  a n d  d u ra tio n  of 
th e  so lu tio n  h e a t- tre a tm e n t ,  th e  to ta l  pow er con
su m p tio n , of course, d epends also on  th e  size of 
th e  cas tin g s . S m alle r cas tin g s  a re  in tro d u c ed  
in to  th e  fu rn a c e  in  a  l ig h t  c h a rg in g  b a sk e t of

th e  pow er consum ed by a so lu tio n  h e a t- tr e a t 
m en t of 3 ho u rs  a t  a b o u t 530 deg. C. an d  a sub 
seq u en t p re c ip ita tio n  h e a t- tr e a tm e n t  of 1 2  hours 
a t  160 deg. a m o u n ts  to  a b o u t 0.25 to  0.7 kw .- 
h r . / l b . ,  th e  low er figu re  p e r ta in in g  to  heat- 
t r e a tm e n t  w ith o u t  th e  b a sk e t an d  th e  h ig h er to  
h e a t- tr e a tm e n t  w ith  th e  b a sk e t.

In  o rd e r  to  m ak e  th e  fu lle s t  possible use of 
th e  so lu tio n  h e a t- tr e a tm e n t  fu rn a c e , several 
p re c ip ita tio n  h e a t- tr e a tm e n t  fu rn ac e s  should be 
p ro v id ed  fo r  each  so lu tio n  h e a t- tre a tm e n t  
fu rn ac e , th e i r  n u m b er d e p en d in g  on th e  re la tiv e  
d u ra tio n  of th e  tw o  processes.

In  o rd e r to  avo id  in te rn a l  s tra in s , d is to rtio n s 
o r even  crack s, co m plica ted  cas tin g s  should  in 
some cases be sp rin k led  v igo rously  w ith  w a ter 
u n til  th ey  a re  cold. C a stin g s  m ad e  of Al-Si-M g

0  PROOF STRESS Kg/mmr  

□  TENSILE STRENGTH ■
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GROUP / GROUP 2 GROUPS.
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F i g . 1 .— T e c h n o l o g ic a l  G r o u p s  o f  A l u m i n i u m  C a s t i n g  A l l o y s  
( S a n d - C a s t ) .

n o n -scalin g  steel by  m eans of a  j ib  c ran e . U pon 
com ple tion  of th e  so lu tio n  h e a t- tr e a tm e n t  th e  
b a sk e t w ith  th e  c a s tin g s  in  i t  is d ip p ed  in to  th e  
q u en ch in g  ta n k .

L arg e  c a s tin g s  a re  h u n g  on to  ch a in s so t h a t  
no  b a sk e t is used. As th e  s t re n g th  of a lu m i
n iu m  alloys is g re a tly  red u ced  a t  so lu tio n  h e a t-  
t r e a tm e n t  te m p e ra tu re ,  th e  cas tin g s  m ay  occa
sionally  be  d efo rm ed  on acco u n t of th e i r  own 
w eig h t. W h ere  th is  r isk  ex is ts , th e  c a s tin g  m u st 
be p ro te c te d  fro m  d e fo rm a tio n  by m eans of 
sp ec ia l s tee l su p p o rts . F ig . 4 shows th e  reduced  
s t r e n g th  of an  A l-M g-S i alloy (A n tico ro d a l) a t  
e lev a ted  te m p e ra tu re s .

W h en  a  c h a rg in g  b a sk e t is u sed , th e  e lec tric  
pow er c o n su m p tio n  fo r  each p o u n d  of cas tin g s  
is, of course, h ig h e r , because  th e  b a sk e t is 
h e a te d  w ith  th e  c a s tin g  an d  o f te n  w eighs m ore 
th a n  th e  ch arg e . F o r  cas tin g s of 25 to  50 lbs.,

a lloys a re  q u enched . B efo re  t r e a t in g  la rg e  cas t
ings such  as m o to r casings, i t  is recom m ended 
to  m ach in e  th e  faces to  be m a tc h ed  in  a  long i
tu d in a l  an d  tra n sv e rse  d ire c tio n , so t h a t  a 
g a u g e  is o b ta in e d  fo r e v e n tu a l a d ju s tm e n ts  a f te r  
th e  so lu tio n  h e a t- tr e a tm e n t—th ese  a d ju s tm e n ts  
to  be m ade  im m ed ia te ly  a f te r  th e  quench ing , 
i.e ., p r io r  to  th e  p re c ip ita tio n  h e a t- tre a tm e n t .  
In  th e  case of som e alloys no p re c ip ita tio n  h ea t-  
t r e a tm e n t  is a p p lied , as th e se  ag e  a t  room  tem 
p e ra tu re  a n d  reach  th e i r  m ax im u m  s tre n g th  in 
a b o u t th re e  days.

E ffe ct o f H e a t -T r e a tm e n t  on M ech an ica l 
P ro p e r t ie s

M en tio n  h as a lre ad y  been  m ad e  of th e  effects 
of th e  so lu tio n  h e a t - tr e a tm e n t  te m p e ra tu re . 
T his should  be  k e p t  as close as possible to  th e  
lim it  of so lu b ility  of th e  h a rd e n e rs , w ith o u t  ex-
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ceeding i t,  how ever, because th is  would re su lt 
in ov erh ea tin g . T he d u ra tio n  of th e  so lu tio n  
h e a t- tre a tm en t also has a  co n siderab le  effect on 
the m echanical p ro p e rtie s . T h is effect v a rie s  
according to  th e  ty p e  of c a s tin g  (w h e th er sand  
or chill cast) an d  th e  com position  of th e  alloy. 
I t  should be realised  t h a t  th e  te rm  “  d u ra tio n  
of th e  so lu tion  h e a t- tre a tm e n t  ”  includes bo th

°c

F i g . 2 .— S o l u b i l i t y  o f  H a r d e n e r s  i n  
A l u m i n i u m .

the tim e d u rin g  which th e  c a s tin g  rem a in s  a t  
the h e a t- tre a tm e n t te m p e ra tu re  as well as th e  
period of w arm ing-up . I t  w ould n o t be ad v is
able, for in stan ce , to  t r y  to  w arm  a  c a s tin g  in  
a salt b a th  to  th e  so lu tion  h e a t- tr e a tm e n t  tem 
perature in  too sh o rt  a  tim e . O n th e  con
trary , th e  cas tin g  should, as a  ru le , be w arm ed- 
up for over an  h o u r, so t h a t  i t  g ra d u a lly  
loses its cas tin g  stresses caused  by th e  d iffe ren t 
speeds a t  which th e  v a rio u s  p a r ts  of th e  c a s t
ing solidify in  th e  m ould . V ery  qu ick  w arm ing- 
up of the  castings m ay  have  an  effect d irec tly

r

F i g . 3 . — H f.a t - T r f .a t m e n t  o f

A l u m i n i u m  A l l o y s  s h o w n  
D i a g r a m m a t i c a l l y .

opposite to  th a t  of a decrease  in  stresses, 
namely, induced  stresses an d  d is to rtio n s .

The solu tion  h e a t- tre a tm e n t g en era lly  leads 
to increased s tre n g th , h a rd n ess  an d  e lo n g a tio n . 
W hile fu r th e r  im p ro v in g  s tre n g th  and  hard n ess , 
subsequent p re c ip ita tio n  h e a t- tre a tm e n t  induces 
a decrease in  e longa tion  which v a rie s  acco rd ing  
to th e  te m p e ra tu re  an d  d u ra tio n  of th e  process. 
This is illu s tra te d  by th e  stress-e lo n g atio n

d ia g ra m  fo r  A n tico ro d a l shown in  F ig . 5. The 
s t re n g th  a n d  th e  e lo n g a tio n  of u n tre a te d  c a s t
ings (C urve N o. 1) a re  in creased  by th e  
so lu tio n  h e a t- tre a tm e n t  an d  th e  quen ch in g  
(C urve No. 2) ; a su b seq u en t p re c ip ita tio n  h ea t- 
t r e a tm e n t  la s tin g  8  to  10 h o u rs  a t  160 deg. C. 
causes th e  s tre n g th  to  increase  s ti ll  f u r th e r ,  b u t 
th e  e lo n g a tio n  to  decrease  considerab ly  (C urve 
N o. 3). T he p re c ip ita tio n  h e a t- tre a tm e n t tem 
p e ra tu re  is of u tm o s t im p o rtan ce , as some 
alloys a t t a in  th e  sam e s tre n g th  com bined w ith  
g re a te r  e lo n g a tio n , if  a  lower te m p e ra tu re  of, 
fo r in stan ce , 140 deg. C. com bined w ith  longer 
d u ra tio n  is used.

As re g a rd s  th e  h e a t- tre a ta b le  alloys a t  p re sen t 
used  by in d u s try , experience  has led  to  th e

F i g .  4 .— M e c h a n i c a l  P r o p e r t i e s  o f

“  A n t ic o r o d a l  ”  ( C h i l l -C a s t ) ,  t e s t e d  a t  
E l e v a t e d  T e m p e r a t u r e s .

ap p lic a tio n  of th e  so lu tion  h e a t- tre a tm e n t and  
p re c ip ita tio n  h e a t- tre a tm e n t  te m p e ra tu re s  an d  
tim es show n in  F ig . 6 , th e  a c tu a l te m p e ra tu re s  
a n d  periods be in g  so selected  as to  g ive th e  alloy 
th e  m echan ical p ro p e rtie s  req u ired  by th e  purpose 
for w hich i t  is used.

“  A lu fo n t 2 ”  is an  alloy  m ade up  of sc rap  
from  th e  A l-Cu-M g fo rg in g  alloy and  4  per cen t. 
C u, 2 p e r  c en t. S i, 0.5 p e r cen t. M n, 0.2 p e r 
cen t. M g, an d  0.2 p e r cen t. T i. As show n in  
F ig . 7, a  so lu tio n  h e a t- tre a tm e n t  g re a tly  im 
proves i ts  m echanical s tre n g th , which is furtheT  
en hanced  by p re c ip ita tio n  h e a t- tre a tm e n t  a t  1 4 0  
deg. C. o r  s till  b e tte r  a t  160 deg. C ., b u t  th e  
la tte ir  t r e a tm e n t  causes a su b s ta n tia l decrease 
in  th e  e lo n g a tio n . The loss in  e longation  is m uch



sm alle r fo r “  A lu fo n t 3 ,”  a n  A l-C u alloy  w hich 
co n ta in s  4.5 iper cen t. C u b u t  on ly  n eg lig ib le  F e  
an d  S i im p u r itie s  (each u n d e r  0 . 2  p e r  c e n t .) ,  and  
has a  v e ry  fine s t r u c tu r e  d ue  to  th e  a d d itio n  of 
ab o u t 0 . 2  p e r  cen t. T i. A lth o u g h  sa n d -c a s t te s t-  
pieces of th is  alloy reach  a  h ig h  te n s ile  s tre n g th  
a n d  e lo n g a tio n  (F ig . 8 ) by  m ean s of th is  t r e a t 
m en t, th e ir  p roo f s tre ss  is f a r  low er th a n  t h a t  of 
th e  p rev io u sly  m en tio n ed  “ A lu fo n t 2 . ”  
“  A lu fo n t 3 ,”  th e re fo re , is p a r tic u la r ly  su itab le  
w hen h ig h  p la s tic ity  is re q u ire d — a p ro p e rty  
which is n o t  possessed by m ost o th e r  h ea t-  
t r e a te d  c a s tin g  alloys.

T he h e a t- tre a ta b le  A l-M g alloys w ith  a b o u t 
10 p e r cen t. M g have  also re ce n tly  g a in ed  in  im -
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F i g . 5 . —  S t r e s s - E l o n g a t i o n  
D i a g r a m  o f  “  A n t i c o r o d a l  ”  
( S a n d - C a s t ) :  ( 1 )  As C a s t ;  (2 )
S o l u t i o n  H e a t - t r e a t e d  a n d  
A g e d  a t  R o o m  T e m p e r a t u r e  ;
(3 )  S o l u t i o n  H e a t - t r e a t e d  
a n d  A g e d  a t  160 d e g . C.

p o rtan c e , especially  because i t  has been  m ade 
possible to  sim p lify  th e  te c h n iq u e  of san d  c a s tin g  
—-which w as com p lica ted  by  th e  n ecessity  of 
a d d in g  su b s tan ces fo rm in g  a  p ro te c tiv e  gas to  
th e  m ould ing  san d — b y  m eans o f ad d in g  very  
sm all q u a n titie s  o f b e ry lliu m  (F rench  inven tion ). 
The bery llium  added  to  th e  m eta l m akes the  
ad d itio n  o f sub stan ces fo rm ing  a p ro tec tiv e  gas 
unn ecessa ry .

C a stin g s  m ade  of th e  A l-Si-M g alloy 
“  S ilu m in  ”  also have  th e i r  te n s ile  s t re n g th  an d  
th e ir  p roof s tre ss  increased  w hile th e ir  e lo n g a tio n  
is red u ced , w hen th ey  u n d e rg o  a  so lu tio n  h e a t-  
t r e a tm e n t  followed by a  p re c ip ita tio n  h e a t- tre a t-  
m en t. The sam e h a rd e n in g  effect caused  by th e  
p re c ip ita tio n  of M g zSi is also n o ticeab le  w ith  th e

Al-M g-Si alloy “ A n tic o ro d a l,”  w hich  w as d is
covered  before  th e  A l-Si-M g alloys cam e in to  use.
The so lu tio n  h e a t- tr e a tm e n t  follow ed by ageing 
a t  room  te m p e ra tu re  o r by p re c ip ita tio n  heat- 
t r e a tm e n t  is a lso ap p licab le  to  th e  Al-Si-M g 
alloys.

In flu en ce  o f C as tin g  C o n d itio n s  on th e  
R esu lt o f  th e  S o lu tio n  H e a t -T r e a tm e n t

T he r a te  of so lid ification  in  th e  m ould  affects 
th e  m ech an ica l p ro p e rt ie s  of th e  “  a s-cast ” alloy. 
T his r a te  can  be v a r ie d  w ith in  la rg e  lim its, 
especia lly  in  th e  case of chill c as tin g s, but 
a c tu a lly  i t  d e p en d s  m ain ly  on  th e  ca s tin g  pro
p e r tie s  of th e  alloy a n d  on th e  fo rm  of th e  
cas tin g s. I f  th e  m ould  h as a r a th e r  low tem 
p e ra tu re ,  a r a p id  so lid ificatio n  should  cause th e
s tre n g th  to  be in creased , w h ils t m ost of th e  
h a rd en e rs  (fo r in s tan c e , M g 2Si) re m a in  in  solu
tio n  a n d  re -p re c ip i ta te  by  ag e in g . Test-pieces 
m ade of “  A n tico ro d a l ”  a t  a  c a s tin g  tem p e ra 
tu r e  of 700 deg . C. a n d  a t  m ould tem p e ra tu re s  
of from  50, 200 a n d  400 deg . C. show p rac tica lly  
no d ifference  in  s t r e n g th  a f te r  5 days of ageing 
a t  room  te m p e ra tu re ,  no  m a t te r  w h e th er the  
c a s tin g  w as effected in  h o t o r cold m oulds. 
H ow ever, d if fe re n t re su lts  a re  o b ta in e d  if  the 
sam ples a re  quenched  a t  te m p e ra tu re s  of from  
200 to  300 deg. C. T he v a rio u s  co n d itio n s are 
show n in  F ig . 9. T h is sim plified  h a rd en in g  
m ethod  can  be a p p lie d  solely to  chill c as tin g , and 
even th e n  only  if  th e  c a s tin g  h as a  r a th e r  sim ple 
form .

In  th e  case of a v ery  h ig h  speed  of solidifica
tio n , as in  th e  case of p re ssu re  d ie-cas tin g s, th e  
so lu tio n  h e a t- tr e a tm e n t  h as on ly  a  s lig h t effect, 
an d  a  p re c ip ita tio n  h e a t - tr e a tm e n t  is sufficient 
in  m ost cases. I t  is, in d eed , to  be p re fe rre d  to 
a so lu tio n  h e a t - tr e a tm e n t  follow ed by  quenching , 
as i t  does n o t cause  th e  th in  p re ssu re  d ie-cast
ings to  becom e so eas ily  d e fo rm ed . So fa r  as 
“  A n tico ro d a l ”  is co n cern ed , th is  is illu s tra te d  
in  F ig . 10.

I f  th e  c a s tin g  be allow ed to  cool dow n slowly 
in  th e  m ou ld , a n  ag e in g  a n d  a n  in c rease  of h a rd 
ness c an  ta k e  p lace  in  th e  m o u ld  i ts e lf , and  
especially  so in  th e  case of a lloys w hich  respond 
m ore easily  to  p re c ip ita tio n  h e a t- tr e a tm e n t ,  such 
as “  Y a llo y .”  T he d ifferences in  s tr e n g th  which 
a re  p re se n t in  p ra c tic a lly  ev ery  c a s tin g  are 
a lm o st co m ple te ly  rem oved  by  a so lu tio n  heat- 
t r e a tm e n t  follow ed by  q u en ch in g .

D iffe re n t speeds of a g e in g  a re  also n o ticeab le  
in  th e  case of p re c ip ita tio n  h e a t- tre a tm e n t.  
W hen  a so lu tio n  h e a t - tr e a tm e n t  h a s f irs t  tak e n  
p lace, a p re c ip ita tio n  h e a t - tr e a tm e n t  a t  1 0 0  deg. 
C. endow s m ax im u m  s t r e n g th  to  th e  “  Y alloy ” 
in less th a n  1  h o u r, w h ereas fo r  “  S ilu m in  ”  th e  
m ax im u m  s t re n g th  is n o t even  a t ta in e d  a f te r  1 0  

days, an d  fo r  “  A n tico ro d a l ”  a f te r  a b o u t two 
day s, as is show n in  F ig . 1 1 .



On accoun t of th ese  lower speeds, th e  p rec i
p ita tion  h e a t- tre a tm e n t  m u st ta k e  place a t  a 
higher te m p e ra tu re  fo r “  S ilu m in  G am m a ” and 
“ A nticorodal,”  an d  th e  d u ra tio n  of th e  t r e a t 
ment has to  be in creased .

The ty p e  of s t ru c tu re  of th e  alloy in  i t s  “  as- 
cast ” s ta te  is th e  d ec id in g  fa c to r  fo r o b ta in in g  
the optim um  m echan ical p ro p e rtie s  by m eans of 
solution h e a t- tre a tm e n t. L iq u a tio n  a n d  coarse
ness of g ra in  m ake i t  m ore difficult fo r th e  h a rd 
eners to  go in to  so lu tio n . L ikew ise, longer 
times are  req u ired  fo r th e  h e a t- tre a tm e n ts  in  
order to  ob ta in  a s ta te  of com plete so lu tio n . In  
the case of so lu tion  h e a t- tre a tm e n t ,  th e  size of

The above exam ples show th a t  fo r fine-g ra ined  
c as tin g s , sh o rte r  so lu tion  h e a t- tre a tm e n ts  a re  re
q u ired  an d  a g re a te r  in crease  of m echanical pro
p e rtie s  is o b ta in ed . F u rth e rm o re , th e  speed of 
ag e in g  a t  room  te m p e ra tu re  o r e lev a ted  tem 
p e ra tu re  is h ig h er fo r fine-grained  cas tin g s.

In  a c tu a l p ra c tic e , a m iddle  course m u s t be 
ta k e n , as each  cas tin g , w h e th er san d  o r  chill 
cas t, is com posed of g ra in s  of any  size. F ig . 13 
shows an  exam ple  in  which a longer so lu tion  hea t- 
t r e a tm e n t  h a s b ro u g h t ab o u t a considerab le  im 
p ro v em en t in  th e  m echan ical p ro p e rtie s  of a sand  
c a s tin g  of “ A lu fo n t 3 ”  alloy c o n ta in in g  4.5 per 
cent. Cu and  0.2 p e r cent. Ti.

SOLUTION
heat treatment
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p 'IG . 6 .— S o l u t i o n  H e a t - t r e a t m e n t  a n d  M e c h a n ic a l  P r o p e r t i e s  
o f  A l u m i n i u m  C a s t i n g  A l l o y s  ( S a n d -C a s t ) .

the grains m ay be increased  also ow ing to  re- 
crystallisation, p a r tic u la r ly  if  stresses caused by 
the speed of solid ification  have rem ain ed  in  th e  
castings. This exp la ins why, fo r c e r ta in  sizes 
of grains, a solu tion  h e a t- tre a tm e n t causes th e  
mechanical p ro p erties  in it ia lly  to  decrease, an d  
to increase ag a in  only a f te r  a r a th e r  pro longed  
period, as is shown in  F ig . 12, w hich has re fe r 
ence to  the  hard n ess of “  Y a llo y .”

This d im inu tion  in  h a rd n ess is g re a te r  for 
coarse-grained cas tin g s ; fo r fine-g ra ined  ones, 
i t  is sm aller because a sh o rte r  so lu tion  h e a t - tr e a t 
ment, of a q u a r te r  of an  h o u r, fo r in s tan c e , is 
sufficient for b rin g in g  in to  so lu tion  a f a ir  a m o u n t 
of the h a rd en ers , w hereby th e  d im in u tio n  in 
hardness is som ew hat com pensated . F o r  coarse
grained castings a longer period  is necessary  u n til  
the m axim um  h ardness is reached .

Loss o f S tre n g th  o f H e a t-T re a te d  A llo ys due  
to  A n n ea lin g  a t E le v a te d  T e m p e ra tu re s

W ith  th e  excep tion  of p iston  alloys, castings 
a re  n o t u su a lly  sub jec ted  to  e levated  tem p e ra 
tu re s . I t  should  n o t be fo rg o tte n , how ever, th a t  
a long pe rio d  of a n n ea lin g  a t  less th a n  2 0 0  deg. 
C. is sufficient to  reduce su b s ta n tia lly  th e  h ig h est 
m echan ical p ro p e rtie s  o b ta in ed  by so lu tion  heat- 
t r e a tm e n t.  A t e lev a ted  te m p e ra tu re s  an d  a f te r  
a n n ea lin g , th e  h e a t- tr e a te d  alloys, c o n ta in in g  
copper r e ta in  th e ir  m echan ical p ro p e rtie s  fo r a 
longer pe rio d  th a n  some o thers . F o r  “  A n ti
corodal ” (A l-M g-S i), fo r in s tan ce , th e  loss of 
s tre n g th  is sm alle r th a n  fo r “ A lu fo n t 2 ,” as is 
shown in  F ig . 14.

T he d u ra tio n  of a n n ea lin g  is of u tm o s t im por
ta n c e ;  th e re fo re , th is  should  alw ays be in d ica ted  
when figures on h e a t  resis tan ce  are  quoted . Typi-
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F i g . 7 .— M e c h a n ic a l  P r o perties '.
“  A l u f o n t  2  ”  ( S a n d  O a s t ) ,

F i g . 8 .— M e c h a n ic a l  P r o p e r t ie s  of 
“  A l u f o n t  3  ”  ( S a n d -C a s t ).
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F i g . 9 .— I n f l u e n c e  of R ate o f  S o l id if ic a 
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F i g .  10.— I n f l u e n c e  o f  H e a t - T r e a t m e n t  on  
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T r e a t e d  a n d  A g e d  a t  160 d e g .  C.
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cal of alloys w ith  a h ig h  h e a t-re s is ta n c e  a re  th e  
piston alloys.

C lassical am o n g st alloys is th e  “  Y a llo y ,” 
whilst th e  “  R R  ” alloys, w hich a re  v a r ia tio n s  
of th e  fo rm er, possess b e tte r  c a s tin g  q u a litie s . 
The p iston  alloys w ith  copper co n ten ts  of over 
10 per cen t., such as “  B o h n a lite  ”  an d  “  U 20 ”

F ig . 11.— I n c r e a se  of H a r d n e s s  by  
P r e c ip it a t io n  H eat-T r e a t m e n t  at 
100 d e g . C.

are ano ther ty p e  of h e a t-re s is tin g  alloy. All 
these alloys a re  h e a t- tre a te d . A f te r  h a v in g  been 
annealed for one m o n th , c as tin g s  te s te d  a t  room 
tem perature  show th a t  no re d u c tio n  of hard n ess 
takes place before th ey  a re  h e a te d  to  te m p e ra 
tures in  excess of 160 deg. C . T his app lies to 
all the alloys w ith  excep tion  of “  Y a llo y ,”  which,

F ig . 12.— E f fec t  of G r a in  S iz e  an d  
D u ratio n  of S o l u t io n  H eat-T r e a t m e n t  
on th e  H a r d n e s s  of “  Y A l l o y . ”

on the  c o n tra ry , a t ta in s  increased  h a rd n ess  due 
to a p rec ip ita tio n  phenom enon (see F ig . 15). A t 
higher tem p e ra tu re s  th e re  a re  only s lig h t d if 
ferences in  h a rd n ess betw een th e  “  Y ,” “  R R  
53 ” and  “  B o h n a lite  ”  alloys, a n d  only  th e  
“ U 20 ”  alloy is h a rd e r .

A f te r  a n n ea lin g  a t  e levated  te m p e ra tu re s  d u r-  
in g  a  y e a r  a n d  te s tin g  a t  room  te m p e ra tu re , these  
d ifferences in  h a rd n ess  co n tin u e , th o u g h  to  a 
lesser e x te n t , an d  th is  is show n in  F ig . 15.

A t low er te m p e ra tu re s , on th e  c o n tra ry , a 
m ark ed  increase  of h a rd n ess  caused by p rec ip i
t a t io n  phenom ena ta k e s  place also in  th e  
“  R R  53 ,”  th e  “  U 20 ” an d  “ B o h n a lite ,” for 
w hich th e  p re c ip ita tio n  h a rd e n in g  speed is slower 
th a n  fo r  “  Y a llo y .” By co m p arin g  th e  h a rd 
ness curves of “  P e ra lu m a n  2 ”  (Al-M g) i t  could 
be in fe rre d  t h a t  such an  alloy, w hich is n o t su ited  
fo r so lu tion  h e a t- tre a tm e n t, would be ju s t  as 
good as th e  h e a t-re s is tin g  p isto n  alloys, in  so 
f a r  as exposure  to  h e a t  over a long period  is 
concerned , especially  a t  h ig h  tem p e ra tu re s .

T his m ay  be th e  case as reg ard s  h a rdness,

F i g . 1 3 .— M e c h a n ic a l  P r o p e r t ie s  of

“  A l u f o n t  3  ”  ( S a n d -C a s t ) as R elated 
to D u r a t io n  of S o lu t io n  H eat-T reat-
M E N T .

b u t  re sp ec tin g  th e  co n tin u o u s s ta tic  stress, com
p a riso n  is r a th e r  in  fa v o u r of th e  p iston  alloys, 
t h a t  is, if  th e  creep  lim its  w ere ta k e n  in to  
accoun t. Anyhow , th e  curves show th a t  i t  is 
useless in  some cases to  ex ag g e ra te  th e  in it ia l  
h a rd n ess by m eans of so lu tion  h e a t- tre a tm e n t 
followed by p re c ip ita tio n  h e a t- tre a tm e u t, as th is  
would m ake  th e  alloys unnecessarily  b r itt le . 
H ow ever, a  p re c ip ita tio n  h e a t- tre a tm e n t follow
ing  u pon  th e  so lu tion  h e a t- tre a tm e n t is req u ired  
in  o rd e r t h a t  th e  expan sio n  of th e  m eta l tak es 
p lace before  th e  p istons a re  m achined  and 
assem bled.

C onclusion
In  th e  p re sen t P a p e r  an  end eav o u r has been 

m ade to  give a Drief survey  of th e  h e a t- tre a t-
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m en t processes fo r  c a s tin g  alloys. T hese m ay  
be b riefly  su m m arised  as fo llow s: —

(1) T he fu rn ac e s  re q u ire d  fo r th e  so lu tio n  
h e a t- tre a tm e n t  should  m ak e  i t  possible to  o b ta in  
a long  d u ra tio n  o f th e  so lu tio n  h e a t- tr e a tm e n t  
an d  of th e  p re c ip ita tio n  h e a t- tr e a tm e n t  to g e th e r  
w ith  g re a t  accu racy  in  te m p e ra tu re .

(2) T he m ech an ica l p ro p e rtie s  o b ta in e d  are  
d e p en d e n t on th e  r a te  of so lid ification  w ith in  
th e  c a s tin g  an d  on th e  d u ra tio n  o f th e  so lu tion  
a n d  p re c ip ita tio n  h e a t- tre a tm e n ts .

(3) The h igh  m echanical p ro p e rtie s  ob ta in ed  by 
h e a t- tre a tm e n ts  m ay  be lo s t if  th e  castings are ex
posed to  e levated  tem p e ra tu re s  d u rin g  a long period.
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F i g . 1 5 .— L o s s  o f  H a r d n e s s  o f  A l u m i n i u m  C a s t i n g  A l l o y s  
( C h i l l -C a s t ) a f t e r  A n n e a l i n g  f o r  O n e  M o n t h  a n d  f o r  
O n e  Y e a r .

35b



The Compounding of Alloys"

Paper N o . 693

The In te rn a tio n a l  C o m m ittee  of F o u n d ry - 
men’s A ssociations h as been well in sp ired  by 
adopting th e  F re n c h  proposa l re q u estin g  th a t  
the rules g o v ern in g  th e  p re p a ra tio n  of alloys 
should be ex am ined  or sim ply  em phasised  a t  th e  
London C ongress. N o t t h a t  th e  a u th o rs  have 
been influenced by th e  a sse rtio n  re ad  a sh o rt 
time ago th a t  “  fo r m e ltin g  an d  m ak in g  up  
alloys, i t  is considered  t h a t  a lab o u re r, even 
superficially t ra in e d , suffices fo r c a rry in g  o u t 
this o ften  very  d e lic a te  w o rk .”  T his was 
perhaps t ru e  2 0  y ears  ago, b u t  i t  is no longer 
so. The really  re m a rk ab le  re su lts  o b ta in e d  in 
the foundry in d u s try  in d ic a te  a tech n ica l and  
scientific contro l which can  be exercised  only by 
an efficient tech n ic ian .

The l i te ra tu re  is a b u n d a n t  an d  op in ions a re  
often in ag reem en t. T he a u th o rs  do n o t know 
whether fo u ndrym en— or m ore ex ac tly  fo u n d ry  
executives—-have a tta in e d  a level p e rm ittin g  
them to perceive, a p p rec ia te  an d  co n tro l all th e  
factors involved. T he o b jec t of th is  R e p o r t is 
not to widen th e ir  horizon , b u t  to  com pare  th e  
general problem s e n g ag in g  th e  a tte n tio n  of 
foundrymen, and  to  p o in t  o u t t h a t  th ey  a re  on 
the same plane, reg ard less of th e  m eta l of th e  
alloy to  be m elted  o r p rep ared .

The foundrym an m u st know th e  ch a ra c te ris tic s  
of the alloy which is to  be m ade : those  specified 
by the custom er, by th e  u se r of th e  ca s tin g , and  
those dem anded by th e  fo u n d ry  fo r p ro d u c in g  a 
sound casting . In  chronological o rd e r, he will, 
in the first place, have  to  devote  his a tte n tio n  
to the raw  m ate ria ls  to  be su p p lied  w ith  reg ard  
to their n a tu re  and  q u a lity . T he l a t t e r  should 
be observed both in  new m a te ria l  an d  in scrap . 
The im purities of m e ta ls  em ployed in  th e  pro
duction of alloys a re  capab le  of e x e r tin g  a con
siderable influence on th e ir  p ro p e rtie s , th e  la t te r  
varying w ith  th e  q u a n ti ty  an d  n a tu re  of th e  
im purities (B roniew ski). T h is is t r u e  of all 
ferrous and n o n -ferro u s m eta ls . A few te n th s  
per cent, of oxygen ap p rec iab ly  d im in ish  th e  
capacity of d e fo rm atio n  of copper. They con
siderably reduce all th e  p ro p e rtie s  of steel 
(tensile s tre n g th , e la s tic  lim it, e lo n g a tio n , 
notched-bar im p ac t s tre n g th ) . F o u n d ry m en  
producing cas t iro n  a re  well aw are  of th e  pheno
menon of h e red ity .

Some m eta llu rg ica l o p e ra tio n s hav e  a  sufficient 
refining effect to  p e rm it th e  use of m ore  o r less 
impure charges. I t  is to  he ex p ec ted  t h a t  th e

* From the Association Technique de F onderie  de Belgique.

slags u tilised  in  m ak in g  steel, c as t iron  and
o th e r  m eta ls  w ill be s tu d ied  m ore an d  m ore, and
th a t  th e i r  scientifically' ra tio n a l a p p lica tio n  will 
re su lt  in  re m a rk ab le  p u r if ic a tio n  by chem ical 
eq u ilib riu m , because ta k in g  an  exam ple  ex p eri
enced in  th e  m e ta llu rg y  of iro n  an d  steel and
quo ted  by P ro f . P o rte v in , i t  is th e  a r t  of th e  
m e ta llu rg is t  to  be able to  p roduce som eth ing  
v ery  good from  so m eth in g  m ediocre. This is 
fo r tu n a te ,  because, g en era lly  sp eak in g , th e  
fo u n d ry m an  is obliged to  use scrap , which d u rin g  
m eltin g  or use has re ta in e d  or absorbed h a rm fu l 
e lem ents, o ften  of th e  sam e n a tu re  as those 
found  in  ra w  m ate ria ls .

R usty Scrap in M a lle a b le  P ra c tic e
F o u n d ry m en  who m ake  m alleable cas tin g s a re  

cau tio u s  of th is . They dislike  “ o ld  ”  scrap , 
w hich is alw ays m ore or less ru s ty , an d  they  
recom m end th a t  scrap  should be stocked in  a 
d ry  p lace u n d e r  cover. They advise a g a in s t th e  
use of pu d d led  iro n , and  i t  can  be added  th a t  
th ey  o u g h t, as fa r  as possible, to  classify  th e ir  
steel sc rap  acco rd ing  to  w h e th er i t  be basic 
B essem er, acid  o p en -h ea rth  or e lectric , c h a ra c 
te r ise d  by a d iffe ren t o rder of com pounding  and  
ta k in g  th e  o rig in  of th e  scrap  in to  account. In  
th e  o ld-fash ioned  H e rs ta l  crucib le m ethod of p ro 
d u c in g  m alleable cas tin g s, th e  la t te r  were 
c leaned  o u tsid e  th e  m ould ing  shop, a n d  in  dam p 
w ea th e r th e  ru n n e rs  h ad  a ten d en cy  to  oxidise, 
b u t  th e  old fo u n d ry m an , th e  “  shop ”  fo rem an, 
who h ad  th e  e n tire  resp o n sib ility  of c as tin g  and 
m eltin g , would n ev er use th em  w ith o u t hav in g  
first rem oved th e  lay e r of oxide by passing  
th em  th ro u g h  a tu m b lin g  b a rre l. T his took 
place as long ago as fifty  years. I n  one B elgian 
shop th e re  can  be seen th e  influence ex erted  by 
th e  m ore o r less a cc en tu a te d  a lte ra t io n  of cas t
ings in  service- o n  th e  q u a litie s  of th e  castings 
produced  by re m e ltin g  th e  old castings. In g o t 
m oulds fo r steel p e rish  a f te r  a m ore o r less 
considerab le  nu m b er of castings. They 
d e te r io ra te  chiefly in  th e  lower tw o -th ird s , th e  
u p p e r  th i r d  n e a r  th e  head  rem a in in g  alm ost 
in ta c t.  T he cupola  charges consist of 50 p er 
cen t, sc rap , 35 p er cen t, new h e m a tite  p ig , and  
15 p e r cen t, specia l iro n , th e  fu n c tio n  of which 
is p r im a rily  to  de-oxidise th e  m olten  m eta l by 
th e  ac tio n  of an  e lem en t such as t i ta n iu m , and 
secondly to  p re v e n t th e  excessive g ra p h itisa tio n , 
by de-ox id ising , th ro u g h  th e  ac tio n  of a second 
e lem en t, chrom ium  or v an ad iu m . The re su lta n t 
of th ese  tw o actio n s is p la in , b u t  i t  is affected
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by th e  q u a lity  of th e  scraip. I f  th e  l a t t e r  be 
com posed of ru n n e rs  or used  in g o t m oulds w hich 
h av e  been on ly  s lig h tly  a lte re d , t h a t  is only  
s lig h tly  ox id ised  by th e ir  serv ice  in  th e  steel 
p la n t , th is  r e s u l ta n t  is e x trem e ly  a n d  very  
fa v o u ra b ly  effective. I f  th e  sc rap  consists 
solely of p ieces of heav ily  “  w orn  ”  in g o t m oulds, 
i t  has a v e ry  p ro n o u n ced  effect in  cau s in g  a 
re d u c tio n  of possibly u p  to  a b o u t 2 0  p e r cen t, in  
th e  life  of th e  new  in g o t m ould  p ro d u c ed  th e re 
from .

H ig h -S u lp h u r S crap
A n o th e r exam p le , also cu lled  fro m  fe rro u s  p ra c 

tic e , shows th e  d a n g e r  of c e r ta in  k in d s  of sc rap . 
I n  th e  d em o litio n  of a b a t te ry  of coke ovens, 
th e  v ery  a b u n d a n t  r u s t  on  th e  stee l p ieces ab 
so rbed  5 p e r  cen t, of i ts  w e ig h t of su lp h u r, 
sufficient to  u p se t th e  o p e ra tio n  of an  open- 
h e a r th  fu rn ac e . T his scrap  should  hav e  been 
w ire -b rushed .

T his in fluence  of sc rap , th e  c o n ta m in a tio n  of 
w hich  is know n, shou ld  be co n sid ered  by tb s  
p ro d u cers  of raw  m a te ria ls , some of whom  s t J l  
d en y  th e  in fluence of e lem en ts  in cap ab le  of e s t i
m a tio n  in  o rd in a ry  p ra c tic e  a n d  in  all p ro b a b ility  
c o n s t itu t in g  th e  reason  fo r  th e  h e re d ity , of 
which iro n  fo u n d e rs  a re  n o  lon g er ig n o ra n t. One 
m ay  c ite  B e lg ian  ex p erien ce  w ith  th e  o p e n -h ea rth  
fu rn a c e  w here, d e sp ite  lon g -co n tin u ed  refin ing  
a n d  co rrec tiv e  ad d itio n s , th e  in fluence of th e  
p ig  ch arg e d —basic  p ig  o r refined  iro n — th e  a v e r
age m an g an ese  c o n te n t  of th e  ch arg e  be in g  re 
sp ec ted , m ay  be c learly  show n by a  te s t  fo r th e  
ra p id i ty  of a t ta c k  by acids.

N o n -F e rro u s  Scrap
C lean liness of sc rap  is n o t to  be ju d g ed  solely 

from  th e  p o in t of view  of ru s t .  In  th e  a lu 
m in ium  fo u n d ry , fo r  in s tan c e , sc rap  c o n ta in in g  
g reasy  p ro d u c ts  shou ld  n o t be in tro d u c ed  in to  
th e  b a th  w ith o u t p r io r  bu rn ing-off. The in 
fluence of ox id ised  m a te ria ls  m ay  also be recalled  
because h y d ra te s  of a lu m in iu m  in  th e  m ass an d  
in  fu ll c o n ta c t w ith  th e  m olten  a lu m in iu m  
lib e ra te  w a te r  w hich, in  i ts  tu r n ,  re a c ts  as in d i
c a ted  la te r  on. T he o b se rv a tio n  on th e  in fluence 
of g reasy  m a te ria ls  is  ap p licab le  to  an y  alloy.

E v en  th o u g h  th e  fo u n d ry  m an  alw ays e n 
deav o u rs to  s t a r t  w ith  a  choice of raw  m a te ria ls  
to  be c h arg ed , he  w ill som etim es, o ften  in  m ost 
cases, find h im self u n d e r  th e  necessity  of em 
ploy ing  m a te ria ls  im posed by local cond itio n s. 
T h e  le a s t w hich  he  o u g h t to  en d eav o u r to  know 
is th e  re su l t  of an y  a lte ra t io n  in  n a tu re  and  
q u a n ti ty .

A d v an tag e s  o f In g o ttin g  S crap
T he u n c e r ta in ty  of th e  com position  of sc rap  

should  also be  c ited , especially  b u t  n o t alw ays 
th e  “  b o u g h t ”  v a r ie ty . I t  is g e rm an e  to  recall 
th e  a d v a n ta g e  of ru n n in g  dow n th e  sc rap  in to

in g o ts  to  g ive a n  a v erag e  com position , an d  to  
em phasise  th e  necessity  of co n d u c tin g  th is  op era 
t io n  acco rd in g  to  a ll th e  ru les  of th e  a r t ,  ju s t  
as if i t  w as a  m a t te r  of m ak in g  cas tin g s, since 
b a d h r co n d u cted  m e ltin g  m ay  ad d  apprec iab ly  
to  th e  d e te r io ra tio n  in q u a lity  of th e  rem elted  
in g o ts  a n d  d an g ero u sly  a c c e n tu a te  th e ir  sh o rt
com ings.

T he choice of raw  m a te ria ls  m ay  be suggested 
from  o th e r  c o n s id e ra tio n s :—th e  raw  m ate ria ls  
m ay  h av e  v ery  d iffe re n t d en sitie s  o r very  d if
fe re n t  m e ltin g  p o in ts . I n  th e  f irs t case, double 
m e ltin g  m ay  be necessa ry  o r th e  ty p e  of fu rn ace  
should  be chosen so as to  c o rre c t th e  ten d en cy  to 
se p a ra tio n  by d e n sity , such  as th e  h igh-frequency  
e lec tr ic  fu rn a c e , w here  th e  n a tu r a l  m ix ing  is 
very  v igorous. I n  th e  second case, th e  com plete 
in g o tt in g  o r a llo y in g  to  g ive  a n  in te rm ed ia te  
com position  m ay  be co nsidered . C a st iro n , like 
th e  n o n -fe rro u s  m eta ls , p rov ides exam ples of 
ru n n in g  dow n sc rap  in to  in g o ts  o r  pigs.

T a b l e  I .— Influence of Atmospheric Humidity on Cupola 
Conduct.

Temp. 
Deg. C.

W t. of water 
in grams per 

eub. m. 
(saturation 

a t 1 0 0  
per cent.)

Corre
sponding
oxygen.

Per cent, of oxygen 
relative to  the wt. 
of iron melted in the 

cupola on the 
assumption of 1 0  per 

cent, coke and 
1 2  cub. m. of air 

per kgm. of coke.

-  5 3.23 2.87 0.3444
0 4 .9 4.35 0.522
5 6.99 6 . 2 1 0.7452

1 0 9.8 8.71 1.0452
15 13.70 12.17 1.4604
2 0 18.60 16.53 1.9836
25 25.80 22.93 2.7516
30 35.00 31.11 3.7332
35 47.00 41.77 5.0124

In flu en ce  o f A tm o s p h e ric  H u m id ity
In  every  case, th e  m e ta l to  be m elted  will be 

b ro u g h t u n d e r  th e  in flu en ce  of a ir  w hile  a t  a 
h igh  te m p e ra tu re .  T he a ir  comes from  th e  a tm o
sp here  w hich is e ssen tia lly  v a r ia b le . In  a rep o rt 
pub lished  on th e  occasion of a p re se n ta tio n  to 
P ro f . P isek , one of th e  a u th o rs  la id  s tress on 
th e  v a r ia tio n s  o c cu rrin g  d u r in g  th e  o p e ra tio n  of 
th e  o p e n -h ea r th  fu rn a c e , in  p a r tic u la r ,  in  re la 
tio n sh ip  to  th e  h u m id ity  of th e  a ir  a n d  th a t  of 
th e  gas. M o is tu re  a p p e a rs  to  h av e  a m uch more 
co n sid erab le  in flu en ce  th a n  a n  excess of a ir  for 
th e  sam e q u a n ti ty  of oxygen . T he influence of 
th e  seasons, t h a t  of n ig h t  re la tiv e ly  to  day, in 
a w ord  ev ery  v a r ia tio n  of te m p e ra tu re  m akes 
itse lf  fe lt . T ab le  I  g ives figu res i llu s tra tin g  
th is.

A t 35 deg. C ., th e re fo re , th e  a ir  m a y  b rin g  
in to  c o n ta c t w ith  th e  iro n  a  w e ig h t of oxygen, 
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derived from  w a te r , eq u al to  5 p e r cen t, of th e  
weight of th e  iro n  m elted . I n  w in te r ,  a t  — 5 
deg. C ., th e  d a n g e r  is only l /1 5 t h  of t h a t  which 
is in cu rred  a t  th e  h ig h es t te m p e ra tu re s  (35 
deg. C .).

I t  should he n o ted  t h a t  th e  figu res g iv en  in  
Table I  a re  m ax im a, an d  t h a t  in  o rd e r to  a t t a in  
them, th e re  should  be th e  necessary  te m p e ra tu re  
and also a  source of w a te r  fo r p ro d u c in g  s a tu r a 
tion. E x ecu tives a re  n o t o f te n  in  co n tro l of 
the la tte r ,  w hich leads to  th e  s ta te m e n t t h a t  in  
the in d u s tria l w orld th e re  a re  p riv ileg ed  persons 
whose p lan ts  a re  s i tu a te d  in  a  d ry  c lim ate . 
There a re  cases w here  th is  n o tio n  m ay be 
applied, and  one w hich h as been  tr ie d  was t h a t  
of the  passage of h o t a ir  th ro u g h  a valve h a v 
ing a  w ide w a te r  seal, re su ltin g  in  a  s a tu ra t io n  
with w a ter h a v in g  a v ery  d e fin ite  effect on th e  
oxidation of th e  h a th .

The fuel should be d ry  w hen i t  comes in to  con
tact w ith th e  m eta l a t  a te m p e ra tu re  below th e  
melting po in t. M e ta l a t  red  h e a t  is affected  by 
oxidation. T his re m a rk  does n o t ap p ly  to  
cupola coke, th e  m o is tu re  of w hich is expelled  
in the u pper zones. A rtific ia l fuels in  p a r tic u la r  
are concerned because th e y  a re  m ade  from  m ore 
or less m oist coal. I f ,  fo r in s tan ce , p ro d u cer 
gas is employed h o t, i t  co n ta in s  all th e  m o is tu re  
of the coal. E x p erien ce  has shown th a t ,  on 
changing from  a coal h a v in g  6  to  7 p e r  cen t, 
m oisture co n ten t to  one h a v in g  9 to  10 p e r c en t., 
there, was a m ark ed  change  in  th e  b eh av io u r of 
the ba th  of an  o p en -h ea rth  fu rn ac e . The 
authors g re a tly  a p p re c ia te  those  m e ta llu rg is ts  
who, in ab an don ing  th e  p e rh ap s  illu so ry  a d v a n 
tage of th e  co n serva tion  of th e  sensible h e a t  of 
the gas leaving th e  p ro d u cer, cool th e  gas, th u s  
condensing th e  m ax im um  am o u n t of th e  w a te r  
vapour which i t  co n ta in s.

I t  is w orth  em phasising  t h a t  th e  w a te r  v ap o u r 
of the fuel has a  d iffe re n t effect from  th a t  of 
the w ater form ed by com bustion . As th e  a u th o rs  
have always been led to  m ake  th ese  o b se rvations 
in the case of th e  o p e n -h ea rth  fu rn ac e , th e  
reason for th is  d is tin c tio n  m ay  reside  in  th e  fa c t 
th a t the c u r re n t  of gas is p ro jec te d  v io len tly  
against th e  b a th , an d  th e  c o n ta c t of th e  w a te r  
vapour of th e  gas is m ore in te n se  th a n  t h a t  of 
the vapour form ed d u r in g  com bustion  a n d  d is
sem inated in th e  m ass of b u r n t  gas, th e  c o n ta c t 
of which w ith  th e  b a th  is re la tiv e ly  very  slig h t.

Schuz an d  S to tz , in  th e i r  w ork  “  M alleable  
Iron ,” in d ica te  t h a t  th e  reac tio n  F e  +  H 20  =  
FeO +  H 2 tak e s  p lace  in  c o n ta c t w ith  th e  
molten iron. T his view  confirm s those now pos
tu lated  for a d iffe ren t alloy from  steel, a n d  m ay 
invalidate th e  conclusions m ade  in  a  re ce n t 
article in  “ The F o u n d ry ,”  s ta tin g  t h a t  m ois
tu re  has no effect on th e  w o rk in g  of th e  cupola. 
I t  is t ru e  t h a t  th e  a u th o r  of th e  a r tic le  c ited

m ere ly  d raw s u p  a th e rm a l b a lan ce  sh ee t and  
does n o t deal w ith  th e  in fluence of ox id a tio n .

Im p u rit ie s  A bsorbed  d u rin g  M e ltin g

C om bustion  a c tu a lly  ta k e s  place in  th e  v ic in ity  
of th e  m eta l an d  p roduces n e a r  th e  la t t e r  e ith e r  
solid , liq u id  o r gaseous e n tit ie s  capab le  of being 
absorbed— th e  carb o n  an d  su lp h u r  of th e  coke, 
hy d ro g en , carbon  m onoxide, carbon  d ioxide, 
n itro g e n  a n d  hydrocarbons. I t  c an n o t be said 
th a t  an y  m eta l is p ro tec te d  from  such abso rp 
tio n . Good exam ples a re  afforded by steel, c as t 
iro n , cop p er a n d  its  alloys and  a lu m in iu m . In  
th is  con n ec tio n , i t  m ay be m en tio n ed  th a t  p r io r  
w ork  co nducted  u n d e r  th e  d irec tio n  of M r. 
M oressee, P re s id e n t  of th e  B e lg ian  F o u n d ry - 
m en ’s A ssocia tion , has p rov ided  in fo rm a tio n  con
c e rn in g  th e  occluded gases of d iffe re n t ty p es of 
steel a n d  t h a t  th is  w ork  is b e in g  co n tin u ed  on 
c a s t iro n . The re su lts  w ill be published  shortly .

As a  m a t te r  of g e n e ra l in te r e s t  th e  follow ing 
m ay  be c ite d  from  som e l i te r a tu re  on a lu 
m in iu m  : —

“  Gases m ay  be classified in  decreas in g  o rd e r 
of so lub ility  in  a lu m in iu m  as fo llo w s:— H y d ro 
gen, to w n ’s gas, m e th an e , carb o n  d ioxide, 
oxygen, carb o n  m onoxide, n itro g e n . A t m eltin g  
te m p e ra tu re s  (700 to  800 deg. C .j th e  first th ree  
of these  gases, an d  hydrogen  in  p a r tic u la r ,  a re  
to  be  fe a re d  th e  m ost. R a d io g ra p h ic  te s ts  have 
show n t h a t  w a te r  v ap o u r form ed in  a  dam p 
m ould  in  c o n ta c t w ith  th e  m olten  m eta l reac ts  
on th e  l a t t e r  an d  gives up  h ydrogen  to  i t ,  th is  
be ing  effected w ith  considerab le  fa c ility  due to  
th e  f a c t  t h a t  th e  v ap o u r is m o m en tarily  u n d e r 
p ressu re . I t  is re p o rte d  t h a t  a lu m in iu m  has 
been caused to  absorb 2 0 0  p er cen t, of i ts  volume 
in  hydrogen  by passing  w a te r  o r  hydrogen  
th ro u g h  i t . ”

I n  th is  re fe ren ce , th e re  is a g a in  a p p a re n t  th e  
influence o f w a te r  which is  s im ila r  in  th e  case of 
a lu m in iu m  to  t h a t  m en tio n ed  by Schuz fo r m al
leable iro n . T he re ac tio n  involved is :  —

Al2 -f~ 3H 20  =  A120 3 -f- 3H 2

T he dissolved gases a re  g en era lly  c o n ta in ed  in 
th e  fu e l o r a re  th e  p ro d u c ts  of incom plete  reac
tio n . T h e ir  c o n ta c t w ith  th e  m eta l should be 
reduced  to  a  m in im um , w hence th e  a d v an tag e  of 
ra p id  m eltin g , an d  as th e ir  so lu tion  is a fu n c tio n  
of th e  te m p e ra tu re , th e  l a t t e r  should likew ise be 
lim ited .

R a p id  m eltin g  m ay  be effected by a  m u ltip le  
an d  ju d ic io u s  d is tr ib u tio n  of th e  fu e l and  a ir  
in  o rd e r  to  increase  th e  su rface  of c o n tac t, o r by 
em ploy ing  flu ids u n d e r  h igh  p ressu re  in  th e  form  
of th in  s tre am s, o r  by  p re h e a tin g  one of th e  
fluids, o r  a g a in  by se lec ting  a  fuel h a v in g  th e  
m ax im u m  speed of flam e. T he follow ing figures 
fo r th e  speed of flam e a re  ta k e n  from  Le
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Maximum

C h a te l ie r ’s “  Leçons su r  le carb o n e , la  com bus
tio n , les lois ch im iq u es ” : —

CO +  ^ O j,.. . .  6  ft. per sec.
H 2 +  £ 0 2 . . 6 6  ft. per sec.
C ,H , +  3 0 ,  . .  660 ft. per sec.
CHj . .  . . 1 2  to  15 ft. per sec.
A w ell-know n fu rn a c e  d esig n er h a s  k in d ly  su p 

p lied  th e  follow ing a d d itio n a l f ig u re s : —
Speed of Flame.

Blast-furnace gas . . . . 18 to 33 ft. per sec.
Producer gas 
W ater gas 
Town’s gas 
Natural gas

27
53
37
27

50
73
53
40

The v a r ia tio n s  in  th e  speed of flam e of th is  
l a t t e r  l is t  of figures is ex p la in ed  by th e  f a c t  t h a t  
th e  in d iv id u a l gases v a ry  w idely  in  com position . 
These v a r ia tio n s  o u g h t to  be  ta k e n  in to  con
s id e ra tio n  as is show n by th e  follow ing 
e x a m p le : —

C oke-oven g as has been in v e s tig a te d  a n d  i t  has 
been concluded  t h a t  a  c o n te n t  of 47 to  48 pe r 
cen t, of h y d ro g en  c a n  in  no  w ay be co m pared  
ad v an tag eo u sly  from  th e  p o in t of view  of th e  
o p e ra tio n  of a n  o p e n -h ea rth  fu rn ac e  a n d  th e  
q u a lity  of steel w ith  a  c o n te n t  o f 55 p e r  c en t, of 
hy d rogen . I t  h a s  been p o in te d  o u t  on a  p rev ious 
occasion th a t ,  w ith  th is  l a t t e r  p e rce n ta g e  of 
hy d ro g en , o p e ra to rs  have  o b ta in e d  ca rb o n  steels 
w hich w ere ve ry  p a r tic u la r ly  r e s is ta n t  to  shock 
a n d  w hich possessed th e  fe a tu re  of com ing  w ith in  
th e  fine g ra in  c a teg o ry  of th e  A .S .T .M . classifica
tio n .

T he m e lte r  o u g h t th e re fo re  to  ta k e  no te  of 
th e  a tm o sp h e re  of h is fu rn ac e s  an d  e n d eav o u r to  
becom e b e tte r  a cq u a in te d  w ith  th e  in fluence  of 
each of i ts  e lem en ts . I t  should  be p o in te d  o u t 
t h a t  th e  p ro tec tio n  afforded  by th e  c ru c ib le  is by 
no m eans com plete , because  th e  l a t t e r  is m ore  or 
less porous, and  in ten sified  m e ltin g  b ro u g h t 
a b o u t by fo rc in g  th e  com bustion  th ro u g h  a n  in 
crease  in  th e  volum e of a i r  an d  in  th e  p ressu re  
be tw een  th e  c ru c ib le  a n d  fu rn a c e  m ay  cause  a ir  
o r fu rn ac e  gases to  pass th ro u g h  th e  w all of th e  
c ru cib le , re su ltin g  in  c o n ta m in a tio n  of th e  m eta l.

O cc lud ed  Gases
T he m eta l w ill th u s  becom e c o n ta m in a te d  

w h ilst m eltin g . I t  w ill ox id ise  by v ir tu e  of th e  
g e n e ra l law  g o v e rn in g  th e  so lu tio n  of an  oxide 
in  i t s  m eta l, an d  i t  w ill absorb  gases in  v a rio u s 
p ro p o rtio n s . These gases w ill re m a in  p a r t ly  
dissolved o r occluded in  th e  c a s tin g  or in g o t a f te r  
i t  h a s cooled. A re th ese  oxides a n d  gases 
d an g ero u s?

A t th e  com m encem ent of th is  P a p e r  th e  
a u th o rs  reca lled  th e  h a rm fu l in fluence of oxygen 
o n  th e  m ech an ica l p ro p e rtie s  of s tee l an d  copper. 
The in fluence of n itro g e n  is also well know n. In  
steel i t  e x is ts  e ith e r  in  th e  free  s ta te  in  th e  
blowholes o r  occluded in  th e  m eta l, o r in  th e

s ta te  of n i tr id e s . T ch ischew sk i’s in v es tig a tio n s  
show th e  in fluence of in c re a s in g  n itro g e n  con
te n t ,  which in  v a ry in g  from  0 to  0.15 p e r  cen t, 
increases th e  ten s ile  s t r e n g th  from  28 to  50 tons 
p e r  sq. in . an d  reduces th e  e lo n g a tio n  from  37- 
38 to  3-4 p e r  cen t. I n  m alleab le  iro n , on th e  
c o n tra ry , acco rd in g  to  W iist, n itro g e n  has no 
effect a t  all.

D issolved h y d ro g en  is r e ta in e d  in  steel a fte r  
cooling, an d  seriously  affects th e  cap ac ity  for 
d e fo rm a tio n . I t  is l ib e ra te d  by pro longed  h e a t
ing  a t  a low te m p e ra tu re .  Schuz s ta te s  th a t  
“  h y d ro g en  is  v ery  easily  absorbed  by m olten 
iro n , b u t  i t  is also eas ily  l ib e ra te d . I t  does no t 
a p p e a r  to  have  any  in fluence  on th e  p roperties 
of th e  finished c a s tin g s .”  I t  m u s t be po in ted  
o u t, how ever, t h a t  in  th e  p e rio d s  of h e a tin g  and 
cooling d u r in g  th e  a n n ea lin g  o p e ra tio n , th e  cas t
ings a re  in  th e  necessary  co n d itio n s fo r th e  
rem oval of gas from  th e  s teel, an d  th e  even tual 
e lim in a tio n  of h y d ro g en  w ill be com plete.

Gas C o n te n t  o f G re y  Iro n

A ccord ing  to  P e r ry ,  g re y  iro n  w hen h ea ted  for 
165 hrs.'—th e  a b s tra c t  of th e  a r tic le  in  the 
a u th o rs ’ possession does n o t s ta te  th e  tem p era 
tu r e —gives off 205 tim es  i ts  volum e of hydrogen 
an d  135 tim es  i ts  volum e of carb o n  m onoxide. 
They do n o t know  o f an y  P a p e rs  g iv in g  th e  
figures fo r  th e  m echan ical p ro p e rtie s  of th is  alloy 
before  a n d  a f te r  th e  rem o v a l of gas.

In  an  en d eav o u r to  su m m arise  th e  sub ject, 
how ever, th e  fo llow ing fa c ts  m ay  be co rre la ted  
as fo llo w s:

(1) Specim ens of ro lled  s tee l im prove  in  course 
of t im e  a t  th e  o rd in a ry  te m p e ra tu re .  They 
te n d  to w ard s  th e  figures fo r e lo n g a tio n  and 
re d u c tio n  in  a re a  g iven  by a degasification
process.

(2) D eg asifica tio n  a t  100 deg. C. requ ires 
24 h r s .’ h e a tin g .

(3) D eg asification  a t  500 deg. C. only requ ires 
a  few h o u rs  (4 to  5).

Is  n o t th e  f irs t  im p ro v e m en t cau sed  by degasifi
c a tio n  w hich is slow because i t  ta k e s  place a t  the  
o rd in a ry  te m p e ra tu re ?

On th e  o th e r  h an d , th e  ag e in g  of iron  castings 
im p ro v es th ed r v a lue . Is  th e re  n o t a  parallel 
be tw een  th e  tw o ac tio n s, an d  w hile know ing 
th a t  one m ay  be ru n n in g  c o n tra ry  to  accepted 
o p in ions— p e rh ap s  p e rsonal ones— m ay  one not 
ask  w h a t p a r t  is p layed  by d eg asifica tio n  in  the  
t r e a tm e n t  a t  600 deg. C. c a r r ie d  o u t fo r re 
m oving  in te rn a l  s tre ss?

E ile n d e r  a n d  O ertil in  “ S ta h l u n d  E isen  ” for 
A pril 26, 1934, s ta te  t h a t  occluded hydrogen 
p roduces h ig h  e x te rn a l  ten s io n s .

In fluence o f M e lt in g  T e m p e ra tu re
A h ig h  m e ltin g  te m p e ra tu re  prom otes re 

ac tio n s an d  th e  ab so rp tio n  of v a rio u s  gases.
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Schuz, w ith  re fe re n ce  to  th e  a ir  fu rn ac e  in 
malleable iro n  fo u n d ry  p ra c tic e , s ta te s  t h a t  u n 
necessary su p e rh e a tin g  increases th e  m eltin g  
losses and  ren d ers  th e  iro n  too viscous on accoun t 
of th e  carbon  c o n te n t. A t th e  sam e tim e , th e  
gas and oxide c o n te n t of th e  m eta l increases, 
and th e re  is a  r isk  of p ro d u c in g  “  blow n ”  
castings. In  th e  case of th e  r o ta ry  fu rn ac e , th e  
author s ta te s  t h a t  if  th e  o p e ra tio n  is p ro tra c te d , 
the carbon b u rn s  v ery  ra p id ly  h a v in g  re g a rd  to  
the high te m p e ra tu re . M uch silicon passes in to  
the slag, th e  b a th  becom es ch arg ed  w ith  oxides 
and gas, and th e  iro n  acqu ires a poor flowing 
ipower.

In  th e  a lu m in iu m  fo u n d ry , i t  is adv isab le  to  
lim it th e  te m p e ra tu re  as m uch  as possible, and  
in steel m eltin g , th e  op in io n  of th e  a d v a n ta g e  of 
a ligh t ladle sku ll, in d ic a tin g  a te m p e ra tu re  
th a t is n o t too h ig h , a p p ea rs  to  be accep ted .

The very  p ra isew o rth y  B r itish  E x ch an g e  
Paper p resen ted  by H . H . S h ep h erd  a t  P a r is  
states th a t  fo r o b ta in in g  good re su lts  w hen em 
ploying steel in  ch arg es fo r m alleab le  iro n , th e  
melting conditions should  be well co n tro lled  to  
produce a su p e rh ea ted  m eta l w ith o u t excessive 
oxidation. T his leads to  th e  belief t h a t  M r. 
Shepherd agrees as to  an  in c rease  of o x id a tio n  
with increasing  te m p e ra tu re . In  th e  section  
dealing w ith  th e  effects of su p e rh e a tin g , how 
ever, he s ta te s  th a t  in  g en era l th e  so lu b ility  of 
gases dim inishes w hen th e  te m p e ra tu re  “  r ise s .” 
I t  would be in te re s tin g  to  have  th is  p o in t se ttled  
during th e  course of th e  L ondon  C ongress.

The effects of su p e rh e a tin g  a c tin g  on th e  re 
finement of th e  s tru c tu re  have  been  in v es tig a te d  
by the various a u th o rs  c ite d  by  S hep h erd . T his 
superheating, how ever, is c a rr ie d  o u t b e n ea th  a 
slag in ro ta ry  an d  e lec tric  fu rn ac e s  w hich, as 
stated by th is  a u th o r , afford  p ro tec tio n  from  
oxidation m uch m ore easily  th a n  does th e  cupola. 
The foregoing em phasises sufficiently  th e  fa c t 
th a t the  fou n d rv m an  should have  a c lear opin ion  
of the  m elting  te m p e ra tu re , w hich  he m u st n o t 
confuse w ith  th e  p o u rin g  te m p e ra tu re , since 
there m ay be a c e r ta in  d ifference betw een  th e  
two.

P ou rin g  T e m p e ra tu re s
This is th e  op in ion  re c a p itu la te d  by Lee in  

“ The F o u n d ry  ”  fo r D ecem ber, 1938. “  P o u r 
ing tem p e ra tu res  a re  b e in g  s tu d ied  an d  some 
shops have a rriv e d  a t  w h a t th ey  consider th e  
proper te m p e ra tu re  fo r special jobs. T here  
should be every  reason  to  consider th is  fa c to r , 
as i t  is q u ite  im p o r ta n t  in  o th e r fields, such as 
casting and  ro llin g  of steel, b rass an d  o th e r  non- 
ferrous a lloys.”

The problem  m ay become com plica ted  on 
account of th e  fo r tu n a te  in fluence of a  h ig h  
tem p era tu re  in  g iv in g  rise  to  occurrences of a 
different n a tu re  from  th a t  re fe rre d  to  in  th e

fo rego ing . T here  is no need  to  p o in t o u t to  
g rey -iro n  fo u n d e rs  th e  in fluence of su p e rh e a tin g  
in  re fin in g  th e  g ra p h ite .  Am ong o th ers , B ritish  
m e ta llu rg is ts  have  c o n tr ib u te d  la rg e ly  an d  very 
effectively  to  th e  s tu d y  of th is  q u estio n , which 
c an n o t be developed in  th e  scope of th is  ra p id  
sum m ary . I t  w ould be im possible to  g ive an y 
th in g  like  a concise idea  in  a  few lines.

Fin ish ing  A d d itio n s
R eferen ce  has been m ade to  th e  m ore o r less 

considerab le  deg ree  of p u r i ty  of th e  m a te ria ls  
em ployed a n d  also th e  d iffe re n t causes of con
ta m in a tio n  a n d  tra n s fo rm a tio n , w hich a re  ra re ly  
fav o u rab le  an d  a re  u n fa v o u ra b le  in  m ost cases, 
d u r in g  m eltin g . A t th e  end  of th e  o p e ra tio n , 
th e  fo u n d ry m an  is s till  able to  effect th e  p ro tec 
t io n  an d  c lean in g  of th e  m olten  b a th . H e  can  
consider th e  final p u r ify in g  a d d itio n s  usua lly  
m ade in  th e  case of steel an d  no n -ferro u s m etals. 
H e  can  m ake use of th e  in fluence of a p p ro p ria te  
slags, w hich have  long been em ployed in  th e  
case of steel, w hich a re  in  th e  course of develop
m en t in  th e  case of cas t iro n  an d  a re  em ployed 
in  th e  fo rm  of flux in  th e  case of n o n -ferro u s 
m eta ls . H e re , a g a in , th e  a u th o rs  can  only touch  
lig h tly  upon  an d  em phasise th e  e ssen tia lly  scien
tific  c h a ra c te r  of th is  la s t a sp ec t of th e  problem  
c o n fro n tin g  th e  fo u n d ry m an .

T his m odest c o n tr ib u tio n  to  th e  co rre la tio n  of 
th e  ideas of th e  fo u n d ry m an  can  b est be con
cluded by th e  w ish th a t  efforts w ill be con tin u ed  
on th e  lines in d ic a te d  a t  W arsaw , and  t h a t  th e  
science of th e  fo u n d ry m an  in  g en era l w ill be 
e stab lish ed  on a common basis, reg ard less of th e  
m eta l o r alloy u n d e r  consid era tio n . The au th o rs  
believe t h a t  th e  p rinc ip les  a re  th e  sam e and  th a t  
i t  is to  th e  g re a t  a d v an tag e  of everyone, in  his 
own p a r tic u la r  case, m ak in g  m istakes th ro u g h  
igno ran ce  an d  only ap p ly in g  a p a r t  of such p r in 
ciples, to  becom e acq u a in ted  w ith  th e  resu lts  
a tta in e d  a n d  th e  efforts m ade in  b ranches of 
m e ta llu rg y  o th e r  th a n  h is own.

D IS C U S S IO N

The re p o rt was presen ted  in a b s tra c t by  Mr. J . 
L éonard  (P as t P resid en t o f th e  In te rn a tio n a l Com 
m ittee  o f  F o u n d ry  T echnical Associations) who said 
t h a t  th e  R ep o rt re su lted  from  a suggestion  by  his 
F rench  colleagues a t  th e  W arsaw  Congress, an d  con
s t i tu te d  a m odest a d d itio n  to  th e  s tu d y  of 
alloys. T h ere  w ere c e r ta in  g en era l p rincip les 
w hich m u st be re g a rd e d  as app licab le  to  all 
fo u n d ry  w ork , an d  th o se  p rincip les m ig h t have 
to  be a d ju s te d  in  one d irec tio n  o r th e  o th e r 
acco rd ing  to  th e  p e c u lia r itie s  of a  p a r tic u la r  
m eta l t h a t  w as b e in g  d e a lt w ith . T he R e p o rt 
d id  n o t p re te n d  to  p re sen t o r ig in a l e x p erim en ta l 
r e su lts ;  i t  w as a w ork  of co lla tion  of d a ily  w ork
shop p ra c tic e , an d  its  o b jec t was to  b rin g  som e



s o r t  of o rd e r  in to  th e  in fe ren ces w hich  m ig h t 
be d ra w n  from  t h a t  d a ily  p ra c tic e .

C O M M U N IC A T IO N

M il. H . H . S h e p h e r d , in  a w r i t t e n  c o m m u n i c a 
t io n , observed  t h a t  he  h a d  re a d  th e  P a p e r  w ith  
a  g r e a t  d e a l of in te re s t ,  an d  v e ry  m u ch  v a lu ed  
th e  a p p re c ia tiv e  s ta te m e n ts  m ade in  th is  P a p e r  
w ith  re g a rd  to  th e  B r i t is h  E x ch a n g e  P a p e r  
w hich he  h a d  p re sen te d  to  th e  In te rn a tio n a l  
F o u n d ry  C ongress he ld  in  P a r is  d u r in g  1937.

T he E n g lish  tra n s la t io n  o f t h a t  p a r t  of th e  
B e lg ian  P a p e r  w hich  r e fe r re d  to  th e  w r i te r ’s 
rev iew  of m alleab le  m e ltin g  p ra c tic e  s ta te d , 
“  T his leads to  th e  b e lie f t h a t  M r. S h ep h erd  
ag rees as to  an  in crease  o f o x id a tio n  w ith  in 
c reas in g  te m p e ra tu re .”  T his was n o t q u ite  h is 
view.

In c re a s in g  te m p e ra tu re  d id  n o t, in  h is ex
perien ce , necessa rily  g ive  r ise  to  in creased  o x id a 
tio n . T he e x te n t  of o x id a tio n  d ep en d ed  la rg e ly  
on th e  ty p e  of m e ltin g  m edium , a n d  m ore  p a r-

T a b l e  A.— Gas Content of Superheated Grey Cast Iron 
as Determined by the Vacuum Fusion Method (from 
the Paper by Di Giulio and White).

Heat
No.

Super
heating 

tem pera
ture. 

Deg. F.

Oxygen. 

Per cent.

Hydrogen. 

Per cent.

Nitrogen. 

Per cent.

1 2,570 0.0097 0.00008 0.0033
2 2,730 0.0057 0 . 0 0 0 1 0.0057
3 2,855 0.0076 0 . 0 0 0 1 0.0073
4 3,035 0.0058 0.00003 0.0056
5 3,085 0.0041 0.00015 0 . 0 0 1 1
6 3,110 0.0033 0.00008 0.0026

tic u la r ly  on  th e  possible an d  a c tu a l e x te n t  of 
co n tro l. W h en  h e  w as w r itin g  on th e  m eltin g  
of s tee l sc rap  ch arg e s  in  co n n ec tio n  w ith  o x id a 
tio n , he  h a d  in  m in d  cu p o la  p ra c tic e , w hich  w as 
n o t su b je c t to  c a re fu l c o n tro l, a n d  in  th is  case 
su p e r-h e a tin g  cou ld  eas ily  re su lt  in  excessive 
o x id a tio n . O n th e  o th e r  h a n d , i t  w as th e  
w r i te r ’s v iew  t h a t  su p e r-h e a tin g  could  be 
ach ieved , an d  p a r tic u la r ly  w ith  c e r ta in  ty p es  of 
m e ltin g  m ed ia  such  as th e  e lec tric  fu rn a c e , w ith 
o u t  excessive o x id a tio n .

The tr a n s la t io n  o f th e  B e lg ian  P a p e r  also 
gav e  th e  fo llo w in g : “ H e  s ta te s  t h a t  in  g en era l 
th e  so lu b ility  of gases d im in ish es  w hen  th e  te m 
p e ra tu re  ‘ r is e s .’ I t  would be in te re s t in g  to  
have  th is  p o in t  se ttle d  d u r in g  th e  course  of th e  
L ondon  C o n g ress.”

I n  su p p o r t  of th e  view  w hich  th e  w r i te r  ex
pressed  as above, he w ould q u o te  from  a P a p e r  
by A. D i G iu lio  an d  A. E . W h ite , “  F a c to rs  
a ffec tin g  th e  S tru c tu re  an d  P ro p e r tie s  o f G rey 
C a s t I ro n  ”  (A .F .A . P r e p r in t  N o. 35-9): “  P . 
B a rd e n h e u e r  believes w ith  P iw o w arsk y  t h a t  a

f u r th e r  im p o r ta n t  effect of su p e r-h e a tin g  is th e  
e lim in a tio n  of gases, w hich  m akes a  denser 
s t r u c tu r e  p o ss ib le .”  L a te r  in  th e  sam e P a p e r  
u n d e r  th e  su b -h ead in g  11 In v e s t ig a t io n  of th e  
G as C o n te n t of S u p e rh e a te d  C ast I ro n  ” i t  is 
s ta te d  : —

“ T he re su lts  of th is  in v e s tig a tio n  a re  given 
in  T ab le  IV . U n fo r tu n a te ly , th e  re su lts  ob
ta in e d  do n o t  show an y  possible co rre la tio n  
w ith  th e  p reced in g  find ings. Close exam i
n a tio n  o f T able  IV  [Table A] will show the 
follow ing fac ts  to  be tru e  :

“  (1) H y d ro g e n  an d  n itro g e n  co n ten ts  of 
th e  su p e rh e a te d  iro n s  do  n o t  seem  to  v ary  in 
acco rd an ce  w ith  an y  law .

“  (2) O xygen c o n te n t  d ecreases w ith  an  in 
c rea se  in  s u p e rh e a tin g  te m p e ra tu re .

‘‘ T h is l a t t e r  f a c t  is in  a g ree m e n t w ith 
ex p ec ta tio n s , s ince  i t  h as  been  proved  th a t ,  in 
g e n e ra l, th e  so lu b ility  of gases in  m etals 
decreases as th e  te m p e ra tu re  in c re a ses .”

T h e  w r i te r  w ould  su b m it t h a t  th e  above in fo r
m a tio n , w hich  w as c la im ed  to  be su p p o rte d  by 
E . P iw o w arsk y  a n d  P .  B a rd e n h e u e r , corrobo
r a te d  th e  s ta te m e n ts  w hich  he  m ade  in  the 
P a p e r  to  w hich  th e  B e lg ian  A ssociation  had 
m ad e  re fe re n ce , a n d  i t  w as hoped t h a t  th is 
w ould c le a r  u p  th e  p o in ts  in  q uestion . A t th e  
sam e tim e , th e  w r i te r  w ould be p leased  to  have 
f u r th e r  o b se rv a tio n s.

M r. L e o n a rd ’s R ep ly  
I n  a rep ly  by  M r . J .  L é o n a r d , on behalf of 

th e  T ech n ica l C o m m ittee  o f th e  B e lg ian  Associa
tio n , i t  w as s ta te d  t h a t  tw o  q u estio n s were 
asked  : (1) D id  a n  in c rease  in  te m p e ra tu re  b rin g  
a b o u t a  s tro n g e r  o x id a tio n ?  a n d  (2 ) d id  th e  
volum e of dissolved g as v a ry  in  th e  sam e sense 
as th e  m e ltin g  te m p e ra tu re ?

T he f irs t q u estio n  w as b est an sw ered  by po in t
in g  o u t  t h a t  th is  fa c to r  should  only  be d e te r
m in ed  if  all o th e r  co n d itio n s  w ere  equal. To 
c o m p are  th e  re su lts  o b ta in e d  in  d iffe re n t fu r 
naces d id  n o t  a p p e a r  to  be d es irab le . The 
o p in io n  w as m a in ta in e d  t h a t  excessive ox idation  
w as b ro u g h t a b o u t by su p e rh e a tin g , in  th e  case 
of c u p o la  m eltin g . T he rep ly , how ever, d id  not 
re m a in  in d ec isiv e , a n d  in  a n y  g iv en  fu rn ace  
m eltin g  in  a n  a tm o sp h e re  of c o n s ta n t  composi
tio n , one could  w ith o u t  e q u iv o ca tio n  s ta te  th a t  
o x id a tio n  increased  w ith  th e  te m p e ra tu re , the  
a tm o sp h e re  b e in g  obviously  o x id is in g .

So f a r  as th e  second q u estio n  w as concerned, 
i t  m ig h t be asked  w h e th e r  th e  figu res tab u la te d  
by D i G iu lio  a n d  A. E . W h ite  w ere convincing. 
T he B e lg ian  A ssocia tion , like  M r. Shepherd , 
w ere scep tica l of th e  re lia b il ity  of th e  hydrogen 
an d  n itro g e n  figu res, because th e  ir re g u la r it ie s  
show n p e rm it te d  of th e  su p p o s itio n  of an a ly tica l 
e rro rs , d u e  e ith e r  to  m a n ip u la tio n  o r m ethod 
used . The close a g re e m e n t of th e  oxygen  con-



ten ts was im p ressive , in  sp ite  of th e  low figure  
of 0.0057 co rre sp o n d in g  to  a te m p e ra tu re  of 
1,500 deg. C. H ow ever, i t  shou ld  be n o ted  t h a t  
in th e  te m p e ra tu re  in te rv a l  of 258 deg. C. (from  
1,410 to  1,668 deg. C .), i t  seem ed perm issib le  to  
speak of a low ering  of th e  oxygen c o n te n t. The 
two low co n ten ts  gave  th e  c le a r  im p ress io n  of a 
dim inution when re la te d  to  tw o a d ja c e n t  te m 
peratures (1,696 to  1,710 deg. C .).

The only conclusion i t  w as th o u g h t possible to  
be draw n from  th ese  six re su lts  w as t h a t ,  a t  
about 1,675 deg. C., th e  0 2 c o n te n t rem a in ed  
practically c o n stan t, an d  t h a t  above th is  tem 
perature th e re  w as a  sh a rp  d rop . The re su lts  
of Di Giulio an d  W h ite  should  be considered  as 
relating  to  an  iro n  c a r r ie d  to  a  sing le  su p e r
heating te m p e ra tu re  b u t  c a s t a t  d iffe re n t te m 
peratures. I t  was th u s  n o t th e  in fluence of 
superheating b u t r a th e r  th e  effect of c a s tin g  
tem pera tu re  t h a t  w as th ro w n  in to  re lief.

On th e  o th e r h a n d , so f a r  as th e  0 2, H 2 and  
Na, and th e  CO an d  C 0 2 gases w ere concerned , 
it  m ight he asked w h e th er th ey  w ere en co u n tered  
in cast iron. The w r ite r  h ad  n o ted  w ith  in te re s t

th e  ev o lu tio n  of th e ir  co n te n ts , fo r i t  was n o t 
im possible t h a t ,  a t  very  h ig h  te m p e ra tu re s , th e  
affin ity  of oxygen fo r carb o n  m ig h t n o t be p re 
p o n d e ra tin g  in  re la tio n sh ip  to  t h a t  of 0 2 fo r th e  
o th e r  e lem en ts, S i, M n, of th e  iron  an d  th a t ,  
in  sp ite  of th e  feeble m ass of th e  Oa be in g  able 
to  re n d e r  th is  passive in  a ve ry  la rg e  m easu re , 
a re ac tio n  of th e  C w ith  th e  oxygen d id  n o t 
low er th e  volum e occluded w ith  th e  la t te r ,  b u t 
in  rep lac in g  i t  by a volum e of C 0 2 or 2 volum es 
of CO.

T he above was e v id en tly  n o t fav o u rab le  to  an  
increase  of volum e in  w hich credence w as p la c e d ; 
how ever, one could n o t ig n o re  th ese  op in ions of 
p inho les an d  blowholes com ing from  th e  m eta l 
a n d  p laced  a g a in s t th e  ac tio n  of su p e rh ea tin g .

T he w r i te r  w as p leased  w ith  th e  decision of 
th e  In te rn a tio n a l  C om m ittee  of F o u n d ry  Tech
n ica l A ssociations to  place th e  q u estion  of gases 
dissolved in  alloys on th e  p rogram m e fo r  th e  
I t a l i a n  C ongress in  1940. I t  now only rem ained  
fo r  th e  w r i te r  to  th a n k  Mi’. S hep h erd  fo r h av in g  
s ta r te d  th e  d iscussion. I t  was well w orthy  of 
considerab le  expan sio n  n e x t y ea r in Rom e.
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Paper N o . 694

Defects in Electrically-Melted Chilled Rolls"
By Dr. Ing. FRANCO BONDI

For various reasons, th e  c a s tin g  of ch illed  rolls 
melted in  th e  e lec tric  fu rn a c e  is c e r ta in ly  
neither common n o r w idesp read . T he m ost obvi
ous of these reasons is econom ic in  c h a ra c te r , 
in view of th e  ap p rec iab le  cost of e rec tio n  an d  
operation which th is  ex ce llen t m eth o d  of m elt
ing involves in  m ost co u n trie s . A t th e  A ccia ierie  
e F e rrie re  L om barde F a lck  of M ilan , p a r tic u la r ly  
favourable cond itions have  m ade  i t  possible first 
to carry  o u t ex p erim en ts  a n d  th e n  to  c a s t n o r
mally chilled rolls m elted  in  th e  e lec tr ic  fu rn ac e .

The ad v an tag es offered by  th is  m ethod  of m elt
ing are  very  im p o r ta n t  a n d  c e r ta in ly  su p e rio r 
to th e  p rev ious m ethods. T he o u ts ta n d in g  
advantage is th e  possib ility  of m a in ta in in g  u n 
varying com position w hich is a lw ays co n tro llab le  
during th e  o p e ra tio n , e ith e r  by chem ical a n a ly 
sis or by te s tin g  th e  v a r ia tio n s  of th e  h a rd n ess 
of bath  sam ples.

This con tro l also en su res p e rfe c t hom ogeneity  
of the  b a th , a  v ery  im p o r ta n t  m a t te r  w hen a 
number of rolls of th e  sam e ty p e  have  to  be cas t 
from the  sam e m elt. C arbon , m an g an ese , silicon 
and phosphorus a re  c o n s ta n t an d  s im ila r from  
roll to roll. T here  is also th e  a d v a n ta g e  of 
rapid m elting  an d  ra p id  w ork ing-dow n, so th a t  
in a 3-ton fu rn ac e  i t  is possible to  p re p a re  a 
melt in th ree  o r fo u r  ho u rs , in c lu d in g  th e  ch arg 
ing tim e.

I t  enables a considerab le  p e rce n ta g e  of steel 
to be in co rp o ra ted  w ith o u t g iv in g  r ise  to  any  
difficulties d u rin g  m eltin g . A n o th e r im p o r ta n t  
advantage is th e  co n tro l of th e  te m p e ra tu re  in 
the various stages of m e ltin g , th u s  p e rm it tin g  
rapid m elting  a t  h ig h  te m p e ra tu re s  of th e  d if 
ferent sorts of scrap  co n ta in ed  in  th e  ch arg e , 
whilst fresh pig, expensive an d  easily  liquefied, 
may be m elted  in  a b a th  a lre ad y  p re p a re d  by 
charging th e  p ig  a t  a second s tag e  w ith o u t su b 
jecting i t  excessively to  th e  sev e rity  of th e  h igh  
tem pera tu re  of th e  arc.

F u rth e r  ad v an tag e s  a re  th e  ex cep tio n a l ease 
whereby sam ples can be tak e n  a t  an y  s tag e  of 
m elting, and  th e  fa c ility  w hereby i t  is possible 
to make correc tions, by reason of th e  s tru c tu ra l  
nature of th e  e lec tric  fu rn ace . A d isa d v an tag e  
—which, how ever, is n o t alw ays confirm ed— is 
certainly to  be fo u n d  in  th e  p ressu re  and  high

' * Presented on b eha lf of Federazione N azionale Fascista  d e -li 
Industrian M etallurgici.

te m p e ra tu re  a tta in e d  in  th e  v ic in ity  of th e  elec
t r ic  a rc . T his ap p ea rs  to  have  th e  d isa d v an 
tag eo u s effect of d e s tro y in g  th e  p a r tic u la r  q u a li
t ie s  of th e  specia l irons w hich m ake  up  th e  
ch arg e , o r  “  b u rn in g  ” th em , as is sa id  in  
fo u n d ry  ja rg o n .

T his phenom enon, which is n o t alw ays con
firm ed in  p ra c tic e , would ex p la in  c e r ta in  cases 
of lack  of hom ogeneity  an d  c e r ta in  defec tive  
rolls fo u n d  in  th e  m ach ine  shop a n d  ro lling  m ill, 
on acco u n t of b r i t t le  m a te ria l.  O ccurrences of 
th is  k in d  can  n ea rly  a lw ays be avo ided  by cau 
tious a n d  p ru d e n t  o p e ra tio n  of th e  fu rn ace , b u t 
i t  is c e r ta in  t h a t  m elts c a r r ie d  o u t in  d ire c t a rc  
fu rn aces  of th e  H e ro u lt  ty p e , a n d  in  a rc  re 
s istan ce  fu rn aces  of th e  B assanese ty p e , have 
shown t h a t  th e  l a t t e r  ty p e  is m ore  su itab le  and  
ra tio n a l,  also on  acco u n t of th e  lower h e a t  to  
w hich th e  e ssen tia l c o n s titu e n t e lem ents of th e  
m eta l, p a r tic u la r ly  th e  silicon, a re  sub jected . 
A ty p e  of fu rn ac e  w hich th e  a u th o r  has n o t 
t r ie d  fo r m elts of th is  k in d , b u t  w hich o u g h t to  
g ive good re su lts , is th e  in d ire c t  a rc  o r r a d ia n t  
ty p e  re ce n tly  ad o p te d  in  fo u n d ry  p rac tice .

T he m eltin g  o p e ra tio n  does n o t offer any  a p p re 
ciab le  difficulties, an d  th e  m eta llu rg ica l o p era 
tio n s  succeed one a n o th e r  m uch  m ore sim ply  and 
sm oothly  w ith  re g a rd  to  th e  steel in co rp o ra ted  in 
th e  ch arge .

T he charges, w hich a re  selected an d  p re
a r ra n g e d , a re  m ade  by firs t in tro d u c in g  th e  
sc rap  an d  steel, if any , w hilst th e  p ig  is charged  
la te r  in to  th e  m olten  b a th . I t  is th u s  possible 
to  ap p ly  th e  m ax im um  pow er in it ia lly , th u s  
ap p rec iab ly  g a in in g  tim e  in  m eltin g . A lig h tly  - 
c arb u rise d  lim e slag  is  m a in ta in e d  on th e  m olten  
b a th .

W hen  th e  s lag  is fo rm ed , sam ples a re  ta k e n , 
th e  c u r re n t  be ing  red u ced  to  ab o u t h a lf  th e  
o r ig in a l am p erag e , so t h a t  th e  b a th  is m a in 
ta in e d  a t  a  te m p e ra tu re  be tw een  1,250 and  1,300 
deg. C. T h is ve ry  im p o r ta n t  co n tro l is effected 
by c o n tin u o u s  o b se rv a tio n  of th e  te m p e ra tu re  
by  m ean s of an  o p tica l p y rom eter. A ny rise  in 
te m p e ra tu re  is co rrec ted  by  sw itch in g  off th e  
c u r re n t  an d  sp re a d in g  f lu o rsp a r on  th e  slag. The 
h a rd n ess  is th e n  checked, an y  ir re g u la r it ie s  
be ing  co rrec ted  by th e  ad d itio n  of ferro-silicon 
a n d  special p ig .
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I f  th e  b a th  w ill n o t  ta k e  th e  a d d it io n  of 
fe rr i-s il ic o n  on acc o u n t of th e  p resence  of a slag  
w hich  is too basic, th e  s lag  is  e n tire ly  renew ed  
an d  th e  t ro u b le  w ill th e n  d isa p p e a r . As a ru le , 
only tw o o r th re e  sam ples have  to  be ta k e n  fo r 
b r in g in g  th e  m e lt in to  c o n d itio n , th e  la b o ra to ry  
a sc e r ta in in g  in  th e  m ea n tim e  th e  v a r ia tio n s  in  
th e  carb o n , silicon a n d  m an g an ese . W h en  th ese  
th r e e  e lem en ts  a n d  th e  ch ill te s t  a re  in  a g ree 
m e n t a n d  th e  te m p e ra tu re  is sa tis fa c to ry , th e  
ch arg e  is re ad y  fo r  p o u rin g . T h is  is  u su a lly  
c a r r ie d  o u t  by m ean s of a b o tto m -p o u rin g  lad le , 
which h as th e  g r e a t  a d v a n ta g e  of e lim in a tin g  
an y  d a n g e r  of slag  inclusions, th e  only p re ca u 
tio n  ta k e n  b e in g  to  em ploy a  very  la rg e  nozzle of

g a te s  an d  chills an d  th e  ra p id  rem oval of the  
gases from  th e  m ould.

H a v in g  o u tlin e d  th e  m e ltin g  processes, i t  is 
now p roposed  to  d iscuss th e  g en era l defec ts which 
hav e  been e n co u n te re d  in  th e  course  of several 
y ea rs  of p ro d u c tio n . T hese d e fec ts , a lthough  
n o t p e cu lia r  to  e le c tr ic -fu rn a ce  m eltin g , are 
those  w hich  h av e  been  m ore especially  encoun
te re d  w hen em ploy ing  th is  m eth o d . G enerally 
sp e ak in g , i t  m u s t be sa id  t h a t  rolls a re  never 
c a s t  w ith  a  g re a te r  bod y -len g th  th a n  1,400 mm. 
(4 f t .  7 in .)  n o r a d ia m e te r  exceed ing  560 mm. 
(22 in .)  (see F ig s . 1 a n d  2).

These d e fec ts  m ay  be s e t  o u t as fo llo w :— (1) 
E xp losions d u r in g  p o u rin g  ; (2) c rack in g  ; (3)

F i g . 1.

50 to  60 m m . (2 to  2.4 in .) ,  an d  som etim es even 
70 m m . (2 j  in .) ,  a cco rd in g  to  th e  d ia m e te r  of th e  
ro ll, so t h a t  p o u rin g  w ill be v ery  ra p id .

T he p o u rin g  te m p e ra tu re  is a cc u ra te ly  con
tro lle d  e ith e r  by m eans of o p tica l in s tru m e n ts  or 
by m eans of a p p ro p r ia te  tech n ica l devices, and  
is m a in ta in e d  betw een  th e  lim its  of 1,150 an d  
1,190 deg. C. T he av erag e  pow er co n su m p tio n  
p e r  m e tr ic  to n  is a b o u t 750 kw .-h rs. T he b a th  
sam ples a re  190 by 135 by 22 m m . (7.5 by 5.25 by
0 . 8  in .) ,  c a s t  in  d ry  loam  placed  on an  iro n  p la te . 
The m o u ld in g  of th ese  ro lls does n o t offer any 
specia l fe a tu re s , ex cep t t h a t  th e  g re a te s t  c are  is 
ta k e n  in  d e s ig n in g  th e  m o u ld in g  boxes, so as to  
fa c i li ta te  th e  a c c u ra te  assem bling  of th e  p o u rin g

cav itie s  a n d  su rfa ce  f law s; (4) b r i t t le  necks, and 
(5) e c c e n tr ic ity  a n d  v a r ia tio n  in  h a rd n ess .

I t  is p roposed  to  co n sid er w h a t a re  th e  real 
a n d  p robab le  causes of each  of th em  a n d  how i t  
is possible to  p ro v id e  a  rem ed y  fo r  e n su r in g  the  
p ro d u c tio n  of sound  c a s tin g s  in  th is  difficult 
b ra n ch  of fo u n d ry  p ra c tic e — a n  en d eav o u r which 
re q u ire s  a ll th e  a r t  of th e  fo u n d ry m an , who is 
c o n fro n te d  w ith  m u ltip le  an d  v a rio u s  factors 
w hich a re  n o t a lw ays c lea rly  id en tifiab le .

E X P L O S IO N S  D U R IN G  P O U R IN G
T his o ccurrence , fo r tu n a te ly  n o t v ery  common 

in  a w ell-conducted  shop, is v ery  h a rm fu l and 
d an g ero u s , a n d  a lw ays ta k e s  p lace  a t  th e  com



m encem ent of p o u rin g , w hen th e  iro n  has filled 
only th e  lower neck of th e  ro ll o r a  l i t t le  m ore. 
At th is  m om ent, one o r m ore explosions p ro jec t 
the m olten  iro n  from  th e  p o u rin g  g a te  w ith  such 
violence t h a t  th e  iro n  is th ro w n  to  a h e ig h t of 
several y a rd s. T his phenom enon som etim es 
occurs when th e  m ould  is com plete ly  fu ll, when 
i t  produces fe rro s ta tic  p ressu re  in  th e  m eta l. In  
this case i t  is  less v io len t, a n d  is accom panied  
simply by bubbling  on th e  su rfa ce  of th e  m eta l 
in the  po u rin g  g a te  an d  less v io len t sp u r t in g  
of th e  m etal.

W hen th is  tak e s  p lace, i t  is useless to  co n tin u e  
pouring. I n  n in e  cases o u t of te n , i t  is c e r ta in  
th a t th e  roll w ill be defec tive . I n  fa c t, a f te r  
stripping, th e  roll ex h ib its  n u m ero u s  b lackened 
surface flaws to  a  d e p th  of up  to  severa l m illi
m etres which c o n g reg a te  m ore especially  along 
the lower th ird  p a r t  of th e  roll. Som e of these  
flaws are s i tu a te d  a t  a  considerab le  d e p th  below 
the surface, so t h a t  even if  th e  firs t b lis te red  
layer is rem oved by tu rn in g ,  th e  d e fec t is n o t 
elim inated and  th e  ro ll h as  to  be re jec ted .

The defec t is caused  by th e  d ifficulty  of ra p id ly  
e lim inating th e  gas from  th e  m ould an d  som e
times from  th e  co a tin g  of b lack in g  on th e  chill, 
either th ro u g h  th e  loam  by v ir tu e  of i ts  n a tu ra l  
perviousness and  th e  m eans p ro v id ed  fo r  p ro m o t
ing the  la t te r ,  o r th ro u g h  th e  su rfa ce  of c o n ta c t 
between th e  loam  a n d  th e  chill. The iro n  e n te r 
ing th e  loam m ould of th e  neck, a n d  ra p id ly  
filling it ,  m ay p roduce a  v io len t l ib e ra tio n  of 
gas. In  th e  m a jo rity  of cases i t  is w a te r  v ap o u r, 
which n o t finding a n  easy  e x it  th ro u g h  th e  
mould, because th e  m eta l h as a lre ad y  a rriv e d  a t  
the chill, en d eavours on acco u n t of i ts  sudden  
increase in  volum e to  seek a ra p id  e x it  th ro u g h  
the molten iron , c a rry in g  th e  l a t t e r  a long  and  
projecting i t  to  th e  e x te r io r .

Causes. (1 ) In sufficien tly  perm eable  lo am ; (2 ) 
insufficient v e n tin g , n o t e x ac tly  con fo rm in g  w ith  
predeterm ined a r ra n g e m e n ts ; (3) b lack in g  con
tains too m uch v o la tile  m a t t e r ; (4) insufficient 
drying; (5) i r ra t io n a l  cooling devices fo r th e  
necks no t p e rm ittin g  sa tis fa c to ry  v e n tila tio n  of 
the lower boxes, an d  (6 ) chills n o t h o t enough.

R em edies.—A ccu ra te  co n tro l of th e  m o u ld 
ing loam which should  possess th e  o p tim u m  p ro 
perties, fa ilin g  w hich its  use should  n o t be p e r
m itted. Close c o n sid e ra tio n  of th e  v e n tin g  
system fo r th e  rem oval of gas e ith e r  th ro u g h  
the mould, or th ro u g h  th e  box, in  w hich  n u m er
ous su itab le  holes should  be p ro v id ed , o r th ro u g h  
the jo in ts  betw een th e  m ould an d  chill. 
M eticulous an d  ca re fu l c o n sid e ra tio n  of th is  im 
p ortan t p a r t  of th e  p re p a ra tio n  of a roll can  
never be over-em phasised , a n d  experience  
alone, in  re fe ren ce  to  th e  ty p e  of ro ll c a s t  in  
each case, will in d ic a te  th e  co rrec t steps to  be 
taken.

W ith  re g a rd  to  b lack in g  w hich co n ta in s  an  
excessive a m o u n t of v o la tile  m a tte r ,  every  
fo u n d ry m an  w ill be fa m ilia r  w ith  th e  h a rm  
w hich th is  m ay cause. I n  th is  spec ia l case, 
th e re fo re , th e  g re a te s t  a t te n tio n  should  be p a id  
to  th e  q u a lity  of th is  m a te ria l. G enerally  sp eak 
ing , th e  a m o u n t of vo la tile  m a t te r  should n o t 
exceed 1 .5  p e r  cen t, of th e  p r in c ip a l in g re d ie n t 
em ployed, u su a lly  g ra p h ite .
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P a ss in g  to  th e  qu estio n  of insufficient d ry in g , 
th e  a u th o r  w ould em phasise th e  m ore im p o r ta n t 
fa c to r  of th ese  defec ts , since even if  a ll th e  
o th e r  p re ca u tio n s  a re  ta k e n , th ey  a re  v i tia te d  
by th e  p resence of even a very  sm all a m o u n t of 
m o is tu re  in  th e  m ould . I t  is necessary  n o t  only 
to  co n tro l th e  te m p e ra tu re  of th e  d ry in g  stove 
a n d  th e  tim e  of d ry in g , b u t  th e  stove should  
also be ra tio n a lly  c o n stru c ted  to  p e rm it re 
p lenishing o f th e  a ir for rem oving th e  v ip o u r. 
T he prov ision  of fo rced  d ra u g h t  effects a saving



in  fu e l a n d  en su res u n ifo rm  te m p e ra tu re s . I t  
is p re fe ra b le  to  rem ove th e  m oulds ju s t  before  
p o u rin g , so t h a t  th e y  w ill s t i ll  he w arm  a t  th e  
tim e  th is  o p e ra tio n  is effected . L a s tly , i t  is 
adv isab le  to  p ro v id e  m o u ld in g  boxes of such  a 
c h a ra c te r  t h a t  th e  m o is tu re  e v a p o ra te d  w hen 
th e  m e ta l e n te rs  th e  m ould  c a n n o t co llect in  
them .

S om etim es, because  of d esign  a n d  w o rk in g  
cond itio n s, th e  necks hav e  to  be  p a r tic u la r ly  
dense  an d  com pact, a n d  in  such  a case, a p a r t  
fro m  spec ia l b len d in g  a n d  com position  of th e  
iro n , i t  is possible to  em ploy ch ills p laced  in  th e  
m ould  so t h a t  th e y  a re  covered  to  a d e p th  of a 
few  m illim e tre s  w ith  loam , suffic ien t to  p re v e n t 
th em  e x e r t in g  a d ire c t  h a rd e n in g  effect. Of 
course, th is  m ass of m e ta l is a n  o bstacle  to  th e  
rem oval of th e  gases, a n d  th e  d isa d v a n ta g e  m ay 
be lessened  by p ro v id in g  n u m ero u s  v e n ts . I f  
th e  chills be n o t suffic iently  h o t, p a r tic u la r ly  in  
w in te r , m o is tu re  m ay  condense on th em , a n d , if 
n o t n o ticed  a n d  rem oved  in  tim e , th is  m ay  have 
d isa s tro u s  consequences.

C R A C K IN G

T his d e fec t is one of th e  com m onest a n d  m ost 
fe a re d  in  th e  p ro d u c tio n  of rolls. T he cracks 
a p p e a r  in  a  w ide v a r ie ty  of fo rm s, lo n g itu d in a l 
an d  tra n sv e rse , a n d  m ay  e x te n d  over th e  e n tire  
le n g th  of th e  body of th e  ro ll o r only  over a 
p a r t ,  on th e  edges a n d  c e n tre  an d  finally  on th e  
n ecks (F ig s . 3 a n d  4).

T he causes a re  n u m ero u s  a n d  o f te n  n o t  v ery  
c lear, b u t,  g en era lly  sp eak in g , th ey  m ay  be clas
sified as fo llo w :— (1) M o u ld in g  d e fe c ts ;  (2) de 
fec tiv e  p o u r in g ;  an d  (3) m e ta l of u n su itab le  
com position .

M o u ld in g  D efects

A com m on cause  is th e  jo in ts  be tw een  boxes 
an d  chills b e in g  in a d e q u a te ly  sealed . T he iro n  
e n te rs  th e  in te rs tic e s  fo rm ed  a n d  produces a 
sm all fin suffic ient to  cause  h o rizo n ta l cracks 
d ue  to  i r re g u la r  sh rin k a g e  (F ig . 4). C racks m ay  
also  be fo rm ed  along  th e  jo in t  be tw een  tw o chills, 
d u e  to  th e  jo in t  b e in g  insufficien tly  t ig h t ,  a n d  to  
th e  m ore in te n se  coo ling  a long  th is  lin e , o r  else 
because of th e  te m p e ra tu re  of th e  tw o  p a r ts  n o t 
b e in g  th e  sam e, a n d  re su ltin g  in  d iffe re n t ra te s  
of cooling  in  th e  tw o sections of th e  ro ll.

These de fec ts  m ay  be o b v ia ted  by sea lin g  well 
a ll th e  jo in ts  e ith e r  betw een  th e  chills a n d  th e  
loam  o r be tw een  th e  chills, an d  by ta k in g  c a re  to  
see t h a t  th e  l a t t e r  a re  a t  th e  sam e te m p e ra tu re  
p r io r  to  p o u rin g .

B lack in g  m ay  n o t be c o rre la te d  w ith  th e  
cooling effect re q u ire d  from  th e  ch ills, o r  be 
p ro p e rly  ap p lied . W ith  re fe ren ce  to  th e  first 
case, b lack in g  should  have  an  in su la t in g  effect,
i .e .,  in  a d d itio n  to  p re v e n tin g  th e  iro n  from

stick in g  to  th e  face of th e  ch ill, a n d  to  p rov id
ing  th e  c a s tin g  w ith  a fine su rfa c e , th e  black
in g  should  p rin c ip a lly  also re g u la te  th e  ra te  of 
fo rm a tio n  o i th e  h a rd en e d  lay e r, so th a t  the 
l a t t e r  is n o t com plete ly  solidified a t  th e  m om ent
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shrinkage com m ences, an d  th e  in n e r  g rey  iron  
sets, p ro d u c in g  very  h igh  p ressu res on its  ex 
pansion. I f  th e  ch illed  lay e r is s till  in  a con
d ition  of re la tiv e  p la s tic ity , i t  w ill “  g ive ”  to  
some e x te n t w ith o u t r u p tu r in g ,  an d  th e  su rface  
will rem ain  sound, b u t  i f  on th e  c o n tra ry  i t  is 
already solid , i t  c an n o t y ield  an d  will c rack , as 
is o ften  th e  case.

The observation  an d  s tu d y  of th is  d e lic a te  and  
im portan t fa c to r has led th e  a u th o r  to  tu r n  his 
a tten tio n  to  th is  la s t  c ircu m stan ce  in  a n  a tte m p t  
to im p a rt to  th e  b lack in g  th e  q u a lity  which 
will combine its  in su la tin g  p ro p e rty  w ith  t h a t  of 
producing a  good su rface . N o rm ally , in  fa c t,  i t  
is usual to  p rov ide  th e  p rev io u sly -h ea ted  chills 
with one or m ore co a tin g s of a m ix tu re  composed 
mainly of g ra p h ite  an d  b ond ing  m a te ria ls . E x 
perience has re su lte d  in  th e  c rea tio n  of a  m ix tu re  
of in su la ting  m a te ria l,  w hich is h ig h ly  re fra c to ry  
(above 1,700 deg. C .), m ade u p  of best p las tic  
clay mixed w ith  g ra p h ite  in  d e fin ite  p ro p o rtio n s .

This m ix tu re  is ap p lied  to  th e  chills w ith  th e  
maximum u n ifo rm ity  an d  w ith  th e  d es ired  th ic k 
ness by m eans of co m pressed -a ir sp ra y  g uns, th e  
chills being m a in ta in e d  a t  an  e lev ated  te m p e ra 
tu re  (300 deg. C .), so t h a t  th e  sp ray ed  m ix tu re  
dries in stan tly . T he th ick n ess of th e  co a tin g  
produced m ay be so re g u la te d  as to  in su la te  
more the p a r ts  w hich a re  longer in  c o n ta c t w ith  
the cast m etal, th u s  a t ta in in g  th e  desired  u n i
form ity of cooling. I n  th is  w ay, th e  fo rm atio n  
of cracks on th e  body of th e  rolls is a lm ost com 
pletely avoided, and  rolls of v e ry  fine a p p ea ran ce  
are produced (F igs. 1 an d  2).

Cracks on th e  necks, g en era lly  th e  u p p e r  one, 
are a ttr ib u ta b le  m ore to  d e fec tiv e  design  th a n  
to m oulding defects Such c racks, in  fa c t, occur 
if definite conditions of p ro p o rtio n  in  th e  ju n c 
tion w ith th e  body a re  n o t observed, in accord
ance w ith  th e  re q u ire m e n t th a t  th is  ju n c tio n  
should be very  g ra d u a l. In su ffic ien tly  ram m ed  
zones in th e  m ould m ay  also p ro d u ce  sw ellings 
on the neck, which has sh ru n k  d iffe ren tly  from  
the body of th e  roll, g iv in g  rise  to  cracks.

Im p ro p e r  P o u rin g  C o n d itio n s
A co n trib u to ry  fa c to r  in  th is  case is badly- 

designed p o u rin g  g a tes , t h a t  is to  say, too  sm all 
to fill th e  mould a t  th e  desired  ra te .  In  th is  
case, as th e  fo rm atio n  of th e  chilled  lay e r is n o t 
homogeneous, v e r tic a l fissures a re  fo rm ed  on 
account of th e  d iffe re n t effect w hich th e  p ressu re  
of the  iron  produces in  th e  in te r io r  of th e  first 
chill, due to  th e  w e ig h t of th e  iro n , an d  also due 
to the  increase in  volum e caused by th e  p re c ip ita 
tion of g ra p h ite .

In  th is  case, i t  is necessary  to  in crease  th e  
diam eter of th e  g a tes , so t h a t  th e  lay e r sk in  
is form ed p rac tica lly  a t  th e  sam e tim e  th ro u g h 
out th e  e n tire  h e ig h t of th e  body of th e  ro ll 
and th u s  re ac ts  u n ifo rm ly  to  th e  in te rn a l

stresses. T his d isa d v a n ta g e  occurs solely in  rolls 
of sm all d im ensions.

M oulds n o t P e r fe c tly  V er tica l.— I n  th is  case, 
i t  is likely  t h a t  v e r tic a l cracks will be form ed 
in  th e  low er p a r t  of th e  ro ll, a long  th e  
g e n e ra tr ix  w hich is m ost o u t of th e  v e rtica l.

E xcessive ly  S low  P o u rin g .— An essen tia l p r in 
cip le of th e  p ro d u c tio n  of th ese  cas tin g s is t h a t  
th e y  should  a lw ays be po u red  r a th e r  qu ickly , 
because th is  ensu res th e  ideal co n d itio n s fo r  
u n ifo rm  cooling.
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E xcessive ly  H o t P o u r in g .— I t  is necessary  to  
p o u r r a th e r  cold a t  a te m p e ra tu re  betw een  1,150 
an d  1,190 deg. C. The a ccu ra te  con tro l of th is  
is ind ispensab le , w h a tev e r be th e  m ethod 
a d o p ted . P o u r in g  as cold and  as ra p id ly  as 
possible is th e  b e s t g u a ra n te e  of a  good re su lt.

C o m p o s itio n  o f th e  M e ta l
I n  th e  e lectric  fu rn ace , th e  com position  of th e  

ch arg e  is n o t of e ssen tia l im p o rtan ce  in  re g a rd  
to  c rac k in g , p rov ided  c e r ta in  p recau tio n s  con-



co rn in g  th e  r ise  in  te m p e ra tu re  a r e  observed , as 
em phasised  a t  th e  co m m encem en t of th is  P a p e r .  
T he only rea lly  d an g ero u s  e le m en t is th e  m an 
g anese , of w hich  i t  is p re fe ra b le  to  m a in ta in  a 
c o n te n t of n o t g re a te r  th a n  0.40 p e r  c en t. P r a c 
tic a l o b se rv a tio n s  in  nu m ero u s cases h av e  show n 
t h a t  if  th is  fig u re  be exceeded, th e  in c re a se  in  
r ig id i ty  w hich  th is  e le m en t im p a r ts  to  th e  iro n , 
especially  in  th e  ch illed  zone, m ay  cause  
c rac k in g .

C A V IT IE S  A N D  S U R F A C E  F L A W S

T he n am e  describes th ese  flaws. T hey  a re  
g en era lly  sm all c a v itie s  w ith  a n  ox id ised  su rface , 
h a v in g  a d ia m e te r  n o t  exceed ing  sev era l m illi
m e tres  a n d  a d e p th  w hich m ay a t t a in  as m uch  
as sev era l c en tim e tre s . T he m ost d an g ero u s  a re  
those  d e s ig n a ted  “  p in h o lin g ,”  w hich, a lth o u g h  
th e y  m ay be of sm all d ia m e te r , e x te n d  to  a  con
sid e rab le  d e p th , so t h a t  w hen  th e  ro ll is tu rn e d  
on th e  la th e , th e  cav itie s  do n o t  d isa p p e a r , leav 
ing  to  some e x te n t  a  t r a c e  w hich, how ever sm all, 
causes th e  re je c tio n  of th e  roll.

The causes a re  a lm o st a lw ays a t t r ib u ta b le  to  
d e fec tiv e  m oulds an d  ra re ly  to  d e fec ts  of th e  
m eta l, since in  th e  e le c tr ic  fu rn a c e  th e  phos
p h o ru s c o n te n t  is alw ays c e r ta in  to  be below 
0 . 1 0  p e r  c e n t .,  th u s  sa fe g u a rd in g  a g a in s t  any  
liq u a tio n  of p h osph ide  eu tec tic .

T hey  m a y  b e : — Im p erm eab le  lo am ; insufficien t 
o r bad ly  a r ra n g e d  v e n tin g ;  in su ffic ien t d ry in g ;  
bad ly  d is tr ib u te d  b lack in g  ; insufficien t b lack in g  ; 
p o u rin g  g a te s  too  sm all ; p o u rin g  te m p e ra tu re  too 
h ig h  ; ch ills to o  cold, in  poor c o n d itio n  an d  
insufficien tly  polished  o r c leaned .

The rem edies  a re  im m ed ia te ly  sugg ested  by 
th ese  causes. Im p erm eab le  loam , by  re ta rd in g  
th e  escape of gas a t  th e  m o m en t of p o u rin g , 
causes th e  fo rm a tio n  of bubbles w hich  some
tim es  m ere ly  s e t tle  on th e  low er su rfa ce s  o f th e  
chills, w hile  a t  o th e r  tim es, as h a s been n o ted , 
th ey  p ro duce  explosions w ith  m u ch  m ore  serious 
consequences. In a d e q u a te  v e n tin g  m ay also have 
th e  sam e re su lt. I n  bo th  cases, close co n tro l in  
th e  p re p a ra tio n  of th e  loam  a n d  m o u ld in g  
o b v iates all th ese  d isa d v an tag e s .

In su ffic ien t d ry in g , as is  n a tu ra l ,  p roduces con
d itio n s  w hich fa v o u r de fec ts . T h is has been 
em phasised  a n d  its  m ore  serious consequences 
d iscussed  w hen re fe r r in g  to  th e  explosions w hich 
occur d u r in g  p o u rin g .

B ad ly  d is tr ib u te d  b lack in g , especially  on th e  
low er p o rtio n  o f th e  ch ills, w here  th e  incom ing  
h o t m e ta l im p in g es m ost s tro n g ly , m ay  g ive  r ise  
to  th is  defec t. I f  th e re  is in su ffic ien t b lack in g , 
th e  l a t t e r  does n o t  a ffo rd  en o u g h  p ro te c tio n , th e  
m e ta l is p a r tly  a tta c k e d  a n d  th e re  is  e rosion  w ith  
th e  fo rm a tio n  of c h a ra c te r is tic  p inho le  defec t. 
I f  th e  b lack in g  is too  a b u n d a n t ,  i t  is c a r r ie d  by 
th e  flow o f m e ta l to w a rd s  th e  u p p e r  p a r t  of th e  
ro ll body, le av in g  a  c h a ra c te r is tic  sp ira l  t r a c e

follow ing th e  g y ra to ry  m o v em en t of th e  iron in 
th e  fo rm  of s tr ia t io n s , a long  w hich  th e  excess of 
g ra p h ite  is d ep o sited , a n d  n u m ero u s  small 
b lis te rs  w hich, how ever, a re  g en era lly  of l ittle  
im p o rta n ce  (F ig . 4). T h e  c o rre c t th ick n ess will 
be d e te rm in e d  by e x p e rim e n t in  each p a rticu la r  
case, in  acco rdance  w ith  th e  m ass a n d  dim ensions 
of th e  rolls.

T he im p o rta n ce  of th e  com position  of the 
b lac k in g  should  n o t be  overlooked. Excess of 
g ra p h ite ,  in a d e q u a te  o rg a n ic  b in d er o r  too much 
c lay  a re  also causes o f d e fec ts . I n  p o in t of fact, 
m uch  g ra p h ite ,  especially  if  n o t of good quality , 
causes a n  ev o lu tio n  of gas w hich c an n o t always 
be e lim in a te d  a n d  is th e  p r in c ip a l cause of p it
t in g .  T h e  sam e ap p lies  to  o rg an ic  b inders.

I n  th e  case of ro lls h a v in g  a r a th e r  h igh  sili
con c o n te n t, w hen  th e re  is a n  excess of clay in 
th e  b lack in g , s ilic a te s  a re  fo rm ed  d u rin g  pour
in g  w ith  th e  ev o lu tio n  of gas w hich rem ains im
p riso n e d  in  th e  sk in  of th e  ro ll. I t  is possible 
to  p ro duce  th e  b e s t b lack in g  w hile d ispensing 
com ple te ly  w ith  o rg a n ic  b in d ers , such as d ex trin , 
m olasses, s ta rc h , e tc . O rg an ic  b in d ers  m ay be 
rep laced  by in o rg a n ic  b in d e rs , such as re frac
to ry  c lay  o r b e n to n ite s  susp en d ed  in  N a 2S i0 4, 
w ith o u t d im in ish in g  th e  adh esiv e  a n d  insu lating  
p ro p e rtie s , b u t  on  th e  c o n tra ry  im prov ing  them  
in  som e re sp ec ts . E v e ry th in g  depends upon the 
c o rrec t p ro p o rtio n  be tw een  clay a n d  g raph ite  
a n d  u p o n  th e  c o rre c t p re p a ra tio n . The best 
p ra c tic e  is to  allow  th e  m ix tu re  to  s ta n d  for 
some days b e fo re  i t  is f ilte red  a n d  used.

G ates of excessively  sm all d iam e te r, resu lting  
in  th e  low er p a r ts  b e in g  h e a ted  to  a g rea ter 
e x te n t ,  m ay  p ro d u ce  e rosion  a n d  cav ities. The 
sam e ap p lies  to  a  g re a te r  e x te n t  w hen th e  pour
in g  te m p e ra tu re  is  too  h ig h . T he effect of the 
above tw o  causes is s ti ll  g re a te r  w hen th e  chill, 
th ro u g h  lo n g  use, has in  p a r t  peeled  o r become 
o th erw ise  d e fec tiv e , because  a t  these  points 
e rosion  w ill be m ore  m ark e d  a n d  th e  iron  will 
a t ta c k  th e  w alls.

I t  is ad v isab le , th e re fo re , to  in s is t  th a t  the 
ch ill is in  a  p e r fe c t  c o n d itio n  b e fo re  ap p ly in g  the 
b lack in g . A ny  d e fec ts  w hich  a re  n o t serious 
m ay  be re p a ire d  w ith  cem en ts, o r if  th ey  are 
m ore ex ten siv e  by  m ean s of e le c tr ic  w elding, the 
su rfa c e  b e in g  a f te rw a rd s  sm oothed  w ith  a p o rt
ab le  g r in d in g  w heel. I t  is th u s  possible to  ex
te n d  th e  life  of a  chill by  sev era l c as tin g s.

A n o th e r  r a th e r  im p o r ta n t  fa c to r  to  be 
observed  is t h a t  th e  in n e r  su rfa c e  of th e  chill 
should be com ple te ly  fre e  fro m  oxide  w hich, even 
if  covered  w ith  b lac k in g , w ill g e n e ra te  gas in 
some fo rm . F o r  th is  p u rp o se , th o ro u g h  t r e a t 
m e n t w ith  a p o rta b le  g r in d in g  w heel and  a 
r o ta ry  s tee l b ru sh  w ill affo rd  th e  m axim um  
g u a ra n te e ,  a t  th e  sam e tim e  d isp e n sin g  w ith  the 
ted io u s  m eth o d  fo rm erly  em ployed , in  w hich the



whole of th e  in n e r  su rfa ce  was tr e a te d  m an u a lly  
with a piece of an  old em ery  g r in d in g  wheel.

B R IT T L E  N E C K S
This co nd ition  a rises w hen th e  iro n  is n o t com 

pact, b u t  includes g ra p h it ic  p a tch es— a co nd i
tion ill-ad ap ted  to  re s is t w ear d u r in g  ro llin g  and  
liable to  b reak  u n d e r load. T he cause  of th is  
defect m ay a lm ost a lw ays be a t t r ib u te d  to  an  
excessively h igh  carb o n  c o n te n t. T he d e fec t 
tends to  d isa p p ea r w hen th e  carbon  c o n te n t is 
3.2 to 3.4 p e r cen t, an d  a p p ea rs  upon  an  increase  
in these values. Som etim es, ow ing to  p a r tic u la r  
requirem ents d e p en d e n t u pon  th e  d im ensions of 
the roll, t h a t  is to  say  th e  r a t io  of th e  d iam e te r  
of the  body to  th e  d ia m e te r  of th e  neck, i t  is 
necessary to  have  a carb o n  c o n te n t h ig h e r th a n  
3 . 6  per cent, in  o rd e r t h a t  th e  passage from  th e  
chilled zone to  th e  g rey  zone will be m ore p ro 
nounced.

The dan g er of b r i t t le  necks is th e n  obv ia ted  
by placing in  th e  m ould , as p rev iously  m en
tioned, iron  chills of su itab le  th ick n ess for 
densening th e  su rface  of th e  necks. Of course, 
in order to  p re v en t th e  l a t t e r  from  be in g  chilled , 
the chills should be covered w ith  an a d eq u a te  
layer of loam.

A nother m eans which is re ad ily  av a ilab le  w hen 
the electric fu rn ac e  is used  would be t h a t  of 
superheating  th e  iro n  (1,550 deg. C .), so th a t  
the g rap h ite  would te n d  to  dissolve com pletely , 
thereby in creas in g  th e  com pactness an d  im p ro v 
ing the  m echanical p ro p e rtie s . T h ere  a re  n o t 
yet sufficient d a ta , how ever, fo r recom m ending  
this m ethod, w hich is in  th e  e x p e rim e n ta l stag e , 
especially as th e re  is reason  to  believe t h a t  if 
the tem p e ra tu re  is in creased , th e  a rc  ten d s  to  
graphitise th e  carbon , re n d e r in g  i t  less su itab le  
for com bining w ith  th e  iro n .

E C C E N T R IC IT Y  A N D  V A R IA T IO N  
IN  H A R D N E S S

In  th is  case, th e  d e p th  of th e  chill v a rie s  from  
one p o in t to  an o th e r, o r  from  one en d  of th e  
body of th e  roll to  th e  o th e r , th e  d ifference be ing  
more m arked, th e  g re a te r  th e  len g th  of th e  ro ll. 
The defect is p a r tic u la r ly  troub lesom e because 
during th e  tu rn in g  of ro lls in te n d e d  to  be 
grooved, th e re  is a  possib ility  of th e  ro lls be ing  
rejected owing to  lack  of hom ogeneity  of th e  
chill layer. The causes m ay  be th e  fo llow ing : —

Excessively slow p o u rin g  w hich, especially  in 
the case of rolls h a v in g  a long body, cause's 
the lower p a r t  of th e  chill to  be h o tte r  th a n  th e  
upper p a r t,  th e  h a rd e n in g  effect v a ry in g  betw een 
the two ends cau sin g  differences in  th e  d e p th  of 
hardness.

A chill (densener) w hich is n o t hom ogeneous 
in density , t h a t  is to  say w hich, ow ing to  m eltin g  
defects, such as cav itie s , po ro sity  o r th e  like, 
has d isco n tin u itie s  in i ts  m ass, w ill n o t a c t

u n ifo rm ly  in  ch illin g  th e  m olten  m eta l, th e  la t te r  
being  h a rd en e d  m ore w here  th e  ch ill is m ore 
com pact th a n  w here  i t  is less com pact.

B ad ly  d is tr ib u te d  b lack in g  w ith  excessive 
th ick n ess v a ry in g  from  p o in t to  p o in t is a n o th e r 
cause. I n  th is  case th e  rem edies a re  o b v ious: — 
R a p id  p o u rin g , em ploying  tw o p o u r in g  g a te s  
w here  necessary . A ny  defec tiv e  chills shou ld  be 
rem oved a t  once an d  re p a ire d  by b u ild in g  up , 
or, if  th is  be im possible, th e y  should  be scrapped .

A t th is  p o in t  i t  w ill be a p p ro p ria te  to  in te r 
pose t h a t  th e  m ax im um  im p o rtan ce  should  be 
g iven  to  iro n  from  w hich th e  chills a re  cast, 
w hich  should be v e ry  dense  an d  as low as possible 
in  silicon  and  phosphorus.

T he g re a te s t  a t te n tio n  should be p a id  to  th e  
d is tr ib u tio n  of th e  in su la tin g  b lack ing , a m a tte r  
w hich c an n o t be over-em phasised , since i t  has 
been n o ted  th a t  th is  is th e  cause  n o t only of th e  
de fec t a t  p re sen t u n d e r  d iscussion, b u t  of 
num erous o th e r  defects.

W ith  th is  b rie f , u n p re te n tio u s  account, 
d ic ta te d  solely by p ra c tic e  an d  observations in 
th e  fo u n d ry , th e  a u th o r  has ra p id ly  review ed th e  
p rin c ip a l d e fec ts  w hich  co n fro n t th e  fo u n d ry m an  
p ro d u c in g  chilled ro lls , w ith  special re fe ren ce  to  
ro lls  produced  from  iro n  m elted  in  th e  e lectric  
fu rn ace .

D IS C U S S IO N

The C h a i r m a n  (M a jo r M iles) rem ark ed  th a t ,  
due to  th e  fu e l p osition , an d  fo r o th e r  reasons, 
th e  e lec tric  fu rn ac e  was m ore ex tensively  used  in 
I ta ly  th a n  was th e  case in  th is  c o u n try , for 
w h a t one would re g a rd  as a ch eap er ra n g e  of 
p ro ducts .

T h e  E xplosio n  M y s te ry
M r . F . J .  C o o k  (P a s t-P re s id e n t of th e  

I n s t i tu te  of B ritish  F o u n d ry m en ) said  one of 
th e  o u ts ta n d in g  p o in ts  of th e  P a p e r  fo r th e  
o rd in a ry  fo u n d ry m an  was th e  p rom inence given 
to  explosions d u rin g  p o urings. A lthough 
explosions d id  h a p p en , th ey  w ere n o t of such 
frequency  as to  he m en tioned  in a P a p e r . W as 
i t  to  be u n d ersto o d  th a t  fo r  some reason , elec
tr ic a lly -m e lted  iro n  was m ore p rone  to  explosions 
th a n  o rd in a ry  fu rn ace-m elted  iro n ?  I f  so, to  
w h a t was i t  a t t r ib u te d ,  because in  a p roperly  
po ured  m ould  one would n o t ex p ec t to  have  a 
g re a te r  a m o u n t of explosions th a n  u n d e r 
o rd in a ry  fu rn ac e  co n d itio n s?

W as th e re  some q u a lity  of e lectrica lly -m elted  
iron  t h a t  caused  th ose  explosions?

D r . B o n d i  rep lied  th e re  w as no p a r tic u la r  
co n d itio n , b u t  i t  was d e p en d en t on th e  p roper 
p re p a ra tio n  of th e  m ould. I ro n  m elted  in  an  
e lec tric  fu rn ac e  could be m elted  a t  th e  e x ac t 
te m p e ra tu re  req u ire d . One could g e t su p e r
h e a ted  iro n , b u t  fo r p o u rin g  one had  to  w a it 
u n t il  i t  was in  p ro p e r  con d itio n .
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P o u rin g  T e m p e ra tu re s
M b . J .  R o x b u r g h  (Sheffield) co m p lim en ted  

D r. B ondi on h is P a p e r  a n d  th a n k e d  h im  fo r 
b r in g in g  th e  su b je c t befo re  th em . H e  h a d  g iv en  
a  te m p e ra tu re  of from  1,150 to  1,190 deg. C. fo r 
c a s tin g  th e  rolls d escribed . T h a t  w as q u ite  d i f 
f e re n t  from  E n g lish  te m p e ra tu re s , w hich  ra n g ed  
from  a b o u t 1,230 to  1,270 deg . C. T he fo rm er 
ra n g e  seem ed to  be  a v e ry  low c a s tin g  te m p e ra 
tu r e .  A n o th e r p o in t of in te r e s t  w as th e  ques
tio n  of ru n n in g , an d  h e  w ould like  to  know  th e  
re la tio n  of th e  c ross-sectional a re a  of th e  in g a te  
to  t h a t  of th e  d o w n g a te , w hich  of course  rea lly  
governed  th e  speed  of ru n n in g .

A n o th e r im p o r ta n t  p o in t w as th e  b lack in g  
used, w hich D r. B ondi sa id  should  be a p p lie d  to  
th e  ch ills  w ith  th e  m ax im um  u n ifo rm ity . Could 
he in d ic a te  th e  a c tu a l  th ick n ess  of th e  b lack 
ing  w hich w as ap p lied  ? On t h a t  su b je c t, too, 
th e re  w as a fu r th e r  p o in t. D r. B ondi sa id  t h a t  
w hen ap p ly in g  th e  b lack in g  th e  chills w ere a t  a 
te m p e ra tu re  of 300 deg . C. T h a t  seem ed r a th e r  
a  h igh  te m p e ra tu re  a t  w hich  to  ap p ly  th e  b lack 
ing , as he personally  would be a f ra id  of bo iling , 
a n d  d ifficulty  in  m ak in g  th e  b lack in g  a d h e re  to  
th e  chill.

W ith  re g a rd  to  th e  com position  of th e  chills, 
w h a t m a te r ia l  was u sed ?  D r . B ondi h a d  sa id  i t  
should  be v ery  dense a n d  as low as possible in 
silicon a n d  phosphorus. C ould he  say  w h a t 
m a te r ia l  w as a c tu a lly  used? Could h e  te ll  th em  
th e  su lp h u r  c o n te n t of th e  iro n  from  th e  e lectrio  
fu rn a c e  used  fo r  th e  chilled  ro lls?

F in a lly , w h a t  c o n tro l w as im posed to  a sce rta in  
th e  d e p th  of ch ill show n by th e  ch ill te s t?  D id  
he g e t m uch  loss from  th e  ch ill t e s t  to  th e  ac tu a l 
c a s tin g  ?

L o w  C a s tin g  T e m p e ra tu re s
D r .  B o n d i , in  re p ly , sa id  th e  te m p e ra tu re  of 

p o u rin g  w ith  an  e lectric  fu rn a c e  was a  m a t te r  of 
p ra c tic e . T he te m p e ra tu re  of 1,190 deg. C. o r  a 
m ax im um  of 1,200 deg. C. was w h a t th ey  used 
fo r t h e i r  ch illed  ro lls because th e y  found  th a t  
p o u rin g  a t  h ig h e r  te m p e ra tu re s  caused  m any  
difficulties th ro u g h  th e  ro lls c rac k in g  an d  from  
ninholes.

As to  b lack in g  th ick n ess, th ey  ap p lied  i t  w ith  
a  sp ra y  g u n . They u sed  n o t  only a  t r a d e  b lack 
in g  w ith  sod ium  s ilic a te , b u t  m ixed  w ith  i t  a 
good q u a lity  of h ig h -re fra c to ry  (a b o u t o n e -th ird )  
b lack ing . They h e a te d  th e  chills up  to  300 deg. 
G. fo r ap p ly in g  th e  b lack in g , because a t  t h a t  
te m p e ra tu re  i t  was in s ta n tly  d r ie d  an d  th ey  
could g e t  th e  r ig h t  th ick n ess. T he lay e r was 
a b o u t th e  th ick n ess  of a n  eggshell, a n d  on th e

u n d e rs id e  of th e  chills ab o u t double  th a t  th ick 
ness. T h a t  was to  p re v e n t th e  h o t iro n  ru n n in g  
on th e  chills from  a tta c k in g  i t  an d  causing  su r
face tro u b le .

W hen  m eltin g  in a n  e lec tric  fu rn ac e , su lphur 
w as of no im p o rtan ce  because i t  could be as low 
as th e y  w an ted . T he figures w ere ab o u t 0.012 
p e r  cen t, o r low er if  necessary .

As to  th e  d ifferences of th e  chill te s t,  they 
allow ed fo r  1 0  m m . on th e  chill, which checked 
up  w ith  5 m m . of c o n tra c tio n  an d  5 mm. for the 
c u tt in g  of th e  chill.

C o m p o s itio n  and M a k in g  o f C h ills

T he chills w ere m ad e  by ch arg in g  up equal 
q u a n ti t ie s  of th e  chill a n d  a  good h e m a tite  iron. 
T h ere  w as a  m in im u m  of m an g an ese  (about 0.5 
p e r  c e n t.)  a n d  su lp h u r , w h ils t th e  phosphorus 
w as v e ry  lo w ; th e  ca rb o n  w as a b o u t 3 per cent, 
a n d  th e  whole was m elted  by cupola  w ith a 
silicon  c o n te n t  of a b o u t 2.5 p e r cen t.

As to  th e  size of ru n n e rs  a n d  g a te , these  were 
a d ju s te d  in  re la tio n  to  th e  d ia m e te r  of th e  roll. 
F o r  th e  l i t t le  ro lls  of ab o u t 300 to  350 mm. 
d ia m e te r , th e y  used  a  ru n n e r  of ab o u t 50-mm. 
sec tion  so as to  c a s t ra p id ly . F o r  a  roll of 
ab o u t 500 to  550 m m . d ia m e te r  and  1,400 nun. 
th ey  used  a ru n n e r  of ab o u t 60 m m. and the 
nozzle of th e  lad le  w as a b o u t 50 m m . Such rolls 
w ere po u red  in  fro m  30 to  35 secs. The relation 
betw een th e  ru n n e r  an d  th e  in ta k e  and the 
ru n n e r  an d  th e  neck  w as a b o u t one to  three. 
The ru n n e r  w as c irc u la r  a n d  th e  in ta k e  was 
re c ta n g u la r  because i t  was ta n g e n t ia l  to  the 
roll.

In flu en ce  o f M e ltin g  Process on C h ill

M r . R . C h a v y  (P a r is )  asked  i f  a n y  p r e p a r a 
to ry  e x p e rim e n ts  w ere m ad e  to  see if th e  depth 
of th e  ch ill w as th e  sam e fo r an  iro n  m ade in 
th e  cupo la  a n d  a n  iro n  m ad e  in  th e  electric 
fu rn ac e . F ro m  h is ex p erien ce  i t  ap p ea red  th a t 
th e  ch ill was deep er w hen  c a s t  iro n  w as melted 
in  th e  e le c tr ic  fu rn a c e .

D r. B o n d i  a g ree d  t h a t  i t  w as so. W ith  the 
sam e com positions th e y  h a d  a chill of about 4 
o r 5 m m . h ig h e r  w ith  th e  e le c tr ic  fu rn ac e  than  
w ith  th e  cupo la , a n d  th e  m e ta l was denser in 
th e  chill sec tion  th a n  in  th e  core section.

T he C h a i r m a n  (M a jo r  M iles) th a n k e d  Dr. 
B ondi fo r h is v e ry  in te re s t in g  P a p e r  which had 
p ro m p ted  so fu ll a d iscussion , an d  D r. V anzetti 
a n d  th e  F e d e raz io n e  N az io n a le  fo r  allow ing the 
P a p e r  to  be p re sen te d .
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Paper N o . 695

Laws Governing the Operation of the Cupola
By Dr.- lng. MASSIMO BAR IG O ZZI

The genera] e q u a tio n  fo r  th e  cupola , which 
is a ttr ib u te d  to  F a lk , acco rd in g  to  w h a t has 
been recen tly  s ta te d  by J u n g b lu th , 1 3 3 4 is ex
pressed as follows in  th e  a u th o r ’s n o ta t io n :

QaK _  V j.
3,600 -  M ..........................

where Q is th e  hourly  o u tp u t  of th e  fu rn a c e  in  
q u in ta ls  ( 1 0 0  kg .) of iron ,

K  th e  p e rcen tag e  of coke re la tiv e  to  th e  
iron ,

a th e  carbon  c o n te n t of th e  coke,
V th e  b la s t  volum e in  cubic m etres  per 

second.
As a p e rcen tag e  K  is to  be tak e n  as m ean in g  

the to ta l q u a n tity  o f coke in  k ilogram s w hich is 
burnt in  m e ltin g  100 k ilogram s o f iron , of which 
quan tity  th e  charge p ercen tage  is only a  p a r t ,  
even if th e  g re a te r  p a r t.

In  fact, th e re  is b u r n t  w ith  th e  ch arg e  coke 
a p a r t of th e  “ bed ”  coke, w hich m ay o r m ay 
not be replenished d u r in g  th e  m e ltin g  o p e ra tio n  
by e x tra  charges of coke, so t h a t  in  o rd e r  to  
determ ine K  i t  is necessary  to  o b ta in  th e  d iffe r
ence betw een th e  to ta l  coke in tro d u c ed  (charge  
coke, e x tra  coke, bed coke) a n d  t h a t  recovered  
in dropping th e  bo ttom  (a d ed u ctio n  be in g  m ade 
for th e  ig n itio n  coke, i .e .,  th e  coke b u r n t  in  f ro n t 
of the  tu y eres), o r w h a t am o u n ts  to  th e  sam e 
thing, i t  is necessary  to  add  to  th e  c h arg e  p e r
centage th e  a m o u n t of bed coke an d  to ta l  e x tra  
coke co rresponding  to  each 1 0 0  k ilog ram s of 
iron.

Since, as a rough  av erag e , th is  increase  in  th e  
charge p e rcen tag e  is a p p ro x im ate ly  15 p e r cen t, 
i t  follows th a t  w hen K  is p u t  equal to  10, a 
charge p e rcen tag e  of 8.5 -s- 8.7 p e r c en t, is 
actually co n sid ered ; a ch arg e  p e rcen tag e  of 1 0  

per cent, p roduces a to ta l  p e rce n ta g e  of 11.5, 
and so fo rth .

This being  c lear, i t  m ay be ad d ed  t h a t  w hen 
in w hat follows th e  h e ig h t of th e  com bustion  
layer is ca lcu la ted , th is  w ill n o t be lim ited  to  
th a t of th e  ch arg e  coke, b u t  will also include 
the portion  of th e  bed coke p a r tic ip a tin g  in  th e  
combustion.

* Presented on behalf of the Federazione Nazionale Fascista 
degli Industrian Meecanici.

The significance of M is c lear if  i t  is borne
Q a K  .

m  m in d  th a t  th e  first m em ber - -  ■ is none
o , b 0 0

o th e r  th a n  th e  q u a n ti ty  of carbon  b u rn t  per 
second, an d  if X" is th e  co rresp o n d in g  q uan-

V
t i ty  of coke, i t  is eq u al to  aX ". H ence  M =  - —̂

uA.
th a t  is, M is th e  specific b la s t  volum e p er kilo
g ram  of carbon  b u rn t.

M is n o t c o n stan t, b u t v a rie s  acco rd ing  to  a 
law w hich is to  be d e te rm in ed . I t s  v a lue  is 
obviously s tr ic tly  connected  w ith  th e  p e rfo rm ance  
index  i exp ressed  as th e  r a tio  betw een th e  q u an 
t i ty  of C 0 2 c o n ta in ed  in  1 cub. m . of th e  w aste 
gases a n d  th e  sum  of C 0 2 +  CO.

T his is th e  g en era l position  of th e  problem  of 
th e  cupo la  w hich leads to  e q u a tio n s  a n d  d iag ram s 
w here th e  v a ria b le s  M  o r i  an d  th e  com parisons 
in  g en era l betw een th e  v a rio u s m ag n itu d es  a re  
e stab lish ed  as fu n c tio n s  of aX", t h a t  is of th e  
q u a n ti ty  of carbon  b u rn t  in  u n i t  tim e , o r of oK, 
t h a t  is th e  q u a n ti ty  of carbon  b u rn t  pe r 1 0 0  

kilog ram s of iron .
I t  is  t ru e  t h a t  th is  is th e  only m ethod  of 

a t ta in in g  re su lts  w hich a re  s tr ic tly  scientific  and  
of g en era l a p p lica tio n .

H e re , how ever, re ference  is m ade  to  th e  coke 
em ployed in  cupolas in  I ta ly  w here, on an  aver
age, a  =  0 .8 6 , and  th e  ca lcu la tio n s a re  g iven 
on th e  basis of th is  m ea n  va lu e , t h a t  is re fe r 
r in g  to  coke r a th e r  th a n  to  carbon , so t h a t  th e  
d iag ra m s o b ta in e d  a re  n o t s tr ic tly  acc u ra te , b u t 
a re  a  sufficient g u id e  fo r th e  o p e ra tio n  o r design 
of cupolas.

The series of d iag ra m s to  be considered  as 
g en era l, t h a t  is re fe rre d  to  th e  carbon  b u rn t, 
w ill be e stab lish ed  a f te r  com pletion  of th e  series 
of te s ts  of rea lly  scientific  c h a ra c te r  on cupolas 
a c tu a lly  in  o p e ra tio n , w hich was decided on by 
th e  F ed e raz io n e  M eccanici— F o u n d ry  G roup , and 
fo r w hich  a  sum  of 1 0 0 , 0 0 0  lire  has been prov ided . 
R e fe r r in g , th e re fo re , to  coke h a v in g  0.86 carbon  
and  n o t to  p u re  carb o n , e q u a tio n  (1 ) becom es: —

QK V QK
3,600 m an 3,600

X"

w here m  is th e  specific b la s t volum e p er k ilo
g ram  o f coke.
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i f  th e  th e o re tic a l am o u n t of a i r  suffices fo r 
com bustion , th e n  fo r  a  coke c o n ta in in g  0.8G 
of carb o n , like  th e  o rd in a ry  m e ta llu rg ic a l coke 
em ployed in  I ta l ia n  fo u n d ry  p ra c tic e , th e  th eo 
re tic a l b las t volum e a t  18 deg. C. w ould be  V t 
=  4.08 (1 +  i) X " . . . (2). T hus, in  an  X " , V
d ia g ra m  show ing th e  re la tio n sh ip  be tw een  th e  
coke b u rn t  an d  th e  b la s t, th e re  w ould be fo r 
each p e rfo rm an ce  in d ex  i a  s t r a ig h t  line  s ta r t in g  
from  th e  o r ig in  : —

T he b las t, how ever, is a lw ays in  excess a n d  i t  
is fo u n d  t h a t  u p  to  a c e r ta in  l im it  a t  lea s t, th e  
excess m u s t be in creased  in  o rd e r  to  o b ta in  
b e tte r  p e rfo rm an ce  ind ices.

T ests c a r r ie d  o u t in  I ta ly  on cupo las w ith  
a coke h a v in g  a =  0 . 8 6  an d  n o rm al re a c tiv i ty  
show th e  fo llo w in g :— R e fe r r in g  to  th e  sq u are

dices, th e  g en era l e q u a tio n  of w hich would be

X "  =  —V. F ig . 2 shows th e  re la tio n sh ip  betw een

m  a n d  i ;  em ploying  th e  a n a ly tic a l form , i t  will 
be seen t h a t  i t  c an  be w r i t te n :  —

or

to =  2.34 ? ——! — 0.1 . .  (o)
1 — i '

w hich  is a m ore co n v en ien t fo rm u la , sufficiently 
a p p ro x im a te  in  th e  only ra n g e  u n d e r considera
t io n , v iz .,  be tw een  i =  0.4 an d  1, since fo r values 
below 0.4 i t  is d e fec tive .

T he re la tio n sh ip  be tw een  th e  v a riab les  X ", V 
a n d  i w ith  m  w ould th e n  be  know n, t h a t  is to  
s a y : G iven  X " ( th e  coke consum ed) an d  the  
b la s t, th e  v a lu e  of i is a sc e r ta in e d  w ith o u t the  
necessity  of an a ly s in g  th e  gases.

T a b l e  I.— Data Obtained and Calculated for Thirteen Cupolas.

No. D.
Mm.

A.
Min."

X".
Kg.-
min."

V.
m3.-

min."
TO. i. r . Q- S. K.

8 6 1,300 1.327 0.195 1.81 8.26 0.61 753 67.82 0.175 10.4
81 1 , 0 0 0 0.785 0 . 2 2 2 1.71 7.71 0 . 6 6 636 57.32 0.198 14.0
2 0 600 0.285 0.188 2.03 7.91 0.57 880 68.42 0.195 9.9

9 500 0.198 0.206 2.92 10.05 0.63 757 75.75 0.168 9.9
72 900 0.636 0.243 3.14 9.60 0.57 786 78.61 0.195 11.16
65 850 0.567 0.077 1.58 18.00 0.92 617 35.27 0.109 7.94

8 500 0.198 0.166 2.07 12.31 0.78 757 75.75 0.134 7.9
6 6 850 0.567 0.169 2 . 2 0 12.85 0.92 705 88.18 0.109 6.9
23 600 0.285 0.169 2.45 12.72 0 . 6 8 880 77.19 0.156 7.9
83 1 , 2 0 0 1.131 0.194 2 . 2 1 11.25 0.67 885 88.41 0.157 7.9
37 700 0.390 0.176 2.35 1 2 . 1 0 0.75 615 58.97 0.148 1 0 . 8

71 900 0.636 0.233 3.14 10.74 0.67 786 94.33 0.157 8.9
56 800 0.503 0.152 2.48 16.08 0.84 796 79.50 0.123 6.9

m e tre  of fu rn a c e , fo r  each  v a lu e  of X " o r V, 
th e  p e rfo rm an ce  in d ex  is 0.4 w hen m  is equal 
to  ab o u t 6.50, a figu re  h ig h e r th a n  th e  th eo 
re tic a l  b la s t, w hich  w ould be 5.71. F o r  i  =
0.7, m =  10 an d  fo r  i = 0.8, m  = 12.

T he values a re  reco rded  in  T able  I .
I n  a P a p e r  read  a t  th e  W arsaw  C ongress5 

la s t  y ea r, th e  p re se n t w rite r ,  in  th e  absence of 
an a lyses of th e  gases, m ad e  use  of a  hyp o th es is  
in  o rd e r to  e stab lish  g ra p h ic a lly  in  a  te n ta t iv e  
m an n e r  th e  p o sitio n  of th e  s t r a ig h t  lin e  X " =

— V  in  th e  X ", V  d ia g ra m . A c e r ta in  n u m b er 
m
of analyses have  now show n t h a t  th e  p o sitions 
a re  sufficiently  n e a r  th e  t r u e  ones.

F u r th e r  c r it ic a l  s tu d y  of th e  m easu rem en ts  of 
th e  b las t w ill p resu m ab ly  s h if t  th em  to w ard s  
th e  le f t ,  t h a t  is to  say , to w a rd s  low er values.

A ccep tin g  th e  d e te rm in a tio n s  as th e y  s ta n d  for 
th e  p re se n t, th e  X ", V  d ia g ra m  g iv en  in  F ig . 1 
shows th e  s t r a ig h t  lines of th e  perfo rm a n ce  in-

G iven  X " an d  th e  a n a ly sis  of th e  gases, the  
b la s t is o b ta in ed . T he know ledge of th e  laws 
g o v e rn in g  th e  cupo la  o p e ra tio n  c a n n o t be said 
to  be com plete , how ever, w ith o u t a  knowledge 
of th e  m a n n e r  in  w hich  m  (o r i) depends upon 
th e  o p e ra tio n  v a riab le s .

J u n g b lu th  has g iven  a fo rm u la  fo r d e te rm in in g  
th e  in d ex  w hich  he  calls ij„ an d  w hich is a  hun
d re d  tim es g re a te r  th a n  o u r i (tj0 =  1 0 0  i), as a 
fu n c tio n  of K , a f te r  h a v in g  ex pressed  m  as a 
fu n c tio n  of t]v, on  th e  basis, how ever, of the  
th e o re tic a l b las t, w hich is n o t in  acco rd an ce  w ith 
re a lity .

A lth o u g h  th e  b la s t, as m easu red  by th e  a p p a ra 
tu s , a n d  e lim in a tin g  th e  leak ag e  fro m  th e  m ains 
a n d  m ak in g  th e  c o rrec tio n s  d u e  to  th e  atm os
p h eric  co n d itio n s, p a r tic u la r ly  th e  te m p e ra tu re , 
is g re a te r  th a n  re a l ity , a n d  L eopold  Schmid* 
reco rds h a v in g  f re q u e n tly  fo u n d  t h a t  th e  real 
b la s t is only 0.80 of t h a t  g iv en  by th e  read in g , 
y e t by m ak in g  such  co rrec tio n s, i t  is always
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found to  be co n sid erab ly  in  excess of th e  th e o re ti
cal b las t of each  p a r t ic u la r  com bustion , such 
excess being from  20 to  50 p e r  cen t, o r m ore, and  
which com m ands accep tan ce , d esp ite  th e  very  low 
values fo r th e  free  oxygen  in  th e  an aly sis of th e  
waste gases.'

The law  acco rd in g  to  w hich  m. v a rie s  w ith  t 
is th e re fo re  n o t t h a t  of th e  th e o re tic a l b la s t, as

CO, +  CO . 100

+  0.15

U n d e r such  co n d itio n s i t  can  no longer be said  
th a t  i  w ill be a  fu n c tio n  o f K . T his, however, 
w ill be discussed  f u r th e r  below.

T hus i t  w ill be seen fo r th e  above w ork ing  con
d itio n s , w ith  v a riab le  K  a n d  w ith  a  c o n s ta n t 
c h arg e  of iro n , u p  to  w h a t p o in t th e  law s recen tly  
e n u m e ra te d  by J u n g b lu th  a re  n o t in  c o n tra d ic 
t io n  w ith  th e  in d ic a tio n s  of th e  X " , V d iag ra m , 
a n d  a t  w h a t p o in t th e  d iv erg en ce  comm ences. 
I n  th e  f irs t place

4.45 (100 +  % )

m  ÏÔÔ
w hich in te rp re te d  is expressed  as 

m =  4.45 (1 +  t)
T h ere fo re , w hereas acco rd ing  to  Ju n g b lu th

m  =  4.45 ^ 1.16 +  

accord ing  to  th e  a u th o r ’s in v es tig a tio n s

m =  2.34 -

Z4.49 \
-(lT+0-15)

/4.49 \
- ( ir+0-15)

0.1

sta ted  above, b u t a n o th e r , nam ely  eq u a tio n  (4) 
or for p rac tica l pu rposes eq u a tio n  (5).

F u rth e rm o re , i t  should be observed th a t  th e  
form ula proposed by Ju n g b lu th

386-5 CO,
V v  =  Î T 1 : +  W  ^  =

100
and which re n d e re d  in  th e  a u th o r ’s n o ta tio n  
for k = 0 . 8 6  would becom e: —

4.49 
1 ~  K

is in each case ap p licab le  only to  th e  cupola  
operation  in  which th e  c h a rg e  of iro n  is a lw ays 
full (on th e  basis of 900 kg. of iro n  p e r square  
m etre and  coke 72 k ilog ram s, if  K  =  8 , t h a t  is, 
m  is 0.160 of th e  layer) and  K  v a rie s  w ith  th e  
increase in th e  c h arg e  of coke.

The influence of th e  size of th e  pieces, recen tly  
studied by J .  B uzek  a n d  N . C zyzew ski , 8 w ill be 
disregarded.

The a u th o r  h a s fo u n d , how ever, by e x am in in g  
more th a n  100 fu rn aces  in  I ta ly ,  t h a t  very  f re 
quently th e  ch arg e  p e r sq u a re  m e tre  of fu rn ac e  
drops to  800, 700, 600 a n d  even 400 kgs. U n d e r 
such conditions even a m o d era te  ch arg e  of coke 
corresponds to  a h ig h  p e rcen tag e . I f  in  th e  
exam ple g iven , a g a in s t  72 kgs. of coke, th e re  
are no t 900 b u t  600 kgs. of iro n , th e  p e rcen tag e  
of 8  becomes 1 2 , a n d  if  th e  ch arg e  w as reduced  
to 450, i t  would a t t a in  16 p e r  cen t.

A ccord ing  to  J u n g b lu th ,  th e  d ifference be
tw een  th e  values of m  fo r  v a ry in g  values of K  
a re  less th a n  those  personally  ca lcu la ted . F o r  
exam ple, fo r K  =  10, m accord ing  to  J u n g b lu th  
is 7.14, as a g a in s t  th e  a u th o r ’s 8.09. F o r  
K  =  8 , m accord ing  to  J u n g b lu th  is 7.65, w hilst 
in  th e  a u th o r ’s case i t  becomes equal to  1 0 .

0 4  OS 0 6  0 7  OS i

F i g . 2 .— m , i D i a g r a m .

J u n g b lu th ’s d iag ra m , how ever, is p e rfec tly  
com patib le  w ith  th e  a u th o r ’s. T hus, acco rd ing  
to  th e  fo rm er, in  th e  X " , V d iag ram , th e  
s t r a ig h t  lines s ta r t in g  from  th e  o rig in  each re 
p re sen t one i  a n d  hence one K , an d  m erely  th e  
slope of these  s t r a ig h t  lines differs in  th e  re p re 
se n ta tio n s  g iven  by him  an d  th e  a u th o r  (F ig . 1).
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The sam e also ap p lies  to  J u n g b lu th ’s Q, V 
d ia g ra m  (ch arg e , b la s t) .

X "
As Q =  = r  3,600, th e re  is a t  a ll e v en ts  Q = /  

K
(K , V ), nam ely , an  in f in ite  n u m b er  of s t r a ig h t  
lines, s ta r t in g  fro m  th e  o rig in , one fo r  each  
v a lu e  of K . I n  th is  m eth o d  of c o n sid e rin g  th e  
su b jec t, only  th e  d iag ra m s re la t in g  to  Q K  V  T, 
show ing th e  increase  of T w ith  K  a re  com 
p a tib le .

F o r  th e  g e n e ra l case in  w hich  K  v a rie s  in  any  
m an n e r, e ith e r  on  a cco u n t of v a r ia tio n  in  th e  
ch arg e  of iro n  o r v a r ia tio n  in  t h a t  of coke, i t  
can  no lo n g er be sa id  t h a t  i =  / ( K ).

V a rio u s  c o n sid e ra tio n s  re g a rd in g  th e  com bus
t io n  lead  one to  believe t h a t  th e  p re p o n d e ra n t 
in fluence w ill be t h a t  of th e  la y e r  S, a n d  a n 
o th e r, m uch  less im p o r ta n t,  is d ue  to  th e  whole

of th e  ch arg e  of iro n .

S

I t  is possible to  see in  J u n g b lu th ’s curve
4.49

i  = - j£ — +  0.15 a  spec ia l case of th e  fo rm er, 

n am ely  th e  case re la tiv e  to  T  =  900.

I n  fa c t,  in  such  a case K  =  45,000
900 50 S

C.100,
K  =  — = —  w here T is

an d  by su b s ti tu tin g  th is  va lue  in  Ju n g b lu th ’s 
e q u a tio n  t h a t  of th e  a u th o r  is o b ta in ed . H e 
th e re fo re  assum es th is  curve to  be a general 
ex p ression , w ith  th e  re m a rk  th a t  J u n g b lu th ’s 
o b se rv a tio n s  p e rm it  th is .

T he a u th o r  th u s  conceives a K , S d iagram
g

(F ig . 4). As K  = 45,000 j ,,  th e re  is a  group

of s t r a ig h t  lin es s ta r t in g  from  th e  o rig in , one 
fo r  each  v a lu e  of T. F in a lly , a Q, X" dia
g ra m  is fo rm ed  (F ig . 5).

3,600 ,
As Q =  —¡7 — X  , th e re  is also a group of 

K
s t r a ig h t  lines, one fo r each va lue  of K .

C onclusions
Tn g e n era l, be tw een  th e  lim its  considered, the 

laws g o v e rn in g  th e  o p e ra tio n  of th e  cupola may 
be re p re se n te d  fo r  a  g iv en  coke by fou r ex
trem e ly  sim ple  d ia g ra m s : —

(a) X " , V  w hich  gives th e  s t ra ig h t  lines of 
th e  in d ices i.

(b) i, S re p re se n tin g  th e  cu rv e  of th e  v a ria 
t io n s  of th e  in d e x  in  g en era l. T h a t  of Ju n g 
b lu th  is fo r  a  p a r t ic u la r  case.

(c) K , S re p re se n tin g  th e  v a r ia tio n  of K 
w ith  S a n d  w ith  T.

(d) Q, X " finally  r e p re se n tin g  th e  varia tions 
of Q w ith  X "  an d  w ith  K .

th is  ch arg e  a n d  C is th e  ch arg e  of coke, an d  
assum ing  a  specific g ra v ity  of th e  coke of 450 
kgs. p e r cubic m e tre , i t  g ives C =  450 S p e r 
sq u a re  m e tre  of fu rn ac e , w here  S is th e  h e ig h t 
in  m etres  of th e  lay e r of coke of th e  ch arg e , 

45,000 S. 
w hence Iv =  ----- ^ -------

I f ,  how ever, a n  i, S d iag ra m  (F ig . 3) is ex
am ined , th e re  a re  no d is t in c t  i, S cu rv es each 
c o rresp o n d in g  to  a  T, a s one w ould be led 
to  believe on th e  a ssu m p tio n  of i =  f  (S . I \ )  
I t  is fo u n d , how ever, t h a t  fo r T  less th a n  
600 kgs., th e re  w ill p ro b ab ly  be  such cu rves, 
w hile  fo r  T  be tw een  600 a n d  900 kgs., th e  
p o in ts  lie  in  such  a m an n e r t h a t  i t  is  possible 
to  re g a rd  a  sin g le  i, S cu rv e  (d iag ra m  of F ig . 3) 
as a p lau s ib le  re p re se n ta tio n .

H ow ever, th is  cu rv e  (d iag ra m  b of F ig . 3) has
_  . . 0 085

an  eq u a tio n  sufficiently  close to  i =  —5 —  +

0 . 15 .

F i g . 4 .— K ,  S D i a g r a m  ( c) .

T ak in g  th e  coke of a = 0.86, th ese  d iag ram s 
assum e a  m ean  v a lu e  fo r  I t a l i a n  cupolas and 
th u s  lend  them selves to  th e  so lu tio n  of th e  
v a rio u s  p rob lem s of th e  cupo la  w ith  a sufficiently 
close d eg ree  of a p p ro x im a tio n . These a re  prob
lem s c o n ce rn in g  th e  r a te  of w o rk in g  of a
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furnace o r a ffe c tin g  th e  design of a  fu rn ac e  ye t 
to  be c o n stru c ted .

F o r exam ple, if  a  fu rn a c e  is to  be ta k e n  over, 
X", S, K  and  Q a re  know n. F ro m  (b) know 
ing S th e re  is av a ilab le  i, a n d  hence V  is fo u n d  
in (a). D iag ram s (c) and  (d ) a re  n o t re q u ire d  
as th e ir  d a ta  a re  know n. T hus, w ith o u t m ea su r
ing th e  b las t o r  an a ly sin g  th e  gases, th e  p e r
form ance in d ex  and  th e  b la s t a re  know n.

I f  i t  is a  m a t te r  of d esig n in g  a fu rn ac e , 
the d a ta  ta k e n  as basis a re  m ore o f te n  Q and

F i g . 5.— Q, X " D ia g r a m  p e r  S q u a r e  
M e t r e  o f  F u r n a c e  ( d ) .

K, it being necessary  to  find th e  o th e r va riab les. 
I t  will be e x p ed ien t to  d e te rm in e  X " from  (d) 
and (c) an d  th en  to  fix th e  v a lu e  of S (an d  
hence a value of T  o r vice versa). S  being  
fixed, one o b ta in s i from  (b) an d  hence 
V is found in  (a).

I t  is considered th a t  w hen th e  figures and  
the positions of th e  lines have  been confirm ed, 
it will be very  u se fu l fo r th e  fo u n d ry m an  to  be 
acquainted w ith  th ese  d iag ra m s an d  to  e n 
deavour to  m ake use  of th em  fo r b r in g in g  in to  
iplay th e  v a riab les of th e  cupo la  in a  m an n e r 
more in ag reem en t w ith  in d u s tr ia l  req u irem en ts .
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D IS C U S S IO N
M r. M . O l i v o  sa id  th e  th eo ry  la id  down bv th e  

a u th o r  a p p ea red  to  h im  to  be v e ry  com plicated . 
H e  h ad  t r ie d  to  p u t  th e  law s in to  p ra c tic e , 
because  he h a d  been w ork in g  w ith  cupolas for 
30 y ears  an d  desired  to  see i f  th e  th e o ry  was 
p ra c tic a l. I n  I ta ly  th e y  w ere g o ing  to  m ake 
som e official t r ia ls  in  a la rg e  fo u n d ry  to  ascer
ta in  i ts  w o rth .

H is  own e x p e rim e n ts  h a d  to  a  c e r ta in  e x te n t  
ag reed  w ith  th e  th eo ry , b u t  h is  g e n e ra l e x p e r i
ence w as t h a t  each  cupola  h ad  its  own 
p e cu lia r itie s— an d  he h a d  t r ie d  m ore th a n  a 
th o u sa n d — even w hen i t  was b u i lt  to  th e  sam e 
design  a n d  w as in s ta lled  in  th e  sam e shqp 
as o th ers .

T hen  th e re  w as th e  q u estio n  of coke. I f  one 
charg ed  m ore coke, w ould i t  g ive  h o t te r  iro n ?  
One w ould n a tu ra lly  th in k  th e  answ er w ould be 
“  y e s,”  h u t  he  d id  n o t  hold  t h a t  view . W ith  
each  cupola  one h ad  first to  find th e  o p tim u m  
d e p th  of coke bed  ( i t  m ig h t be 15 o r 20 cm s.), 
and  th e n  ad h ere  to  i t .  To increase  th e  te m 
p e ra tu re  of th e  iro n  th ey  h a d  only  to  d im in ish  
th e  w e ig h t of th e  ch arge . On th e  c o n tra ry , if 
one h a d  a  la rg e  c a s tin g  to  m ake  w hich d id  n o t 
d em and  a  h ig h  te m p e ra tu re ,  th e  ch arg e  of iron 
could be in creased , b u t  th e  coke m u s t a lw ays be 
le f t  a t  th e  sam e h e ig h t.

T he fu n d a m e n ta l ideas o f th e  a u th o r  w ere 
co rrec t, he  th o u g h t, and  if  th e y  could be p re 
sen ted  in  ta b u la r  fo rm  th e y  would be u se fu l fo r 
anyone  w ork in g  w ith  cupolas.

D iffic u ltie s  in Gas S am plin g
M r. A. C a m p i o n  (Glasgow) th o u g h t i t  w as all 

to  th e  good th a t  a tte m p ts  should  be m ade to  ge t 
dow n to  th e  fu n d a m e n ta l reac tio n s a n d  laws of 
th e  cupola. As th e  p rev ious sp eak er h a d  m en
tio n ed , i t  o ften  h ap p en ed  t h a t  d iffe ren t cupolas 
ap p ea red  to  possess p e cu lia r  c h arac te ris tic s . This 
h a d  led to  th e  idea  t h a t  every  cupola  w as a law 
to  itse lf , b u t  he  w as in c lined  to  th in k  th a t  th is  
belief w as d ue  to  th e  f a c t  t h a t  availab le  know 
ledge of th e  fu n d a m e n ta l law s of cupola  o p era 
tio n  w as a t  fa u lt .

T he P a p e r  w as of considerab le  in te re s t,  b u t  he 
h ad  n o t been able to  m ake o u t how f a r  th e  
figures h a d  been  o b ta in e d  from  a c tu a l w ork ing . 
T heo re tica lly  th e  com position  of th e  w aste  gases 
should  in d ic a te  th e  efficiency of th e  com bustion  
of th e  coke a n d  of th e  cupola  p erfo rm ance . 
T here  was, how ever, a difficulty in  o b ta in in g  
re p re se n ta tiv e  sam ples of gas, an d  if  th e  a u th o r  
h ad  ex am in ed  th e  gases he  (M r. C am pion) would 
be in te re s te d  to  le a rn  how th e  sam ples w ere tak e n  
a n d  th e  p o sitio n  in  th e  cupola  from  which th ey  
w ere d raw n . H e  h a d  never been q u ite  satisfied  
t h a t  any  sam ple of gas gave a t ru e  re p re se n ta tio n  
of w h a t was ta k in g  p lace w ith in  th e  fu rn ace . 
T here  w ere so m an y  com plex reac tio n s  go ing  on
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a t  d iffe re n t te m p e ra tu re s  as well as p o ly m erisa 
tio n  an d  d isso c ia tio n  of th e  gases t h a t  a  sam ple  
d raw n  from  an y  p a r t  of th e  h ig h - te m p e ra tu re  
zone m ig h t w hen  cooled to  n o rm a l te m p e ra tu re  
be e n tire ly  u n lik e  th e  gas w ith in  th e  cu po la . 
T his w as a field w hich could  u se fu lly  be ex p lo red .

Im p o rta n c e  o f A i r  D is t r ib u tio n
In  re g a rd  to  th e  a ir  su pp ly , th e  a c tu a l  coke to  

a ir  ra tio  w as n o t th e  only fa c to r  an d  he d o u b ted  
if  i t  w as even th e  m a in  fa c to r  in  d e te rm in in g  
th e  c o rre c t o p e ra tio n  of a  cupola . T he s t ru c tu re  
of th e  coke an d  th e  m a n n e r  in  w hich  th e  a ir  was 
ap p lied  w ere v ery  im p o r ta n t  fa c to rs  w hich  m u s t 
be ve ry  closely co n tro lled . H e  h a d  come to  th e  
conclusion t h a t  q u ite  a w ide la t i tu d e  in  th e  a ir  
volum e a d m itte d  was perm issib le  a n d  t h a t  th e  
m ost im p o r ta n t  th in g  w as th e  d is tr ib u tio n  of th e  
a ir  w ith in  th e  com bustion  zone. R e c e n t in v es ti
g a tio n s  h a d  show n t h a t  v e ry  few  cupo las of 
n o rm al c o n s tru c tio n  p e rm it te d  of a n  even  an d  
re g u la r  d is tr ib u tio n  of th e  a ir  th ro u g h o u t th e  
cupola  a rea  in  th e  v ic in ity  of th e  tu y e re s . The 
re su lts  o b ta in e d  from  th e  e x a m in a tio n  of a  la rg e  
n u m b er of cupolas of v a rio u s  sizes a n d  designs 
h ad  been m ost su rp r is in g , an d  seem ed to  in d ic a te  
t h a t  rad ica l changes in  design  w ere called  fo r  if  
th e  b e st re su lts , especially  in  th e  case of h igh - 
d u ty  iro n , w ere to  be  o b ta in e d . R e g u la r  d is t r i 
b u tio n  of th e  a ir  a n d  its  p ro p e r a p p lic a tio n  to  
th e  coke led to  coke econom y, in creased  m eta l 
te m p e ra tu re , im p ro v em en t in  th e  q u a lity  of th e  
m e ta l an d  im p ro v em en t in  th e  gen era l p e rfo rm 
ance of th e  cupola.

A n  Im p o r ta n t  V a r ia b le
M r . J .  E . 0 .  L i t t i .e  em phasised  M r. C am 

p io n ’s rem a rk s , an d  sa id  th e  re su lts  M r. C am 
pion h a d  o b ta in e d  on t h a t  p a r t ic u la r  w ork h ad  
been so phenom enally  successful t h a t  th e  figures, 
w hen pu b lish ed , w ould, he  believed , c lear up  
m uch of th e  m y stery  as to  w hy one cupola  was 
d iffe re n t from  a n o th e r. T h e  q u estio n  of how th e  
coke b u rn ed  was also of considerab le  im p o rtan ce . 
I n  some p a r ts  of th e  cupo la , th e  coke m ig h t be 
h a rd ly  b u rn in g  a t  a ll, an d  in  a n o th e r  p lace  i t  
m ig h t be b u rn in g  fu lly  to  C 0 2. U ltim a te ly  th ey  
g o t a  m ix tu re  of gases f a r th e r  u p  th e  cupola
s ta ck  t h a t  h ad  no t r u e  re la tio n  to  th e  a c tu a l
b u rn in g  co n d itio n s dow n in  th e  h o t p a r t  of th e  
cupola .

C a rb u ris in g  S te e l-M ix  C harges
M r . W .  R . B e a n  (P a s t-P re s id e n t, A m erican  

F o u n d ry m e n ’s A ssociation , C hicago) r e fe r re d  to  
th e  p rob lem  of g e tt in g  a c c u ra te  sam ples of gas 
from  cupolas. T h a t  was a  p rob lem  in  th e  s tu d y  
of cupo la  o p e ra tio n . I n  th e  U n ite d  S ta te s  a t  
th e  p re se n t th e re  w ere cupolas in  w hich  th e  a i r  
volum e was b e in g  a u to m a tica lly  co n tro lled  by  th e  
C 0 3 c o n te n t of th e  gases. T he gas w as d ra w n  
off fro m  th e  cupo la  s ta ck  below th e  c h a rg in g

door. T h a t  a p p lic a tio n  was one of th e  m ost in
te re s t in g  developm ents in  cupola  o p e ra tio n  in  
re c e n t y ea rs , an d  in  A m erica  was recognised as 
a u n iq u e  ap p lic a tio n .

T he c o n tro l was w orked in  co n ju n c tio n  w ith 
h o t b la s t, fo r  th e  sam p lin g  was m ore accu rate ly  
done in  a cupo la  of t h a t  ty p e  th a n  in  th e  s ta n 
d a rd  cupo la , d u e  to  th e  fa c t  t h a t  th e  gases were 
a u to m a tic a lly  rem oved  th ro u g h  a  c irc u la r  gas- 
d u c t lo ca ted  ap p ro x im ate ly  6  f t .  below th e  charge 
door. A c o n s ta n t  volum e of p robably  80 per 
cen t, of th e  to ta l  volum e of gas was d raw n  off 
fo r  b u rn in g  to  h e a t  u p  th e  supp ly  of a ir. 
T h a t  w as a  p o in t  in  connection  w ith  th e  m easure
m en t of th e  a ir  o r oxygen  used in  a  cupola which 
was som etim es overlooked.

T he in d u s tr ia l  im p o rta n ce  of th is  developm ent 
was a t  once recognised  in  a  co n test recently  
sponsored  by th e  sc ien tific  a p p a ra tu s  m akers of 
A m erica, fo r th e  m ost novel a d a p ta t io n  of a 
sc ien tific  in s t ru m e n t  to  in d u s tr ia l  control. 
A lth o u g h  a to ta l  of 67 P a p e rs  w ere e n te red  in 
th is  co n te s t, in c lu d in g  th re e  from  E u ro p e , th is 
e n try  w as u n an im o u sly  chosen fo r f irs t prize.

A co n d itio n  w hich  m ig h t n o t e x is t  in  E urope, 
b u t  w hich  d id  in  th e  S ta te s , w as t h a t  cupola 
ch arg es w ere o f te n  m ade  up  of as m uch as 50 to 
60 p e r  cen t, of stee l sc rap . I n  a  charg e  made 
up of eq u al p a r ts  of steel sc rap  an d  h igh-carbon 
m a te r ia l,  a b o u t 30 lbs. of coke p e r  to n  was used 
to  c a rb u rise  th e  low -carbon m a te ria ls  in  the  
ch arg e . T he coke used  in  c a rb u ris in g  did no 
w ork  in  m e ltin g , a n d  re q u ire d  no oxygen, since 
i t  w as n o t  b u rn t .  T h a t  m ade  a d ifference in 
th e  c a lcu la tio n  of th e  volum e of a ir  which was 
d e liv e red  to  th e  m e ltin g  zone of th e  cupola.

M a in te n a n c e  o f C o n tro l In s tru m e n ts
M r . J .  H . C o o p e r  (D a rlin g to n )  sa id  he was 

v ery  in te re s te d  in  th e  fo rm u la  g iven  fo r  calcu
la t in g  th e  a m o u n t of a ir  used  in  th e  cupola , but 
fe lt  i t  w ould be  b e t te r  if  i t  could be simplified. 
A t p re sen t, m ea su re m e n ts  w ere m ade  by P ito t 
tu b e , im p ro v ed  o r m odified fo r th e  purpose, b u t 
h is e x p erien ce  h a d  been  t h a t  i t  was o ften  fitted 
in  q u ite  u n su ita b le  po sitio n s in  th e  p ipe  line, 
an d  p ro m p tly  fo rg o tte n . Also th e  a ir  in  a 
cu p o la  b la s t  l in e  m ig h t be  lad e n  w ith  d u s t or 
m o is tu re . R e c e n tly  he h a d  ex am in ed  a  num ber 
of P i to t  tu b es , a n d  in  one case h a d  fo u n d  the 
orifices la rg e r  th a n  th e y  should  be, w hile in 
o th e rs  d u s t  an d  d i r t  h a d  p ra c tic a lly  closed them  
up . In  one such  case  re ce n tly , he  fo u n d  a cupola 
t h a t  w as b e in g  g iv en  tw ice  th e  b la s t i t  could 
pass, a n d  in v e s tig a tio n  show ed th e  orifice of the 
P i t o t  tu b e  w as n e a rly  b locked u p . U sers , when 
in s ta ll in g  cupo las, o f te n  g av e  no in d ic a tio n  to 
th e  d esig n er of th e  p u rp o se  fo r  w hich  th e  fu r 
nace w as in te n d e d , a n d  th e  consequence was 
t h a t  th e  c o n d u c t a n d  ty p e  of tu y e re  w ere qu ite  
u n su ite d  fo r  th e  u se  to  w hich  i t  w as p u t .



W ith re g a rd  to  M r. C am p io n ’s difficulty of 
tak in g  sam ples of gas, h is p ra c tic e  h ad  been to  
in sert a s lop ing  tu b e  a b o u t 4 f t .  above th e  
tuyeres. T he tu b e  w as p u t  in  a t  an  an g le  so as 
to  p rev en t i t  becom ing blocked by d u s t  fa llin g  
in to  i t ,  an d  w ith  i t  gas cou ld  be ta k e n  con
tinuously.

D r. B a r ig o z z i’s R ep ly
D r . B a r i g o z z i , in  rep ly , w ro te  t h a t  as he  h ad  

no tim e av ailab le  to  rep ly  in  d e ta i l  to  th e  
various speakers, he th e re fo re  would ex p la in  a 
fundam en ta l fe a tu re  of h is P a p e r  w hich had , 
perhaps, n o t been sufficiently  developed in  th e  
tex t. I t  was as follow s: —

R eference was only b e in g  m ade  to  th e  m eltin g  
conditions w hen m ak in g  e n g in e e rin g  cas tin g s, 
using no steel, in  an  o rd in a ry  cupo la , w ith  
charges m ade up  of p ig -iro n  an d  sc rap , such as 
was used in  I ta ly  an d  elsew here fo r c u r re n t  p ro 
duction. U n d e r such co n d itio n s, th e re  w as no 
notew orthy c a rb u risa tio n  of th e  iron .

I t  was c e r ta in ly  q u ite  d ifficult c o rrec tly  to  
carry o u t analyses of gases from  th e  s ta ck  of a 
cupola. M ost of th e  com positions, even  those 
cited in th e  te x t ,  d id  n o t  check up w ith  th e  
law

4.76 (C 0 2 +  0 2) +  2.88 CO =  100.
The analyses on which th e  basis of th e  th eo ry  
he had env isaged  re sted  d id , on th e  c o n tra ry , 
agree w ith  th is  fo rm ula . Sam ples of th e  gas h ad  
been tak e n  by m eans of su c tio n  th ro u g h  a by
pass tu b e  of decreas in g  sec tion  w ith  th e  o b jec t of 
obtain ing  th e  b est m ix tu re . T his m ethod  w as to  
be used in th e  e x p erim en ts  w hich w ere  to  ta k e  
place a t  th e  T ern i steelw orks, and  th e reb y  i t  was 
hoped to  illu m in a te  m ore  c learly  th e  laws 
governing cupola  o p e ra tio n .

So fa r  as h is d iag ram s w ere concerned , he 
pointed o u t th a t  th e  l in e a r  fo rm  of all those  
which re la ted  to  th e  v a riab les  of th e  eq u atio n  

QK VY >/__ _ _
A _  3 fiOO ~  m

(w hich is only  th e  s ta te m e n t of a very  e le m en ta ry  
t r u th ,  th e n  QX " an d  X ",V ) was obvious. I t  
was also obvious t h a t  a l in e a r i ty  of th e  re la tio n 
sh ip  e x is ted  betw een  K  an d  S. T h a t th e re  
w ould be a re la tio n sh ip  betw een  m  an d  i  (p e r
fo rm an ce  in d ex ) was also ev id en t.

A ccord ing  to  Ju n g b lu th ,  i was solely a  funo- 
t io n  of K . H is  own o b se rv a tio n  was t h a t ,  in  
I ta ly  as elsew here, K  could be very  h ig h  due 
to  h av in g  reduced  th e  m eta llic  ch arge , w hilst 
m a in ta in in g  th e  coke c o n s ta n t ; K  could n o t be re 
g a rd ed , g en era lly  sp eak in g , as th e  c o n s tan t. Y et 
th is  ro le  w as especially  p layed  by S, w hich was 
th e  d e p th  of th e  coke lay e r w hich form ed th e  
ch arg e . T he e q u a tio n  w hich th e  a u th o r  had  
g iven  of i  =  /  (S) (an d  of w hich t h a t  of J u n g 
b lu th  was a  special case) was p ro v isio n a l, and  
aw a ited  th e  confirm ation  of th e  T e rn i ex p eri
m ents.

I t  was, how ever, a t  th e  firs t ap p ro x im atio n , 
ap p licab le . I t  w as t r u e  t h a t  th e  n a tu re  of th e  
m eta l ch arg e  also h a d  an  influence on th e  p e r
fo rm ance  index , b u t  his p e rso n al op in ion  was 
t h a t  th is  effect w as only secondary . A no ther 
secondary  in fluence was t h a t  of th e  b las t 
p ressu re .

I n  conclusion, th e  a u th o r  believed th a t  th e  
form  of th e  d iag ra m s he h ad  su b m itted  would 
re m a in  u n ch an g ed . Only th e  r ig h t-h a n d  c lu s te r  
X ",V  m ig h t be sub jec ted  to  a  ro ta tio n , when 
th e  b las t d e te rm in a tio n s  an d  th e  coke consum p
tio n  h a d  been estab lished  accu ra te ly .

B eing  g iven  th e  l in e a r ity  of th e  d iag ram s 
(excep t th e  cu rve  i, S) th ey  could be fused  in to  
one sing le  d iag ram , in te rp re ta b le  acco rd ing  to  
d iverse  scales, an d  th is  could be u sefu l fo r in 
fo rm in g  fo u ndrym en  as to  th e  o p e ra tio n  of th e ir  
fu rn aces or fo r  d esig n in g  new  ones. The 
d iag ra m s in  gen era l scientific fo rm  o u g h t to  be 
re la te d  n o t only to  8 6  p e r  cen t, carb o n  coke, as 
th e  a u th o r  h a d  done, b u t  to  th e  com bustib le 
carbon  co n ta in ed  in th e  coke.
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Effect of Moisture on the Principal Properties of 
Moulding Sands"

By J. DEARDEN, B.Sc. (Associate Member)

In  p resen tin g  th is  P a p e r ,  th e  w r i te r  feels i t  
his du ty  to  open i t  w ith  a n  apology fo r a d d in g  
to the large  an d  possibly co n fu sin g  volum e of 
inform ation  a lre ad y  ex is tin g  on th e  su b je c t of 
moulding sands. I t  w as th is  confusion  of te s t 
ing m ethods an d  re su lts  w hich  led  h im  to  m ake 
his own ex p erim en ts , a n d  he  hopes t h a t  th e  
results will be of th e  sam e p ra c tic a l a ssistan ce  
to others.

This w ork w as u n d e r ta k e n  because i t  was 
thought t h a t  m o is tu re  is p robab ly  th e  m ost im-

T he P a p e r  is chiefly confined to  th e  effect of 
m o is tu re  on san d , especially  from  a m ould ing  
p o in t of view . T his is n o t because th e  effects of 
h a rd  o r so ft ram m in g  w ere considered  of lesser 
im p o rtan ce , b u t ra th e r  because m o is tu re  c o n te n t 
is m ore  easily  defined a n d  m easu red . D e te rm in a 
tio n s  of m o is tu re  c o n te n t w ere m ade w ith  th e  
“ Speedy ”  m o is tu re  te s te r , th e  read in g s  of 
w hich w ere occasionally  checked by w eigh ing  
sam ples of san d  before  an d  a f te r  d ry in g .
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F i g . 1 .— E f f e c t  o f  M o i s t u r e  o n  
D e n s i t y  o f  S o u t h p o r t  S a n d .

portan t variab le  in  m o u ld in g  san d , an d  c e r ta in ly  
the easiest to  co n tro l. The -working m oulder 
usually has no say in  th e  choice of h is sand , n o t 
even its  g ra in  size o r  i ts  clay c o n te n t, a n d  he 
has to  m ake th e  b est use  of w h a tev e r san d  is 
provided. T here  a re , how ever, tw o  m a t te r s  in  
which he can , an d  does, exercise  h is d is c re t io n ; 
these a re  th e  m o is tu re  c o n te n t of h is sand , an d  
the am ount of ram m in g  g iven  to  th e  sand  w hen 
making th e  m ould.

* The au th o r w as aw arded  a D iplom a for th is  P aper.
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F i g . 2 .— E f f e c t  o f  M o i s t u r e  o n  P e r 

m e a b i l i t y  o f  S o u t h p o r t  S a n d .

T he p ro p e rtie s  of m ou ld ing  sands a re  in flu 
enced by a r a th e r  fo rm id ab le  l is t  of va riab les, 
w hich include  th e  size, shape, su rface  co nd ition  
a n d  d is tr ib u tio n  of th e  sand  g ra in s , th e  q u a n ti ty  
a n d  q u a lity  of th e  clay a n d  its  d is tr ib u tio n  by 
m illing , th e  m o is tu re  c o n te n t, an d  th e  degree of 
ram m in g  ap p lied  to  th e  san d  w h e th er in  th e  form  
of a  m ould  o r a s ta n d a rd  test-p iece . The p re sen t 
P a p e r  reco rds th e  effect of m o is tu re  on sam ples 
of v a rio u s sands, as m easu red  u n d e r  s ta n d a rd  
ram m in g  co nd itions, irre sp ec tiv e  of san d  com
p o sitio n . S tan d ard  ram m ing  conditions were ob-

6 8 

MOISTURE %



ta in e d  by use of th e  w ell-know n A .F .A . d rop- 
w e ig h t ram m er, in  w hich th e  ram m in g  of th e  
san d  is in d ep e n d en t of i ts  com position .

Tests  on Sea Sand
The first series of te s ts  w as m ad e  on S o u th p o rt 

sea sand . B eing  com pletely  devoid  of c lay  an d  
silt, such a  san d  is free  fro m  th e  e r r a t ic  effects 
due  to  v a r ia tio n s  in  th e  q u a n ti ty ,  q u a lity  an d  
d is tr ib u tio n  of clay am ong th e  g ra in s  of o rd in a ry  
m o u ld in g  san d . I t  is th u s  possible to  s tu d y  th e  
effect of m o is tu re  on th e  sand  g ra in s  a lone.

F ig . 1 shows th e  effect of in c re a s in g  m o is tu re  
on th e  A .F .A . d en sity  (i.e .,  th e  a p p a re n t  d en sity  
of th e  san d  tes t-p iece  w hen ram m ed  by th e  th re e  
s ta n d a rd  blows in  th e  A .F .A . a p p a ra tu s ) .  The 
u p p e r  cu rv e  gives th e  d en sity  as ram m ed , and

F i g . 3 .— E f f e c t  o f  M o i s t u r e  o n  G r e e n  
S t r e n g t h  o f  S o u t h p o r t  S a n d .

th e  low er one th e  d e n sity  a f te r  a llow ance has 
been m ade  fo r th e  m o is tu re  c o n te n t. Above 
2  p e r cen t, m o is tu re , th e  la t te r  is v ir tu a lly  con
s ta n t  a t  1.47, th u s  in d ic a tin g  t h a t  th e  increase  
in  g re en  d e n sity  is d ue  only to  th e  in c reas in g  
presence of m o is tu re  be tw een  th e  san d  g ra in s , 
a n d  n o t to  an y  closer p ack in g  of th e  g ra in s  
them selves. T here  is a cu rio u s  re d u c tio n  in  d en 
s ity  as m o is tu re  increases from  zero  to  2  p e r 
c en t.

F ig s . 2 an d  3  show th e  effect of m o is tu re  on 
th e  p e rm e ab ility  an d  g reen  s tre n g th  ' o f S o u th 
p o rt san d . In c re a s in g  m o is tu re  above 2 pe r 
cen t, g ra d u a lly  reduces th e  p e rm e ab ility  by  fill
ing  u p  th e  pore spaces b e tw een  th e  g ra in s . Sea 
san d  is, of course, useless fo r m o u ld in g  w ith o u t 
a  bond , b u t  i t  is in te re s t in g  to  observe th e  
g ra d u a l rise  in  g reen  s t re n g th  in  F ig . 3 , show
in g  th e  s lig h t bond  afforded  by th e  su rfa ce  te n 
sion of th e  m o is tu re  be tw een  th e  san d  g ra in s .

A t a la te r  d a te  these  te s ts  w ere repea ted , 
u s in g  I rv in e  sea san d , w hich is coarser th a n  
S o u th p o r t.  T he re su lts  a re  shown in  F igs. 4 , 5  

a n d  6 , from  w hich i t  w ill be seen th a t  th e  sand

F i g . 4 . — E f f e c t  o f  M o i s t u r e  o n  
D e n s i t y  o f  I r v i n e  S e a  S a n d .

ex h ib its  s im ila r  c h a ra c te ris tic s  to  S o u thport, 
a lth o u g h  to  a d iffe re n t d eg ree . H e re , again , 
th e re  is a  re d u c tio n  in  d en sity  as m oistu re  is 
in creased  from  zero to  2  p e r  c e n t . ; th e  au tho r

MOISTURE %

F i g . .  5 .— E f f e c t  o f  M o i s t u r e  o n  P e r 
m e a b i l i t y  o f  I r v i n e  S e a  S a n d .

is u n ab le  to  offer a n y  e x p la n a tio n  and  would 
welcom e d iscussion  on th is  p o in t.

Tests  on Sea Sand w ith  C la y
H a v in g  e s tab lish ed  th e  effects of m o is tu re  on 

p u re  san d , th e  n e x t  s te p  w as to  s tu d y  th e  same



sand w hen bonded  w ith  a know n a m o u n t of clay  
of know n q u a lity . T h is w as d o n e  by m illin g  
Irv ine san d  w ith  sufficient b e n to n ite  to  fo rm  a 
good w ork ing  bond.

The a m o u n t of b e n to n ite  added  w as 2.2 per 
cent., an d  i t  is in te re s t in g  to  com pare  th e  re-

MOISTURE %
F i g . 6 .— E f f e c t  o f  M o i s t u r e  o n  G r e e n  

S t r e n g t h  o f  I r v i n e  S e a  S a n d .

suits w ith  those o b ta in e d  w ith  I rv in e  san d  a lone, 
a t 4 per cen t, m o is tu re  in  each  case. A lthough  
there is no ap p rec iab le  in crease  in  d e n sity  due 
to the presence of th e  b e n to n ite , th e  p e rm eab ility  
has come down from  260 to  165, ow ing to  th e  
fine particles of b en to n ite  h a v in g  sw elled in  th e  
presence of th e  m o is tu re . I f  th is  ch an g e  had

F i g . 7 .— E f f e c t  o f  M o i s t u r e  o n

D e n s i t y  o f  I r v i n e  S e a  S a n d

M ILLED W IT H  2 .2  PER CENT.
B e n t o n i t e .

been b ro u g h t ab o u t by th e  c ru sh in g  of th e  sand 
grains d u rin g  m illing , a m ark ed  increase  in 
density would have  been reco rded . W hile  sea 
sand has v ir tu a lly  no s tre n g th ,  th e  b e n to n ite  
addition an d  th e  m illin g  ac tio n  have  g iven  i t  
a green s tre n g th  of 5.5 lbs. p e r sq. in . a n d  a 
dried s tre n g th  of 118 lbs. p e r sq. in . a t  4 p e r 
cent, m o istu re .

T he effects of in c reas in g  m o is tu re  on th is  m ix 
tu r e  a re  shown in  F ig s . 7, 8 , 9 a n d  10. Com
p a re d  w ith  F ig . 4, th e  low er cu rv e  of F ig . 7 
now shows a n  u p w a rd  ten d en cy  above 4 p er cen t, 
m o is tu re , th u s  in d ic a tin g  t h a t  th e  in creased  
g reen  d e n sity  is now no longer du e  to  m o is tu re  
alone, b u t  also to  a closer p ack in g  of th e  sand 
g ra in s . T h is effect is considered  to  be due 
to th e  m oist b e n to n ite  a c tin g  as a  lu b r ic a n t 
betw een  th e  san d  g ra in s , as m o is tu re  a lone is 
insufficien t to  cause  i t .  P e rm e a b ili ty  rises to  
a  m ax im u m  a t  a b o u t 4 p e r  cen t, m o is tu re  and  
th e n  fa lls . T he m ax im u m  g reen  s tre n g th  was 
fo u n d  a t  ab o u t 2  p e r  cen t, m o is tu re , b u t  in  th is  
co n d itio n  th e  san d  was too  d ry  fo r m ould ing  
purposes, an d  a  m o is tu re  c o n te n t of 3 to  4 pe r 
cen t, w ould be m ore desirab le.

T he m o st re m a rk ab le  effect of m o is tu re  in  th is  
case is on th e  d ried  s tre n g th , and  F ig . 10 shows

F i g . 8 . — E f f e c t  o f  M o i s t u r e  o n  P e r 
m e a b i l i t y  o f  I r v i n e  S e a  S a n d  m i l l e d  
W IT H  2.2 PER CENT. B EN TO N ITE.

th e  phenom enal rise  of th is  p ro p e rty  w ith  m ois
tu r e  ; th e  d o tte d  lin e  shows th e  g reen  s tre n g th  
on th e  sam e scale.

Tests  on R aw  M o u ld in g  Sands
F ig s . 11, 12 an d  13 show a  sim ila r series of 

te s ts  on fo u r  raw  m ould ing  sands. These sands 
were te s te d  as received, and  w ith o u t fu r th e r  
m illing . The re su lts  a re  re p re se n ta tiv e  only of 
th e  p a r tic u la r  consignm en ts of sand  u n d e r  te s t,  
b u t  a re  ro u g h ly  ty p ic a l of th e i r  class. T heir 
m ax im um  g reen  s tre n g th s  a re  in  th e  sam e o rd e r 
as th e i r  clay  co n ten ts , a n d  i t  ap p ea rs  t h a t  th e  
h ig h e r  th e  clay  c o n te n t, th e  g re a te r  is th e  v a r ia 
tio n  in  g reen  s tre n g th  du e  to  m o is tu re . I t  does 
n o t follow t h a t  th e  m o is tu re  c o n te n t p rod u c in g  
m ax im um  g reen  s tre n g th  is also th e  b est fo r 
m ou ld ing  purposes, as th e  san d  is th e n  ra th e r  
b r i t t le  an d  difficult to  p a tc h ;  a h ig h er m o is tu re  
is th e re fo re  to  be p re fe rre d . E ac h  san d  has a 
m ax im um  p e rm eab ility , b u t  n o t necessarily  a t



th e  sam e m o is tu re  w hich gives m ax im u m  g re en  
s tre n g th .

The d r ie d  s tre n g th s  p lo tte d  on F ig .  13 w ere 
d e te rm in e d  on B .C .I .R .A . specim ens ram m ed  to  
th e  sam e g reen  d e n s ity  as th e  co rre sp o n d in g  
A .F .A . g re en  com pression tes t-p iece . T h is is 
because  th e  only co m press ion -tes t m ach in e  a v a il
ab le  a t  th e  tim e  h a d  a  m ax im u m  c a p a c ity  of 
50 lbs., a n d  t h a t  is m u ch  too  low fo r  b re a k in g  
d r ie d  A .F .A . tes t-p ieces. T he d ried  s t r e n g th  is 
ag a in  a cu te ly  sen sitiv e  to  m o is tu re  c o n te n t, e x 
c ep t in  th e  case of B e lfa s t  san d , w hich  w as a 
re d  sa n d  c o n ta in in g  only  4 p e r cen t. clay.

Tests  on Facing Sands
This series of te s ts  was m ade  on th e  u n ifo rm  

san d  c irc u la tin g  in  a m echan ised  p la n t ,  and  
m a in ta in e d  a t  fa c in g -san d  q u a lity  fo r  g reen -san d  
m oulds. T he q u a lity  w as m a in ta in e d  by a  2 p e r

w o rth  a n d  M ansfield , do so slig h tly  or n o t a t  
a ll, a cco rd in g  to  th e ir  c lay  co n ten ts . S ands h igh  
in  clay  c o n te n t, such  as B e lg ian  red , Sco ttish  
ro t te n  rock , a n d  sy n th e tic  sands, especially  if 
th e  la s t-n a m ed  c o n ta in  Colbond o r b en to n ite , ex
h ib i t  a  closer p a ck in g  of th e  g ra in s  above cer
t a in  m o is tu re  co n te n ts . T he in feren ce  is th a t  
th is  effect is d ue  to  th e  lu b r ic a tin g  ac tio n  of 
c lay  in  th e  p resence  of m o is tu re .

F ig .  18 h a s  been  inc lu d ed  as a  m a t te r  of in 
te re s t .  I t  shows th e  in crease  in  g reen  an d  dried

/ 2. 3  4- s  & 7
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F i g . 9 .— E f f e c t  o f  M o i s t u r e  o n  G r e e n  
S t r e n g t h  o f  I r v i n e  S e a  S a n d  m i l l e d

W IT H  2.2 PER CENT. B E N TO N ITE.

cen t, d a ily  a d d itio n  of raw  san d , a n d  sufficient 
co a l-d u st to  m a in ta in  a n  8  p e r  cen t, loss on 
ig n itio n . T he raw  san d  was of sy n th e tic  o rig in , 
th e  bond b e in g  a m ix tu re  of fireclay  a n d  ball 
c lay . T he re su lts  a re  p lo tte d  in  F ig s . 14 to  18, 
a n d  e x h ib it f e a tu re s  s im ila r  to  those  a lread y  
n o ted  in  o th e r  sands, b u t  d iffe rin g  in  deg ree . 
T he m ore im p o r ta n t  f e a tu re s  a re  th e  ra p id  
d ro p  in  g re en  s t re n g th  a n d  p e rm e ab ility  above 
6  p e r  cen t, m o is tu re , a n d  th e  c o n tin u o u s  rise  in  
d ried  s t r e n g th ,  a lth o u g h  th e  l a t t e r  is n o t  so 
m ark e d  as w ith  th e  b e n to n ite  san d  of F ig . 10.

P ack ing  o f Sand G ra in s
T his q u estio n  of in creased  p a ck in g  of th e  sand  

g ra in s  w hen th e  m o is tu re  is ra is e d  above a c r i t i 
cal v a lu e  w as in v e s tig a te d  in  sev era l d iffe ren t 
san d s, a n d  th e  fo llow ing  conclusions d raw n . 
C lay -free  sands, such as sea san d s a n d  silica  
sands, do n o t p ack  closer w ith  h ig h e r  m o is tu re . 
R ed  sands, such as B e lfa s t, S t r a n r a e r ,  M oulds-

F ig .  10.— E f f e c t  o f  M o i s t u r e  o n  D r i e d  
S t r e n g t h  o f  I r v i n e  S e a  S a n d  m i l l e d

W IT H  2.2 P ER  CENT. B E N T O N IT E .

s t r e n g th  of th e  p la n t  san d  o b ta in e d  by h a rd er 
ra m m in g , th e  m o is tu re  b e in g  k e p t  c o n stan t. I t  
shows t h a t  one blow w ith  a n  A . F . A .  ram m er 
is suffic ient to  g ive  a d r ie d  s tr e n g th  of 30 lbs. 
p e r  sq. in . in  th is  san d , w h ereas 27 blows are 
re q u ire d  to  a t t a in  th is  s t r e n g th  in  th e  green 
s ta te .

A  com p ariso n  of th e  re la tiv e  effects of mois
tu r e  a n d  ra m m in g  on d r ie d  s t re n g th  can  be 
d ra w n  fro m  F ig s . 17 a n d  13. A t 6.3 p e r cent, 
m o is tu re , th e  d r ie d  s t r e n g th  of th e  p la n t  sand 
is 5 4  lbs. p e r  sq. in . To doub le  th e  d r ie d  s tre n g th  
by  e x tr a  ram m in g , i t  is necessa ry  to  give 1 1  

blows in s tea d  of th e  c u sto m a ry  3 blows. The
384



same increase  in  d r ie d  s t re n g th  can  be o b ta in ed  
w ith 3 blows i f  th e  m o is tu re  is  ra ised  from  6.3 
per cen t, to  9.3 p e r cen t.

M o is tu re  A d d e d  A f te r  R am m in g
As m o is tu re  h as such  a m ark ed  effect on  th e  

dried s tre n g th , i t  was decided  to  in v es tig a te

MOISTURE %
F i g . 1 1 .— E f f e c t  o f  M o i s t u r e  o n  

G r e e n  S t r e n g t h  o f  R a w  M o u l d 
i n g  S a n d s .

the effect of i ts  a d d itio n  to  ram m ed  san d , as 
this is som etim es done d u r in g  m ou ld ing . A .F .A . 
test-pieces w ere p re p a re d  an d  allow ed to  absorb 
increasing am o u n ts  ole w a te r , a f te r  w hich they  
were d ried  and  te s ted  u n d e r  com pression in  th e  
usual way. The sam ples of san d  used w ere n o t 
identical w ith  those  quo ted  e a r lie r  in  th e  P a p e r ,

T a b l e  I.

Moisture added 
after ramming.

Total
moisture.

A.F.A. 
dried 

s treng th .

Plant sand.
Per cent. Per cent. 

9 109
3 1 2 99
6 15 108
9 18 108

Madgiscroft 
rock sand. 8 .5 118

3.5 1 2 . 0 114
7-5 16.0 117

but were a d eq u a te  fo r th e  purpose . The re su lts  
are given in  T able I.

These re su lts  show th a t  if  m o is tu re  is added  
to raise th e  d ried  s tre n g th  of a sand , i t  m ust 
be added to  th e  san d  befo re  a n d  n o t a f te r  ra m 
ming.

C o n tro l o f M o is tu re  C o n te n t
T h ere  a re  sev era l re liab le  m o is tu re  te s te rs  

av ailab le , b u t  th ey  do n o t in d ic a te  w h e th er a 
san d  is too  w et o r too  d ry  fo r m o u ld in g  p u r 
poses. T his im p o r ta n t  q u estio n  can  only be 
se ttle d  by fee lin g  th e  san d  w ith  an  exp erien ced  
h an d . The case of I rv in e  sea san d  bonded  w ith  
b e n to n ite  is an  i llu s tra tio n  of th is  p o in t. T his 
san d  was su itab le  fo r m ou ld in g  w hen th e  m ois
tu re  w as ab o u t 3 to  4 p e r c e n t . ,  b u t  w hen i t  was 
in re g u la r  use in  a m echanised  p la n t, w ith  suffi-

MOISTURE %

F i g . 1 2 .— E f f e c t  o f  M o i s t u r e  o n  P e r 
m e a b i l i t y  o f  R a w  M o u l d i n g  S a n d s .

c ie n t co a l-d u st to  m a in ta in  an  8  p er cen t, loss 
on ig n itio n , th e  sand  fe lt  d ry  a t  4 p e r  cen t, 
m o is tu re , an d  i t  becam e necessary  to  ra ise  th e  
l a t te r  to  5 to  6  p e r cen t, to  develop sufficient 
p la s tic ity  in  th e  sand . A possible e x p lan a tio n  
of th is  is t h a t  m uch  of th e  coal-dust in  th e  san d  
had  become coked u n d e r  th e  in fluence of th e  
ho t m e ta l, an d  th e  e x tr a  m o is tu re  was absorbed 
by th e  pores of th is  coke, an d  by th e  fine p a rtic les  
of coal-dust.

I n  a d d itio n  to  th e  effect of coke, th e  w ork ing  
m o is tu re  c o n te n t of a  san d  is affected  by  th e  
g ra in  size an d  th e  c lay  c o n te n t;  th e  finer th e  
g ra in  a n d  th e  h ig h e r  th e  clay c o n te n t, th e

o



g re a te r  is th e  a m o u n t of m o is tu re  necessary . 
H ence, i t  is im possible to  specify  one m o is tu re  
c o n te n t fo r a ll san d s, a n d  each  m u s t be  ta k e n  
on its  m erits . E x p erien ce , coupled  w ith  a m ois
tu re  te s te r ,  w ill decide  w h a t is th e  b e s t m o is tu re  
c o n te n t fo r an y  p a r t ic u la r  san d . T hen , p ro 
vided  th e  san d  is co n tro lled  a t  a c o n s ta n t q u a lity , 
th e  m o is tu re  te s te r  can  be used  to  e n su re  t h a t  
th is  figure  is  b e in g  a d h e re d  to . A c cu ra te  d e te r 
m in a tio n s  of m o is tu re  a re  necessary  in  o rd e r 
to  decide  w h e th er v a r ia tio n s  in  s t re n g th  an d  
p e rm eab ility  a re  d ue  to  m o is tu re  only, o r  to  
changes in  san d  com position . T h is ap p lie s  p a r 
t ic u la r ly  to  d ried  s tre n g th , w hich  is so sen sitiv e

F i g . 1 3 .— E f f e c t  o f  M o i s t u r e  o n  D r i e d  
S t r e n g t h  o f  R a w  M o u l d i n g  S a n d s .

to  m o is tu re  t h a t  i t  is a lm ost a  m easu re  of m ois
tu re  c o n te n t in  itse lf .

C onclusion
T he ex p erim en ts  described  in  th e  P a p e r  show 

th a t  each  san d  is a  law  u n to  its e lf  so f a r  as th e  
effects of m o is tu re  a re  concerned , a n d  te s t  r e 
su lts  should a lw ays be re fe r re d  to  th e  m o is tu re  
c o n te n t, as v a r ia tio n s  in  th e  l a t t e r  do h av e  con
sid e rab le  in fluence on th e  p ro p e rtie s  of sands. 
B efo re  i t  is possible to  ex p ress  a n  o p in io n  on 
an y  san d , i t  is d esirab le  t h a t  i ts  c h a ra c te ris tic s  
should  be te s te d  over a  ra n g e  of m o is tu re  con
te n ts .

F ro m  th e  m o u ld in g  p o in t of view , i t  m ay  be 
s ta te d  th a t ,  w ith in  th e  u su a l ra n g e  of m o is tu re , 
in c re as in g  m o is tu re  gives a red u ced  p e rm e ab ility

a n d  g reen  s t re n g th , b u t  a  m uch h ig h er d ried  
s t r e n g th ;  i t  also m akes th e  sand  easie r to  ram , 
in  w hich case th e re  is a  d a n g e r  of th e  perm e
a b ili ty  be ing  red u ced  even lower. R ed  sands a re

D e n s i t y  o f  P l a n t  S a n d .

affected  by  m o is tu re  to  a  lesser e x te n t  th an  
o th e r  a n d  m ore h eav ily -bonded  sands.

Som e of th e  te s ts  have  been m ade a t  m oistu re  
c o n te n ts  w hich  m ay  a p p e a r  ab su rd ly  low o r high. 
T his has been done solely w ith  th e  in te n tio n  of 
ex p lo rin g  th e  effects of m o is tu re  over as wide a
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ra n g e  as possible. I t  is n o t su g g ested  th a t  these 
e x tre m e  va lu es a re  of an y  use in  m o u ld in g , b u t 
th ey  have  a  sc ien tific  v a lu e  in  so f a r  as they 
lead  to  a fu lle r  u n d e rs ta n d in g  of th e  effects of 
m o is tu re  on san d .

I t  h a s  been  n o ticed  t h a t  th e  m ax im u m  green 
s t re n g th  of raw  m o u ld in g  san d s is developed a t  a
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lower m o is tu re  c o n te n t th a n  is re q u ire d  fo r fa c 
ing sands w hich c o n ta in  bo th  used  an d  unused  
coal-dust. T h is is p ro b ab ly  d u e  to  a  p o rtio n  of 
the m oistu re  b e in g  abso rbed  by th e  pores of th e  
coke and  th e  su rfa ce  of th e  fine coal-dust, so 
th a t m ore is re q u ire d  to  develop th e  m ax im um  
streng th  of th e  san d . T his m ay  p ro v id e  a n  ex 
planation fo r th e  s ta te m e n t t h a t  th e  use of coal- 
dust w ith  a  m ou ld in g  san d  ra ises  th e  g reen  
streng th . T he w o rk in g  ra n g e  of m o is tu re  is 
above th a t  needed  fo r  m ax im u m  g re en  s t re n g th , 
so th a t  if  coal-dust is used a n d  th e  p e rcen tag e

F i g . 1 6 .— E f f e c t  o f  M o i s t u r e  o n  P e r 
m e a b i l i t y  o f  P l a n t  S a n d .

of m oisture k e p t c o n s tan t, some of th e  m o is tu re  
will be tra n s fe r re d  from  th e  clay to  th e  coal-dust, 
and the  g reen  s tre n g th  w ill rise.

If  th e  m oistu re  in  th e  san d  be co n tro lled  by 
the feel of th e  h an d , th is  effect w ill n o t occur, 
as the m oistu re  w ill be unconsciously  ra ised  to  
m aintain  th e  req u ired  degree  of p la s tic ity  in  
the sand, as a lre ad y  ex p la in ed .

The a u th o r  wishes to  th a n k  th e  L ondon M id
laud & Sco ttish  R a ilw ay  C om pany fo r  perm ission  
to publish th e  in fo rm a tio n  co n ta in ed  in  th is  
Paper.

D IS C U S S IO N
The B r a n c h - P r e s i d e n t  (M r. R . B a lla n tin e ) 

said he th o u g h t t h a t  th e  M ad g isc ro ft sand , 
with 6  p er cen t, m o is tu re , gave th e  b est re su lts .

387

H e  d id  n o t  ag ree  w ith  M r. D eard en  as to  th e  
use of b e n to n ite  ; he p re fe rre d  to  use 6  p e r  cen t, 
rock san d , which gave  a  b e t te r  re su lt  because i t  
m ade fo r easy com pression  w hen th e  c o n tra c tio n  
of th e  m e ta l took  place.

M r .  A. L . M o r t i m e r  asked  fo r in fo rm a tio n  
a b o u t th e  tw o  rock sands w hich h ad  been d e a lt 
w ith . H e  would like  to  know  w h e th er a  d iffer
ence in  th e  ty p e  of san d  affected  th e  g reen  
s t re n g th , e tc . T he d ry  an d  g re en  s tre n g th s  
of those san d s h ad  been g iven , b u t  h ad  th e  
a u th o r  an y  in fo rm a tio n  a b o u t th e  sea  sands 
a f te r  d ry in g ?  I f  th e  sea san d  h ad  been bonded, 
would th e  p e rm e ab ility  be a ffec ted?

Mr . D e a r d e n  rep lied  th a t  i t  was n o t possible 
to  te s t  sea  san d  a f te r  d ry in g  o u t th e  w a te r , 
because th e  tes t-p ieces would fa ll to  pieces. The

F i g . 1 7 .— E f f e c t  o f  M o i s t u r e  o n  D r i e d  
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p erm eab ility  of d ried  sea sand  should n o t change 
w ith  m o is tu re  because th e  d ried  d en sity  was 
c o n stan t.

Mr . W . B u c h a n a n  s a i d ,  a m i d  l a u g h t e r ,  t h a t  h e  
h a d  a l r e a d y  s a i d  a n d  w r i t t e n  s o  m u c h  o n  t h e  
s u b j e c t  t h a t  h e  w a s  a f r a i d  t h a t ,  w i t h o u t  l o o k i n g  
u p  h i s  n o t e s ,  h e  m i g h t  c o n t r a d i c t  h i m s e l f  i n s t e a d  
o f  t h e  s p e a k e r .

The effect of p u t t in g  w a te r  in to  sea san d  h ad  
been d e a lt  w ith , b u t  he th o u g h t th is  served no 
usefu l purpose . The sam e ap p lied  to  th e  very  
h igh  an d  low m o is tu re  co n ten ts  used. The n o r
m al ra n g e  p ro v ided  enough  field fo r research . 
W a te r  should  be p u t  in to  th e  clay w here i t  
would s tay , a n d  n o t se p a ra te  ro u n d  th e  g ra in s  
o r fill up  th e  pores. The question  of loam  did 
n o t m ake  an y  difference, as i t  was a lw ays d ried .



H e  th o u g h t  i t  w ould h av e  been  b e tte r  to  have  
tak e n  a know n volum e of sa n d  a n d  th e n  to  have 
fo u n d  o u t w h a t  h a p p en ed  on a d d in g  a  know n 
volum e of w a te r ;  b u t ,  as a lre ad y  s ta te d , th is  
w ould h av e  no u se fu l pu rp o se . H e  h a d  a lre ad y  
show n t h a t  th e  A .F .A . te s t  re su lts  w ere  su b je c t 
to  a  ch an g e  of ram m in g  as well as a n y  change  
d ue  to  th e  w a te r  itse lf , a n d  th e  conclusions 
could on ly  be sa id  to  be “ th e  effect of w a te r  
on  th e  A .F .A . te s t-p iece  ”  r a th e r  th a n  i ts  effect 
on m o u ld in g  sands.

M r . W . W . B r a i d w o o d  th o u g h t  i t  h a rd ly  f a ir  
to  say t h a t  M r. D e a rd e n ’s w ork  served  no use fu l 
pu rp o se . M r. D e a rd e n  h a d  asked  fo r a possible

F i g . 1 8 .— I n c r e a s e  i n  D r i e d  a n d  G r e e n  
S t r e n g t h  o f  P l a n t  S a n d  w i t h  
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e x p la n a tio n  of th e  d rop  in  d e n sity  u p  to  2  p er 
c en t, w a te r  ad d itio n . H e  suggested  t h a t  in  th e  
d ry  co n d itio n  th e  san d  was m ost ab le  to  flow, 
a n d  a  sm all w a te r  a d d itio n , by in c re a s in g  th e  
su rfa ce  ten s io n , p rev en ted  com plete p a ck in g  of 
th e  g ra in s . A f te r  t h a t  a m o u n t h ad  been added  
th e  w a te r  w as in  excess and  th e  re s is tan c e  to  
com p actio n  was n o t f u r th e r  in creased .

M r . J .  E . 0 .  L i t t l e  a g reed  w ith  th e  id ea  of 
s ta r t in g  from  p u re  sea san d , as i t  was alw ays 
ad v isab le , he  sa id , to  s t a r t  a t  th e  base  a n d  go 
th ro u g h  th e  fu ll ra n g e . H e  w as p leased  th a t  
M r. D e a rd e n  h a d  e x te n d ed  th e  w a te r  co n ten ts  
to  th e  s ta g e  w here  th e  sands becam e e x tr a  w et, 
because t h a t  was im p o r ta n t  from  th e  an g le  of 
loam  m o uld ing . U sin g  w et loam  was usually  
re g a rd e d  as a  safe  m ethod , b u t  i t  could prov ide

tro u b le , th e  sam e as o th e r  sands. H e  was 
of th e  op in io n  t h a t  fac in g s  deserved  m ore 
a t te n tio n ,  especially  in  re g a rd  to  scabb ing  and 
buck lin g . I n  som e w ork  w hich  M r. H u d so n  had  
p u b lish ed  i t  was show n t h a t  ex p an sio n  a t 
e lev a ted  te m p e ra tu re s  w as assoc ia ted  w ith 
b u ck lin g .

I n  th is  co n n ec tio n , M r. L it t le  sa id  he had 
re ce n tly  c a r r ie d  o u t some ex p e rim e n ts  which 
show ed th e  c lay  c o n te n t to  be a v ery  critica l 
fa c to r  in  scabb ing . Also, th e  ty p e  of clay was 
im p o r ta n t  fro m  th e  p o in t of view  of re fra c to r i
ness in  re d u c in g  a tm o sp h eres . H e  h ad  m ade 
tw o g reen -san d  m oulds w ith  loam  c o re s ; th e  
cores w ere as n e a r ly  id en tica l as possible, being 
m ade from  th e  sam e b a tc h  of loam . One of the  
m oulds w as sleeked w ith  p lum bago , an d  w ith  the  
o th e r  th e  p lum bago  w as m ere ly  d u s te d  on. The 
core loam  w as know n to  be p ro n e  to  buck le , and 
th e  tw o cas tin g s  show ed a  d ifference , in  th a t  
w ith  th e  sleeked  m ould  th e  core d id  n o t buckle, 
b u t  w ith  th e  o th e r  i t  d id .

T he gases fro m  th e  m ould  c av ity  w ere collected 
as th e  m ould  filled, an d  i t  was fo u n d  t h a t  th e  
sleeked m ould  gave  8  p e r  cen t, c a rb o n  m onoxide, 
w h ils t th e  o th e r  gave  10 p e r  cen t. I t  w ould th u s 
a p p e a r  t h a t  even  th e  sm all d ifference  in  the  
m ould  a tm o sp h e re , caused  by th e  m e ta l ru n n in g  
on to  a sm oothed  p lu m b ag o  su rfa c e  an d  a rough 
m ore o r less u n p ro te c te d  su rface , was sufficient 
to  a l te r  th e  p e rfo rm an ce  of th e  loam  of a  core 
exposed to  t h a t  a tm o sp h e re . I n  o th e r  words, 
th e  co n d itio n  of th e  m ould  face  could  affect th e  
p e rfo rm an ce  of th e  core face  fro m  th e  p o in t of 
view  of buck lin g .

M r . T . T y r i e  sa id  i t  a p p e a re d  th a t ,  in  clay- 
bonded sand , th e re  was a m ax im u m  p o in t a t  
w hich th e  m ax im u m  g re en  com pression  s tre n g th  
was reach ed , b u t  a p p a re n tly  no m ax im um  was 
show n in  th e  case of th e  d ry  com pression. H e 
w ould be in te re s te d  to  know  w h e th er th e  a u th o r 
h ad  fo u n d  an y  m ax im u m  p o in t a f te r  d ry in g  th e  
b onded  sand .

M r . D e a r d e n  rep lied  t h a t  he  h a d  found  no 
m ax im u m  in  th e  d r ie d -s tre n g th  cu rve, b u t  the  
g reen  s tr e n g th  d id  d e fin ite ly  e x h ib it  such a m ax i
m um . I t  m ig h t have  been  fo u n d  if  th e  m oistu re  
h a d  been  ta k e n  even h ig h e r , b u t  v e ry  w et sand 
w as n o t  easy  to  ram  because  of i ts  stick y  con
d itio n . M r. B ra id w o o d ’s su g g estio n  as to  why 
th e  d e n sity  of sea san d  fell w ith  m o is tu re  co n ten t 
u p  to  2 p e r cen t, w as w elcom ed. B u t  wras M r. 
B ra idw ood  r ig h t  in  th in k in g  t h a t  i t  w as en tire ly  
d u e  to  su rfa c e  ten s io n , o r  w as i t  p a r tly  due to  
some o th e r  cau se?  T he su g g estio n  solved one 
problem , b u t  se t a n o th e r , nam ely , why d id  th e  
g reen  s t re n g th  of sea san d  in c rease  con tin u a lly  
w ith  in c re a s in g  m o is tu re  if  th e  su rface -ten sio n  
effect w as a t  a m ax im u m  w ith  2  p er cen t, 
m o is tu re  ?
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The use of loam  h as m any  a d v a n ta g e s  in  th e  
foundry, m ore p a r tic u la r ly  in  th e  jo b b in g  
foundry. By its  use  th e  cost of p a tte rn m a k in g  
can in m any in stan ces be co nsiderab ly  reduced , 
and a lth o u g h  i t  c a n n o t be em ployed p ro fitab ly  
in every case, th e re  a re  c e r ta in  classes of w ork 
for which i t  is em in e n tly  su ited . I t s  p r im a ry  
value lies in  th e  ease w ith  w hich i t  can  be 
swept to  a g iven  shape ; in  cy lin d rica l w ork, fo r 
example, i ts  use is b o th  cheap an d  effective, a 
profiled edge b oard  be ing  all t h a t  is re q u ire d  in  
the way of a p a t te rn .  Such  shapes m ay  be

th e  m ethod  u su a lly  em ployed w hen th e  p a t te rn  
is too  la rg e  fo r th e  m ould ing  tack le  availab le , 
o r w hen th e  size an d  shape of th e  p a t te rn  a re  
such th a t  th e  m ould h as to  be sp lit  in to  i r re g u 
la r  shapes to  fa c i l i ta te  e ith e r  h a n d lin g , d ry in g , 
p a t te rn  rem oval, or th e  p lac in g  of cores d u rin g  
closing.

M O U L D IN G  A  B O R IN G  BAR
F ig . 1 shows an  a r ra n g e m e n t d raw in g  of a 

b o rin g  b a r  36 in . d ia . an d  56 f t .  long. The 
b a r  was m ade up  from  tw o se p a ra te  cas tin g s, one
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swept e ith e r  ab o u t a v e r tic a l o r a  h o rizo n ta l 
spindle.

For cas tings of la rg e  d ia m e te r  an d  sh o rt 
length, v e rtica l sw eeping is th e  m ethod  g en era lly  
employed, w h ils t c as tin g s of which th e  d iam e te r  
is small in  com parison  w ith  th e  le n g th  a re  eas ie r 
swept by th e  second m eth o d , i .e .,  h o rizo n ta l 
sweeping. L oam  m ould ing  is n o t necessarily  
confined to  cas tin g s of a  cy lin d rica l shape , or 
those which can  be shaped  by sweeps or s t r ic k le s ; 
it is o ften  necessary  to  em ploy a p a r t - p a t te r n  in  
conjunction w ith  sweeps, w here  th e  sh ape  of th e  
mould dev ia tes  from  th e  c irc u la r . L oam  is also

* The au th o r was aw arded  a  D iplom a for th is  P aper.

31 f t. an d  th e  o th e r  25 f t. long, and  w eigh ing  
as cas t 25 an d  20 to n s resp ec tiv e ly . The m oulds 
fo r th ese  cas tin g s  w ere sw ept in  loam , p a r tly  by 
h o rizo n ta l sw eeping a n d  p a r tly  by  h o rizo n ta l 
s tr ic k lin g . The la rg e r  c a s tin g  w as m ade  first, 
th e  m ould  be ing  b u i lt  in sid e  a  cas t- iro n  casing  
4 f t .  sq u a re  in sid e  an d  36 f t .  long, sp lit  lo n g i
tu d in a lly  an d  m ach ined  on th e  a d jo in in g  faces.

S tr ic k lin g  T a c k le
The sw eeping tack le  em ployed consisted  of a 

hollow  steel sp in d le  3 |  in . o u tsid e  d ia m e te r  an d  
36 f t .  long, su p p o rte d  in  b ea rin g s  a t  e ith e r  end 
of th e  casing , also a b o u t th e  m iddle  of its  len g th  
in  a b e a r in g  slu n g  from  th e  u n d e rs id e  of a m ild 
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eteel ch an n e l w hich s tra d d le s  th e  casing . The 
end  b e a rin g s , w hich a re  in te rch a n g e ab le , a re  
dow elled a n d  bo lted  to  th e  ends of th e  casing . 
(See F ig s . 2 a n d  3.)

T h e  sweep o r profile b o a rd  is fa s ten e d  to  th e  
sp in d le  by s ix  sh e a r a rm s a n d  revolves w ith  th e  
sp ih d le , a  c ran k e d  h a n d le  be in g  a tta c h e d  to  each 
end  of th e  sp in d le  fo r  th is  p u rpose . The m ould 
is b u ilt  u p  w ith  b rick s to  w ith in  an  in ch  of th e  
profile b o a rd  a n d  a co a tin g  of w et loam  ap p lied  
to  th e  face  of th e  b r ic k s ; th e  profile b o a rd  is 
ro ta te d  an d  th e  loam  is b ro u g h t to  th e  desired  
shape.

c ia te d  t h a t  th is  la t t e r  b oard  w ill be c lear of th e  
su rfa ce  prev iously  sw ep t, by a d is tan c e  equal to  
th e  d esired  th ick n ess  of th e  cas tin g . T h is  space 
is now packed  w ith  dam p m o u ld in g  san d  and 
sw ep t to  th e  shape  of th e  b o ard , an d  form s w hat 
is know n as th e  core box.

M o u ld in g  th e  M id d le  R ib
The m id d le  r ib — o rig in a lly  designed  solid— was 

prov id ed , a t  th e  re q u e s t of th e  fo u n d ry , w ith  a 
series of holes 12 in . by 6  in . spaced  a t  3 -ft. 
c en tres , a n d  is now p laced  in  p o sitio n  in  th e  core 
box. F o r  th e  pu rp o se  of e ffec ting  i ts  rem oval,

F i g . 2 .— M o u l d  f o r  3 1 -f t . C a s t i n g  f o r  B o r i n g  B a r , w i t h  
S w e e p i n g  T a c k l e  o n  r i g h t .

M a k in g  th e  J o in t
The jo in t  is s tr ick le d  off by  m eans of a steel 

s t r a ig h t  edge  ab o u t 6  f t .  long  an d  6  in . deep, 
h a v in g  a  recess 1 2  in . by I f  in . in  th e  m idd le  of 
its  len g th , so t h a t  i t  re s ts  on th e  sp ind le  and  
th e  edges of th e  cas in g  sim u ltan eo u sly . A fte r  
th e  b o tto m  h a lf  of th e  m ould  is sw ep t u p , th e  
sp in d le  a n d  b o ard  a re  tra n s fe r r e d  to  th e  o th e r 
h a lf  of th e  cas in g  an d  th e  to p  p o rtio n  of th e  
m ould  is m ade  u p  in  ex ac tly  th e  sam e m an n e r  as 
th e  b o ttom . T he recess fo r th e  screw' is form ed 
in  th e  to p  ha lf-m o u ld , a n d  is sh aped  by a wooden 
fram e  w hich  is p laced  in side  th e  top  half-m ould  
an d  pack ed  w ith  loam  an d  b rick s , re in fo rced  w ith  
g ra tin g s  keyed th ro u g h  to  th e  o u tsid e  of th e  
casing .

T he sp in d le  is n e x t  re tu rn e d  to  th e  b o ttom  
ha lf-m ou ld , th e  o r ig in a l b oard  rem oved a n d  a 
new  one s u b s titu te d , w hich  is c u t to  th e  profile 
of th e  in sid e  of th e  ca s tin g . I t  w ill be ap p re-
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th e  rib  is sp li t  lo n g itu d in a lly  th ro u g h  th e  cen tre  
of th e  holes. (See F ig . 4 .) A p a r t in g  wash 
is n e x t ap p lied  to  th e  su rfa ce  of th e  core box 
w hich is now re ad y  to  rece ive  th e  core-iron .

P re p a rin g  th e  C o re - Iro n

T he co re-iron  consists of tw o  6 I - in . d ia . per
fo ra te d  stee l tu b es  c a r ry in g  a  se ries  of cast-iron  
g rid s  w ith  d ab b ers  o r  p rods, w hich  encircle  both 
bars, a n d  h a v in g  cross-bars w hich  pass th ro u g h  
th e  12-in. by  6 -in . holes in  th e  c e n tre  rib . The 
holes in  th ese  g r id s  a re  m ad e  f  in . la rg e r  in 
d ia m e te r  th a n  th e  tu b es  w hich  th ey  encircle , and 
a re  w edged in  p o sitio n  by sm all m ild -steel wedges 
which a re  a ll p laced  w ith  th e ir  p o in ts  facing  
to w ard s th e  b o tto m  end  of th e  c a s tin g , i.e ., th e  
end  w ith  th e  sm all op en in g . O w ing to  th e  sm all 
d ia m e te r  a t  th e  b o tto m  en d  of th e  c a s tin g  th e  
tu b es  s top  a t  a p o in t  w here  th e  m e ta l th ick en s 
up , some 2  f t .  6  in . from  th e  end  of th e  casting .



In to  th e  en d  of each  tu b e  is f itted  a cas t-iro n  
block 1 2  in . long  w ith  a  2 J-in . sq u a re  hole ru n 
ning leng thw ise  an d  a  4 J-in . long  by l | - i n .  hole 
crosswise. These blocks a re  secu red  by six ¿ - in .

1  in ., w ith  a n  offset so t h a t  th ey  m eet a t  a p o in t 
some inches from  th e ir  ends, te rm in a t in g  in  a  
head  w ith  a c o tte r  hole 4J in . by 2-t in . F ig ,  5 
shows d e ta ils  of th e  tw in  core h a rs, cross g rid s

F i g . 3 .— M o u l d  w i t h  S w e e p i n g  T a c k l e  i n  P l a c e .

F i g . 4 .— A r r a n g e m e n t  f o r  M id d l e  R i b .

dia. co u n te rsu n k  screw s an d  a  hole th ro u g h  th e  
tube connects w ith  th e  hole in th e  block. In to  
the ends of th ese  tu b es  a re  p laced m ild -steel con
necting lin k s 2 in . by 2 in . ta p e r in g  to  4  in . by

an d  co n n ecting  links. T he core-iron  is now in  
one piece an d  p e rfec tly  r ig id .

The offset lin k s a re  bo lted  to g e th e r  ju s t  c lear 
of th e  c a s tin g , an d  th e  ends w hich  fit in sid e  th e

o 4



tw o  tu b es  a re  secu red  by a 4-in . by 1-in. c o tte r  
p in . T hese c o tte r  p in s  a re  a n  easy  fit a n d  a re  
m ade to  slide th ro u g h  fro m  e ith e r  side  a n d  p ro 
je c t  a m a t te r  of 1 J  in . a t  each  side  of th e  tu b e . 
F ig . 6  shows th e  core b a r  com plete ly  assem bled 
an d  re ad y  to  go in to  th e  core box. T he body of

ru n  on stee l s tra ig h te d g e s  la id  a long  th e  jo in ts  
of th e  m ould .

C o re -H a n d lin g

F ig . 7 shows th e  core a t  th is  stag e  w ith  the  
s tr ick le  in  p o sitio n  re s t in g  on  th e  steel s tra ig h t-

SECT/ON B B '! LOU6 /TUBIBU SECT/OB "A-A'

F i g . 5 .— D e t a i l s  o f  C o r e  B a r s , C r o s s  G r i d s  
a n d  C o n n e c t i n g  L i n k s .

th e  core is c o n s tru c ted  of so ft loam  b rick s a n d  a 
good lay e r of ashes, ab o u t 4 in . beh in d  th e  face 
of th e  core, connected  to  th e  p e rfo ra tio n s  in  th e

edges. T he eye b o lts  seen  p ro je c tin g  a re  fo r th e  
p u rp o se  of s lin g in g  th e  core a n d  a re  screw ed in to  
th e  tw in  core tu b es . A t th is  s ta g e  th e  bottom

F i g . 6 . — C o r e  B a r  C o m p l e t e l y  A s s e m b l e d .

tu b es  by sh o rt len g th s  of s tra w  rope to  p e rm it h a lf-m ou ld  a n d  core a re  p laced  in  a  stove and
free  escape of a ir  an d  gases d u r in g  ca s tin g . T he d ried  sufficiently  to  l i f t  th e  core o u t of i ts  box ;
to p  h a lf of th e  core is sh aped  by str ick le s  w hich  th e n  any  b re ak a g es  a re  re p a ire d  a n d  th e  core
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is given a co a t of liq u id  blackw ash an d  re tu rn e d  
independently  to  th e  stove fo r  com plete d ry in g . 
The sand th ick n ess is rem oved from  th e  core box, 
leaving th e  o r ig in a l sw ept su rface , w hich is

h a lf  of th e  m ould , su p p o rte d  by p r in ts  a t  each 
en d  an d  a t  in te rv a ls  a long  i ts  len g th  by m ild- 
steel ch ap le ts . F ig . 8  shows th e  m ould  a t  th is  
s tag e  w ith  th e  core in  p o sitio n  looking from  th e

F i g . 7 .— T o p  H a l f  o f  C o r e  i n  P r o c e s s  o f  S t r i c k l i n g .

F i g . 8 .— M o u l d  w i t h  C o r e  i n  P o s i t i o n , v i e w e d  f r o m  T o p  E n d .

blackened in  a  like  m a n n e r  to  th e  c o re ; th e  to p  
is trea ted  also w ith  b lack in g  an d  th e  whole job 
dried off in  th e  stove.

A fter d ry in g , th e  core is placed in  th e  bo ttom

top  en d . F ig . 9 is a view from  th e  opposite  en d . 
A f te r  th e  m ould h ad  been assem bled i t  was 
low ered in to  a c a s tin g  p i t  in  a  v e rtica l position 
for cas tin g .

393



C a s tin g  A r ra n g e m e n ts  t h e r e c ta n g u la r  p o u rin g  b asin , while th e  second
F ig . 10 shows th e  com m encem ent of th is  opera- lad le  p o u red  in to  a n  a u x ilia ry  ru n n e r  tro u g h

t io n ;  i t  w ill be observed th a t  th e  m ould  is s lu n g  conn ec ted  to  th e  a fo rem en tio n ed  m ain  b asin . The

F i g .  9 .— A s  F i g .  8 ,  v i e w e d  f r o m  t h e  O p p o s i t e  E n d .

F i g . 1 0 .— A r r a n g e m e n t  f o r  L o w e r i n g  M o u l d  i n t o  C a s t i n g  P i t .

by one en d  fro m  th e  ov erh ead  c ran e , w h ils t th e  
op posite  en d  re s ts  on t ru n n io n s . F ig . 11 shows 
th e  m ould  re ad y  fo r  ca s tin g . Two lad les w ere 
used  to  fill th e  m ould , one p o u rin g  d ire c t  in to

core itse lf  p ro tru d e s  th ro u g h  th e  to p  of the  
cas in g  a n d  can  be seen  c learly  in  th e  cen tre  of 
th e  p o u rin g  b asin .

M e ta l w as in tro d u c e d  th ro u g h  n in e  l^ - in . dia.



gates, spaced ro u n d  th e  o u te r  m e ta l th ick n ess 
(see F igs. 4 an d  8 ). I t  w ill be n o ticed  th a t  
Fig. 4 shows six  g a te s  fo rm ed  in  th e  bo ttom  
half of th e  m ould , w h ils t F ig . 8  shows th re e  
gates form ed in  th e  core i t s e l f ; th is  is d u e  to  
the change of co n to u r of th e  c a s tin g . R e fe r r in g  
back to  F ig . 1, i t  w ill be observed t h a t  th e re  
are e ig h t recesses n e a r  th e  b o tto m  en d  of th e  
casting. As th ese  recesses w ere cored o u t i t  
will be obvious t h a t  to  allow m olten  m e ta l to  
fall on to  these  cores from  a  h e ig h t of 36 f t . 
would be a tte n d e d  w ith  d isa s tro u s  re su lts . To 
guard a g a in s t th is , d u r in g  th e  a c tu a l ca s tin g  
operation m eta l w as f irs t in tro d u c ed  th ro u g h  a 
single g a te  located  on th e  c e n tre  lin e  of th e  rib ,

as th e  c o tte r  p in s w hich d ro p p ed  dow n clear 
of th e  core b a rs, these  be in g  su b sequen tly  w ith 
d ra w n  from  th e  to p  end.

E a r l ie r  in  th e  P a p e r  re fe re n ce  was m ade to  
th e  m an n e r in  w hich  th e  g rid s  w ere w edged to  
th e  tw in  b a rs . T he o b jec t of h a v in g  th e  wedges 
p o in tin g  to w ard s  th e  bo ttom  end  of th e  c as tin g  
was t h a t  d u r in g  th e  p u llin g  o u t  of th e  core b a rs  
th e  w edges c leared  them selves. W hen  once th e  
b a rs  h ad  been rem oved from  th e  ca s tin g , th e  
re m a in in g  cas t-iro n  g rid s  w ere easily  b roken  o u t 
a n d  th e  in sid e  c leaned  o u t of all d eb ris an d  th e  
c a s tin g  rem oved to  th e  m ach ine  shop.

A n a ly sis  o f C a s t in g :— T .C ., 3 .19; S i, 1 .08; 
M n, 1 .03; P , 0.28, an d  S, 0.04 p e r cen t. T he

F i g . 1 1 .— M o u l d  R e a d y  f o r  C a s t i n g .

midway betw een th e  r ib  a n d  th e  recess fo r th e  
screw (F ig . 8 ). A f te r  sufficient m e ta l h a d  been 
allowed to  e n te r  th e  m ould th ro u g h  th is  single 
gate, to  cover th e  p ro je c tin g  cores to  a safe  
depth, po u rin g  was c o n tin u ed  th ro u g h  th e  re 
m ainder of th e  g a te s  u n t il  th e  m ould  was com
pletely filled.

S tr ip p in g  and F e ttlin g
A fter an  in te rv a l of a week h ad  e lapsed , to  

perm it th o ro u g h  cooling an d  n o rm alis in g  to  ta k e  
place, th e  c as tin g  w as rem oved from  its  m ould 
and fe ttled  read y  fo r  m ach in in g . T he rem oval 
of the  offset lin k s  from  th e  b o tto m  en d  of th e  
twin core-bars w as a slow a n d  a rd u o u s  job , as 
the am o u n t of space av a ilab le  was ex trem ely  
small. T he in te rn a l  core was rem oved as fa r

ca s tin g  te m p e ra tu re  w as 1,240 deg. C., an d  th e  
p o u rin g  tim e , 125 secs.

E X H A U S T  S T E A M  B E N D
F ig . 12 shows a  c a s tin g  fo r a 90 deg. bend

fo r e x h au s t s team , tw o of w hich w ere supp lied  
to  th e  o rd e r of a  firm  in  th e  M id lan d s an d  in 
sta lled  in  a Y orksh ire  c ity  pow er s ta tio n . The 
cas tin g s w eighed 25 to n s each  and  w ere m oulded 
in  loam  from  a  ske le ton  p a tte rn  (F ig . 13). The 
fo u n d ry  in  w hich  th ese  cas tin g s w ere m ade  has 
a r iv e r  ru n n in g  a longside , an d  as th e re  was 
no w a te r t ig h t  p i t  av a ilab le  a t  th e  tim e  i t  was 
decided to  d ry  th e  m ould in  a stove. This 
n ecessita ted  th e  m ak in g  of a bo ttom  p la te  2 0  

f t .  by 18 f t .  by  6  f t . ,  h a v in g  prov ision  fo r 
l if t in g  an d  b o ltin g .



H a n d lin g  A rra n g e m e n ts
An e x a m in a tio n  of th e  p a t t e rn  w ill show t h a t  

th e  s lin g in g  of th e  m ould  d em an d s m ore th a n  
th e  u su a l a t te n tio n  ow ing to  th e  fa c t  t h a t  th e  
load  is n o t  u n ifo rm ly  d is tr ib u te d  on th e  b o tto m  
p la te . F o r  th is  reaso n  i t  w as decided to  m ak e

F i g . 1 2 .— C a s t i n g  f o b  9 0 - d e g . B e n d  f o r  
E x h a u s t  S t e a m .

th e  b o tto m  p la te  w ith  lugs 1 2  in . sq u a re  a n d  a t  
1 2  in . c en tre s  a ll ro u n d  th e  o u ts id e ; by  th is  
m ean s a l te rn a t iv e  l if ts  could  be a r ra n g e d , also 
iprovision f o r  b o ltin g  p r io r  to  c a s tin g . The 
p a t te rn  be in g  of th e  sk e le to n  ty p e  of co n stru c 
t io n  a n d  th e re fo re  .easily d is to r te d , i t  was neces
sa ry  to  p ro v id e  su itab le  b e a rin g s  on w hich to  
re s t  th e  p a t te rn .

S tr ic k lin g  M etho ds
F ig . 14 shows th ese  b e a rin g s  b e in g  sw ep t up  

by  a  su itab ly -p ro filed  b o ard . T he p a t t e rn  was 
e v e n tu a lly  la id  on th ese  v a rio u s  b ea rin g s , and  
on ch eck in g  u p  w as fo u n d  to  be p e rfe c tly  level 
an d  f re e  fro m  d is to r tio n  in  a n y  d ire c tio n . 
B ricks an d  loam  w ere  b u ilt  u n d e rn e a th  th e  
p a t t e rn  to  a  h e ig h t o f th re e  courses, th e  jo in ts  
b e in g  pack ed  w ith  ashes to  fa c i l i ta te  d ry in g  and  
v e n t in g ; th e  to p  course  in  c o n ta c t w ith  th e  
p a t te rn  w as b u ilt  so lid , th e  open  p an els  in  th e  
p a t te rn  s im p lify in g  th is  o p e ra tio n . A t th is  
s tag e  six  h o riz o n ta l in g a te  p a t te rn s  4 in . by 
1  in . w ere p laced  in  p o sitio n  a g a in s t  th e  p a t te rn  
so a s  to  in tro d u c e  m e ta l  a t  th e  cross rib s  
ru n n in g  u n d e rn e a th  th e  p a t te rn ';  2 -in . sq u are  
dow n g a tes  w ere  p laced  to  c o n n ec t w ith  th ese

in g a te s , e x te n d in g  fro m  th e  jo in t  level down 
p a s t th e  in g a te s  fo r  3 in . o r  4 in .,  so as to 
c re a te  a  pool o f m e ta l.

F ro m  th is  p o in t u p w a rd s  i t  w ill be observed 
t h a t  th e  b u ild in g  assum es a  new  shape, con
s is tin g  of tw o  d is t in c t  sec tions, th e  la rg e r  section 
b e in g  o f t r ia n g u la r  sh ap e  h a v in g  its  o u te r  walls 
a t  r ig h t  an g les  to  one a n o th e r , w h ils t th e  in 
side assum es th e  cu rved  co n to u r o f th e  p a tte rn  
w ith  th e  stoo l o r  base  sec tio n  p ro jec tin g .

P illa r  as D ra w b a c k

T he sm alle r sec tio n  is  m ore o r less a n  isolated 
p illa r , a n d  i t  w as d ecided  to  b u ild  th is  in  the  
fo rm  of a  d raw b ack  fo r  reaso n s w hich  will he 
e x p la in ed  la te r .  B u ild in g  w as c a rr ie d  u p  to  the  
jo in t  level, w hich  w as a r ra n g e d  w here the  
p a t t e r n  sh ap e  ch an g es fro m  th e  v e r tic a l to  th e  
c irc u la r . B u ild in g  r in g s  w ere p laced a t  in
te rv a ls  of th re e  courses, w ith  re in fo rc in g  grids 
in  a ll c o rn ers , so ft loam  b rick s  being  bu ilt 
b eh in d  th e  flanges a n d  a t  a ll p o in ts  w here con
tra c t io n  stresses w ere like ly  to  be experienced. 
All jo in ts  o v e r 4£ in . from  th e  face  of the  
p a t te rn  w ere filled w ith  ashes, a n d  in  congested 
co rn ers  such  as fille ts s tra w  ropes w ere in tro 
duced  a n d  led  to  th e  o u tsid e .

M a k in g  th e  M a in  C o re
T he b u ild in g  h a v in g  re ac h ed  th is  jo in t  level, 

a t te n t io n  w as tu rn e d  to  th e  m a in  core. The 
m a in  l i f t in g  iro n  fo r  th e  core w as of th e  box 
o r g i rd e r  ty p e , 18 in . deep , a n d  consisted of 
tw o p a r ts  so t h a t  th e y  cou ld  be rem oved from 
th e  c a s tin g  a n d  u sed  o ver a g a in . R eference  to

F i g . 13.— S k e l e t o n  P a t t e r n  f o r  B e n d  C a s t i n g .

F ig . 15 shows th e  sm alle r p o r t io n  of th e  iron 
to  hav e  fo u r  re c ta n g u la r  a rm s, w hich  are 
th re a d e d  th ro u g h  su ita b ly  p laced  holes in  th e  
la rg e r  sec tion , b e in g  a f te rw a rd s  secu re ly  wedged 
to g e th e r, a n d  m ak in g  an  ex tre m e ly  s tro n g  and 
r ig id  co re-iron .



For pu rposes of s lin g in g  an d  ho ld ing  down 
»the core, th re e  r e c ta n g u la r  lugs w ere c a s t on 
each p r in t  en d  of th e  co re-iron , th e  o u ts id e  lug 
at each en d  be in g  p laced  as f a r  o u t as possible, 
so th a t  th e  c e n tre  of g ra v ity  of th e  core should  
lie betw een a lin e  jo in in g  th ese  tw o o u te r  lugs 
and th e  ax is  of th e  p a t te rn .  I t  w as p lan n ed  
that th e  load w ould be c a r r ie d  by th e  tw o o u te r  
lugs a t  each en d , an d  tw o a d d itio n a l slings 
carried up  from  l if t in g  eyes in  th e  heel of th e  
main iron  would look a f te r  th e  b a la n c in g  or Level
ling of th e  load.

Fig. 16 shows th e  core s lung  in  th e  m an n e r 
already described. T he core w as b u i lt  hollow, 
the m ain iro n  b e in g  pack ed  w ith  b rick s an d  
loam, side w alls 1 2  in . th ic k , th e  top  b e in g

was in  tw o p a r ts , cu rv ed  to  su i t  th e  p a t te rn  and  
wedge sh aped , 2  in . th ic k  a t  th e  ca s tin g , ta p e r 
in g  to  4 in . a n d  10 in . w ide.

A long th e  sh o r te r  ra d iu s  tw o s im ila r  ta p e re d  
b a rs  w ere b u i l t ;  these , how ever, w ere p e rfec tly  
s t r a ig h t .  In  th e  c en tre  of each su p p o rtin g  p illa r  
a s im ila r  sh ap ed  wedge w as b u ilt , 1 2  in . square , 
a n d  p ro v id ed  w ith  a  m ild -steel eye cas t in  th e  
th ic k e r  side. R e fe ren ce  to  F ig . 15 shows these  
s lack en in g  b a rs.

M a k in g  th e  T o p  P a rt
T he core h a v in g  been b u ilt ,  th e  jo in t  was 

m ade a n d  p re p a ra tio n s  fo r th e  to p  com m enced. 
T he to p  was a c tu a lly  in  six  sections, fo u r  of 
w hich c a r r ie d  th e  cope up level w ith  th e  to p  ribs

F i g . 14.— B e a r i n g s  f o r  S k e l e t o n  P a t t e r n  i n  
P r o c e s s  o f  S w e e p i n g .

covered by a g ra tin g  w ith  d ab b ers  u p p erm o st, 
12 in. long. The top  g ra t in g  w as su p p o rte d  a t  
intervals on b rick ed  p illa rs , 12 in . sq u are . To 
assist in ho ld ing dow n th e  core d u r in g  c a s tin g , 
a cast-iron b a r , 8  in . sq u are  a n d  4 f t .  long, was 
built in  position  on end , re s tin g  on th e  m ain  
core-iron and  p laced c e n tra lly  w ith  th e  18-in. 
dia. hole in  th e  top  of th e  cas tin g .

I t  was easily  rea lised  th a t  th e  q u estio n  of con
traction  in  such a  c a s tin g  w ould re q u ire  ca re fu l 
consideration, a n d  t h a t  im m ed ia te ly  th e  c a s t
ing had set, steps w ould have  to  be ta k e n  to  allow 
free and  u n h in d ere d  c o n tra c tio n  to  ta k e  place 
and p rev en t a  possible f ra c tu re .  To accele rate  
the easing of th e  core, s lack en in g  b a rs  w ere b u ilt  
into th e  w alls of th e  core n e a r  to  th e  c en tre  of 
their h e ig h t. A long th e  lo n g er ra d iu s  th is  b a r

of th e  p a t te rn ,  an d  bevelled dow n to  th e  
c en tre  of th e  ra d iu s  jo in in g  th e  top  and 
sides of th e  p a t te rn .  T he to p -p a r t  p ro p e r was 
in  tw o p o rtio n s , tw o b o x -p a rts , 14 f t .  by  9 f t .  by 
1 2  in . deep, b e in g  pressed  in to  service fo r th is  
purpose . T he d iv id in g  lin e  ra n  across th e  top  
to  one side of th e  18-in. d ia . core, so t h a t  th e  
c en tre  of th is  core co incided  w ith  th e  la s t  panel 
in  one of th e  to p  boxes.

G rids w ere m ade to  l i f t  th e  v a rio u s  sections 
b e tw een  th e  rib s in  th e  to p  of th e  p a t te rn ,  be ing  
to g g led  u p  th ro u g h  th e i r  re sp ec tiv e  to p  boxes. 
T en  fla t g a te s , 3 in . by  1 in .,  w ere fo rm ed 
th ro u g h  th e  to p , seven a ro u n d  th e  longer ra d iu s  
a n d  th re e  on th e  sh o rte r  ra d iu s , a rra n g e d  to  
feed  th e  m e ta l dow n th e  m ould  th ickness.

The b u ild in g  h a v in g  been com pleted , th e  job



w as allow ed to  s tiffen  sufficiently  to  l i f t  off th e  
to p s a n d  t u r n  th em  o v e r ; th e  fo u r  jo in t  sec tions 
w ere rem oved , th e n  th e  c o rn e r sec tio n  be tw een  
th e  p r in ts  a t  th e  ax is  of th e  p a t t e r n  w as l if te d  
aw ay , a n d  th e  m a in  core s lu n g  u p . N o tro u b le  
w as ex p erien ced  in  l if t in g  o u t  th e  core a n d  a f te r  
one o r tw o  a tte m p ts  a level s lin g  w as o b ta in e d . 
As soon as th e  core w as f lo a tin g  even ly , i t  w as 
m oved aw ay  fro m  th e  lo n g er s ide  of th e  p a t te rn  
an d  l if te d  r ig h t  o u t. T he c o rn e r  sec tio n  w as 
rep laced  a n d  th e  re m a in d e r  of th e  p a t t e rn  d ra w n , 
th e  m ould finished in th e  u su a l m a n n e r  and  lif te d  
to  th e  stove fo r  d ry in g .

T he l if t in g  lugs on  th e  b o tto m  p la te  proved  
of in es tim ab le  v a lu e  in  o b ta in in g  a  level s l in g ; 
by m oving  th e  ch a in s  off c en tre  m ore  on one side

beyond c a re fu l s lin g in g . T he fo u r  side d raw 
backs w ere n e x t  p laced  in  p o sitio n  on th e  jo in t«  
b e in g  lo ca ted  by th e  u su a l system  of m ark ing . 
T he f irs t h a lf  to p - p a r t  w ith  th e  18-in. d ia . core 
bo lted  u p  in to  i ts  p r in t  w as th e n  placed in 
p o sitio n , a  s ta m p e d  jo in t  b e in g  m ade  between 
th e  18-in. d ia . core a n d  th e  co rresp o n d in g  area  
on to p  of th e  m ain  core. A 6 J-in . square  hole 
w as c a r r ie d  th ro u g h  th is  core a n d  th e  to p -p art. 
T he second h a lf  to p - p a r t  w as p laced  in  position 
a n d  com ple ted  th e  c losing o p e ra tio n , a f te r  which 
a ll jo in ts  w ere d a u b ed  up  a n d  v en ts  secured.

T he n e x t  o p e ra tio n  to  be u n d e r ta k e n  was th a t  
of b in d in g . I t  p re sen te d  several in te res tin g  
prob lem s w hich w ere overcom e in  th e  following

F i g .  15.— A r r a n g e m e n t  o f  F i g .  16.— M a i n  C o r e  S l u n g  f r o m  t h e
B e n d  C a s t i n g . S p e c i a l  L u g s .

th a n  th e  o th e r  th e  load  w as q u ick ly  b a lan ced  
a n d  t r a n s fe r re d  to  th e  stove. A f te r  d ry in g , th e  
m ould  w as l if te d  fro m  th e  d ry in g  bogies an d  
tra n s fe r r e d  to  th e  c a s tin g  p it.  R e fe r r in g  to  
F ig . 13, i t  w ill be observed t h a t  th e  base  o r  sole 
of th e  b end  is b u i lt  up  solid an d  so req u ire s  
c o rin g  o u t. T h ere  is a  c e n tra l  web ru n n in g  h o ri
zo n ta lly  th ro u g h  th e  sole, so t h a t  th e  core is 
in  tw o p o rtio n s , r e s t in g  on p r in ts  a t  each  en d , 
th e  to p  h a lf  h a v in g  a  16-in. d ia . core c u tt in g  
th ro u g h  th e  to p  th ic k n e ss  w hich  serves to  re s is t  
u p w a rd  l if t .

C o rin g  up and C losing
F ig . 17 shows th e  cope of th e  m ould  w ith  th ese  

tw o h a lf-co res fo rm in g  th e  sole in  p o sitio n  an d  
th e  jo in ts  m ad e  u p . T he m a in  core w as n e x t 
low ered in to  p o sitio n  an d  p re sen te d  no tro u b le s

m a n n e r . A t each  co rn er of th e  b u ild in g  special 
c a s t- iro n  c o rn e r p la te s  w ere  bedded  in  position, 
b e in g  conn ec ted  by  1 1 -in . d ia . bo lts runn ing  
h o rizo n ta lly  from  c o rn e r to  c o r n e r ; six teen  bolts 
w ere used , fo u r  on each  side b in d in g  th e  mould 
secu re ly  to g e th e r.

To ho ld  dow n th e  to p -p a r t ,  fo u r  b a rs  12 in. 
by 6  in . by  2 0  f t .  long  w ere  p laced  across the 
m ould , tw o  across each  h a lf  b o x -p a rt  and  con
n e c ted  to  th e  b o tto m  ¡plate by  1^-in . bo lts . Then 
th e  beam  used  to  l i f t  th e  cope a n d  core was 
p ressed  in to  co m m issio n ; i t  w as tu rn e d  upside 
dow n, th e  l i f t in g  lin k s  w ere  u n b o lte d  an d  slid 
o u t  to  th e  en d s a n d  allow ed to  h a n g  down, one 
on each  side  of th e  cope. T h is beam  stradd led  
th e  fo u r  ca s t- iro n  b in d in g  b a rs  a n d  w as located 
d ire c tly  above th e  c e n tre  of th e  18-in. d iam e te r



core in  th e  to p -p a r t ,  th ro u g h  w hich was passed 
a 6 -in. d ia m e te r  s tee l b a r, m ak in g  c o n ta c t w ith  
the 8 -in. sq u a re  ca s t- iro n  p illa r , w hich in  tu r n  
rested on th e  m ain  core-iron , as was previously  
explained.

An endless s ling  was passed  over tw o  se p a ra te  
lugs on th e  b o tto m  p la te  a n d  connec ted  to  th e  
links of th e  beam  by m eans of a shackle . S tra in  
was app lied  to  th e  m idd le  of th e  la rg e  beam  
by the  overhead  c ran e , a n d  wedges w ere d riv en  
between th e  beam  an d  th e  fo u r cross g i r d e r s ; 
finally th e  top  of th e  6 -in . d ia . b a r  was also 
wedged down securely . A t each  b e a r in g  of th e  
main core, a s lo tted  b a r  w as p laced  across th e  
three l if t in g  lugs of th e  m ain  co re-iron  an d  
bolted down to  th e  b o ttom  p la te . The m ould 
having been securely  b o und , th e  p o u rin g  basins

W hen th is  section  of th e  b asin  w as filled, th e  
s h u t te r  w as rem oved so t h a t ,  if  th e  sm alle r lad le  
should  by an y  chance  be  e m p tied  befo re  th e  
la rg e r  ones, th e  h ead  w ould be m a in ta in e d  and  
d i r t  a n d  scum  be p re v en ted  from  flowing in to  th e  
m ould . R ise rs  w ere ta k e n  off each  end  of th e  
m a in  flanges, each  end  of th e  stool flange a n d  th e  
c e n tre  b ra n ch  in  th e  top .

W ith in  a  m a t te r  of tw o h o u rs a f te r  c a s tin g , 
th e  p o u rin g  b asin  an d  ru n n e rs  h a d  been broken , 
to p  b in d in g -b a rs  rem oved, an d  th e  to p -p a r t  
c leared  of all san d  an d  tack le .

F i g . 17.— C o p e  o f  M o u l d  f o r  B e n d  C a s t i n g . F i g . 18.— B e n d  C a s t i n g  d u r i n g  F e t t l i n g .

and risers w ere p re p a re d . T h ir ty  to n s  of m e ta l 
were requ ired  to  p o u r th e  c a s tin g  a n d  w ere con
tained in tw o 15-ton a n d  one 4-ton  lad le . The 
shape of th e  p o u rin g  head  m ore o r less follows 
the con tour of th e  ca s tin g .

G a tin g  and C asting
The ou tside  row of g a te s  co n n ec tin g  w ith  th e  

underside of th e  m ould , 2  in . by 2  in ., w ere th e  
first to  receive th e  m eta l, an d  w hen i t  w as con
sidered th a t  th e  whole of th e  b o tto m  of th e  m ould 
had been filled, th e  in n e r  row of g a te s  (w hich up 
to th is tim e  h ad  been k e p t p lugged) w ere opened, 
and fresh  m eta l allow ed to  d ro p  dow n th e  side 
wall th ickness. The section  of th e  p o u rin g  basin  
serving th e  down g a te s  ro u n d  th e  sh o rte r  ra d iu s  
was iso lated  by m eans of a loam  s h u tte r ,  u n t i l  i t  
was considered t h a t  th e  m eta l w as b e g in n in g  to  
flow over th e  to p  of th e  m ain  c o re ; a t  th is  stag e , 
pouring w ith  fresh  h o t m e ta l from  th e  4-ton 
ladle w as com m enced.

Two gangs, each  of fo u r fe tt le rs , now beg an  the  
ta s k  of free in g  th e  m ain  core from  th e  c o n tra c t
in g  m eta l. The in te rn a l  p illa rs  w ere f irs t re 
m oved, th e  ta p e re d  blocks m ak in g  th is  a  com 
p a ra tiv e ly  sim ple job . Two bau lk s of tim b e r 
w ere now placed  in  p osition , one a t  each  en d  to  
su p p o rt th e  to p  g ra tin g  of th e  m ain  core. N e x t 
th e  tw o slack en in g  b a rs  a long  th e  sh o rte r  ra d iu s  
of th e  c a s tin g  w ere rem oved, u s in g  th e  overhead 
c ran e  th ro u g h  th e  m ed ium  of a snatch-b lock  and  
pu lley . T he b rick w o rk  in  th is  a re a  was rem oved 
from  to p  to  b o tto m  so as to  p e rm it th e  sm aller 
side of th e  ca s tin g  to  m ove in  to w ard s  th e  la rg e  
side.

F in a lly , th e  tw o  slacken ing  b a rs  in  th e  longer 
side  of th e  core w ere rem oved, also by  c ran e  
pow er. To com plete th e  slack en in g  o p e ra tio n s , a 
c h a in  w as passed  ro u n d  th e  b o tto m  of th e  tim b e r 
b au lk s an d  a  pu ll by th e  c ran e  caused  th e  to p  
g r id  of th e  core to  collapse, th e reb y  free in g  th e  
c a s tin g  in  all d irec tio n s . The ends w ere now



covered in  w ith  shee ts to  p re v e n t  cold a i r  e n te r 
ing , a n d  a f te r  severa l d ays h a d  e lapsed  th e  c a s t
in g  was d u g  o u t  a n d  fe tt le d . F ig . 18 shows th e  
c a s tin g  d u r in g  fe tt l in g .

T he an alysis was T .C , 3 .42 ; S i, 1 .92 ; M n, 0 .75 ; 
S, 0.087 a n d  P ,  0.21 p e r cen t. T he c a s tin g  te m 
p e ra tu re  w as 1,280 deg. C. a n d  th e  p o u rin g  tim e  
160 secs.

V o te  o f Th an ks
Follow ing  th e  re a d in g  of th e  P a p e r ,  M r . A. L. 

K e y  proposed a  vo te  of th a n k s  to  M r. L aw rie  
fo r h is ex ce llen t le c tu re , w hich should  convey to  
anybody  n o t th o ro u g h ly  a c q u a in te d  w ith  loam  
m ou ld in g  th e  am o u n t of e ffo rt, fo re s ig h t an d  
know ledge w hich was re q u ire d  to  p ro d u ce  suc
cessfu lly  c a s tin g s  such as th o se  w hich h a d  been 
described . One g re a t  d ifference be tw een  a r r a n g 
in g  to  m ake  a  c a s tin g  in  loam  and  a  c a s tin g  in  
san d  w as t h a t ,  w ith  loam  m o u ld in g , p ra c tic a lly  
e v e ry th in g  h a d  to  he  co n stru c ted . W hen  th e  
d ra w in g  was rece ived , th e  c a s tin g  h a d  to  be 
v isu a lised  in  th e  fin ished co n d itio n , a n d  th e  
v a rio u s l if t in g  w eigh ts invo lved  h a d  to  he cal
c u la ted  an d  allow ed fo r. M oreover, ta c k le  had  
to  he designed  fo r  loads w ith  i r re g u la r  d is tr ib u 
tio n  of w eigh t, to  o b ta in  easy  h a n d lin g .

M r .  W . H o l l a n d , second ing , sa id  he  d id  n o t 
know  a n o th e r  fo u n d ry m an  in  th e  c o u n try  who 
had  h ad  m ore ex p erien ce  th a n  M r. L aw rie  in 
such  w ork . The B ra n ch  w ould welcome a n  early  
r e tu r n  v is it from  him .

T he vo te  of th a n k s  w as c a r r ie d  un an im o u sly , 
an d  M r. L a w r i e  b riefly  responded .

D IS C U S S IO N

M r. H o l l a n d  a s k e d  w h e t h e r  t h e  b e n d  c a s t 
i n g  w a s  r a m m e d  u p  i n  a  p i t  b e f o r e  c a s t i n g ,  a f t e r  
i t  h a d  b e e n  b o u n d  d o w n .

M r . L a w r i e  re p lied  t h a t  i t  w as ram m ed  up 
p a r tia l ly , a lth o u g h  i t  was n o t considered  neces
s a ry ;  a f te r  a ll, th e  fo u r  co rn er pieces took  care  
of th e  h o ld in g  of th e  job  to g e th e r. I t  was 
lig h tly  ram m ed  up  ro u n d  th e  lo n g er side  sim ply 
to  p re v e n t people fa llin g  in to  th e  p it.

M r . A. P h i l l i p s  re fe r re d  to  th e  b o rin g  b a r , 
a n d  asked  w h e th e r an y  p ack in g  pieces w ere 
p laced a t  th e  b o tto m  of th e  p i t ,  o r w h e th er th e  
box was suffic iently  s tro n g  to  ta k e  th e  s tra in ,  
because i t  seem ed to  be a heav y  sec tio n ed  c a s t
in g  a t  th e  b o tto m . H e  d id  n o t n o tice  an y  
s to p p e rs  on th e  ru n n e rs . W ere  th e y  used , an d , 
i f  so, of w h a t ty p e ?

M r. L aw rie  h a d  only  s ta te d  th e  com position  
o f th e  cas tin g s , b u t  he w ould ag ree  t h a t  th is  w as 
n o t  e v e ry th in g . T he m ak e-u p  of th e  ch arg e  
was of m ore  im p o rta n ce  in  g e t t in g  a  good c as t
ing , a n d  he w ould lik e  to  h e a r  so m eth in g  of its  
n a tu re .  D id  M r. L aw rie  loosen th e  ro u n d

ru n n e rs  on th e  to p  to  he lp  in  th e  co n trac tio n , 
o r  d id  he leave th em  as th e y  w ere, an d  release 
a  p la te  P

C astin g  D e ta ils
M r. L a w r i e  re p lied  t h a t  th e  box was suffi

c ie n tly  s tro n g  to  w ith s ta n d  an y  p ressu re . The 
boxes w ere all 2  in . th ic k , an d , as shown in  one 
of th e  i llu s tra tio n s , th e  box was suspended on 
tw o b a rs  ru n n in g  th e  le n g th  of th e  box. There 
w ere no  sto p p ers . T he g a te s  w ere all covered 
by p ieces of t in ,  6  in . sq u are . As th e  m ate ria l 
w as u sed  in  c o n ju n c tio n  w ith  th e  M eehanite  
p a te n te d  process, he  asked  to  be excused from  
d e ta ilin g  th e  com position  of th e  charge. He 
had  o m itte d  one p o in t re g a rd in g  th e  ru n n in g  
of th e  b o rin g  b a r ;  th e re  w as an  18-in. head on 
th e  c a s tin g . T he c a s tin g  was co n tin u ed  paralle l 
fo r 18 in ., a n d  a t  a  p o in t w here  th e  casting  
fin ished a n d  th e  h ead  beg an  th e re  was a flow- 
off r ise r . W h en  th e  m e ta l cam e to  th e  rise r, i t  
overflow ed a n d  th e  h e a d  w as allowed to  d ra in  
itse lf. T he hole w as h o tted  up , an d  th e  head 
was su p p lied  w ith  fre sh  h o t m e ta l to  p e rm it of 
p rogressive  so lid ification . A f te r  th e  head  had 
se t, th e  p o u rin g  b asin  w as l if te d  off, an d , being 
sem i-p lastic , i t  p u lled  its e lf  aw ay, so th a t  the 
ru n n e rs  w ere le f t  free  a n d  s tick in g  up from 
th e  to p  of th e  c a s tin g . B o th  th e  b o ring  bar 
a n d  th e  b en d  p ip e  w eighed  25 to ns.

D ry in g  in  S itu
M r . E . L o n g d e n , h a v in g  h a d  considerable 

ex p erien ce  of t h a t  class of w ork h im self, said 
he w as su re  t h a t  M r. L aw rie  was w ork ing  on 
th e  ve ry  sa fe s t lines possible. The company 
w ith  w hich  he  h a d  been asso c ia ted  was obviously 
well su p p lied  w ith  th e  e ssen tia ls  fo r m aking 
such w ork, a n d  p a r tic u la r ly  w ith  excellent 
c ran es. H e  should  im a g in e  th e  firm  h a d  a 100- 
to n  c ap a c ity  c ran e  to  l i f t  th e  heavy  loads. He 
h ad  in  m in d  th e  b end  c a s tin g , w here  th ey  lifted  
a heavy  m ass of m a te r ia l.  H e , personally, 
w ould n o t l i f t  such  a  m ass of m a te ria l, b u t 
w ould d ry  i t  on s ite . H is  firm  d ried  very  effec
tiv e ly  m uch  h e a v ie r  m asses in  s i t u ; a w orth
w hile a m o u n t of lab o u r a n d  tac k le  would thus 
be saved . A c tu a lly , th e  ta c k le  fo r  th e  bend 
c a s tin g  m u s t h av e  been m uch  g re a te r  th a n  the 
w e ig h t of th e  c a s tin g  its e lf .

I t  h a d  been p o in te d  o u t t h a t  th e re  was an 
18-in. h ead  on th e  b o rin g  b a r ,  a n d  th a t  th is 
h ead  h ad  been  fed  e a rly . I t  w as ev iden tly  
sufficient in  th e  w ay  w hich  i t  h a d  been tre a te d ,
i .e .,  to  su p p ly  i t  l a t e r  on w ith  h o t m e ta l. O ther
wise, to  h is m in d , i t  w ould  be h a rd ly  sufficient. 
No one could  q u estio n  th e  m eth o d  of m aking  
e ith e r  of th e  tw o c a s tin g s , w hich  w ere h ighly 
c ra f tsm a n lik e  accom plishm en ts.

M r . L a w r i e  sa id  th e y  h a d  a 60-ton  and  a 
39-ton c ran e , a n d  th e  b en d  w as l if te d  by th e



60-ton c ran e . N o m ore  tac k le  w as re q u ire d  fo r 
lifting  th e  job  in to  th e  stove th a n  would have  
been req u ired  fo r m ak in g  in  th e  p i t .  The 
bottom p la te  w as e sse n tia l, and  as he  h ad  to  
make one, he p ro v id ed  i t  w ith  lugs, so t h a t  i t  
would n o t only  m ake  th e  bend  p ipe , b u t  could be 
re-used. I t  h ad , in  fa c t,  been  used  la te r  fo r 
p laning-m achine tab les .

Local C o n s id e ra tio n s
Mr. L o n g d e n  s u g g e s t e d  t h e  b o t t o m  p l a t e  w a s  

n o t  e s s e n t i a l ,  a s  m u c h  h e a v i e r  w o r k  h a d  b e e n  
d o n e  w i t h o u t  a  p l a t e .

Mr. L a w r i e  ag reed  t h a t  t h a t  w as possible by 
pu tting  th e  b a rs  in  th e  p i t .  F o r tu n a te ly ,  he 
had had  stoves 36 f t .  long, 12 f t .  h ig h  and  
2 0  ft. wide, an d  could d ry  m ore efficiently  and  
quicker in  a stove th a n  on an y  floor.

Mr. L o n g d e n  a s k e d  w h e t h e r  o n e  w a s  j u s t i f i e d  
in  m a k i n g  t h e  t a c k l e ,  w h i c h  w o u l d  b e  o f  g r e a t e r  
w e ig h t  t h a n  t h e  c a s t i n g  i t s e l f .

M r . L a w r i e  : The b o tto m  p la te  w eighed 30 
tons and th e  ca s tin g  25 to ns.

Mr. P h i l l i p s  s u g g e s t e d  t h a t  t h e  f o u n d r y  
b e in g  a g a i n s t  t h e  r i v e r  w a s  t h e  r e a s o n  w h y  t h e  
jo b  h a d  b e e n  d r i e d  i n  t h e  s t o v e .

M r . L a w r i e  ag reed . H e  ad d ed  t h a t  th e  bend 
casting was m ade in  th e  p i t ,  an d  d ried  w ith  
two portable d rie rs . The p rim e  reason  fo r th e  
first casting  be in g  d r ied  in  th e  stove w as be
cause th e  p i t  was 7 f t .  deep , an d  d u r in g  th e  
initial excavation  a  lab o u re r  was seen p u t t in g  
a bar in to  m ud in  th e  p i t  b o ttom , so t h a t  th e re  
was no p o in t in  d ry in g  th e  m ould  an d  d ry in g  
the river a t  th e  sam e t i m e ! W ith  re g a rd  to  
the head, th e  c a s tin g  was c o n tin u ed  fo r 18 in ., 
and filled w ith  h o t m e ta l, so t h a t  i t  was p ro 
gressively fed from  th e  b o tto m  u p w ard s.

Mr. L o n g d e n  sa id  th e  p rov ision  of a p p ro 
priate tack le  of su itab le  h e ig h t in  a  fo u n d ry  
was very im p o rta n t. H is  firm , he sa id , h a d  on 
hand a t  th e  m om ent th re e  b o rin g  b a rs , th e  
largest of which was 2 0  in . in  d ia m e te r  and  
47 ft. in len g th , an d , because of its  len g th , h ad  
been cast f la t on th e  floor. I t  w as f a r  m ore 
hazardous to  cas t on th e  f la t th a n  on end.

R u n -o ff Risers
Mr . K ey was r a th e r  su rp rise d  t h a t  M r. 

Lawrie did n o t am p lify  h is e x p la n a tio n  of th e  
l'un-off rise r. I t  was possible, even  a lth o u g h  
that tack le  looked ro b u st, t h a t ,  h ad  M r. L aw rie  
failed to  ru n  w ith o u t h a v in g  an  e as in g  rise r , 
probably, w ith  th e  bo lts  t h a t  he h ad , th e  s tap le  
would n o t h av e  been  s tro n g  en ough  to  hold th e  
job. H e reca lled  th re e  h y d ra u lic  cy linders 
which were m oulded  on th e  fla t a n d  cas t on 
end. The f irs t tw o, w hen c as t, b u rs t  in  th e  
pit. The th i r d  one th e  fo u n d ry  d e te rm in ed

should  n o t b u rs t .  F o u r  m oulders an d  fo u r 
lab o u re rs  w ere busy  fo r th re e  days p u t t in g  in  
bars, b ra c in g , s tra p p in g  an d  b o ltin g . A safe  
l i f t  w as o b ta in e d , b u t  as soon as th e  m eta l 
reached  th e  to p , th e  m ould  b u rs t .  T h a t firm  
rea lised  th e y  could n o t m ake  those p a r tic u la r  
cas tin g s, an d  gave  o u t th e  w ork to  a n o th e r  
fo u n d ry , which m ade some very  good cas tin g s. 
U pon th e  custom er find ing  o u t, he in s is ted  on 
th e  o r ig in a l firm  m ak in g  th em . I t  h ap p en ed  
t h a t  he  ( th e  sp eak er) th e n  jo in e d  th e  o r ig in a l 
firm , an d  he  asked  to  have  h is own w ay on th e  
job . H e  w orked a long  s im ila r  lines to  those  
o u tlin e d  by M r. L aw rie . H e  p ro cu red  tw o 
boxes, 32 in . long, a n d  p u t  a  flow-off rise r , 
w hich m easu red  6  in . by 2  in .,  th re e  inches 
from  th e  to p  of th e  h ead , w hich w as 2  f t .  deep. 
H e  co n tro lled  th e  p o u rin g , an d  as soon as th e  
m eta l cam e n e a r  th e  r ise r , he  sto p p ed  p o u rin g  
an d  r a n  off in to  a tro u g h . Two cas tin g s  w ere 
successfu lly  m ade. A fte r  he h a d  le f t  he h e a rd  
t h a t  th e  m an a g em e n t re tu rn e d  to  th e  system  
p rev iously  used  w ith  d isa s tro u s  re su lts .

T he p o in t of th is  ex p erien ce  was th a t ,  u n til 
th e  m ou ld  w as filled, one only h a d  w h a t m ig h t 
be described  as th e  o rd in a ry  specific w eigh t, b u t 
w ith  th e  m eta l r is in g , th e re  w ere ad d itio n a lly  
d ynam ic  cond itions. As soon as th e  m eta l 
reach ed  th e  to p , th e  flow was a rre s te d , and  
acco rd ing  to  th e  h e ig h t  of th e  lad le , which in 
creased  th e  effect of h e ig h t, th e re  was a  check 
in  flow w hich  caused  a  sudden  rebound . Unless 
th e  boxes w ere excep tio n a lly  pow erfu l, i t  was 
c o u rtin g  d isa s te r . H e  h ad  n o t cas t a  job  on end  
fo r m an y  y e a r s ; n o r h ad  he  allowed th e  box to  
be filled to  th e  to p , because he h ad  seen m any  
jobs fa il  in  th e  sam e w ay. H e  th o u g h t  t h a t  was 
th e  m ain  reason  why M r. L aw rie  d id  n o t fill h is 
box to  th e  top .

C o n flic tin g  T h eo rie s
M r. L a w r i e  said  t h a t  M r. K e y ’s suggestion  

was e n tire ly  w rong . T he flow-off r ise r  was de
fin ite ly  to  c a rry  off th e  d u ll, s luggish  iro n , on 
to p  of w hich  th e re  was alw ays a c e r ta in  am o u n t 
of scum  a n d  d ir t .  H e  could q u ite  easily  cas t 
such a  job  w ith o u t a flow-off rise r , an d  had  done 
so. A n in te re s t in g  p o in t, how ever, h ad  been 
ra ised . T h ere  w as a  m ould  w ith  th e  core com ing 
r ig h t  th ro u g h , an d  a  lad le  p o u rin g  m eta l in to  
th e  p o u rin g  b asin  an d  d ro p p in g  th ro u g h  g a tes  
to  th e  b o tto m . I n  th is  p a r tic u la r  case th e  p re s
su re  was over 1 0 0  lbs. p e r  sq. in . a t  th e  bo ttom . 
M r. K ey  sa id  t h a t  th e  h e ig h t of th e  lad le  had  
to  be ta k e n  in to  co n sid era tio n . W ith  th is  he 
e n tire ly  d isag reed .

M r. L o n g d e n  drew  a tte n tio n  to  th e  m om entum  
of th e  m eta l.

M r. L a w r i e  sa id  t h a t  th e  h e ig h t of th e  ladle 
could n o t be co rre la te d  w ith  th e  p ressu re .



S p e a k in g  of th e  p re ssu re , th e  s ta tic  p re ssu re  
was ca lcu la te d  from  th e  h ig h e s t level in  th e  p o u r
in g  b a s in , a n d  n o t fro m  th e  lip  of th e  lad le . 
The m u n ic ip a l e n g in e e r  w ould say  t h a t  th e  
p re ssu re  a t  an y  p o in t  was so m u ch  p e r  sq. in ., 
sim ply  because he  ca lcu la te d  th e  d ifference  of 
h e ig h t be tw een  t h a t  p o in t a n d  th e  level of th e  
le s e rv o ir  w hence th e  w a te r  w as flow ing. A ccord
in g  to  M r. K e y s’ th eo ry , th e  m u n ic ip a l e n g in e e r 
shou ld  re a lly  ta k e  as h is to p m o st level, n o t  th e  
re se rv o ir  level, b u t  th e  heavens from  w hich  th e  
w a te r  cam e !

M r . K ey differed  from  M r. L aw rie . I f  an 
o rd in a ry  f la t  topdbox, w ith  fire b a rs  in  i t ,  an d  
w ith  sufficient w e igh ts p laced  on to p  to  ho ld  i t  
dow n, was p o u re d  a n d  filled, n o th in g  would 
h a p p en . I f ,  how ever, m en e lev a ted  th e  lad le  
an d  co n tin u e d  p o u rin g , w h a t h a p p en e d ?  T he 
to p  w ould be lif te d  off.

M r . L o n g d e n  sa id  t h a t  th e  s tre a m  o f  m eta l 
a t  th e  to p  of th e  h ead  exerc ised  a  g re a te r  
m o m en ta ry  p re ssu re  due to  m om en tu m . H e  
t h o u g h t  b o t h  M r. K ey  a n d  M r. L aw rie  w ere 
r ig h t.

M r . P h i l l i p s  a l s o  t h o u g h t  t h e  t w o  o p i n i o n s  
w e r e  c o r r e c t ,  a n d  g a v e  f i g u r e s  s h o w i n g  t h e  
s e r i o u s  e f f e c t  o f  g r a v i t y  a n d  m o m e n t u m .

L o am  M ix tu re s
M r. J .  M a s t e r s , S e n r ., sa id  t h a t  he  h a d  h a d  

a  g re a t  deal of ex p erien ce  of c a s tin g  jobs of 
e x ten siv e  len g th , a n d  h a d  n e v er ta k e n  th e  m eta l 
to  th e  to p  i f  i t  could be  avo ided . I n  M r. 
L a w rie ’s o p in io n , was i t  necessary  to  h av e  tw o 
s e p a ra te  m ix tu re s  of loam  fo r th e  la rg e  b o rin g  
b a r?  I t  w as a p p re c ia te d  t h a t  th e  d ifference 
b e tw een  th e  p re ssu re  a t  th e  b o tto m  a n d  a t  th e  
to p  of th e  m ould  was v e ry  m ark e d , an d  his 
ro u g h  e s tim a te  was 2 0 0  to n s  p re ssu re  a t  th e  
b o tto m  of th e  m ould . D id  M r. L aw rie  ra d iu s  
on th e  b o tto m  of t h a t  b a r  an d  th e  jo in t ,  o r d id  
he b r in g  i t  u p  d ead  sq u a re?  A 12-in. sec tion  of 
th e  b o tto m  h a d  been sh o w n ; w as t h a t  ra d iu sed  
off to  b re ak  th e  s t r a in ?

T he B r a n c h - P r e s i d e n t  (M r. H . V . G ru n d y ) 
asked w h e th e r  M r. M a s te rs  m e a n t th e  av o id 
ance of th e  k n ife -ed g e  effect of th e  m eta l.

M r . M a s t e r s  a g r e e d .

M r. L a w r i e  sa id  th e  sam e loam  w as used  
th ro u g h o u t  fo r  th e  m ould  a n d  th e  core. T he 
loam  used  in  A y rsh ire  was m ad e  u p  fro m  tw o 
p a r ts  of local r iv e r  g ra v e l to  one p a r t  of g rav e l 
fo u n d  on th e  shores of one of th e  in la n d  lakes, 
g ro u n d  in  a  p u g  m ill fo r  2 0  m in u te s  to  develop 
th e  bond. I f  a  pebble  ta k e n  fro m  r iv e r  san d  
w as b ro k en , co n cen tric  r in g s  cou ld  be seen, 
w hich w ere cau sed  by th e  a c tio n  of w a te r  a n d  
c lay  over m an y  th o u sa n d s  of y e a rs . W h en  th ese  
pebbles w ere  g ro u n d , th e  c lay  bond  w as b ro u g h t

o u t ; i t  was cu rio u s w here  i t  cam e from , b u t th e  
b ond  was p re se n t on m illin g .

M r . M a s t e r s  asked  i f  a n y  b o n d in g  m ate ria l 
such  as m an u re  w as used .

M r. L a w r i e  sa id  i t  was n o t. A lthough  sand 
e x p e r ts  w ould d ec lare  t h a t  th e re  was no pe r
m ea b ility  in  loam , in  h is op in io n  th e re  was a 
c e r ta in  a m o u n t.

C o n tra c tio n  o f M e e h a n ite
M r . P h i l l i p s  ask ed , w hen m ak in g  a  bend in 

o rd in a ry  cas t iro n , w h e th er th e  sam e am o u n t of 
e as in g  should  be afforded as w ith  th e  exam ple 
described .

M r . L a w r i e  sa id  th e re  was no difference in  
th e  c o n tra c tio n  of th e  M eeh an ite  used an d  ord i
n a ry  c a s t iro n , a n d  he, perso n ally , would make 
i t  e x ac tly  th e  sam e. I t  w ould he ap prec ia ted  
t h a t  t h a t  job  m ad e  in  o rd in a ry  g rey  cas t iron 
w ould c o n tra c t  consid erab ly , a n d  would require 
th e  sam e a t te n t io n  as d id  M eeh an ite .

S tea m  Feeding
T he B r a n c h - P r e s i d e n t  sa id  m en tio n  h ad  been 

m ade  of feed in g . H a d  M r. L aw rie  h ad  any  ex
p e rien ce  of s te am  fe ed in g ?  H e (th e  speaker) 
h a d  v is ite d  a  S c o ttish  fo u n d ry  a n d  found  a very 
good i l lu s t r a t io n  of th e  a d v an tag e s  of steam  
feed in g . As a  re su l t,  h is firm  had  p u t  th e  idea 
in to  o p e ra tio n , a n d  ex p erien ce  h a d  proved its 
w o rth  in  c e r ta in  cases. D id  M r. L aw rie  th ink  
th is  m eth o d  w ould h e lp  in  a job  such as th a t 
r e fe r re d  to , to  avo id  ro d  fe ed in g ?  M any cast
ings re q u ire d  fe ed in g  fo r a  considerab le  tim e— 
in  som e cases h o u rs , w hich  invo lved  fa tig u e  of 
th e  m en .

M r . L a w r i e  h a d  n o t h ad  ex p erien ce  of steam 
feed in g . H e  h a d  n e v er ro d -fed  a boring  bar, 
h y d ra u lic  a rm  or cy lin d e r, b u t  used  a feeding 
h ead . F o r  th e  ben d , th e  r ise rs  w ere certain ly  
above th e  flange. T he fo u r  co rn er flanges were 
fed  by  ro d -feed in g , b u t  w h erever possible he 
t r ie d  to  e lim in a te  th is  p ro ced u re , because very 
few m o u ld ers could  do  i t .  I n s te a d , he designed 
a r ise r  w hich  d id  th e  feed in g  its e lf , and  which 
re m a in e d  liq u id  u n t i l  th e  c a s tin g  h a d  se t.

The B r a n c h - P r e s i d e n t  sa id  s team  feed ing  had 
been d e ta ile d  in  a P a p e r*  p re sen te d  to  th e  W est 
R id in g  Y o rk sh ire  B ra n ch  of th e  In s t i tu te .  He 
th o u g h t t h a t  m eth o d  w ould p rove advan tageous 
in  m an y  in s tan c es  w here , a t  th e  p resen t, re 
course  h ad  to  be m ad e  to  h a n d  feed ing .

M r . L o n g d e n  asked  w hy th e re  w as recourse to 
c h ap le ts  in  th e  bend .

M r . L a w r i e  sa id  th e y  w ere  screw ed s tu d s  of 
f  in . d ia . w ith  a  p iece  of hoop iro n  o n  to p .

* “ F eeding  o f C astings, w ith  Special R eference to  th e  Steam 
P ressu re  M ethod ,” by  B. H ird . P roc . I .B .F ., Vol. X X X I, 
p p . 730-739.
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D ir t  in R iser M e ta l
Mil. A. S u t c l i f f e  w ondered  w h e th er M r. 

G rundy h ad  ex am in ed  th e  ru n n e rs  used when 
casting  a  f la t  p la te . I f  he  h ad  done so, he 
would probab ly  observe t h a t  th e  m eta l, im m e
diately  a f te r  ca s tin g , w as a  sh o r t  d is tan ce  down 
the ru n n e r, b u t  t h a t  in  a  sh o r t  tim e  th e  d is tan c e  
had d isap p ea red . T his, he  th o u g h t, e x p la in ed  
the system  of feed in g  w ith  a  cold p la te  covered 
by loam w hich p rev en ted  th e  m e ta l from  com ing 
back. M r. L aw rie  h a d  re fe rre d  to  d i r t  com ing 
up a rise r, an d  th e  sp eak er th o u g h t t h a t  w as a 
m istake. T he only d i r t  w hich  cam e u p  a  r ise r  
was w hat was u n d e rn e a th  i t .  M r. L aw rie  h ad  
backed th e  c a s tin g  w ith  tw o wood b au lks . H e  
did n o t like  th is  m eth o d , because of th e  fire 
hazard.

M r. L a w r i e , re fe r r in g  to  d i r t  in  th e  rise r , 
agreed th a t  th e  r ise r  n ev er to o k  aw ay d i r t  
unless i t  was d irec tly  b e n e a th  i t .  H e  h ad  said 
there was a r is e r  a t  each  co rn er, b u t  he also 
said they  w ere designed  so t h a t  d i r t  o r ig in a tin g  
there would go up  these  rise rs .

M r .  S u t c l i f f e : Som e of th e  d ir t .
M r . L a w r i e  sa id  t h a t  m ost of i t  rose. W hen 

th e  r ise rs  w ere ch ipped  off th e re  was no d i r t  
a t  a ll ;  th e y  w ere c lean  all over. T he w id th  of 
th e  flange was 6  in .,  an d  th e  r is e r  w as 9 in . or 
10 in . a t  t h a t  p o in t.  As to  t im b e r  b au lks 
c a tch in g  fire, th e re  was 1 2  in . of loam  below an d  
1 2  in . of b ricks an d  loam  above, th u s  y ie ld ing  
l i t t le  o r  no b e a t. W ith  re g a rd  to  th e  question  
of g a te s  g o ing  dow n an d  u p , he  re fe rre d  
m em bers to  a n  exce llen t P a p e r  g iven  several 
y ears  ago by M r. D orsie, of th e  S c o ttish  B ran ch , 
on lig h t c a s tin g  problem s, in  which w ere given 
th e  re su lts  of ex p erim en ts  c a r r ie d  o u t  w ith  
o rd in a ry  ra in -w a te r  g u tte r s ,  w ith  in d ic a to rs  on 
th e  ends, show ing how m uch  th ey  w ent up  and  
down.

M r . L o n g d e n  sa id  th e  e x p la n a tio n  was th a t  
th e re  was an  ev acu a tio n  of gas from  th e  m ould. 
The shell ex p an sio n  caused  th e  s in k in g  of th e  
m ould.
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Melting Practice in a Large Engineering 
Iron Foundry*

By W . W . B R A ID W O O D  (Associate Member)

The fo u n d ry  concerned  is eng ag ed  in  th e  p ro 
duction of cas tin g s  fo r  s te am -ra is in g  and  
general e n g in e e rin g  p u rp o ses. T he m eltin g  
plan t com prises fo u r  cupolas, each  w ith  a  c ap a 
city of from  n in e  to  te n  to n s  p e r h o u r ; one 
cupola, m e ltin g  fo u r  to n s p e r h o u r ; an d  an  oil- 
fired crucible fu rn ac e , b u t  th is  P a p e r  w ill deal 
only w ith  th e  o p e ra tio n  of th e  la rg e r  cupolas.

The gen era l a r ra n g e m e n t of th e  fo u n d ry  is 
illustra ted  in  F ig . 1, an d  i t  w ill be observed 
th a t th e  cupolas a re  s i tu a te d  a lm ost cen tra lly . 
This fe a tu re  is p ro b ab ly  a d e p a r tu re  from  th e  
orthodox, y e t such a p o sitio n , especially  in  a 
large fou n d ry  w ith  a heavy  d a ily  m elt, m ay  be 
claimed to  possess th e  follow ing a d v a n ta g e s : —

(1) T he “  sp o u t to  m ould  ” t im e  in te rv a l 
approaches e q u a lity  in  all in stan ces .

(2) R e tu rn  of floor sc rap  to  th e  c h a rg in g  
system is re n d e re d  m ore easy.

(3) M eltin g  p la n t  accessory  eq u ip m e n t m ay 
be u tilised  to  a  g re a te r  e x te n t.
The l a t te r  p o in t p ro b ab ly  re q u ire s  e lab o ra 

tion. In  th e  p re se n t in s tan c e , th e  cost of con
struction of th e  v e ry  s u b s ta n tia l  c h a rg in g  p la t 
form m ade necessary  by th e  tech n iq u e  em ployed 
is p a rtia lly  n e u tra lis e d  by u til is a tio n  of th e  
main colum ns as su p p o rts  fo r c ran e  g a n tr ie s  in  
adjoining bays. S im ila rly , th e  o verhead  c ran e  
serving th e  cupola  c h a rg in g  system  is availab le  
for the  h an d lin g  of m a te ria ls  o th e r  th a n  fu rn ac e  
requisites. A c tu a lly , th e  n o rm al “  sp a re  tim e  
occupation ” of th is  p a r t ic u la r  tool includes th e  
handling of a p p ro x im a te ly  five h u n d re d  to n s of 
sand per week.

The la rg e r  cupolas, w hich a re  responsib le  fo r 
over 96 p er cen t, of th e  n o rm al d a ily  m elt, a re  
of the  B a lan ced -B las t ty p e , to  th e  design  of th e  
B ritish C ast I ro n  R esearch  A ssocia tion . They 
are norm ally  o p e ra ted  as tw o u n its  of tw o f u r 
naces each, one u n i t  p ro v id in g  th e  cupola  
which is in  service th ro u g h o u t  th e  e n ti re  w ork 
ing day, while a  cupo la  from  th e  second u n i t  is 
in b last each  a f te rn o o n . E ac h  fu rn ac e , th e re 
fore, is in  serv ice  only  on a l te rn a te  days, so 
th a t am ple tim e  is av a ilab le  fo r c a re fu l f e tt l in g

* The au th o r w as aw arded  a  D iplom a for th is  P aper,

betw een m elts. F le x ib ility , how ever, is th e  k ey 
n o te  in  th e i r  o p e ra tio n , a n d , in  th e  e v en t of a 
m a jo r b reakdow n or len g th y  re p a ir ,  th e  d u tie s  
of a ll-d ay  a n d  of p a r t-d a y  m e ltin g  can  be a llo 
ca ted  any w h ere  w ith in  th e  b a tte ry .  These 
cupolas, a ll of which in co rp o ra te  s ta tio n a ry , in 
e r t  rece ivers, a re  of id en tica l design , an d  a re  
as show n in  F ig . 2.

U n d e r ly in g  P rin c ip les  o f th e  Balanced B last
T he e x te rn a l ap p ea ran ce  of a B a lanced-B last 

cupola  is a lre a d y  fa m ilia r  to  m ost fou n d ry m en , 
a n d  th e  p r in c ip a l th eo ry  u n d e rly in g  its  design  
is also g en era lly  understo o d . I t  m ay  be re -s ta ted  
briefly . W hen  a ir  comes in  c o n ta c t w ith  in can 
descen t coke, carb o n  d iox ide is th e  p ro d u c t 
first fo rm ed . T his re ac tio n  betw een  'oxygen and  
carbon  is s tro n g ly  ex o th erm ic , a n d  g re a t  h e a t is 
g e n e ra te d . I n  p resence of excess carb o n  a t  h igh  
te m p e ra tu re , how ever, th e  d iox ide  m ay  be re 
duced w ith  fo rm atio n  of carbon  m onoxide, an  
in flam m able  gas. T his la t t e r  re ac tio n  is endo- 
th e rm ic , a  considerab le  a m o u n t of h e a t  be ing  
absorbed. A c tu a l h e a t  va lu es1 m ay  be q u o te d : —

1 lb. of carb o n  b u rn in g  to  fo rm  th e  dioxide, 
g e n e ra te s  14,550 B .T h .U .

1 lb. of carb o n  b u rn in g  to  fo rm  th e  m on
oxide, g e n e ra te s  4,350 B .T h .U .

1 lb. of carb o n  (as m onoxide) b u rn in g  to  
fo rm  th e  d iox ide, g e n e ra te s  10,200 B .T h .U .
I n  th e  o lder ty p e  of cupola, th e  m onoxide so 

fo rm ed  was le f t  free  to  pass u p  th ro u g h  th e  
p re h e a tin g  zone, a n d  in to  th e  s tack . G ener
ally , th e  p resence of ap p rec iab le  p ro p o rtio n s  of 
carb o n  m onoxide in  th e  w aste  gases of a n  o rd i
n a ry  cupola  is in d ic a te d  by  th e  p resence of a 
b lu ish  flam e a t  th e  sill, w here th is  gas b u rn s  
on com ing in to  c o n ta c t w ith  th e  oxygen of th e  
a ir .  The p rin c ip a l a im  of th e  B a lanced-B las t 
design  is th e  com plete  com bustion , w ith in  th e  
cupola , of th is  in ev itab ly -fo rm ed  m onoxide, w ith  
co n seq u en t im p ro v em en t in  th e  th e rm a l effi
ciency of th e  fu rn a c e , a n d  th is  is effected by  th e  
in tro d u c tio n , above th e  p ro d u cer zone, of suffi
c ie n t a ir  to  b u rn  th e  m onoxide to  d ioxide.

A rtic les2 3 by w ell-know n o p e ra to rs  have 
a lre ad y  desc rib ed  th is  ty p e  of cupola , a n d  con-
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tro v ers ie s  re g a rd in g  th e  benefit, o r o therw ise , 
of such a u x il ia ry  tu y e re s  h av e  been  e x h au s tiv e ly  
w aged. T he p re se n t w r i te r ,  as is h is n a tu re ,  
w as o r ig in a lly  a  scep tic , b u t  now , a f te r  th re e  
y ea rs  of ex p erien ce  w ith  B a la n ce d -B las t cupolas, 
o p e ra te d  d u r in g  sev era l m o n th s a lo n g sid e  ortho
dox cupolas of s im ila r  d im ensions, th e  author, 
as m ay  be ju d g e d  by th e  fo rm  of h is participa
t io n  in  a  m a jo r  con troversy ,*  is a  s tro n g  su p 
p o r te r  of th is  p a r t ic u la r  ty p e  of re c u p e ra tiv e  
cupo la . T h ere  can  be  no d o u b t t h a t  th e  
b a îan ced -b las t sy s tem  c o n s titu te s  a d e fin ite  
ad v an ce  in  cupo la  d e sign , a n d , w ith  u n d e rs ta n d 
in g  c o n tro l, i ts  econom ic p o te n tia l i tie s  a re  rea lly  
con sid erab le . I n  th e  op in io n  of th e  w r ite r ,  how
ever, th e  u n d o u b ted ly  im p ro v ed  re su lts  asso
c ia te d  w ith  i ts  use  a re  n o t  e n tire ly , n o r even 
p rin c ip a lly , th e  p ro d u c t of th e  m ore com plete  
com bustion  m ad e  possible.

B road ly  sp eak in g , th e  efficiency of a cupo la  is 
m easu red  in  te rm s  of th e  te m p e ra tu re  of th e  
ta p p e d  m eta l. A re c e n t p re lim in a ry  in v e s tig a 
t io n  of th e  effects of o p e ra tin g  one of th e  
B a lan ced -B las t cupolas u n d e r  th e  a u th o r ’s ch arg e  
w ith  v a rio u s  tu y e re  se ttin g s  revea led  t h a t  im 
p ro v em en t in  th e  efficiency of th e  p rocess of com
b u s tio n , as in d ic a te d  by e x h a u s t gas analysis, 
was n o t necessarily  accom pan ied  by in crease  in  
th e  te m p e ra tu re  of th e  ta p p e d  m eta l. I n  fa c t,  
th e re  w as seen to  be no d ire c t re la tio n  of com
b u stio n  efficiency w ith  m e ta l te m p e ra tu re ,  and  
th e  m ost d e fin ite  in d ic a tio n  y ielded  by th is  p re 
lim in a ry  re sea rch  was t h a t ,  w hen co n d itio n s 
w ere such as m ig h t be ex p ec ted  to  m a in ta in  a 
deep bed of h ig h ly -in can d escen t coke, th e  
h ig h es t m e ta l te m p e ra tu re s  w ere o b ta in e d .

T his find ing  has su p p o rt in  logic , since th e  
p rim e  fa c to rs  d e te rm in in g  th e  te m p e ra tu re  of 
m e ta l ta p p e d  from  a  cupo la  u n d o u b ted ly  a re  
“  bed te m p e ra tu re  ”  a n d  “ t im e  of e x p o su re .” 
T h ere fo re , i t  m ay  be a rg u e d  th a t ,  w here  a re 
la tiv e ly  deep bed is m a in ta in e d , th e  te m p e ra 
tu r e  of each m e ta l d ro p le t, by  reaso n  of th e  
longer tim e  of ex posure  to  h ig h  te m p e ra tu re  
co n d itio n s, is re la tiv e ly  m ore ab le  to  ap p ro ach  
t h a t  of th e  h e a tin g  m ed ium .

I t  is in  th e  l ig h t  of th is  reaso n in g  t h a t  th e  
B a lan ced -B las t cupo las u n d e r  th e  a u th o r ’s ch arg e  
a re  o p e ra ted . T he p r in c ip a l a im  is th e  econo
m ical m a in ten a n ce , in  a  h ig h ly -in can d escen t 
co n d itio n , of a  deep coke bed, th is  b e in g  accom 
plished  by  ju d ic io u s  d is tr ib u tio n  of th e  neces
sa ry  a ir .  I n  passin g , i t  m ay  be of in te r e s t  to  
m an y  o p e ra to rs  of B a lan ced -B las t cupolas to  
le a rn  t h a t  th e  tu y e re  se ttin g s  a t  p re se n t very  
successfu lly  em ployed in  th e  cupolas u n d e r  d is
cussion a re  : —

All th re e  rows of a u x il ia r ie s :  F u ll open.
All m a in  tu y e re s  : H a lf  open.

T he in te rn a l  c o n to u r of th ese  cupolas is a 
n o tew o rth y  fe a tu re ,  th e  ta p e r  from  s h a f t  to  
well be ing  very  p ro n o u n ced . C a lcu la tio n s from  
th e  a c tu a l  d iam e te rs , w hich  a re  66 in . and  
36 in . in  s h a f t  a n d  well re sp ec tiv e ly , show th a t  
th e  c ross-sectional a re a  of th e  s h a f t  is 3.36 tim es
t h a t  of th e  well. I n  th e  s ta n d a rd  d esig n  of
th ese  cupolas, th e  l a t t e r  d ia m e te r  is quo ted  as
48 i n . ; th is  w ould g ive a r a tio  of only 1.9 to  1,

F i g .  2 . — S e c t i o n a l  V i e w  o f  t h e  C u p o l a  a n d  

R e c e i v e r ,  t o g e t h e r  w i t h  t h e  M e t h o d  o f  S l a g  
D i s p o s a l .

w hich is m ore  re p re se n ta tiv e  of th e  conven
t io n a l. M a in te n a n c e  of th e  p ronounced  ta p e r  
dep ic ted  h as p roved  to  be a  v ery  successful 
m ethod  of im p ro v in g  th e  efficiency of these  
cupolas, a n d  th e  th e o re tic a l a d v a n ta g e s  m ay 
be e n u m e ra te d .

(1) T he a ir  is in tro d u c e d  n e a re r  to  th e  
c e n tre  of th e  cu p o la  cross-section . Conse
q u e n tly , m ore  co m p le te  p e n e tra t io n  of th e  
b la s t  across th e  bed sh o u ld  be o b ta in e d , th u s  
p ro m o tin g  m ore  re g u la r  co m b u stio n  of th e
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bed coke, an d  m ore  u n ifo rm  m eltin g  of eacli 
m eta l ch arg e .

(2) T he fu rn a c e  gases pass from  a n arrow  
well in to  a  re la tiv e ly  w ide sh a f t .  T h is m ay 
be expected  to  red u ce  th e  velocity  of th e  
ascend ing  gases, an d  re n d e r  m ore efficient 
th e  t r a n s fe r  of sensib le  h e a t  from  th e  hot 
ascend ing  gases to  th e  cooler descending  
m ateria ls .

(3) The re q u ire d  h e ig h t  of th e  coke bed is 
m ore econom ically  o b ta in ed .

(4) The cost of l in in g  w ear is reduced .

As evidence in  su p p o r t of th e  second claim , 
i t  may be s ta te d  t h a t  th e  norm al av erag e  tem 
p e ra tu re  of th e  e x h a u s t gases does n o t exceed 
250 deg. C ., while th e  coke sav in g  re fe r re d  to  
in th e  th ird  p a ra g ra p h  is really  ap p rec iab le , 
am oun ting  to  a p p ro x im a te ly  10 cw ts. p e r  bed, 
or 40 p e r cen t, of t h a t  w e ig h t which would be 
required to  g ive th e  d esired  bed h e ig h t w ith in  
a 48 in . d iam e te r  lin in g .

F e ttlin g
This o p e ra tio n  is c a rr ie d  o u t in  a th o ro u g h  

m anner a t  R en frew , g a u g e  s tick s  be ing  used 
a t  each re p a ir  to  e n su re  co n fo rm ity  w ith  th e  
contour shown. T here  is no  d o u b t t h a t  such 
careful fe tt l in g  pays a d iv id en d  by p ro m o tin g  
uniform  and  safe  cupola  o p e ra tio n , and  by re 
ducing u ltim a te  m a in ten a n ce  costs.

The cond ition  of th e  lin in g  of a B alanced- 
B last cupola, a f te r  a long m elt, can  be a he lp fu l 
po in ter to w ard  im p ro v em en t in  th e  m ethod  of 
its o p era tio n , a n d  th is  g en era l o b se rv a tio n  m ay 
be m ade. L ocalised w ear, in  th e  form  of a 
d istinc t h o rizo n ta l fu rro w , i ts  c e n tre  a b o u t 24 
in. above th e  level of th e  m a in  tu y e re s , m ay 
be expected w hen th ese  a re  se t  in  th e  fu lly  
open position . As th e  m a in  tu y e re  openings 
are reduced, how ever, th is  ten d e n cy  to  produce 
localised erosion is co rresp o n d in g ly  decreased  
till, w ith  th e  tu y e re  se ttin g s  no rm ally  in  use. 
and a lready  d e ta ile d , w ear on th e  lower sections 
of th e  cupola  lin in g  becom es rem ark ab ly  
uniform , and  rea lly  s lig h t.

Costs a re  of p a r tic u la r  m om ent w hen fe tt l in g  
m ethods a re  u n d e r  review , and  th e  follow ing 
figures a re  p robably  of in te re s t .  O ver a te s t  
period of fo u r  w eeks’ d u ra tio n , th e  w e ig h t of 
m ateria l used a t  each re p a ir  follow ing a n  a ll
day m elt w as c a re fu lly  observed, a n d  reco rded , 
together w ith  th e  m eta l th ro u g h p u t  in  each 
instance, an d  th e  r a tio  of pu rch ased  m a te ria l 
to  m eta l m elted  was found  to  be as 1 is to  105, 
th e  cost e q u iv a len t b e in g  5.54d. p e r to n  of 
m etal m elted . L in in g  w ear on th ese  cupolas 
m elting  fo r p a r t  of th e  d a y  only is less, b u t  
not p ro p o rtio n a te ly  so, w ith  th e  re su lt  t h a t  th e  
overall cost of g a n is te r  p e r to n  of th e  to ta l  
m elt is h ig h er th a n  in  th e  p a r tic u la r  in stan ce

quo ted . A c tu a l g a n is te r  cost fo r 1938, on a 
to ta l  m elt of 30,166 to ns, an d  u s in g  a h ig h -g rad e  
m a te r ia l  p riced  a t  48s. 6d. p e r  to n , delivered , 
w as e q u iv a len t to  7.77d. p e r to n  of m eta l 
m elted .

(T his figure, of course, includes those  am o u n ts  
of g a n is te r  em ployed fo r m iscellaneous, and  
som etim es su rre p tit io u s , pu rposes th ro u g h o u t, 
and  conceivably  beyond th e  confines of th e  
fo u n d ry ).

W hen  f e tt l in g  is com plete , an d  th e  sand  
bo ttom  c a re fu lly  ram m ed , k in d lin g  wood is in 
se rted , c a re  be ing  ta k e n  to  place f la t  boards on 
th e  b o ttom , and  a g a in s t th e  walls, in  o rd e r 
to  p ro te c t th o se  p a r ts  from  in ju ry .  E x ac tly  
h a lf  of th e  necessary  w e ig h t of bed coke is 
th en  d ro p p ed  in , g en tly , by  h an d .

F i g . 3 .— D e t a i l s  o f  R e c e i v e r  C o n s t r u c t i o n .

In  th e  case of t h a t  cupola  re q u ire d  to  be in 
b last on  th e  m o rn in g  of th e  follow ing day, th e  
bed is l i t  in  th e  la te  a f te rn o o n , and  allowed to  
k in d le  free ly  fo r some 45 m in u te s. A fte r  th is  
period, th e  back door is ram m ed  up an d  covered, 
all tu y e re s  closed, an d  th e  bed le f t  to  b u rn  very  
q u ie tly  o v e rn ig h t. T his p rocedure  has several 
a d v an tag e s  : —■

(1) The p a tch  is g en tly  h ea ted , in itia lly , 
and  is d ry , h a rd  an d  h o t when th e  cupola  
goes in to  service.

( 2 )  The fu rn ac e  can be in  b la s t n e x t day 
in  th e  sh o r te s t  possible period  of tim e .

( 3 )  The bed e v en tu a lly  h as a th o rough ly  
in can d escen t lower lay e r w hich prom otes 
ra p id  and  u n ifo rm  m eltin g .

R eceiver P ractice
O pinion in  fo u n d ry  circles co n tin u es to  be 

d iv id ed  on  th e  su b je c t of h o t-m e ta l receivers. 
G enera lly , th e  d isad v an tag es  a tte n d in g  th e  use 
of cu p o la  rece ivers a re  s ta te d  as u n d e r :— (a)



heavy  h e a t  losses a re  in c u rre d , an d  (b) m a in 
te n a n c e  is an  item  of co n sid erab le  e x tr a  expense.

I t  h as been s ta te d  t h a t  sh a rp  s e p a ra t io n  of 
d iffe rin g  an d  successive m e ta l ch a rg es  is difficult 
w here  a rece iv e r is in  use , b u t ,  to  th e  a u th o r , 
th is  cla im  h a s  a lw ays seem ed u n re aso n a b le . 
M a th em a tica lly  sh a rp  se p a ra tio n  of such 
c h arg es is n ev er possible in  an y  cupola , unless 
e x ce p tio n a l coke se p a ra tio n s  a re  em ployed, an d  
th e  b e s t t h a t  n o rm ally  can  be ex p ec ted  is a 
sw ift t r a n s i t io n  from  th e  c h a ra c te r is tic s  of one 
c h a rg e  in to  th ose  of th e  o th e r . T h is  is no  m ore

of th e  w r i te r  is t h a t  h e a t  losses in , a n d  from , 
an  in su la te d  rece iv e r h av e  l i t t le  p ra c tic a l effect 
once th e  te m p e ra tu re  of th e  in n e r  su rface  has 
been ra ised  to  t h a t  of th e  m e ta l de liv e red  from  
th e  cupola . T he in fe re n ce , how ever, t h a t  th e  
m e ta l f irs t ta p p e d  m u s t be  v e ry  cold, should  no t 
be d ra w n . A c tu a lly , th e  te m p e ra tu re  of th e  
f ir s t- ru n  m e ta l is som ew hat low er th a n  th e  
n o rm al, y e t  th is  d ifference  is s lig h t, p a r ticu la r ly  
in  th e  case of th ose  fu rn ac e s  k in d led  on th e  
p rev ious even in g , a n d  th e re  is  no difficulty 
a t te n d in g  th e  d isp o sa l of th is  f irs t m e ta l. The

F i g . 4 .— T h e  B l o w i n g  A r r a n g e m e n t s  f o r  t h e  C u p o l a  P l a n t .

difficult th o u g h  a  rece iv e r be in te rp o se d  be
tw een  fu rn a c e  a n d  o u tle t ,  since  th e  rece iv e r 
can  be d ra in e d  a t  such  s tag es  j u s t  as th e  
cupola  m ay. I t  is  su re ly  log ical to  c la im , th e n , 
t h a t  th is  a lleged  d isa d v a n ta g e  does n o t, in  fa c t, 
ex is t.

R e g a rd in g  (a ), h e a t  losses, th o u g h  u n d o u b ted ly  
in c u rre d , a re  n o t so consid erab le  as is o ften  
im ag in ed , a n d  m ay  be red u ced , as a t  R e n frew , 
by in su la tio n . T ests c a r r ie d  o u t on in su la te d  
a n d  u n in su la te d  rece iv e rs  of o th erw ise  id en tica l 
d esig n , o p e ra te d  u n d e r  s ta n d a rd  co n d itio n s, 
confirm ed t h a t  a p p rec iab ly  h o t te r  m e ta l was 
ta p p e d  from  th e  fo rm er ty p e , w hile  th e ir  shell 
t e m p e ra tu re s  w ere m uch  red u ced . T he op in ion

u su a l p ro c ed u re  a t  R e n fre w  is to  ta k e  th e  first 
t h i r t y  cw ts. in  a lad le  fo r  th e  c a s tin g  of heavy 
sec tio n  s t r u c tu r a l  w ork, th e  succeed ing  m etal 
be in g  su p p lied , im m ed ia te ly  a f te rw a rd s , to  th e  
c o n tin u o u s-c as tin g  p la n t ,  fo r th e  p o u rin g  of 
s to k e r  lin k s of l ig h t  sec tion .

C o n cern in g  (6), i t  m ay  be c la im ed  t h a t  money 
sp e n t on th e  m a in te n a n c e  of a rece iv e r is in 
some re sp ec ts  a sound  in v es tm e n t. B ecause of 
th e  im m e d ia te  t r a n s f e r  of m e ta l an d  slag to  
th e  rece iv e r, w ear w ith in  th e  cu p o la  is reduced , 
a n d , as a  m a t te r  of a c tu a l  fa c t ,  cu p o la  re p a irs , 
a p a r t  from  th e  ro u tin e  f e t t l in g ,  a re  observable 
a t  R e n frew  m ain ly  by  th e i r  absence. T he f u r 
nace  la s t  re -lin ed , a t  th e  t im e  of t r a n s f e r  to  its



p resen t s i tu a t io n , is s till  in  p e rfe c t co n d ition , 
a f te r  tw o y ears  of service.

The specia l fireb ricks w hich form  th e  ru n n e r  
from cupola to  rece iv e r, show n in  F ig . 3, con
ta in  42 to  44 p e r  cen t, a lu m in a , an d  hav e  an  
average life  of 800 to  1,000 to n s of m e ta l m elted . 
Renewal is a  fa ir ly  easy m a t te r ,  a n d  is c a rried  
ou t w ith o u t in te r ru p t io n  of th e  m eltin g  sequence. 
Receiver b o ttom s a re  re -la id  very  in fre q u e n tly , 
generally  a f te r  to ta l  m elts of 4,000 to  5,000 
tons, while in n e r  b rick  courses a re  good for 
twice th a t  am o u n t. T he v e ry  use fu l segm ented  
roofs a re  p ra c tic a lly  e v e r la s tin g , an d , a lto g e th e r , 
the receivers in  use, an d  as o p e ra te d , a re  item s 
of only m o d era te  cost.

So m uch fo r th e  g en era lly -accep ted  d isa d v an 
tages of cupola  rece ivers. W h a t now, of th e  
advan tages assoc ia ted  w ith  th e ir  u se?  They 
a r e : —

(1) Im m ed ia te  rem oval from  th e  cupo la  of 
its m olten p ro d u c ts  d ispenses w ith  th e  neces
sity  fo r p ro v id in g  s to ra g e  space w ith in  th e  
fu rnace p ro p er. T his p e rm its  of th e  m ain  
tuyeres be ing  p laced  q u ite  close to  th e  cupola 
bottom , w ith  consequen t sav ing  in  bed  coke. 
F u rth e rm o re , th e  sa fe ty  fa c to r  is g re a tly  in 
creased, a n d  th e  o p e ra to r  re liev ed  of th e  
necessity fo r c o n s ta n t w a tch  on slag  level 
w ith in  th e  cupola , w hile slag a tta c k  on th e  
cupola lin in g  is m in im ised .

(2) The re se rv o ir  of m o lten  m eta l w hich  can 
be m ain ta in ed  w ith in  th e  rece iv e r assists  in 
ensu ring  ta p p e d  m eta l of u n ifo rm  com posi
tion , while a ffo rd in g  am ple  o p p o r tu n ity  fo r 
the rem oval, by flo ta tio n , of n o n -m etallic  in 
clusions.

(3) W ith  a  tap -h o le  of su itab le  d iam e te r , 
the receiver is en ab led  to  p rov ide  a c o n tin u 
ous flow of c lean  m eta l over long periods, 
th u s d ispensing  w ith  th e  need fo r fre q u e n t 
ho tting  and  ta p p in g .

(4) R e la tiv e ly  la rg e  q u a n ti t ie s  of h o t m eta l 
may be accu m u la ted  fo r  su b seq u en t ra p id  t a p 
ping w hen heavy  cas tin g s  a re  re q u ire d  to  he 
poured a t  h igh  te m p e ra tu re .

(5) Slag rem oval is re n d e re d  an  easy , in 
frequen t, an d  th e rm ally  econom ical o p e ra tio n .

(A t th is  ju n c tu re ,  i t  is d ifficult to  re s is t th e  
inclination to  p o n d er w h e th er th ose  persons so 
conscious of, an d  em p h a tic  re g a rd in g , th e  th e r 
mal losses a tte n d in g  th e  use  of in e r t  receivers 
realise how m uch h e a t ,  a n d  m eta l, can  be lost 
th rough  th e  co n stan tly -o p en  slag  n o tch  w hich
is a fa m ilia r  fe a tu re  of m an y  fo u n d ries .)

The c o n stru c tio n  of th e  ty p e  of rece iv e r in 
use is shown in  F ig . 2. The ru n n e r  is laid  a t
an ang le  of 2 deg. to  th e  h o rizo n ta l, a n d  a

splash-block, b u ilt  u n d e r  th e  fa ll, p ro tec ts  th e  
b o tto m  from  selective  erosion  a t  th is  p a r t .  The 
b o tto m  consists of a  sing le  b rick  course la id  on 
edge over a  lay e r of silica  san d  ap p ro x im ate ly  
1, in . th ic k . T h is fa c i li ta te s  rem oval w hen r e 
new al becom es desirab le . Below th e  san d  is a 
double course of fireb rick , in su la te d  fro m  th e  
shell by a lay e r of com pressed asbestos. The 
w alls a re  b u ilt  w ith  an  easily -rem ovable  in n e r  
course 4 j  in . th ic k , backed  by a  f u r th e r  9 in . of

F i g . 5 .— T y p e  o f  S k i p  U s e d  f o r  H a n d l in g  
C h a r g e s  f o r  t h e  C u p o l a .

firebrick . B eh in d  th is  is an  in su la tin g  layer, 
3 in . th ic k , w ith  a  fu r th e r  in . of b rick  
a g a in s t  th e  shell. The slag  n o tch  is positioned  
5 in . above floor level. T he segm ented  roof is 
n o tew o rth y , an d  of re a l va lue  in  re n d e rin g  th e  
rece iv e r re ad ily  cooled an d  easily  accessible 
w hen re p a ir  is necessary . T he t i l t in g  la u n d e r  is 
very  effective, a n d  of sim ple design , y e t suffi
c ien tly  fa m ilia r  to  need no fu r th e r  d esc rip tio n .



Slag A ir  S upply

T h e  o p e ra tio n s  of slag  rem oval a n d  d isposal 
a re  sim ple, c lean  a n d  in ex p en siv e , th e  a p p a ra 
tu s  b e in g  as show n in  F ig . 2, a n d  th e  p ro ced u re  
as fo llow s: —

B etw een  th e  tw o rece iv e rs  of each  u n i t  a  c as t 
iro n  vessel, b a th -sh ap ed  a n d  of heav y  sec tio n , is 
secu red . I n  each  b a th  a 6 in . deep san d  lay er 
is m a in ta in e d , a n d  in to  th is  a  l i f t in g  b a r . of 
th e  ty p e  show n, is  se t. A t in te rv a ls  of from  
2 to  3 h o u rs  each , a n d  w hen th e  rece iv e r h as 
ju s t  been d ra in e d  of m eta l, th e  n o tch  is opened , 
an d  th e  acc u m u la te d  slag  allow ed to  flow from  
th e  rece iv e r in to  th e  b a th  a n d  over th e  b a r ,

T a b l e  I .-— T yp ica l S lag  A n a lyses, w ith  
C alcu la ted  M e ltin g  Losses.

October November December Average

Silica (S i O j 47 -4 6 48 50 46 76 47-57

Alumina (h l, Q, } e 51 9 72 10 30 9 51

Iron Oxide (FeO) 10 14 10 39 10-69 10 41

Manganese Oxide (MnO) 2-74 5 56 5 67 4 66

Lime (CaO) 2 6 1 0 23 22 23 50 24 2 7

Mognesia ( Mg 0 ) 5 50 2-74 3 09 3-80

Average Silicon loss from metals charged -  approx. 107. o f thatavailable 

Overage Silicon content o f metals charged * 2  5 7

Weight ofmetals charged: Weightof slag produced isos 2 2  : 1

. ' .  Concentration in the slog o f  Silicon oxidised

fiviri the metals charged : - 2 5 *  10 « 22  y

100 5-5 7.
Iron concentration in  the Slog IQ 41 *  56 y

72 '• - 8-17.
Manganese toncentration in the Slog 4 65 x  55 y

71 3 67.
Total concentration in the slag o f  elements

oxidised from the charged metals :■ 17 ■ 2 7.

But the metal weight: Slag weight ra tio  is 2 2  : I 

Therefore oxidation loss fnsm metals charged -  / / 2

2 2  •  0 8 7.

th e  b la s t  b e in g  in te r r u p te d  fo r a  few  seconds 
only, d u r in g  rep lacem en t of th e  b o tt .  On cool
in g , th e  block of slag  is w ith d raw n  by overhead  
c ran e , an d  t r a n s p o r te d  to  th e  y a rd  by e lec tric  
bogie. T h ere  i t  is s h a t te re d  b y  a blow from  
a  heavy  b a ll, a n d  th e  p ieces u tilise d  in  a  schem e 
of lan d  re c lam a tio n . S lag  re m a in in g  in  th e  re 
ce iver a t  th e  end  of a m elt is s im ila rly  collected , 
a sand-covered  b a r  b e in g  se t in  a  t ro u g h  below 
th e  rece iv e r b re a s t , w hich is th e n  b u r s t  open.

T able  I  shows ty p ic a l s lag  analyses, to g e th e r  
w ith  th e  ca lcu la ted  av e ra g e  to ta l  o x id a tio n  loss. 
T his is fo u n d  to  be r a th e r  less th a n  1 p e r  cen t, 
o f th e  w e ig h t of m e ta l ch arg ed .

F ig . 4, w hich  is a  view  fro m  a  v a n ta g e  p o in t  
u n d e r  one en d  of th e  c h a rg in g  p la tfo rm , effec
tiv e ly  i l lu s tra te s  th e  la y o u t of th e  a ir  supp ly  
system . T he tw o h ig h -p ressu re  fa n s  se rv in g  th e  
fo u r  la rg e r  cupo las a re  u n d e rs lu n g  from  th e  
m ain  p la tfo rm  m em bers in  a p o sitio n  m idw ay 
be tw een  th e  tw o fu rn a c e  u n its .  T he b la s t m ains 
a re  sw ep t in to  th e  re sp ec tiv e  w in dbelts w ith  
only s l ig h t  ch an g e  of level, a n d  in  a  m an n er 
ca lcu la ted  to  offer a low deg ree  of re sis tan ce  to  
th e  a i r  s tre am . N o rm ally , N o. 1 fa n  serves th e  
firs t, an d  N o. 2 fa n  th e  second, u n i t  of cupolas,, 
b u t  th e  valves a re  posii ioned so as to  m ake  pos
sible th e  se rv in g  of an y  cupo la  from  e ith e r  fan . 
M oreover, a n d  th is  is f u r th e r  evidence of th e  
flex ib ility  of th is  m e ltin g  p la n t ,  i t  is q u ite  pos
sible to  su p p ly  a n y  tw o cupolas from  e ith e r  
sing le  fa n . T his f e a tu re  w ould be a  convenience 
in  th e  e v en t of a b reak d o w n  of e ith e r  fa n — a 
c ircu m stan ce  w hich  h as n o t  y e t been ex p eri
enced.

T w in “  K e n t-H o d g so n  ”  m an o m ete rs , in 
sta lle d  a d ja c e n t  to  th e  fa n s , in d ic a te  th e  respec
tiv e  volum es of fre e  a ir  p a ssin g  in  u n i t  tim e  
to  each  of th e  cupolas in  serv ice . The e n tire  
absence of u p r is in g  m ain s  re p re se n ts  a  very 
re a l c o n tr ib u tio n  to  th e  n e a tn e s s  of th e  p la n t, 
an d  re n d e rs  th e  cupo la  b o tto m s easily  acces
sible.

C h a rg in g

System s p ro v id in g  fo r  th e  c h a rg in g  of cupolas 
by m ech an ica l m eans a re  v e ry  freq u e n tly  re 
g a rd ed  as b e in g , a t  best, only  som ew hat in fe r io r  
su b s ti tu te s  fo r  h an d -ch an g in g . W h en  such com
p ariso n s a re  a tte m p te d , a  g re a t  d ea l depends 
u p o n  th e  p a r t ic u la r  ty p es  of m echan ical and  
of m an u a l c h a rg in g  c o n tra s te d , an d  g e n e ra l v er
d ic ts  a re , th e re fo re , q u ite  im possible. E x 
p erien ce  a t  R e n frew , how ever, defin ite ly  has 
show n th a t ,  since  th e  in s ta lla tio n  a n d  o p e ra tio n  
of th e  system  of m ech an ica l c h a rg in g  a b o u t to  
be described , th e  cupolas have  a t ta in e d  to , and 
have  m a in ta in e d  w ith  ab so lu te  consistency , a 
s ta n d a rd  of p e rfo rm a n ce  w hich h a d  n ev er before 
been possible. T he m a n a g e m e n t is p ro u d  of the  
ch a rg in g  system , p rin c ip a lly  because i t  was 
conceived an d  c o n s tru c ted  w ith in  th e  o rg an isa 
tio n .

T he tw o 'essen tia l re q u ire m e n ts  of th e  design  
w e re : —

(1) T he p rov ision  of m eans to  en su re  accu
r a te  w eigh ing , in  an  easy  a n d  r a p id  m aim er, 
of all o f th e  c o n s t itu e n ts  of th e  fu rn a c e  
c h a rg e s : th ese  to  be c o n ta in ed  in  self-dis
c h a rg in g  vessels of ro b u s t c o n s tru c tio n , sim ply 
o p e ra te d , an d  (2) th e  p ro v is io n  of m eans 
w hereby th e  ch arg es, th u s  p re p a re d  an d  con-

10



ta in ed , could  read ily  be tra n s p o r te d  to , and 
deposited  w ith in , th e  cupolas.
The w eigh ing  a p p a ra tu s  is show n in  d e ta il  in 

Fig. 5. The se lf-d isch a rg in g  vessels in  use  a re  
suspended, by  m eans of roller-b lock, ch a in -h o is t 
and d ia l-reg is te r in g  scale, from  a m on o ra il which 
surrounds th e  m a te ria l  b ins. The re sp ec tiv e  
tares of every  b u ck et, a n d  of ev ery  l if t in g  b a r, 
have been s ta n d a rd ise d , a n d  each scale  is a d 
justed to  re ad  as zero th e  to ta l  w e ig h t of any  
bucket on any  b a r. T h e re a f te r , each scale , by 
units of 7 lbs., re g is te rs  loads u p  to  21 c w ts .;

and  th e  n o n -m ag n e tic  m a te ria ls  by h an d . T his 
o p e ra tio n , invo lv ing  th e  h a n d lin g  of u p  to  150 
to n s of m a te r ia l  p e r n ig h t  req u ire s  th e  use  of 
th e  c ran e  fo r  a p p ro x im a te ly  h a lf  of i ts  availab le  
w ork ing  tim e  a n d  th e  serv ices of one lab o u re r, 
who d isch arg es coke, lim estone, re fra c to ry  
m a te ria ls , e tc . H om e sc rap  is d e livered  to  its  
p a r tic u la r  b in , p a r t ly  d u r in g  th e  n ig h t  and  
re g u la r ly  th ro u g h o u t th e  day , by  in te rn a l  t r a n s 
p o rt. D u r in g  th e  day , th e  c ran e  is in  u se  fo r 
h a n d lin g  th e  b u ck ets  to  a n d  from  th e  cupola  
p la tfo rm , in  th e  m a n n e r  to  be described .

F i g . 6 . — T h e  S t o r a g e  a n d  H a n d l i n g  o f  R a w  M a t e r ia l s  f o r  t h e  C u p o l a .

a non-recording in te rv a l  of 3 cw ts. be ing  p ro 
vided in itia lly .

The g enera l lay o u t a t  g ro u n d  level is as illu s
tra ted  in  F ig . 6. S to ra g e  b in s fo r th e  accom 
m odation of fu rn a c e  m a te ria ls  a re  b u i lt  on b o th  
sides of th e  p e rm a n en t w ay w hich  serves th e  
bay and  passes u n d e r  th e  cupola  p la tfo rm . The 
hay is sp an n ed  by a n  overhead  c ran e  of 2 to n s 
capacity , fitted  to  use  an  e lec tro -m ag n e t as re 
quired , and  gross h a n d lin g  is c a rried  o u t in th e  
following m an n e r.

The p u rch ased  m a te ria ls  a re  sh u n te d  in  each 
evening, an d  d isch arg ed  in to  th e i r  re spec tive  
bins o v e rn ig h t, th e  m eta ls  by e lectro -m ag n e t,

C ycle o f C h arg in g  O p e ra tio n s
E m p tied  b u ck ets  a re  deposited  on th e  

“  d escen t p la tfo rm  ”  u n d e r  th e  m onorail, and  
before  No. 1 B in . A l if t in g  b a r  is th e n  engaged , 
an d  th e  b u ck e t ra ised  ju s t  c lear of th e  concrete  
slab , th e  u p p e r  su rface  of w hich is 3 in . above 
g ro u n d  level. T his o p e ra tio n  occupies only a 
few seconds.

T he f irs t c o n s titu e n t of th e  ch arge , gen era lly  
p u rch ased  c a s t iro n  scrap , is  th e n  w eighed in , 
and  th e  b u ck et, a tte n d e d  by tw o m en, proceeds 
to  th e  su b seq u en t b ins, w here  th e  o th e r  con
s t i tu e n t  m eta ls , in  s im ila r fashion a re  sim ul
tan eo u sly  ch arg ed  an d  w eighed, th e  final m eta l



w e ig h t b e in g  o b ta in e d  w ith  p a r t ic u la r  accuracy . 
C oke a n d  lim esto n e  a re  th e n  w eighed  in , th e  
b u c k e t low ered th ro u g h  a  f ra c t io n  of a n  in ch  on 
to  th e  “  a scen t p la tfo rm ,”  a n d  th e  ch arg ed  
b u ck e t su b seq u en tly  e lev a ted  to  th e  cupola  
p la tfo rm .

(T he p u rp o se  served  by th e  “ a scen t ” an d  
“  d escen t ”  p la tfo rm s  h as p ro b ab ly  a lre a d y  been  
rea lised . A h e ig h t  of 3 in . to  4 in . be tw een  
b u c k e t a n d  floor is n ecessary  in  o rd e r  to  avoid  
c o n ta c t w ith  th e  sm all pieces of sc rap , e tc ., 
g e n e ra lly  e n co u n te re d  d u r in g  c irc u it  of th e

m em bers e rec te d  o ver th e  whole le n g th  of th e  
p la tfo rm  an d  ru n n in g  p a ra lle l  w ith  th e  cupolas, 
is em ployed fo r  th is  p u rp o se . T h is c h a rg e r , of 
B abcock design  a n d  c o n s tru c tio n , tra v e ls  long i
tu d in a l ly  a n d  la te ra lly , h o ists  a n d  lowers 
th ro u g h  a  v e r tic a l d is tan c e  of over 5 f t . ,  and 
sw ivels com plete ly  in  e ith e r  d ire c tio n , a ll of 
th ese  m ovem en ts be ing  co n tro lled  from  a  push
b u tto n  block su sp en d ed  fro m  th e  c ran e . T he 
a p e r tu re  of each  cupola  is  sh ap ed  to  p e rm it th e  
e n try  of a b u c k e t su sp en d ed  fro m  th e  jib , and  
th e  o p e ra tio n  of c h a rg in g  is sim ple . The loaded

F i g . 7 . — C u p o l a  C h a r g i n g  P l a t f o r m , s h o w i n g  H a n d l i n g  M e t h o d s .

b ins, a n d  also to  b r in g  th e  level of th e  b u ck e t 
r im  to  t h a t  h e ig h t fo u n d  m ost d esirab le  by th e  
a t te n d a n ts .  P ro v is io n  of 3 in . th ic k  slabs a t  
th e  sections s ta te d  re n d e rs  th e  re q u ire d  h e ig h t 
o b ta in a b le  a n d  re lin q u ish ab le  w ith  a  m in im u m  
e x p e n d itu re  of tim e  a n d  e n erg y .)

S ix  w e ig h in g  u n its  a re  in  use, in  c o n ju n c tio n  
w ith  tw elve  b u ck e ts . T hese n u m b ers  a re  suffi
c ie n t  to  p re v e n t ho ld -up  a t  a n y  p o in t, even 
d u r in g  th e  p eak  p e rio d s , a n d  m ak e  possible th e  
re te n tio n , on  th e  p la tfo rm , of sev era l c h a rg ed  
b u ck ets  in  reserve .

T he a c tu a l  c h a rg in g  o p e ra tio n  is i l lu s tra te d  
in F ig . 7. A jib  c ran e , u n d e rs lu n g  fro m  tw in

b u ck e t is passed  in to  th e  cu po la , an d  th e  jib  
low ered. The dow nw ard  m ovem en t of th e  
b u ck e t is a r re s te d  w hen  th e  to p  an g les m ee t th e  
ca s t iro n  b e a re rs  b u ilt  in to  th e  side  walls, and  
f u r th e r  lo w ering  of th e  j ib  allow s th e  h inged 
b o tto m  to  m ove open , d e p o sitin g  th e  co n ten ts  
s te ad ily  w ith in  th e  cu po la . T he speed of dis
c h a rg e  is, th e re fo re , c o n tro llab le , a n d  ch arg in g  
m ay  be p ro m p t o r  g ra d u a l  as th e  occasion re 
q u ires .

T h e  C h a rg in g  R o u tin e
O ne cupo la  is k in d le d  on th e  p rev io u s day , 

a n d  th e  bed allow ed to  b u rn ,  v e ry  g e n tly , over
n ig h t. Also, on th e  p rev io u s  e v en in g , a f te r



completion of c h a rg in g  a n d  w hile th e  cupolas 
are blow ing dow n, a ll tw elve b u ck ets  a re  loaded. 
One co n ta in s coke only, in  sufficient a m o u n t to  
raise th e  bed to  th e  d esired  h e ig h t, an d  th e  
first o p e ra tio n  n e x t m o rn in g  is th e  c h a rg in g  of 
this coke. T he fu rn a c e  is th e n  p ro m p tly  filled 
from th e  re m a in in g  b u ck ets , an d  a  ty p ic a l log 
of th is in i t ia l  p ro ced u re , d u r in g  th e  ex trem ely  
busy period  of a  y e a r  ago, r e a d s : —

6.00 a .m .— S ta r t— coke ch arg ed .
6.20 a .m .— F u rn a c e  fu lly  ch arg ed — b la s t on.
6.45 a .m .— A p p ro x im a te ly  2 to n s  m elted —- 

tap-hole opened.

The “  a ll-day  ”  cupola  no rm ally  m elts G rade 
“ C ” cast iro n  only, an d  is k e p t filled to  sill

F i g . 8 .— T y p e  o f  B o g i e  U s e d  a n d  P o u r i n g  
S t a t i o n .

level w ith id en tica l ch arg es u n t il  la te  a f te r 
noon.

A m orn ing  co n su lta tio n  w ith  th e  m ou ld ing  
foreman precedes p re p a ra tio n  of th e  ch arg in g  
arrangem ents fo r th e  second cupola . T his lis t 
of the special ch arg es is g en era lly  av a ilab le  by 
9 a.m ., and  shows on one side th e  p a r tic u la r  
castings in  th e i r  p lan n ed  p o u rin g  sequence, th e  
metal g rade  em ployed in  each  in s tan c e  be ing  
denoted by sym bols in  a n  a d jo in in g  colum n. 
On the  reverse  side, th e  c o n s titu e n ts  of th e  re 
quired chafiges a re  d e ta ile d , in  o rd e r. This 
programme passes f irs t to  th e  c h a rg in g  squad , 
then consisting  of five m en a t  g ro u n d  level. 
They th e reu p o n  com m ence p re p a ra tio n  of th e  
special charges, s im u ltan eo u s ly  w ith  th o se  r e 
quired by th e  cupola  in  o p e ra tio n . By la te  fo re 
noon, th e  second cupo la , th e  bed of w hich was 
kindled a t  th e  s t a r t  of th e  day , is fu lly  charg ed  
and re ad y  to  be p u t  in  b las t. T he l is t  th e n  
passes to  th e  ta p p e r ,  a n d , on com pletion  of 
pouring, to  th e  lab o u r-sq u ad  lead er, who is th en  
enabled to  id e n tify  an d  ev en tu a lly  to  r e tu r n  th e

sc rap  m eta ls  of v a rio u s g ra d es  to  th e ir  p ro p e r 
sections w ith in  one of th e  c h a rg in g  b ins.

A ccu ra te  w e igh ing  of a ll of th e  c o n s titu e n ts  
of each  c h arg e  p ro fo u n d ly  in fluences th e  p e r
fo rm ance  of a cupola . A t R en frew , th e  con
s ta n cy  of th e  m e ta l te m p e ra tu re  is riv a lled  only 
by th e  u n ifo rm ity  in com position  of th e  ta p p e d  
m eta l. A f u r th e r  a d v a n ta g e  of th is  c a re fu l 
p re p a ra tio n  is t h a t  q u ite  consid erab le  p ro p o r
tio n s  of m iscellaneous c a s t iro n  sc rap , of cheap  
q u a lity  an d  in d e te rm in a te  com position , m ay  be 
u tilise d  w ith o u t m uch  risk  of o b ta in in g  m eta l 
of e r ra t ic  analysis. I n  p e rso n al experien ce , th e  
G rad e  “  0  ”  charg es, n o rm ally  composed w ith in  
th e  follow ing l im its :  —

A p p ro x im ate  %
M iscellaneous c a s t  iro n  scrap  ............  25-30
C a st iro n  sc rap  of know n com position  35-30
F o u n d ry  p ig  iro n s ..............................  40

produce  m eta l of very  c o n s ta n t com position , as 
will be shown.

M e ta l to  coke w e ig h t ra tio s  a re  usua lly
accep ted  as th e  c r ite r io n  of econom ical cupola
o p e ra tio n . T h is s ta n d a rd  of m easu rem en t,
th o u g h  p a lp ab ly  open to  c ritic ism , u n d o u b ted ly  
has a s tro n g  ap p ea l to  fo u n d ry m en , an d  d e ta ils  
on th e  c o n v en tio n a l lines w ill p robab ly  be
welcom ed. The G rade  “  C ”  charges com
p rise  : —

M etals ... ... ... ... 17 cwts.
Coke ........................................... 133 lbs.
L im estone ... ... ... 35 lbs.

an d  g ive  th e  w e ig h t ra tio , “  M etals ch arg ed  ” 
to  “ Coke c h a rg e d ,”  of 14.3 to  1.

In  th e  case of charges fo r th e  G rade  “  A ” 
an d  o th e r  specia l c a s t  irons, how ever, w here 
th e  ta p p e d  m e ta l is re q u ire d  to  be excep tionally  
h o t, th e  to ta l  w e ig h t of th e  m eta l ch a rg e  is 
red u ced  to  a m in im um  of 12 cw ts., th e  quoted  
r a tio  th u s  becom ing a m in im um  of 10.1 to  1.

T he ro u tin e  p ra c tic e  is  to  m ake  th e  la s t  fo u r 
ch arg es of each m elt w ith o u t coke. T h is pro
ced u re  effects a sav in g  in  coke w ith o u t causing  
overm uch  fa ll in  th e  te m p e ra tu re  of th e  ta p p e d  
m eta l, an d  also gives a really  sm all an d  easily- 
h au d led  “  d ro p .”  The necessary  w e igh t o f bed 
coke h as a lre ad y  been  in d ic a te d , a n d  i t  rem a in s 
only  to  be s ta te d  t h a t  th e  n o rm al o v erall w eigh t 
ra tio  of “  m e ta l m elted  ”  to  “  coke consum ed ,”  
ta k e n  over th e  n o rm al to ta l  m e lt from  these  
cupolas, a n d  in c lu d in g  all specia l charges, is 
som ew hat h ig h e r  th a n  12 to  1.

C a st iro n s to  sa tis fy  all of th e  e x is tin g  B r itish  
S ta n d a rd  Spec ifica tions a re  p roduced  fro m  these  
B a lan ced -B las t cupolas, b u t  i t  is im possible, 
w ith in  th e  bo u n d s of th e  p re sen t P a p e r , to  e n te r  
in to  d e ta ile d  d iscussion of ch arg es o r associated  
tech n iq u e.



P erson nel

T he sta ff en g ag ed  in  th e  o p e ra tio n  of th ese  
cupolas in  th e  m a n n e r  desc rib ed , to ta ls  fifteen  
m en a n d  one y o u th , th is  com plem en t in c lu d in g  
c h a rg e -h a n d , ta p p e rs ,  f e t t le r s  a n d  a t te n d a n ts ,  
lo ad ers a n d  c ran e  o p e ra tiv e s . P a y m e n t is m ade  
p a r tly  by basic  t im e  ra te s  a n d  p a r t ly  by  eq u al 
p a r tic ip a tio n  in  a  to n n a g e  bonus, th e  u l tim a te  
“  d ire c t lab o u r  ”  cost b e in g  2s. 2 fd . p e r  to n  of 
m e ta l m elted .

B y  a  sm ooth  system  of re lie f , c h a rg in g  staffs 
a re  m a in ta in e d  d u r in g  th e  w o rk s’ d in n e r-h o u r ,

T ra n s p o r t  o f M o lte n  M e ta l
U n til some m o n th s ago, d is tr ib u tio n  of hot 

m eta l th ro u g h o u t  th is  fo u n d ry  w as effected en 
t ire ly  by m eans of g e a re d  lad les  an d  wheeled 
bogies of th e  t r a d i t io n a l  cup  shape . Follow ing, 
how ever, u p o n  th e  successfu l t r i a l  an d  subse
q u e n t im p ro v em en t of th e  d ru m -ty p e  bogie illus
t r a te d  in  F ig . 8, re p la ce m en t of th e  ex is ting  
bogies is p ro ceed in g , w hile th e  co n stru c tio n  of 
a n  e x p e rim e n ta l g e a re d  lad le  of th is  ty p e  is 
c o n tem p la ted . T he m ain  a d v a n ta g e s  a tte n d in g  
th e  use of vessels of th is  d esig n  a r e : —

F i g . 9 . — A p p e a r a n c e  o f  C u p o l a  P l a n t  a t  G r o u n d  L e v e l .

w hen m e ltin g  is u n in te r ru p te d ,  a n d  a re  a u g 
m en ted  d u r in g  th e  p eak  h o u rs  of th e  a f te rn o o n , 
a ll  by  in te rc h a n g e  w ith in  th e  ra n k s  of th e  p e r
sonnel e n u m e ra te d .

E m e rg en c y  S tocks
S tocks of a ll p u rch ased  c o n s titu e n ts  of th e  

fu rn a c e  ch arg es  a re  m a in ta in e d  upon  th e  cupola  
p la tfo rm , re ad y  fo r use  in  th e  e v en t of a 
m echan ical b reakdow n. A ctu a lly , th ese  stocks 
w ould be suffic ien t to  keep th e  fu rn ac e s  su p p lied  
th ro u g h o u t a  fu ll d a y ’s m elt, th is  a r ra n g e m e n t 
b e in g  a n  effective in su ra n ce  a g a in s t  th e  possi
b ili ty  of a m ajo r, b reakdow n o c cu rrin g  in  th e  
e a r ly  m o rn in g .

(1) H e a t  losses a re  consid erab ly  reduced, 
m ain ly  by p re v e n tio n  of u n im p ed ed  ra d ia tio n .

(2) E ase  of m o v em en t in  p u llin g  an d  pour
in g  is g re a t ly  in c re ased , by  reaso n  of th e  low 
c e n tre  of g ra v ity  a n d  th e  safe  em ploym ent of 
ro lle r b ea rin g s.

(3) T ra n s p o r t  is m uch  sa fe r , since  sp lashing 
is q u ite  p re v en ted .
These a d v a n ta g e s  a re  a ll v ery  re a l, an d , in 

co n ju n c tio n  w ith  th e  g re a te r  d eg ree  of conveni
ence a ffo rded  th e  u se r, hav e  m ad e  th is  ty p e  of 
bogie  a v e ry  p o p u la r  in n o v a tio n .

T he d ra w in g  re q u ire s  c o rre c tio n  in  tw o of 
its  d e ta ils . T he h in g ed  lid , show n in  th e  open



position fo r i l lu s tra tiv e  p u rp o ses, is closed a t  
all tim es o th e r  th a n  d u r in g  th e  a c tu a l o p e ra 
tion of filling. The eccen tric  m o u n tin g  shown 
is employed only  on th a t  ty p e  of bogie designed  
for tra n sp o r t by c ran e , in  which case i t  serves 
to provide an  effective co u n te rp o ise , on t i l t in g ,  
to the m om ent g a in ed  by th e  l if t in g  fram e .

Pouring  s ta n d s  of th e  ty p e  i l lu s tra te d  a re  
placed a t  s tra te g ic  p o in ts  th ro u g h o u t th e  
foundry, a d jo in in g  and  a t  r ig h t  ang les to  th e  
roadways. B ogies a re  th u s  eas ily  d raw n  off th e  
passageways, a n d  safe ly  secu red  w hile th e  con
tents a re  ta p p e d  in to  sh an k s, e tc .

Foundry Ma terials—Quality Recoro Card
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F ig . 1 0 .— Q u a l it y  R e c o r d  C a r d  f o r  F o u n d r y  
M a t e r i a l s .

The capac ity  of th e  new ly-lined  bogie is 
rather more th a n  10 cw ts. of m e ta l, th e  lin in g  
being p rep ared  by ra m m in g  a su itab le  re fra c 
tory m ate ria l a ro u n d  a fo rm er. I n  o rd e r to  
ensure com plete e m p ty in g  of th e  c o n te n ts , th e  
lining th ickness should  ta p e r  from  b o th  ends 
towards th e  c en tre . T h is is successfu lly  accom 
plished, a t  R en frew , by th e  em p lo y m en t of a 
binged, collapsible p a t te rn ,  a n d  th e  re -lin in g  of 
a bogie is a su rp r is in g ly  sim ple a n d  qu ick  
operation. The lin in g  la s ts  fo r severa l weeks, 
and daily a tte n tio n  is confined to  re p a ir  of th e  
lip and lid.

Fig. 9, a f ro n t  view  of th e  cupolas, shows 
drum-type bogies in  p o sitio n  fo r  filling, and  
also fea tu res  a  lad le -p it, uncovered  an d  c o n ta in 
ing one of th e  la rg e  lad les.

T e ch n ica l C o n tro l o f th e  Fo u n d ry  P ro d u ct
A t R en frew , th is  beg in s w ith  co n tro l of all 

raw  m a te ria ls . These a re  te s te d  an d  ev a lu a ted  
in  m an y  ways, th e  re su lts  of all such d e te rm in a 
tio n s  b e in g  c a re fu lly  logged on “  q u a lity  record  
ca rd s  ” of th e  fo rm  i llu s tra te d . (F ig . 10.) This 
p ro c ed u re , in it ia lly , assists  in  th e  e s tab lish in g  
of specifications, an d , su b sequen tly , en su res th e ir  
observance.

Only fu rn a c e  m a te ria ls , how ever, come w ith in  
th e  scope of th is  P a p e r ,  an d  t h a t  fe a tu re d  is, 
v ery  p ro p erly , a  fo u n d ry  p ig -iro n , th is  card  
h av in g  been chosen because i t  i llu s tra te s , w ith  
p a r tic u la r  c la r ity , tw o  d is t in c t  a n d  ty p ica l 
p h a se s : —

(a) P re -S p ec ifica tio n .— The in co n stan cy  of 
th e  ta b u la te d  analyses in d ic a te s  th e  need  fo r 
d e fin ite  specification  of re q u irem en ts , and

(b) P o st-S p ec ifica tio n .— The m uch g re a te r  
d eg ree  of u n ifo rm ity  serves to  em phasise  th e  
im p ro v em en t o b ta in ab le  w hen th e  re q u ire m e n ts  
o f th e  p u rc h ase r a re  c learly  defined.

B egun  in  th is  fash ion , tech n ica l co n tro l, con
tin u e d  by s ta n d a rd is a tio n  of successful m an u fa c 
tu r in g  m ethods, en d s w ith  obse rv a tio n  a n d  sys
te m a tic  reco rd in g  of p ro ced u re  a n d  re su lts . 
F ig . 11 shows th e  log in  which a ll m a tte rs  re 
la tin g  to  fu rn ac e  charges a re  d e ta iled . T his is 
also a m a te ria ls  stock sh ee t, and  se ts o u t every  
asp ec t of th e  p o sitio n  w ith  re g a rd  to  each f u r 
nace  re q u is ite . T he accoun ts of a ty p ic a l week 
a re  in se rte d  fo r th e  p u rp o se  o f illu s tra tio n , and  
th e  a r ra n g e m e n t is p robab ly  se lf-ex p lan a to ry .

All chem ical analyses, physical te s t  re su lts , 
a n d  re le v a n t o b se rvations a re  se t down in  th e  
l: M e ta llu rg ic a l R e co rd ,”  which also is shown 
in  a ty p ic a lly  com pleted  fo rm  (F ig . 12).

These reco rds hav e  p roved  of im m easurab le  
va lue  to  th e  m eta llu rg ic a l section  of th is  
fo u n d ry , re ta in in g , as th ey  do, in  s in g u la rly  con
cise fo rm , com plete accoun ts of all experiences, 
th e  re su lts  of ro u tin e  p rac tice  o r of special 
p ro ced u re  b e in g  preserved  w ith  equal c e r ta in ty . 
B y th is  m eans, d e ta ils  of successful p rocedure , 
o ften  costly  to  develop, a re  acc u ra te ly  recorded , 
an d  a re  su b sequen tly  availab le  to  en su re  safe  
h a n d lin g  of a re c u rr in g  s itu a tio n , o r to  assis t 
in  th e  so lu tion  of a new  problem .

A c k n o w le d g m e n t
T h an k s a re  du e  to  th e  D irec to rs  of Babcock 

& W ilcox, L im ited , an d  to  M r. W . H . B irk s, 
M .I .M ec h .E ., M an ag er of th e  R en frew  W orks, 
fo r  perm ission  to  p re sen t th is  P a p e r .

T he a u th o r  is also deeply  in d eb ted  to  M r. 
H e c to r  Gr. P a to n , h is colleague an d  fr ien d , whose 
d raw in g s have  so enhanced  th e  v a lu e  of th is  
P a p e r , a n d  to  all of th o se  associates who have  
in  an y  w ay assisted  in  i ts  p re p a ra tio n .

415



LO
G 

OE
 

ME
LT

 
INC

 
PR

O
CE

SS
ES



F
ig

. 
1

2
.—

M
e

t
h

o
d

 
of

 
R

e
c

o
r

d
in

g
 

M
e

t
a

l
l

u
r

g
ic

a
l

 
D

a
t

a
. 

(T
he

 
p

h
o

t
o

m
ic

r
o

g
r

a
p

h
s

, 
b

e
in

g
 

m
u

c
h

 
r

e
d

u
c

e
d

, 
o

n
ly

 
il

l
u

s
t

r
a

t
e

 
th

e 
s

y
s

t
e

m

of
 

r
e

c
o

r
d

in
g

.)



F in a lly , th e  a u th o r  desires p ub lic ly  to  express 
h is  g r a t i tu d e  to  M r. R o b e r t  0 .  P a t te r s o n , S u p 
e r in te n d e n t  of th e  R e n frew  F o u n d rie s , whose 
k in d ly  in te re s t ,  c o n s tru c tiv e  c ritic ism , a n d  u n 
fa il in g  su p p o r t a re  a  c o n s ta n t en co u ra g em e n t.
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D IS C U S S IO N

T he C h a i r m a n  (M r. R . B a lla n tin e ) , in  o p en in g  
th e  d iscussion , sa id  he h a d  n e v er p rev iously  
lis te n e d  to  a  P a p e r  w ith  such  a  w e a lth  of d e ta il. 
H e  w as p a r tic u la r ly  in te re s te d  in  th e  d esig n  of 
th e  in te r io r  of th e  cu po la , b u t  he  r e g re t te d  M r. 
B raidw ood  d id  n o t m en tio n  b la s t volum e. H e 
w ould a lso like  to  know  w h e th e r th e  a u th o r  had  
m ade  an y  th e rm a l te s ts  of th e  d ru m  lad le .

M r . B r a i d w o o d , in  rep ly , sa id  t h a t  th e  fan s 
in  use  su p p lied  a i r  a t  a c o n s ta n t p re ssu re , th e  
volum e p assin g  in to  th e  cu p o la  b e in g  d e p e n d e n t 
m ain ly  on th e  p e rm e ab ility  of th e  fu rn a c e  con
te n ts . T he volum e m e te rs  m en tio n ed  w ere n o t 
used to  en su re  a  c o n s ta n t  a n d  p re d e te rm in ed  
in p u t  of a ir ,  e x ce p t d u r in g  “  b low ing-dow n .”  I t  
m ig h t be s ta te d  t h a t  th e  n o rm al in p u t  was 
3,500 cub. f t .  of free  a i r  p e r  m in u te . M e ta l 
te m p e ra tu re s  w ere re a d  by m ean s of a  S iem en s’ 
o p tic a l p y ro m ete r. T he p ro ced u re  was u se fu l 
in p ro v id in g  re a d in g s  w hich  w ere  of v a lu e  fo r 
co n tro l pu rposes, b u t  c o m p a ra tiv e  only  on  th e ir  
own scale. H e  h e s ita te d  to  q u o te  th ese  re ad in g s  
because he  f e lt  t h a t  th e y  w ere  m uch  below th e  
t ru e  te m p e ra tu re s ,  a n d , i f  ta k e n  lite ra lly , w ould 
g ive  th e  im p ress io n  t h a t  th e  m e ta l te m p e ra tu re s  
w ere low. H e  re m a rk ed , jo cu la rly , t h a t  in  th e  
p re se n t in s ta n c e  i t  m ig h t  be  b e s t to  m ak e  use 
of th e  e m p irica l scale  e stab lish ed  by a  m em ber 
of th e  B ra n ch , a n d  s ta te  t h a t  th e  te m p e ra tu re s  
of th e  m e ta l ta p p e d  from  th e  cupo la  u n d e r  d is
cussion  ra n g e d  from  “ h o t ”  to — well— “  very  
h o t .”  N o th e rm a l d e te rm in a tio n s  h a d  been 
c a r r ie d  o u t on  th e  d ru m  lad le , p rin c ip a lly  be
cau se  th e  im p ro v ed  re su lts  asso c ia ted  w ith  i ts  
use w ere ve ry  obvious.

Fu rn ace  C o n to u r

M r . J o h n  C a m e r o n , J n r . ,  c o n g ra tu la te d  M r .  
B raidw ood  on h is  e x ce lle n t P a p e r ,  b u t  he  also 
q u estio n ed  th e  in te rn a l  desig n  of th e  cu po la . 
H e  w o ndered  w h e th e r  th e  sh ap e  w as e x a g g e ra te d  
in  th e  d ra w in g  w hich  h a d  been  show n, a n d  if 
th e  m e ltin g  zone w ere above th e  n a rro w  th ro a t .  
I f  so, he  th o u g h t  i t  w as to o  f a r  aw ay  fro m  th e

m a in  tu y e re s . H e  w ould lik e  to  know  if  M r. 
B ra idw ood  w as m ak in g  c a s tin g s  to  a ll th e  B ritish  
S ta n d a rd  spec ifica tions.

M r . B r a i d w o o d  ex p la in ed  t h a t  th e  p re sen t 
co n to u r h a d  been  evolved g ra d u a lly , a n d  th a t  
im proved  re su lts  h a d  been fo u n d  to  be associated  
w ith  th e  dev e lo p m en t. N o scaffo ld ing  h a d  ever 
been ex p erien ced , a n d  he ag reed  t h a t  th is  u n 
d o u b ted ly  w as d u e  to  th e  f a c t  t h a t  m e ltin g  oc
c u rre d  above th e  n a rro w ed  sec tion . R e g a rd in g  
th e  coke bed, he  w ished f u r th e r  to  em phasise  his 
co n v ic tio n  t h a t  th e  deep bed m a in ta in e d  in  th e  
o p e ra tio n  of th e se  cup o las w as th e  m o st p o ten t 
sing le  fa c to r  in f lu en c in g  th e i r  p e rfo rm an ce . The 
m eta l p roduced  w as m ee tin g  a  ten s ile  te s t  of 
20 to n s  p e r sq. in . on th e  1 .2-in . d ia . b a r .

T u y e re  System s and C a rb o n  C o n tro l

M r. J .  L o n g d e n  sa id  he fo u n d  th e  P a p e r  very 
in te re s t in g  a n d  of co n sid erab le  v a lu e , b u t  he 
w a n ted  m ore  l ig h t  on d e ta ils . D id  M r. B ra id 
wood use  h ig h  to ta l  c a rb o n ?  H e  (M r. L ongden) 
had  t r ie d  to  g e t  low to ta l  c a rb o n  in  a Poum ay  
cu po la , b u t  fo u n d  i t  im possib le . H e  also con
s id e red  t h a t  a u x il ia ry  tu y e re s  d id  n o t  g ive  h o tte r  
m e ta l ; a t  le a s t  he  h a d  n o t fo u n d  t h a t  to  be 
th e  case w ith  th e  P o u m ay  cu po la . I t  m ig h t be 
t h a t  th e  rece iv e r m ad e  a  d ifference, b u t  he 
th o u g h t  t h a t  th e  a rg u m e n t in  fa v o u r  of th e  re 
ce iv er could be o v e rs ta te d . H e  w ould like  to  
know  w h e th e r th e  re ce iv e r m ad e  fo r “  c lean  ” 
m eta l. T he open slag  hole, he  sa id , h a d  some 
a d v a n ta g e s , an d  gave  a good d a tu m  lin e  of th e  
p ro g ress in  th e  cu po la . H e  th o u g h t  th e  best 
te s t  of th e  p e rfo rm a n ce  of a  cu p o la  w as th e  
a n a ly s is  of th e  gases, th e  te m p e ra tu re  of th e  
m e ta l a n d  th e  m e ta l/c o k e  r a tio .

M r. B r a i d w o o d  sa id  t h a t  in  h is h ig h -d u ty  cas t 
irons th e  to ta l  c a rb o n  c o n te n ts  v a rie d  g en era lly  
be tw een  2.8 a n d  3.0 p e r  c e n t.,  a n d  w ere c e rta in ly  
nev er h ig h e r  th a n  3.2 p e r  cen t. H e  used  from
25 to  60 p e r  cen t, of m ild  steel sc rap  in  these
ch arg es. H e  h a d  n e v e r o p e ra te d  a  Poum ay  
c u p o la ; b u t  since, in  t h a t  ty p e  of fu rn a c e , th e  
seco n d ary  a i r  w as in tro d u c e d  a t  in te rv a ls  up 
to  a co n sid erab le  h e ig h t  above th e  bed, and
th e re fo re  in to  re la tiv e ly  cool reg io n s , he  expec ted  
i t  to  g ive  v e ry  efficient co m bustion . H e  had  
fo u n d , how ever, t h a t  im p ro v ed  gas an aly sis was 
n o t n ecessa rily  accom pan ied  by in creased  m eta l 
te m p e ra tu r e s ; th is  h e  be lieved  to  be influenced 
p r im a r ily  by th e  d e p th  an d  c o n d itio n  of th e  bed.

On th e  su b je c t of rece iv e rs  g e n era lly , M r.
B raidw ood  sa id  t h a t  he  d id  n o t a d v o ca te  th e  fit
t in g  of a  re ce iv e r to  ev ery  cu p o la . W h ere  com
p a ra t iv e ly  sm all a m o u n ts  of m e ta l w ere  being  
m elted , fo r  ex am p le , th e  use  of a  rece iv e r was 
h a rd ly  ju s tif ia b le , u n less  re q u ire d  fo r  special 
p u rposes. H e  h a d  t r ie d  to  show , how ever, t h a t  
th e  h o t-m e ta l rece iv e r cou ld  be  an  ex trem ely



useful com p o n en t possessed of a d v an tag e s  g re a te r  
th an  was g en era lly  rea lised .

M r. W . Y. B u c h a n a n  co m p lim en ted  th e  lec
tu re r  on h is p re se n ta tio n  of th e  P a p e r ,  especially  
on th e  re m a rk ab ly  good d raw in g s, w hich w ere a 
c red it to  th e  a r t i s t .  H e  h a d  seen th e  lay -o u t 
of th e  cupola  p la n t ,  a n d  i t  was u n d o u b ted ly  
good. H e  w as especially  in te re s te d  in  th e  
ba lanced-b last cupolas, as m em bers of th e  B ab 
cock & W ilcox sta ff h a d  s tu d ied  his own firm ’s 
cupolas an d  m eltin g  c o n tro l system  b efo re  p la n 
ning th e ir  in s ta lla tio n , a n d  as th e  cupo las d e 
scribed w ere of s im ila r  d im ensions, com parison  
of perfo rm ance  w as possible a n d  of p a r tic u la r  
in te res t to  h im self.

The only  p i r t  o f  th e  le c tu re  which he could 
not accep t w as th e  e x a g g e ra te d  shape  of th e  
lining. The bosh was p re se n t in  a ll B alanced- 
B last cupolas to  th e  e x te n t  of 2 in . or so a  side, 
but why increase  i t  to  15 in . a side, th u s  re d u c 
ing th e  a re a  to  less th a n  o n e -th ird  fo r th e  sam e 
blast in p u t?  W h a t was w ro n g  w ith  these  f u r 
naces th a t  such a ra d ic a l a lte ra t io n  was neces
sary or ad v isab le?  I t  w as an  old s ty le  of lin in g  
which was, he  th o u g h t, obsolete. H e  th o u g h t i t  
was bound to  come in  fo r co n siderab le  c ritic ism .

He suggested  th a t  coke sav in g  could be had  
by reducing  th e  d e p th  of th e  bed below th e  
tuyeres to  a  few inches, say as low as 3 in .,  if 
coke saving w as im p o r ta n t ; b u t  th e  m ethod  su g 
gested m u st be a t  th e  expense  of th e  q u a lity  of 
the m etal, p ro b ab ly  m ak in g  th e  tu y e re  zone 
cold. M r. B ra id w o o d ’s figu re  of 0.8 p e r cen t, 
loss for th e  B a lan ced -B las t o p e ra tio n , due to  
oxidation and  slag , e tc ., confirm ed his own p ra c 
tice.

T em pera tu res on d iffe re n t o p tica l in s tru m e n ts  
were som etim es u n c e r ta in  fo r com parison , b u t 
sta tem ents t h a t  th e  m e ta l w as “ h o t ”  o r “ very  
hot ” were, of course, q u ite  useless in  tech n ica l 
lite ra tu re . H e  concluded  t h a t  th e  te m p e ra tu re  
of th e  m eta l was m uch  low er th a n  u su a lly  used. 
The te m p e ra tu re  in d ic a te d  by, say , th e  av erag e  
of several th o u sa n d  re a d in g s  be fo re  and  a f te r  
the lin ing  m odification , ta k e n  on th e  sam e p y ro 
m eter by th e  sam e m an , w ould have  g iven  a re 
liable gu ide on th is  q u estio n .

Mr. B raidw ood h ad  ra ised  th e  stock lin e  of 
the fu rn ace  by 3 f t . ,  he  u n d e rs to o d , in  o rd e r to  
cool th e  e x it  gases. H is  own ex p erien ce  was 
th a t above th e  no rm al h e ig h t th is  m ig h t d e fea t 
the object which was in te n d e d , an d  by slow ing 
the fu rn ace , p roduce  co lder m e ta l a t  th e  sp ou t.

The a u th o r  h ad  m ade  o u t a s tro n g  case fo r 
receivers on th e  g rounds o f reduced h e a t losses, 
but his d a ta  on tem p era tu re  d id  n o t b ring  th is  
out clearly .

M r. B u ch an an  also asked  fo r th e  e x tr a  cost of 
lining th e  fu rn a c e  so heav ily  a t  th e  low er p a r t .
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H is  own g a n is te r  to  m e ta l was a b o u t 1 to  75, 
w hich seem ed q u ite  as good fo r  m e ltin g  every  
day  w ith  th e  con seq u en t lack  of d ry in g  tim e . 
F in a lly , he w ould lik e  to  know  how m uch m eta l 
was re je c te d  d a ily  as b e in g  u n fit fo r cas tin g .

M e ta l T e m p e ra tu re s

M r. B r a i d w o o d  sa id  t h a t  he  h ad  fu lly  ex
p ec ted  th e  m a t te r  of th e  fu rn a c e  co n to u r to  be 
co n tro v e rsia l. I t  was su rp r is in g , how ever, and  
som ew hat d isa p p o in tin g , to  h e a r  i t  described  as 
“  a n  old s ty le  ”  a n d  “  o b so le te ,”  w hen he h ad  
re g a rd e d  i t  as ex trem e ly  new — in d eed , as h is 
own in v en tio n . T here  h ad  been n o th in g  
“  w ro n g  ”  w ith  th e  cupola  b e fo re  th e  a lte ra tio n  
of co n to u r, b u t  th e  change  h ad  been  associated  
w ith  considerab le  im p ro v em en t in  th e  cupola  p e r
fo rm ance. H e  recom m ended  M r. B u c h an a n  to  t r y  
o u t th is  co n to u r. I t  was d ifficult to  e s tim a te  th e  
cost of l in in g -in  to  th e  d iam e te r sh o w n ; in  th e  
e x is tin g  case th is  h ad  been effected by re g u la r  
decrease  of th e  d iam e te r  w hen p a tc h in g .

M r. B u c h an a n  h ad  sugg ested  sav in g  coke by 
re d u c in g  th e  h e ig h t be tw een  th e  sand  bo ttom  
a n d  th e  m a in  tu y ere s . A t p re se n t th is  d im en 
sion was only 12 in ., an d  he  d id  n o t th in k  th a t  
an y  re d u c tio n  was adv isab le, especially  since th is  
a lte ra t io n , by  re d u c in g  th e  d e p th  of in can d es
c en t coke, would te n d  to  lower th e  te m p e ra tu re  
of th e  ta p p e d  m eta l. M r. B u c h an a n  h a d  m is in 
te rp re te d  h is in fo rm a tio n  a b o u t th e  overall 
d im ensions of th e  cupola. The h e ig h t from  m ain  
tu y ere s  to  stock  lin e  (14 f t .  6 in .)  was th e  sam e 
as befo re  th e  a lte ra t io n  in  co n to u r.

H e  w as g lad  to  hav e  confirm ation , from  M r. 
B u c h a n a n ’s own ex p erien ce , of th e  figures 
quo ted  fo r  o x id a tio n  loss. H e  fe lt  t h a t  th e ir  
p u b lica tio n  would be of in te re s t ,  especially  since 
i t  was th o u g h t  by  m an y  t h a t  o p e ra tio n  of th e  
B a lan ced -B las t system  m u st g ive r ise  to  h ig h  
o x id a tio n  losses.

H e  could n o t allow M r. B u c h an a n  to  observe 
th a t  th e  te m p e ra tu re  of th e  m eta l ta p p e d  was 
o th e r  th a n  v e ry  sa tis fa c to r ily  h o t. T he a c tu a l 
read in g s  m ad e  a t  th e  sp o u t v a rie d  from  1,300 to  
1,350 deg. C ., b u t  th ese  figures should  n o t be 
accep ted  as c o rre c t te m p e ra tu re s . H e  rem em 
bered  one occasion w hen M r. M arsh a ll, of 
T hom as W h ite  & Sons, L im ited , v is ite d  th e  
fo u n d ry  an d  com m ented  on th e  h ig h  te m p e ra 
tu r e  of th e  m eta l b e in g  ta p p e d , e s tim a tin g  i t  as 
“  well over 1,400 deg. C .”  T he a c tu a l re ad in g  
w hich h a d  ju s t  been  observed an d  reco rded  on 
t h a t  occasion was in  th e  reg io n  of 1,320 deg. O.

M r . M a r s h a l l  : T h a t  is  th e  case.
C o n tin u in g , M r . B r a i d w o o d  sa id  th e  q uery  

re g a rd in g  th e  w e ig h t of m e ta l re je c te d  d a ily  as 
be ing  u n fit fo r  c a s tin g  m ig h t b est be answ ered  
by q u o tin g  th e  official r e tu rn s  fo r th e  y e a r ended
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D ecem ber 31, 1938. T hese  show ed th a t ,  w ith  a 
to ta l  m e ta l w e ig h t of 30,166 to n s , th e  to ta l  
w e ig h t of c a s tin g s  p ro d u ced  w as 21,931 to n s , or 
over 70 p e r  cen t, of th e  to ta l  m elt. T h is m ig h t 
m odestly  b e  d escribed  as re p re se n tin g  v e ry  good 
p ra c tic e , a n d  th ese  figu res c e r ta in ly  d id  n o th in g  
to  e n co u rag e  th e  b e lie f t h a t  a  co n sid erab le  p ro 
p o rtio n  of th e  m e lt w as u n f i t  fo r ca s tin g .

A f te r  f u r th e r  d iscussion , M e . A. L . M o r 
t im e r  m oved a  h e a r ty  v o te  of th a n k s  to  th e  

le c tu re r .
M r . B k a i d w o o d , in  r e tu r n in g  th a n k s ,  m en

tio n e d  t h a t  th is  w as h is m a id e n  “ o p u s ,”  and  
sa id  t h a t  he  h ad  been  r a th e r  w o rried  re g a rd in g  
its  p re se n ta tio n . F o r tu n a te ly ,  he  h a d  th o ro u g h ly  
en jo y ed  th e  ex p erien ce .
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Paper N o. 699

Porosity and Sinking in Cast Iron*
SOME N E W  EXPER IM ENTAL EVIDENCE

By W . WEST (M em ber) and C. C. HO DG SO N (Associate Member)

I t  is now g en era lly  recogn ised  th a t  th e  very  
m arked progress in  th e  physical p ro p e rtie s  of 
cast iro n  h as been b ro u g h t a b o u t by  a b e tte r  
and m ore se a rch in g  e x am in a tio n  of i ts  com 
position a n d  s tru c tu re .  I f  i t  w ere possible 
always to  keep a  w ell-balanced  e u te c tic  m ix tu re  
for each ty p e  of c a s tin g  com m ercially  p roduced ,

m eet a ll re q u ire m e n ts . I n  sp ite  of th is  fa c t, 
some of th e  p ecu lia r  effects exp erien ced  which 
m ake th e i r  c o n tr ib u tio n  to  th e  de fec tiv e  scrap  
p ile  a re  com m on to  a ll fo u n d ries . In te rn a l  
p o rosity  in  h e av ie r  sections a d jo in in g  th in n e r  
ones is s till  sufficiently  comm on to  be a 
n u isance . The use of c e r ta in  k in d s  of p ig -iron

F i g . 1 .— P u m p - b o d y  C a s t i n g  S a w n  in t o  T w o. L e f t : S o u n d . 
R i g h t  : P o r o u s  i n  T h i c k  S e c t i o n , a n d  ( n o t  s  h o w n ) S u n k e n  
i n  B o ss .

less tro u b le  from  in te rn a l  p o rosity  a n d  e x te rn a l 
sinking in  iro n  cas tin g s  w ould be ex p erien ced  by 
founders. M ost fo u n d rie s  have  developed  th e ir  
own techn ique  to  su i t  th e  m u ltifa r io u s  ty p es  of 
castings p ro d u c e d ; p ra c tic a l obstacles, m an y  of 
which a re  obvious an d  in  th e  m a in  locked up  
with th is  in d iv id u a l tec h n iq u e , m ake  i t  im 
possible to  se lec t a n  iro n  of eu te c tic  m ix tu re  to

’ T he au th o rs  w ere aw arded  D iplom as for th is  P aper.

m ay  c o n tr ib u te  la rg e ly  to  th is  phenom enon or 
to  e x te rn a l s in k in g  in  rem ote  co rn ers  w here 
sections m eet.

E x te rn a l  s in k in g  of cas tin g s is m uch m ore 
f re q u e n t  since th e  p ra c tic e  of low ering  th e  to ta l  
c a rb o n  by th e  a d d itio n  of steel h a s  been 
follow ed in  o rd e r to  p roduce h ig h -s tre n g th  iron  
in  p a r tic u la r . T h is  re su lt  is n o t a lto g e th e r  u n 
ex p ec ted  w hen th e  decrease  in  to ta l  carbon
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reach es  a c e r ta in  p o in t, b u t  w hen  e x te rn a l  s in k 
in g  ta k e s  p lace w ith  c a s t iro n  h a v in g  a n  av erag e  
c o n te n t  of 3 |  p e r  cen t, to ta l  carb o n , a n d  th e n  
o n ly  w ith  p a r t ic u la r  b ra n d s  of ra w  m a te r ia l,  
som e in v e s tig a tio n  is called  fo r, a n d  in  th e  
a u th o r s ’ case a c tu a l  o b se rv a tio n s of th is  so r t  
com m enced  th ese  ex p e rim e n ts .

I n  th e  f irs t in s tan c e , e x te rn a l  s in k in g  
o c cu rre d  m ore  o r  less su d den ly , co in c id in g  w ith  
th e  use  of a  p a r t ic u la r  b ra n d  of p ig -iro n . A 
c h an g e  of raw  m a te r ia l  from  A a n d  B to  D 
a n d  E  (T ab le  I )  b ro u g h t th e  re lie f  re q u ire d , 
th o u g h  a t  a  la te r  s ta g e  th e  re p ro d u c tio n  of th is  
s in k in g  effect could  n o t be accom plished a t  w ill. 
S uch  a n  in c id e n t occurs f re q u e n tly  in  all

T a b l e  I .— Analysis of Typical Examples of Pig-Iron Used.

Pig mark. c. Si. Mn. S. P. Cr. Ti.

A. 3.75 3.56 0.99 0.014 0.16 0.03 0.12

B. 4.17 1.63 1.09 0.018 0.16 0.03 0.08

r 3.00 2.38 1.06 _ 0.30 2.71 —
3.00 2.00 1.00 0.07 0.33 3.16 0.03

r 4.26 1.72 1.10 0.020 0.27 0.03 0.19
4.21 1.85 1.49 0.020 0.19 0.02 0.17

E. 3.76 3.02 0.53 0.018 0.06 0.01 0.03

r 2.77 2.04 1.00 0.033 0.22 0.36 —
2.86 2.08 1.05 0.030 0.27 0.28

r 2.76 2.12 1.19 0.06 0.05 —. —
• \ 2.78 2.18 1.38 0.05 0.07 — —

r 2.73 2.04 1.04 0.104 0.10 0.03 0.02
• \ 2.69 2.04 1.12 0.100 0.09 0 .04 0.02

r 2.24 1.89 0.87 0.088 0.20 0.03 0.02
2.04 1.84 0.98 0.090 0.23 0.03 0.02

Ferro-silicon titanium — 14 — — — — 20

In  p u rsu a n ce  of th e  effect of t i ta n iu m , e x p e ri
m en ts  w ere  c a r r ie d  o u t by  m ak in g  a d d itio n s  of 
fe rro -s il ic o n -ti ta n iu m  a n d  t r e a t in g  in  a  crucib le  
fu rn a c e , th e  re su lts  o f w hich  a re  reco rd ed  la te r .

T ita n iu m  T r e a tm e n t
T h e  c re d i t  fo r  th e  p io n ee r s tu d y  of g ra p h ite  

fo rm a tio n  a n d  i ts  re la tio n  to  t i ta n iu m  t r e a t 
m e n t should  in  th e  f irs t p lace  be  g iv en  to  th e  
B r i t ish  C ast I ro n  R e se a rc h  A ssoc ia tion , because 
th e  p u b lish ed  w ork  of th is  A ssoc ia tion  gave  th e  
in i t ia l  e n co u ra g em e n t to  th e  a u th o rs  to  a tte m p t 
th e  m ore p ra c t ic a l  in te r p r e ta t io n  of th e i r  re su lts  
w ith  p a r t ic u la r  d e s ig n s  u n d e r  fo u n d ry  
cond itio n s.

fo u n d ries , b u t  th e  m eans of th e  re lie f fro m  th e  
tro u b le  leaves a  v e ry  u n se ttle d  a n d  u n sa t is fa c 
to ry  s ta te  of m in d . I t  was decided , th e re fo re , 
to  p u rsu e  th e  prob lem  in  sea rch  of a  sa tis fac to ry  
so lu tio n . The c a s tin g s  u n d e r  q u estio n  w ere 
m ad e  in  m oulds fro m  h an d -p re ss  m ach in es and  
th e  m oulds in  t u r n  w ere po u red  fro m  m eta l 
m e lted  in  a n  o rth o d o x  w ay in  th e  cupola .

O rig in a lly  i t  w as th o u g h t  t h a t  th e  s in k in g  
effect was a sso c ia ted  w ith  th e  p ig -iro n  used , 
o r  th e  san d  m oulds a n d  th e  p a r t ic u la r  m ethod  
of m ak in g  th em . T he ch an g e  of raw  m a te r ia l  
w hich  b ro u g h t a b o u t th e  e lim in a tio n  of th e  
s in k in g  w as r a th e r  m is lead in g . I t  w as know n 
t h a t  be tw een  th e  tw o  se ts of p ig -iro n  th e re  was 
l i t t le  d ifference  in  chem ica l com position , ex cep t 
fo r a  la rg e r  am o u n t of t i t a n iu m  in  one of th em .
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As a  sh o r t su m m ary  of th e  w ork  of th e  Asso
c ia tio n , i t  m ig h t be h e lp fu l to  n o te  t h a t  by a 
spec ia l t r e a tm e n t  of m o lten  iro n  th e  con
v e n tio n a l ty p e  of flake g ra p h ite  can  be changed 
a t  w ill th ro u g h o u t th e  m ass to  th e  finest form  
of d is tr ib u tio n  w hich  g ra p h ite  is  capab le  of 
ta k in g . T h is process is covered  by B r i t ish  and 
fo re ig n  p a te n ts .

T he process consists of t r e a t i n g  m o lten  cast 
iro n  c o n ta in in g  a b o u t 0 .2  p e r  c en t, t i ta n iu m  
w ith  c a rb o n  d io x id e  fo r  a sh o r t p e rio d . Two 
o u ts ta n d in g  a d v a n ta g e s  a re  o b ta in e d  from  th is  
t r e a tm e n t .  F i r s t ,  th e re  is i ts  d ire c t  effect upon  
th e  m ech an ica l p ro p e rtie s  of th e  c a s t iro n  by 
in c re as in g  th e  te n s ile  a n d  tra n s v e rse  s tre n g th s . 
E x am p les a re  q u o ted  by  th e  A ssocia tion  w herein  
th e  t ra n s v e rse  s t r e n g th  of h e m a tite  iro n , as a



resu lt of th e  t i ta n iu m  a n d  carb o n -d io x id e  t r e a t 
m ent, was ra ised  fro m  17.4 to n s  to  30.3 to n s  per 
sq. in . on a  3-in . te s t-b a r ,  a n d  a  co rresp o n d in g  
im provem ent in  th e  ten s ile  s t r e n g th  from  7.5 
tons to  19.5 to n s  p e r  sq. in . was o b ta in e d  w ith  
the sam e d ia m e te r  tes t-p iece .

One of th e  fe a tu re s  of th e  process is t h a t  i t  
may be a p p lied  to  iro n s  ir re sp e c tiv e  of carbon  
conten t, p ro v id ed  th a t ,  as in  m ost c a s t  iro n s, th e

T a b l e  II .— Water-Pump Body Casting, Weight 10 Lbs.
(See Fig. 1).

Sound casting.

Drawn casting, 
external sink 
near base of 

boss, shrinkage 
cavity inside 

boss when 
cut up.

Sound casting.

Mixture—
(For average 

analyses of pig- 
irons, see Table I)

Pig A. 1 cwt. Pig A. 2 cwt. Pig c . 4  cwt-
Pig B. 2 i  „ Pig B. 5 „ P ig D . 44 „
Soft scrap Soft scrap Pig E. 2 „

14 „ 3 „ Soft scrap
3 „

Method of 
Melting—

In small experi In  large pro In  large pro
mental cupola. duction cupola. duction cupola.

Chemical
Composition— 

Reference No.
M. 2336 M. 2337. M. 2347.

C 3.84 3.82 3.78
Si 1.97 2.08 2.06
Mn 0.77 0.67 0.94
S 0.080 0.104 0.084
P 0.16 0.22 0.21
Ni 0.10 0.02 0.05
Cr 0.10 Nil 0.33
Ti 0.04 0.05 0.08
V Nil Nil 0.02
Mo 0.04 0.04 0.02
Sn 0.03 0.03 0.01
A1 0.04 0.03 0.03
Cu 0.06 0.02 0.02

eutectic carbon  figu re  is n o t exceeded. I n  re la 
tively h ig h -ca rb o n  irons th e  coarseness of th e  
g rap h ite  w hen in  th e  flake co n d itio n  m akes 
these irons re la tiv e ly  w eak, an d  hence th e  g a in  
by tra n s fo rm in g  to  th e  fine g ra p h ite  co n d itio n  
is p ro p o rtio n a te ly  g re a t .  As th e  carb o n  c o n te n t 
of th e  iro n  decreases, th e  g a in  on t ra n s fo rm a 
tion is n a tu ra lly  red u ced .

Secondly, th e  t i ta n iu m  t r e a tm e n t  assists  in  
the p ro d u c tio n  of c a s tin g s  w hich a re  dense an d  
free from  in te rn a l  p o ro sitie s, w hich o therw ise  
m ight be d ifficu lt to  m a n u fa c tu re  w ith o u t such

deficiencies. A f u r th e r  fe a tu re  of th e  re fin in g  
t r e a tm e n t  is th e  u n ifo rm ity  in  th e  s t ru c tu re  of 
th e  sections, m ak in g  i t  possible to  c a s t sections 
exceed ing  6 in . th ic k  w ith  a u n ifo rm ly  close

F i g . 2 .— M i c r o s t r u o t u r e  a t  P o s i t i o n  A , 
F i g .  1. x  50.

F i g . 3 .— M i c r o s t r u o t u r e  a t  P o s i t i o n  B ,  
F i g .  1. x  50.

g ra in  th ro u g h o u t th e  section . I t  is also s ta te d  
t h a t  m elts c o n ta in in g  t i ta n iu m  a p p e a r  to  have  
a  g re a te r  deg ree  of “  life  ”  w hen m olten  th a n  
cas t irons which have  n o t received  th e  t r e a t 
m en t.
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T h e o ry  o f th e  T r e a tm e n t
T he th e o ry  of such  re ac tio n s  fro m  th e  t r e a t 

m e n t a p p e a rs  to  be a v e ry  d e b a tab le  p o in t. 
Bovles* believes t h a t  th e  rea l a c tio n  of carb o n

F i g .  4 . — M i c r o s t r u c t u r e  a t  P o s i t i o n  A, 
F i g .  1 .  U n e t c h e d ,  x  1 0 0 .

reasons, b u t  to  s ta te  th e  o p in io n s of th e  w orkers 
of th e  A ssocia tion . I n  th is  co n n ec tio n , th ey  sug
g e s t t h a t  th e  fo rm  of g ra p h ite  d is t r ib u t io n  d e 
p en d s u p o n  th e  com position  of th e  iro n , th e

F i g .  6 . — M i c r o s t r u c t u r k  a t  P o s i t i o n  C, 
F i g .  1 .  E t c h e d .  x  1 0 0 .  J u n c t i o n  o f  
T h r e e  C e l l  B o u n d a r i e s .

F i g . 5 . — M i c r o s t r u c t u r e  a t  P o s i t i o n  B ,
F i g .  1 .  U n e t c h e d ,  x  1 0 0 .

d io x id e  in  th e  t r e a tm e n t  is to  free  th e  m e lt of speed of cooling , a n d , m ost im p o r ta n t  of a ll, on 
h y d ro g en . In  th is  su m m ary , how ever, i t  is n o t th e  n a tu r e  an d  d is tr ib u tio n  of th e  inclusions
th e  a u th o r s ’ in te n t io n  to  p u rsu e  th e  th e o re tic a l p re s e n t  in  th e  m elt. S m all c ry s ta ll in e  inclu -
    sions a c t as n u c le i w hich  in o c u la te  th e  m elt and

* T rans. A .I .M .E ., I ro n  an d  S tee l Div., T .P . 809, 1927. th u s  cause  c ry s ta ll is a tio n  to  ta k e  p lace  w ith
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F i g .  7 .— M i c r o s t r u c t u r e  a t  P o s i t i o n  C , 
F i g .  1 .  E t c h e d ,  x  1 0 0 .  N o C e l l  W a l l s  
i n  E v i d e n c e .



very l i t t le  under-co o lin g . These inclusions, th ey  
th in k , a re  effective  only  w hile th e y  a re  in  th e  
c rysta lline  fo rm , a n d  su g g est t h a t  th e  effect of 
the  t i ta n iu m  a n d  carb o n -d io x id e  t r e a tm e n t  is 
th a t  th e  t i ta n iu m  is m ade  to  fo rm  a flu id  slag, 
which covers o r com bines w ith  th e  solid  s ilic a te  
partic les to  fo rm  com b in a tio n s w hich a re  liq u id  
ex te rn a lly , w hen th e  g ra p h ite  se p a ra te s  o u t, 
and th a t ,  b e in g  liq u id , th e y  do n o t a c t as inocu
lan ts, an d  super-cooling  occurs which produces 
fine g ra p h ite .

W h atev er th e  t r u e  e x p la n a tio n  be fo r th is  
finely d is tr ib u te d  o r super-cooled  g ra p h ite  fo r 
m ation, i t  is acknow ledged by those  who have 
worked upon th e  prob lem  t h a t  th e  cond itions

n o t ta k e n  p lace because of th e  absence of a n  
o x id is in g  t r e a tm e n t  in  th e  m o lten  co n d itio n . 
E x p e rim en ts  c a r r ie d  o u t  by  th e  A ssociation  
p roved  t h a t  a  t i ta n iu m -b e a r in g  m ix tu re  w hich  is 
re ad ily  m odified by ca rb o n  d io x id e  w hen  
c ru cib le-m elted  m ay  n o t respond  to  th e  t r e a tm e n t  
w hen cupo la-m elted .

S ev eral c o n d itio n s  c o n tr ib u tin g  to  cupola  m elt
ing  hav e  since been in v es tig a te d , an d  a  g en era l 
review  in d ic a te s  t h a t  th e  cupola  coke m ay  be 
re g a rd e d  as a vehicle fo r  th e  in tro d u c tio n  of 
inclusions in to  m olten  c a s t  iro n . The presence 
of su lp h u r  is n o t h a rm fu l to  th e  t i ta n iu m  process.

The a u th o rs , how ever, th o u g h t t h a t  th e  m odi
fication  to  th e  s t ru c tu re  of c a s t  iro n  m ig h t have  
some f u r th e r  v a lu e  to  th e  fo u n d ry m an , a n d  th ey  
decided to  c a r ry  o u t  ex p erim en ts  u n d e r  th e ir  
own fo u n d ry  cond itio n s.

These ex p erim en ts  d id  n o t, how ever, g iv e  th em  
a d ire c t re la tio n  w ith  th e  m a jo r  problem  of sin k 
ing . I t  was, th e re fo re , decided  to  g ive  a tte n tio n  
to  th e  sand  an d  i ts  c o n d itio n . C e r ta in  physical 
c h a ra c te ris tic s  w ere d e te rm in ed , such as perm e
ab ility , m o is tu re  c o n te n t, c lay and  coal-dust 
c o n ten ts , an d  also th e  e ffect of a  d ry  con d itio n

F i g . 8 .— M i c r o s t r u c t u r e  a t  P o s i t i o n  D, 
F i g . 1. U n e t c h e d , x  100.

F i g . 9 .— B .C .I.R .A . 
T e s t - P i e c e  f o r  
P o r o s i t y  T e s t s .

D u m b - b e l l

S h r i n k a g e

T y p e

a n d

under which m eltin g  a n d  t r e a tm e n t  ta k e  place 
are a il- im p o rtan t. F o r  exam ple, th e  p ro d u c tio n  
of m odified g ra p h ite  a t  w ill is co m p ara tiv e ly  
easy îvhen th e  cas t iro n  is m elted  an d  t r e a te d  in  
a crucib le  fu rn a c e , b u t  m ore  d ifficult in  th e  
cupola, a lth o u g h  th e  a u th o rs  have  been in fo rm ed  
by th e  A ssociation  th a t  i t  is now possible to  p ro 
duce supercooled  g ra p h ite  s tru c tu re s  in  cupola- 
m elted irons if  c e r ta in  p re ca u tio n s  a re  observed 
in m elting .

I t  has been observed  bv m o st iro n fo u n d ers  th a t  
mixed s tru c tu re s  of flaky an d  supercooled  
g rap h ite  have  occu rred  in  c e r ta in  ty p es of com
m ercial cas tin g s m ade  from  th e  cupo la , chiefly 
a t  th e  e x tre m e  edges of th e  ca s tin g . These 
mixed s t ru c tu re s  m ay  hav e  been produced  by th e  
presence o f t i t a n iu m  w hich is co n ta in ed  in  v a ry 
ing am o u n ts  in  m an y  B r i tish  p ig -irons, an d  th a t  
com plete m od ification  of th e  g ra p h ite  fo rm  had

of th e  m ould. A fu ll accoun t of th e  d e ta ils  of 
th e  ex p erim en ts  is now g iven  w ith  such ex p la n a 
tio n s  as th e  re su lts  p e rm it.

E x a m in a tio n  o f S pecim en Castings
The first s te p  in  th e  in v es tig a tio n  was to  c a rry  

o u t a  m e ta llu rg ic a l e x am in a tio n  of specim en 
cas tin g s. T hree  c a s tin g s  m ade  fro m  th e  sam e 
p a tte rn  an d  of know n h is to ry  w ere availab le. 
T hey a re  d e ta ile d  in  T able  I I .

M icro sco p ic  E x a m in a tio n
S ections w ere  c u t  from  th e  th in  a n d  th ic k  po r

tio n s  of th e  cas tin g s. The m ic ro -s tru c tu re s  of 
th e  tw o  sound  cas tin g s w ere v ery  s im ila r  a n d  only 
one se t w ill be  d e sc rib ed ; th e  follow ing d esc rip 
tio n s  re fe r  to  th e  f irs t a n d  second c as tin g s  above 
(R ef. M . 2336, M . 2337, i .e .,  those  m ade from  

s im ila r  m ix tu re s ) .
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S o u n d  ca stin g  ( th in  section  A t F ig .  1) an d  a 3-nun. o b jec tiv e . I n  sec tio n  B th e re  is a  l i t t le
u n so u n d  ca stin g  (th in  sec tion  B , F ig . 1 ).— A t super-cooled  g ra p h ite  n e a r  th e  su rfa ce , b u t  i t
low m ag n ifica tio n  (50 d iam e te rs ) , th e  e tch ed  q u ick ly  co arsens u n til ,  a t  a  l i t t le  d is tan c e  from

T a b l e  I I I .— Details of Melting, Treatments, and Casting Temperature.

Series 1. Series 2. Series 3. Series 4. Series 5.

Charges—
Pig A. I f  cwt. Pig D. I f  cwt. Pig A. I f  cwt. Pig A. 1 cwt. Pig A. I f  cwt.
Pig B. 2) cwt. Pig E. 1 „ Pig B. 3 „ Pig B. 7 „ Pig B. 3 „

Pig C f  „
Soft scrap I f  „

Method of melting—
Oil-fired crucible Oil-fired crucible Oil-fired crucible Cupola Oil-fired crucible

Casting tem perature and additional treatm e nt—
1/1 1,380 deg.C . 2/1 1,370 deg. C. Treated with 11 lbs. 4/1 1,420 deg. C. 5/1 1,300 deg. C.

heating. heating. of Fe-Si-Ti.
Steel for container 4/2, 5 cwt. tran s 5/2 treated with 11-lbs

5 f lbs. 3/1, 1,415 ferred to crucible Fe-Si-Ti. 1,320 deg.
deg. C. (heating). of oil-fired furnace C.

1/2 1,420 deg. C. 2/2 1,420 deg. C. 3/2 1,430 deg. C. and trea ted  with
heating. heating. heating. 12 lbs. Fe-Si-Ti.

1,280 deg. C.
1/3 1.460 deg. C. 2/3 1,440 deg. C. 3/3 1,440 deg. C. 4/3, As 4/2 treated 5/3 treated  with C 02

for 2£ mins. with for 2 mins. 1,310
C 0 2. 1,310 deg. C. deg. C.

1/4 1,430 deg.C. 2/4 1,360 deg. C. 3/4 1,400 deg. C. 4/4 As 4/3 after
cooling. cooling. cooling. allowing to  cool in

shank.
1/5 1,390 deg. C. 2/5 1,300 deg. C. 3/5 1,330 deg. C. 1,240 deg. C.

cooling. cooling. cooling.

spec im ens show cell w alls co n sis tin g  of p e a r lite  
w ith  some p h osph ide  eu te c tic . T h is is m ore 
c le a rly  m ark e d  in  th e  sound  c a s tin g  (F ig . 2) 
th a n  in  th e  u n so u n d  (F ig . 3). T he g ra p h ite  in

th e  su rface , i t  e x is ts  in  fine to  m ed ium  flake 
fo rm  (F ig . o ) ; th e  p e a r l ite  is well lam in a ted . 
T he o u te r  co rn ers  of sec tio n  A show w h a t ap 
p ears  to  be ch illin g , b u t  on  e x a m in a tio n  a t  h igh

T a b l e  IV .— Chemical Composition of the Castings made during Part I  of the Investigation.

Per cent. C. Si. Mn. S. P. Cr. Ti.

Series 1 3.74 2.18 1.09 0.028 0.138 0.03 0.07

Series 2 3.82 2.10 0.92 0.040 0.184 0.26 0.08

Series 3/1 3.82 2.00 0.98 0.026 0.15 0.02 0.17
3/2 , . 2.20 0.38
3/3 .. 2.24 0.38
3/4 .. 2.22 0.36
3/5 . . 3.70 2.22 0.16 0.36

Series 4/1 3.87 2.10 0.94 0.068 0.12 0.03 0.07
4/2 .. 3.79 2.14 0.19
4/3 . . 3.70 2.30 0.42

Series 5/1 3.92 1.89 0.87 0.035 0.16 0.03 0.06
5/2 .. 3.76 2.09 0.33
5/3 . . 3.72 2.13 0.44
5/4 . . Not analysed

sec tio n  A is m ain ly  of th e  super-coo led  ty p e  m ag n ifica tio n  th e  w h ite  p o rtio n s  t u r n  o u t  to  be
(F ig . 4), w ith  a  co n sid erab le  a m o u n t of f e r r i te  f e r r i te  ( th e re  a re  t ra c e s  of c e m e n t i te ) ; th e  den-
s e p a r a tc d ; som e of th e  p e a r l i te  is well la m in a te d , d r i t ic  c e m e n tite  o rig in a lly  fo rm ed  h as ev id en tly
b u t m uch  of i t  is  too  fine to  be resolved w ith  decom posed d u r in g  cooling in to  fine g ra p h ite  and
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fe rr i te . I n  B th e  ch illin g  effect n o ted  in  A 
is ab sen t.

S o u n d  ca stin g  (th ic k  section  C, F ig .  1) and  
unsound  ca stin g  (th ic k  section. ID, F ig . 1 ).— The

th e  chief d ifferences betw een  th e  sound  a n d  th e  
u n so u n d  cas tin g s  a p p e a r  to  be th e  size of th e  
g ra p h ite  flakes an d  th e  d is tr ib u tio n  of the  
phosphide.

T a b l e  V .-—Mechanical Properties, Series 1.
Chemical Composition : 0 ,3 .7 4 ;  Si, 2 .1 8 ; Mn, 1 .0 9 ; S, 0 .0 2 8 ; P, 0 .138 ; Cr, 0.03 and Ti, 0.07 per cent. 

Test-bars nominal size 0.875 in. dia. cast in oil-sand moulds.

Expt. Casting
temp.

Deg. C.

Transverse on 12-in. centres, testec without machining.
Tensile 

machined 
to  0.564 in. 

dia. 
M.S. 

Tons per 
sq. in.

Dia. of bar. 

In.

Breaking
load.
Lbs.

Corrected
breaking

load.
Lbs.

Modulus of 
rupture. 
Tons per 

sq. in.

Deflection.

In.

1 1,380 f 0.875 1,120 1,120 22.8 0.18 12.32
heating \ 0.875 1,098 1,098 22.36 0.18 12.00

2 1,420 r 0.890 1,120 1,064 21.67 0.19 11.20
heating \ 0.895 1,210 1,131 23.02 0.22 11.20>

3 1 460 0.90 1,187 1,090 22.22 0.22 9.24
0.89 1,053 1,000 20.37 0.20 9.36

4 1,430 / 0.89 1,232 1,170 23.83 0.18 10.2
cooling 0.87 1,030 1,048 21.33 0.17 10. IS

5 No test-bars cast.

pearlite  cell w alls a re  s ti ll  in  evidence in  som e E x p e rim e n ta l
p a rts  of sections C (F ig . 6 ), in  o th e rs  th e y  a re  T he e x p erim en ta l w ork  has been d iv id ed  in to
missing (F ig . 7 ) ;  th e re  is a  con sid erab le  v a r ia -  tw o  sections. P a r t  I  deals w ith  th e  re la tio n -

T a b l e  V I .— Mechanical Properties, Series 2 .

Chemical Composition : C .3 .8 2 ; S i ,2 .1 0 ; M n ,0 .9 2 ; S ,0 .0 4 0 ; P , 0 .184 ; C r,0 .2 6 ; and Ti, 0.08 per cent. 
Test-bars nominal size, 0.875 in. dia., cast in oil-sand moulds.

Expt.
Casting
temp.

Deg. C.

Transverse on 12-in. centres, tested without machining. Tensile 
machined 

to 0.564 in. 
dia. 
M.S. 

Tons per 
sq. in.

Dia. of bar. 

In.

Breaking
load.
Lbs.

Corrected
breaking

load.
Lbs.

Modulus of 
rupture. 
Tons per 

sq. in.

Deflection.

In.

1 1,370 f 0.875 1,456 1,456 29.64 0.19 13.2
heating \ 0.880 1,344 1,321 26.89 0.16 12.72

2 1,420 / 0.845 1,165 1,293 26.33 0.19 13.72
heating \ 0.880 1,344 1,321 26.89 0.17 13.6

0.855 1,255 1,345 27.38 0.14 13.4
0.865 1,456 1,507 30.68 0.15 12.8

4 1,360 r 0.850 1,299 1,418 28.86 0.14 14.16
cooling \ 0.860 1,478 1,556 31.69 0.16 14.08

5 1,300 / 0.865 1,456 1,507 31.39 0.15 13.92
cooling \ 0.860 1,344 1,416 29.49 0.16 13.8

tion in  g ra p h ite  size. I n  sec tion  D , th e  g host 
netw ork has d isa p p ea red  e n tire ly  an d  th e  
g rap h ite  is p re se n t as very  la rg e  flakes (F ig . 8). 

F ro m  th is  sh o r t su m m ary  i t  w ill be seen th a t

sh ip  be tw een  m e ta l a n d  soundness, a n d  P a r t  I I  
w ith  t h a t  be tw een  sand  an d  soundness. I n  de
sc rib in g  th e  re su lts  of P a r t  I ,  a t te n tio n  will be 
d irec te d  f irs t to  m echan ical p ro p e rtie s , th e n  t o



a  co n s id e ra tio n  of sh r in k a g e  sp heres, a n d  finally  
to  th e  c a s tin g s  fo r  th e  sake  of c o n tin u ity  w ith  
P a r t  I I .

P A R T  I .— R E L A T IO N S H IP  B E T W E E N  M E T A L  
A N D  S O U N D N E S S

I n  th is  se ries of e x p e rim e n ts , p um p bodies 
s im ila r  in  d es ig n  a n d  size to  those  show n in  
F ig . 1 w ere  u sed  as th e  te s t  c as tin g s , a n d  some 
a d d it io n a l  e x p e r im e n ts  on s ta b ilu s  bodies s im ila r  
to  F ig . 15. In  a d d itio n , sh r in k a g e  spheres 
s im ila r  to  those  used  by th e  B .C .I .R .A . (see

F i g . 1 0 .— B .C .I .R .A . T e s t  S p h e r e s .

F ig s. 9 a n d  10) a n d  tra n sv e rse  te s t-b a rs  0.875 
in . d ia . w ere c as t, th e  d e ta ils  of w hich (see 
F ig . 11) a re  as fo llow : —

P u m p  B ody  C a stin g s .— M oulded  in  g re en  san d  
on h an d -p re ss  m ach in es, tw o  p e r  box u s in g  one 
com m on r u n n e r ;  tw o  boxes c a s t fo r each  e x p e ri
m en t.

S h r in k a g e  S p h e re s .— M oulded in  g reen  san d  on 
h an d -p re ss  m ach in es, sp h e res 3  in . d ia . jo in e d  by 
a ru n n e r  \  in . d ia .,  th is  in  tu r n  b e in g  fed  by 
one of D  sec tio n  of J  in . ra d iu s ;  th e  h ead  of 
m olten  m e ta l w as 3 |  in .

T e s t-B a rs .— T hese w ere 0.875 in . d ia .,  c a s t in 
oil san d  (a n d  in  som e in s tan c es  a  s im ila r  se t 
h a n d -ra m m e d  in  g re e n  san d ).

All th e  c a s tin g s  (ex cep t te s t-b a rs )  discussed 
in  P a r t  I  w ere c a s t in  g re e n  san d  m ad e  u p  as 
fo llo w s:— M ansfie ld  san d , 7 p a r t s ;  used  san d , 23 
p a r ts ,  an d  coal-d u st, 10 lbs. p e r  4 cw ts. of san d  
m ix tu re . T h is  san d  g ives th e  fo llow ing  av erag e  
t e s t s : — M o istu re , 5.8 p e r  c e n t . ;  g reen  p e rm e
a b ility , 125 se c s .; g reen  com pression , 9.5 lbs. per 
sq. in ., a n d  loss on ig n itio n , 5.7 p e r  cen t.

F i g . 1 1 .— S et of T e s t  C a s t i n g s .

D e ta ils  of ch arg es, m eth o d  of m eltin g , ad d i
tion  t r e a tm e n t  a n d  c a s tin g  te m p e ra tu re  w ill be 
fo u n d  in  T able  I I I .  A nalyses of th e  p ig -irons 
a n d  fe rro -s il ic o n -ti ta n iu m  a re  g iv en  in  T able I. 
T he fe rro -s il ic o n -ti ta n iu m  was pack ed  in to  a steel 
c a n is te r  a tta c h e d  to  a  stee l rod  p ro te c te d  by a 
g ra p h ite  sleeve. T he stee l ro d  w as p rov ided  
w ith  a r in g  by m eans of w hich  i t  could be 
a tta c h e d  to  th e  c ra n e  hook a n d  low ered in to  th e  
c ru c ib le ; a w e ig h t on th e  rod  en ab led  th e  c a n is te r  
to  be k e p t  im m ersed  in  th e  m o lten  iro n , shown 
d ia g ra m m a tic a lly  in  F ig . 12. I n  all ex p e rim e n ts  
in  th is  se ries , t r e a tm e n t  w ith  ferro-silic-on-



t ita n iu m  a n d  w ith  carb o n  d io x id e  took place in  
th e  crucib le . Som e difficulty  was exp erien ced  in 
o b ta in in g  th o ro u g h  m ix in g  of th e  m eta l in  th e  
crucible a f te r  th e  a d d itio n  of th e  fenro-silicon- 
tita n iu m , w ith  th e  re su lt  t h a t  th e re  w as a 
g rad u a l in crease  in  th e  silicon an d  t i ta n iu m  con-

A fu ll e x am in a tio n  was m ade of th e  v a rio u s 
specim ens o b ta in e d , b u t  i t  would be w earisom e to  
d iscuss th e  re su lts  h e re  in  d e ta il  item  by item , 
th e  com plete re su lts  a re  included  in  T ables I I I  
et seq. The sa lie n t fe a tu re s  m ay  be sum m arised  
as follows : —

T a b l e  V II .— Mechanical Properties, Series 3. 

Test-bars nominal size 0.875 in. dia. cast in oil-sand moulds.

Expt. Casting
temp.

Deg. C.

Transverse on 12 in. centres, tested without 
machining.

Tensile 
machined 
to 0.564 
in. dia. 

M.S. 
Tons per 

sq. in.

Analysis.

Dia. of 
bar. 
In.

Breaking
load.
Lbs.

Corrected
breaking

load.
Lbs.

Modulus of 
rupture. 
Tons per 

sq .in .

Deflection.

In.
Si. Ti.

1 1,415 \  
heating / 0.870 1,523 1,550 31.55 0.16 /  1 5 .7 2 \  

\  1 5 .8 0 / 2.00 0.17

2 1,430 /  
heating \

0.865
0.870

1,568
1,523

1,623
1,550

33.05
31.55

0.17
0.19

15.4 \
15.4 / 2.20 0.38

3 1,440 /  
\

0.865
0.865

1.456
1.456

1.507
1.507

30.68
30.68

0.17
0.16

15.8 \
15.8 / 2.24 0.38

4 1,400 /  
cooling \

0.865
0.870

1,456
1,523

1,507
1,550

30.68
31.55

0.17
0.19

15.8 \
15.8 / 2.22 0.36

1,330 0.870 1,568 1,595 32.48 0.17 15.2 2.22 0.36

T a b l e  V III .— Mechanical Properties, Series 4. 
Test-bars nominal size 0.875 in. dia. cast in oil-sand moulds.

Expt. Casting
temp.

Deg. C.

Transverse 12-in. centres tested 
without machining.

Tensile 
mach
ined to 

0 .564 in. 
dia. 
M.S. 

Tons per 
sq. in.

Analysis.

Dia. of 
bar. 
In.

Break
ing

load.
Lbs.

Cor
rected

breaking
load.
Lbs.

Modu
lus of 

rupture. 
Tons per 
per in.

Deflec
tion.
In.

C. Si. Ti.

1 1,420 ^ 0.90
0.90

1,187
1,164

1,091
1,070

22.20
21.78

0.24
0.26

9.681
9 .6 8 / 3.87 2.10 0.07

2 1,280 /  
Ti treated \

0.89
0.90

1,523
1,680

1,447
1,543

29.39
31.41

0.21
0.17

15.521
1 5 .3 6 / 3.79 2.14 0.19

3 1,310 /  
CO 2 treated \

0.89
0.90

1,568
1,612

1,489
1,482

30.26
30.16

0.20
0.20

15.001
1 5 .2 0 / 3.70 2.30 0.42

4 1,240 f  
CO 2 treated 4 
and cooled (_

0.90
0.89

1,500
1,478

1,379
1,404

28.05
28.53

0.19
0.21

13.12
13.20

ten ts  of th e  t r e a te d  m em bers of series 3, 4 and  5 ; 
details of th ese  v a r ia tio n s  a re  g iven  in  Table IV . 
T em pera tu res w ere m easu red  w ith  a  p la tin u m  / 
p la tinum -rhod ium  therm o-coup le  encased  in  a 
fused silica sh e a th  p ro te c te d  w ith  a re fra c to ry  
wash.

M echan ica l P ro p e rtie s
T h ro u g h o u t th e  ex p erim en ts , all m echanical 

p ro p e rtie s  re fe r  to  re su lts  o b ta in e d  from  tes t-  
b a rs  c a s t to  a n om inal size of 0.875 in . d ia . 
All te s ts  w ere  m ade in  d u p lica te , an d  in  g enera l 
th e re  was fa ir ly  good ag ree m e n t betw een  th o
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d u p lic a te  te s ts . A la rg e  n u m b er o t m ecnam cai 
te s ts  h av e  been  m ade , b u t  w ith  th e  ex ce p tio n  of 
a  few  a d d it io n a l  exam p les w here  necessary , only 
th o se  r e fe r r in g  to  S eries  1 to  5 w ill he g iven .

The re su lts  of th e  te s ts  m ade  in  Series 1 a n d  2

a u th o rs  believe th is  to  be d ue  to  th e  fo rm  and  
d is t r ib u t io n  of th e  g ra p h ite  w hich  ex is ted  as 
flakes, in c re a s in g  in  size w ith  th e  c a s tin g  tem 
p e ra tu re  in  S eries 1, a n d  m ain ly  as fine g ra p h ite  
in  S eries 2.

T a b l e  IX .—Mechanical Properties, Series 5. 
Test-bars nominal size 0.875 in. dia. cast in oil-sand moulds.

Expt. Casting
temp.

Deg. C.

Transverse 12-in. centres tested 
without machining.

Tensile 
mach
ined to 

0.564 in. 
dia. 
M.S. 

Tons per 
sq .in .

Analysis.

Dia. of 
bar. 
In.

Break
ing

load.
Lbs.

Cor
rected

breaking
load.
Lbs.

Modu
lus of 

rupture. 
Tons per 
per in.

Deflec
tion.
In.

C. Si. Ti.

1 1,300 | 0.92
0.90

1,232
1,187

1,059
1,091

21.46
22.20

0.13
0.15

1 0 .8 8 \
1 0 .8 8 / 3.92 1.89 0.06

2 1,320 /  
Ti treated \

0.90
0.90

1,657
1,568

1,523
1,441

30.99
29.32

0.14
0.17

1 4 .2 8 \
1 4 .2 8 / 3.76 2.09 0.33

3 1,310 /  
CO 2 treated /

0.89
0.875

1,657
1,545

1,574
1,545

31.99
31.53

0.15
0.14

1 4 .4 0 \
1 5 .2 0 / 3.72 2.13 0.44

T a b l e  X.—Influence of Titanium  Treatment on Cupola-Melted Iron.

Transverse 12-in. centres. Tested w ithout machining. Tensile 
machined 
to 0.564 
in. dia. 

M.S. 
Tons per 

sq. in.

Mould. Dia. of 
bar. 
In.

Breaking
load.

Lbs.

Corrected 
breaking 

load. Lbs.

Modulus 
of 

rupture. 
Tons per 

sq. in.

Deflection.
In.

Cupola metal. Cast 1,350 
deg. C. Ref. M.2441

Green sand 0.875
0.89

1.187
1.187

1,187
1,120

24.22
22.92

0.17
0.19

10.32
9.96

Do...................................... Oil sand . . 0.88
0.895

1,210
1,232

1,187
1,142

24.18
23.41

0.17
0.17

10.12
10.04

As above, crucible treated 
with Fe-Si-Ti. Cast 1,360 
deg. C. Ref. M.2442

Green sand 0.875
0.875

1,680
1,344

1,680
1,344

34.27
27.42*

0.15
0.13

16.40
16.84

Do...................................... Oil sand . . 0.91
0.88

1,837
1,568

1,635
1,545

33.24
31.35

0.18
0.17

15.68
15.28

Chemical composition :

M.2441 . .
M.2442 . .

Cupola charge :—

C.
3.75 
3.71 

Pig A. 
Pig B.

Si.
1.80
1.96

Mn.
0.82
0.82

S.
0.072
0.080

P.
0.14
0.13

Cr.
0.06
0.06

Ti.
0.07
0.35

1J cwts.
3 cwts.

* Test-piece unsound a t surface.

a re  g iv en  in  T ables V  an d  V I. T he m echan ical 
p ro p e rtie s  of th e  m e ta l of S e ries I  w ere con
sid e rab ly  in fluenced  by c a s tin g  te m p e ra tu re ,  
w hereas th ose  of S e ries 2 show v ery  l i t t le  v a r ia 
tio n  o ver a s im ila r  ra n g e  of te m p e ra tu re .  The

The m echan ical p ro p e rt ie s  of S e ries  3 show re 
m ark ab le  u n ifo rm ity  o ver a ra n g e  of c a s tin g  tem 
p e ra tu res  v a ry in g  b y  m ore th a n  ICO deg. C. T he 
g ra p h ite  in  th ese  specim ens w as w holely  o f  the  
super-cooled v a rie ty . T he m ix tu re  and  m ethod



of m eltin g  a re  th e  sam e as used for Series 1 th ro u g h  th e  m elt) d id  n o t a p p e a r  g re a tly  to
(which gave  r a th e r  poor re su lts ) , a n d  th e  im - in fluence th e  size of th e  p r im a ry  sh rin k a g e
provem ent is to  be a t t r ib u te d  e n tire ly  to  th e  cav ity , b u t  such  t r e a tm e n t  a p p ea red  to  cause

T a b l e  X I .— Influence of Titanium  Treatment on Cupola-Melted Iron.

Transverse 12-in. centres. Tested without machining. Tensile 
machined 
to 0.564 
in. dia. 

M.S. 
Tons per 

sq. in.

Casting
temp.

Deg. C.

Dia. of 
bar. 
In.

Breaking
load.
Lbs.

Corrected 
breaking 

load. Lbs.

Modulus 
of 

rupture. 
Tons per 

sq. in.

Deflection.
In.

Cupola metal. Ref. M.2382 1,340 0.92
0.91

1,277
1,254

1,098
1,115

22.4
22.74

0.24
0.25

11.60
11.36

As above, crucible treated 1,320 0.875 1,501 1,501 30.62 0.24 14.4
with Fe-Si-Ti. Ref. M.2383 0.88 1,546 1,520 31.00 0.24 14.0

C. Si. Mn. S. P. Cr. Ti.
M.2382 ............................ 3.78 1.94 0.97 0.068 0.195 0.26 0.08
M.2383 ............................ 3.75 2.06 1.00 0.068 0.190 0.26 0.28

Cupola charge :—Pig C, i  e w t.; pig E, 1) cwt. ; pig F, 5 cw ts.; and soft scrap, 3 cwts.

change in  s t ru c tu re  b ro u g h t a b o u t by th e  t r e a t 
m ent w ith  fe rro -s ilico n -tita n iu m  (T able V II) .

In  Series 4 and  5, t r e a tm e n t  w ith  carbon  
dioxide was used a d d itio n a l to  t r e a tm e n t  w ith  
tita n iu m , a n d  th e  re su lts  (T ables V I I I  and  IX ) 
show th a t  u n d e r  th e  co n d itio n s of th ese  e x p e ri
m ents, no n o tab le  im p ro v em en t w as o b ta in e d  by 
using C 0 2. T hese e x p e rim e n ts  w ere  also 
in tended  to  show th e  in fluence  of th e  m ethod  
of m elting , b u t  u n fo r tu n a te ly  th e  d isp a r ity  
between th e  c a s tin g  te m p e ra tu re s  of th e  
u n trea te d  m e ta l in  th e  tw o  series, and  
between th e  u n t r e a te d  an d  t r e a te d  m eta l 
in Series 4, re n d e rs  such a com parison  im 
possible. The a u th o rs  have, how ever, am ple 
proof t h a t  t i ta n iu m  t r e a tm e n t  b rin g s  abou t 
equally good re su lts  w h e th e r th e  m e ta l is m elted  
in th e  cupola  or th e  c rucib le , an d  th e y  offer th e  
results show n in  T ables X  a n d  X I  as ev idence of 
this, th e  t i ta n iu m  t r e a tm e n t  in  each in s tan c e  
being c a r r ie d  o u t in  th e  crucib le . I t  m ay  be 
m entioned h e re  t h a t  v e ry  l i t t le  im p ro v em en t has 
been found  w hen a p p ly in g  th e  t i ta n iu m  t r e a t 
m ent to  cas t iro n s  w hich in  th e i r  n o rm al co n d i
tion possess good m ech an ica l p ro p e rtie s , say  of 
the o rd er of 17 o r m ore to n s  p er sq. in . m axim um  
stress in  tens ile .

S hrinkage S p h eres— (R esu lts  S u m m arised  
in T a b le  X I I )

These spheres m ay  be re g a rd e d  as cas tin g s  fo r 
which no prov ision  h as been  m ad e  fo r  feed in g . 
There was a  re la tio n sh ip  b e tw een  c a s tin g  te m 
p e ra tu re  a n d  sh r in k a g e  in  th e  sp h e re s ; th e  
higher th e  c a s tin g  te m p e ra tu re ,  th e  la rg e r  th e  
shrinkage  cav ity . I n  th ese  ex p e rim e n ts  t r e a t 
m ent w ith  fe rro -s ilico n -tita n iu m  (or w ith  th e  
same alloy follow ed by b u b b lin g  carbon  d iox ide

m olten  or p a rtly -m o lten  m eta l to  be ex u d ed  in to  
th e  p r im a ry  cav ity  a t  a  la te r  s ta g e  in  solidifica
tio n . A s im ila r  seco n d ary  effect w as p roduced

F i g . 1 2 . —  A r r a n g e m e n t  
S t e e l  C a n i s t e r  c o n 
t a i n i n g  F e r r o - S i l i c o n - 
T it a n i t j m  f o r  I m m e r 
s i o n .

in  iro n  from  c e r ta in  p ig -iro n  m ix tu re s , b u t  n o t 
in  t h a t  from  o th e r  m ix tu r e s ; fo r  exam ple, m ix 
tu re s  of p igs A a n d  B p roduced  cas tin g s  h a v in g
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F i g . 13.— S h r i n k a g e  S p h e r e s . R i g h t — T e s t  S p h e r e  4 /1 ,  C u p o l a  
M e t a l  C a s t  a t  1,420 d e g . C .  L e f t — T e s t  S p h e r e  4 /2 ,  T i- 
t r e a t e d  M e t a l  C a s t  a t  1,280 d e g . C .

sh r in k a g e  cav itie s  q u ite  fre e  from  ex u d a tio n  
w h e th e r m elted  in  c ru c ib le  o r cupo la  ; a  ty p ic a l 
ex am ple  is show n in  F ig . 13 (4 /1 ) , w h ils t 4 /2  
in  th e  sam e i l lu s tra tio n  is ty p ic a l of a cav ity

c o n ta in in g  a  n u m b er of sm all e x u d a tio n  beads. 
S ph eres c a s t a t  low te m p e ra tu re  from  tita n iu m  
tr e a te d  m e ta l h ad  th e i r  sh r in k a g e  cav ities 
a lm o st com plete ly  filled w ith  la rg e  ex u d ed  beads

F i g . 14.— S h r i n k a g e  S p h e r e s . R i g h t — 3 /5 , C a s t  a t  1,330 d e g . C. 
L e f t — 3 /3 ,  C a s t  a t  1,440 d e g . C.

4 3 2



—see F ig . 14 (3 /5 ) . S p h e re  3 /3  in  th e  sam e 
illu s tra tio n  c o n ta in ed  a n u m b er of sm all exuded  
beads w hich  do n o t show in  th e  p h o to g rap h . 
The tw o spheres show th e  in fluence of ca s tin g  
te m p e ra tu re .

Some of th e  g lobules from  th e  sh r in k a g e  cav i
t ie s  of tw o  of th e  spheres of series 3 w ere de 
tac h ed  a n d  ana ly sed . T h ere  w as a  m ark e d  d if 
ference be tw een  th e ir  chem ical com position  an d  
th a t  of th e  p a r e n t  m e ta l : —

tu r e  (F ig s. 16 a n d  17), an d  in  m an y  in s tan ces  
th e  d e n d rite s  pass w ith o u t c h an g in g  d irec tio n  
s t r a ig h t  th ro u g h  tw o o r m ore n e tw o rk  encircled  
g ra in s . A n ex ce llen t exam ple is show n in  
F ig . 18, in  w hich a long d e n d r ite  passes 
com plete ly  across th e  field, tra v e rs in g  in  i ts  
course  five g ra in s . T h ere  a re , in deed , tw o s tru c 
tu re s , one im posed on th e  o t h e r : th e  p rim a ry  
s t ru c tu re ,  th e  d e n d r i te s ; an d  th e  secondary  
ce llu la r  s tru c tu re .

Sphere. Parent Metal. Exuded Globules.

C. Si. P. Ti. C. Si. P. Ti.
3/1 .. 3.82 2.00 0.15 0.17 3 .5 1.64 0.38 0.17
3/5 3.70 2.22 0.16 0.36 3.7 1.79 0.48 0.26

The a u th o rs  a re  of th e  op in io n  t h a t  th e re  is 
a re la tio n sh ip  be tw een  th ese  e x u d a tio n s  an d  
th e  p earlite -p h o sp h id e  c e llu la r  s t ru c tu re ,  b u t  be
fore e n la rg in g  on th is  i t  is d esirab le  to  re fe r  in  
g re a te r  d e ta il  to  th is  ce llu la r s t ru c tu re  (see, fo r 
exam ple, F ig . 2).

The c e llu la r  phosph ide  n e tw o rk  has freq u e n tly  
been described  in  th e  l i te r a tu r e  of c a s t iro n . 
Such c e llu la r s tru c tu re s  a re  g en era lly  p e a r litic  
and c o n ta in  m ore or less phosph ide  eu te c tic  
accord ing  to  th e  a m o u n t of phosphorus p re sen t

A n a d eq u a te  e x p la n a tio n  could be g iv en  for 
e ith e r  s t ru c tu re  sing ly , b u t  th e  a u th o rs  w ere u n 
able to  p u t  fo rw ard  a sa tis fac to ry  one to  accoun t 
fo r th e  tw o to g e th e r. AVhilst th is  P a p e r  was in  
course of p re p a ra tio n  a sim ple  an d  sa tis fac to ry  
e x p la n a tio n  acco u n tin g  fo r th e  fo rm a tio n  of 
th ese  s tru c tu re s  w as p u t  fo rw ard  by Boyles.* H e  
re g a rd s  c ry s ta llisa tio n  of th e  ty p e  u n d e r  con
s id e ra tio n  as ta k in g  p lace in  tw o s tag es : p rim ary  
d e n d rite  fo rm atio n , d u r in g  w hich d e n d rite s  push  
fo rw ard  in to  th e  m olten  m eta l, th e n  before th ey

F ig .  1 5 .— S t a b il t t s  B o d y  C a s t i n g s . L e f t , M .2 7  ; b i g h t , i l . 2 2

in th e  iro n . T hey a re  c e r ta in ly  m uch rich e r  in  
phosphide th a n  th e  reg io n s w hich th ey  enclose, 
and g en era l co n sid e ra tio n s  of th e  m echanism  
of so lid ification  m ake  i t  p ro b ab le  t h a t  th e  p e a r
litic  cell walls them selves c o n ta in  m ore phos
phorus in  so lu tion  th a n  th e  cell c en tres . The 
c o n cen tra tio n  of phosph ide  e u te c tic  in  th e  cell 
walls in d ica te s  t h a t  th e  m eta l h e re  was th e  la s t  
to  freeze an d  su g g ests a t  once t h a t  th ey  re p re 
sen t th e  b o u n d a rie s  of a llo tr im o rp h ic  c ry sta ls  
t h a t  c ry sta llised  d u r in g  so lid ification .

M any of th e  irons t h a t  show p ro nounced  cell 
walls e x h ib it also a w ell-defined d e n d rit ic  s tru c -

have  h ad  tim e  to  com plete th e ir  g ro w th  in d ep en 
d e n t so lid ification  from  a n u m b er of c en tres  
(h av in g  no p a r tic u la r  re la tio n sh ip  to  th e  d en 
d r i t ic  fam ilies) com m ences in  th e  s till  liquid 
m eta l su rro u n d in g  th e  d e n d rite s  an d  th e ir  
b ran ch es. T his secondary' c ry s ta llis a tio n  p ro 
duces th e  cell s tru c tu re .

H a v in g  reach ed  th is  s tag e  an d  accep tin g  
B oyles’ e x p la n a tio n  of th e  fo rm atio n  of th is  
d u p lex  s t ru c tu re ,  an  accep tance  which i t  seems 
to  th e  a u th o rs  is fu lly  ju stified , i t  becom es pos-

* “ T he F o rm atio n  of G raph ite  in  G rey Iro n .”  Tran-s.A.F.A.. 
1938, Vol. 46, p. 297.



sib le  to  p ic tu re  a  re la tio n sh ip  be tw een  th e  
c e llu la r  s t r u c tu r e  a n d  th e  ex u d a tio n s , a n d  to  
acc o u n t fo r  th e i r  volum e in c re a s in g  as th e  c a s t
in g  te m p e ra tu re  is low ered. As th e  c a s tin g  cools 
a n d  so lid ificatio n  proceeds, a  s ta g e  is reach ed  
w h ere  th e  com bined  e ffec t p ro duced  by th e  con
t r a c t io n  of th e  a lre ad y  solid  shell a n d  th e  e x p a n 
sion  re su l tin g  fro m  th e  p re c ip ita tio n  of fine 
g ra p h ite  w ith in  th e  in te rs tic e s  of th e  d e n d rite s  
forces th e  e n rich ed  m o lten  liq u o r in to  th e  s h r in k 
age c a v ity  via  th e  s ti ll  liq u id  m e ta l su rro u n d in g  

T a b l e  X II .— Results of Tests

th e  g ro w in g  cells. W h en  th e  m e ta l is c a s t  h o t 
th e re  is a s teep  te m p e ra tu re  g ra d ie n t  across th e  
c a s tin g , a n d  liq u id  m e ta l squeezed  from  th e  
so lid ify in g  shell is re je c te d  in to  th e  s ti ll  m ain ly  
liq u id  in te r io r ,  a n d  ju s t  b e fo re  th e  c a s tin g  is 
com plete ly  solid th e re  is only  a sm all p o r tio n  in  
which liq u id  m e ta l s t i ll  ex is ts . On th e  o th e r  
h an d , w hen th e  m e ta l is c a s t  a t  a  low er te m p e ra 
tu re ,  th e  te m p e ra tu re  g ra d ie n t  is less s teep , an d  
d u r in g  th e  la te r  s ta g es  of so lid ifica tio n  a  g re a te r  
volum e of th e  c a s tin g  consists o f  a  scaffo ld ing  of 

on 3-in. Dia. Shrinkage Spheres.

Series. Fracture of £ in. 
dia. runner.

External 
appearance of 

spheres.

Appearance of 
interior when 

bisected vertically.
Microscopic examination.

1/1

1/2

Normal soft grey 
iron fracture.

One sphere (apparently) 
sound, the other show
ing small pinhole.

As 1/1.

1/3 Very coarse gra
phite flakes.

1/4 Normal soft grey 
iron fracture.

1/5 As 1/4.

2/1 H alf m att grey ; 
signs of cellular 
structure as 
bright veins ; 
half fine graphite 
flakes.

2/2 As 1/2 but three 
quarters m att.

All exhibit open shrinkage 
cavities of considerable

One sphere (apparently) 
sound, the other show
ing small pinhole.

All the spheres showed 
cavities ; most of these 
were roughly spherical 
in shape and had fairly 
smooth, oxidised in
teriors. The size of the 
shrinkage cavity in
creased from 1 /I to  1 ¡3 
and then decreased to 
1/5. The difference in 
size of the cavities in 
specimens 1/2, 1/3, 1/4 
was not great.

The m etal a t the top of the 
spheres (roughly two 
th irds of the to ta l 
volume) had a much 
more open structure 
than  the m etal a t the 
bottom  of the spheres ; 
on the surface of this 
denser m etal the cellular 
phosphide / peariite 
boundaries could be 
seen.

2/3

2/4

2/5

M att grey with 
cellular struc
ture as th in  
bright veins.

All showed large open 
shrinkage cavities ; into 
most of these a consi
derable am ount of 
m etal had  exuded. 
There was no great 
difference in the volume 
of the cavities from 
spheres 2/1, 2/2, 2 /4 ; 
the shrinkage cavities 
of spheres 2/3 were 
slightly larger. Spheres 
2/5 showed very little 
shrinkage.

In  general agreement with 
remarks a t left. Spheres 
2/5 were interesting; 
there had evidently 
been a shrinkage cavity 
a t  the top  of each 
sphere, bu t into this 
molten or pasty metal 
had exuded so th a t in 
one instance the origi
nal cavity was entirely 
filled and in the other 
almost filled.

Sections cut from 2/3 and 
2 15 indicated

2/3 top, coarse flake 
graphite.

2/3 bottom , a little super
cooled mixed with fine 
and coarse flake gra
phite.

2/5 top.
2/5 bottom.
Graphite in  both, finer 

than  corresponding 2/3 
specimens.

All m att grey with 
thin bright veins 
of cellular struc
ture. Cellular 
structure in
creases in size 
with casting 
temperature.

3/1, 3/2, 3/3, 3/4 have 
large open shrinkage 
cavities containing 
exudations. The shrin
kage cavities of 3 /5 
have, to a large extent, 
been refilled.

All spheres showed phos- 
phide/pearlite cellular 
structure quite clearly 
on their sawn surfaces. 
One specimen of 3/1 
showed slight opening 
of the grain from the 
centre towards the top ; 
all other specimens 
had a very dense look
ing structure (Fig. 14).

Specimens from £ in. dia. 
runners ah had super
cooled graphite, and 
m arked dendritic and 
superimposed cehular 
structure. The graphite 
in sphere 3/1 was coarse 
flake a t top and fine 
flake a t  bottom. In 
sphere 3/3 graphite was 
medium and fine flake 
a t top and bottom 
respectively. Sphere 3/5 
had supercooled gra
phite throughout.

(Continued on next page) 
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T a b l e  X I I — (continued ).

4. Mainly coarse cry
stalline with 
traces of m att 
grey(4/l). Others 
m att grey with 
cellular struc
ture.

4/1. One sphere shows a 
large shrinkage cavity 
with no sign of exuda
tion, interior of the 
sunken hole being quite 
smooth ; there was no 
apparent shrinkage 
cavity in the other 4/1 
sphere. (Fig. 13.)

The sphere from 4/1 
which appeared to be 
sound was found to 
have a cavity under 
the skin when cut open, 
no exudation, centres 
slightly unsound (por
ous). One of 4/2 
appeared quite sound ; 
4/3, large cavities p a rt
ly filled with exuda
tions. 4/4, cavities 
almost closed with a 
skin of metal, large 
exudations almost 
fifling cavities. No 
centre porosity in 4/2, 
4/3, 4/4.

4/1 did not, and 4/2, 4/3, 
4/4 did show cellular 
phosphide - pearlite 
structure. There is the 
usual refining of gra
phite structure following 
titanium  treatm ent, but 
in all instances the 
structures were of the 
mixed type. The amount 
of supercooled graphite 
present is certainly 
greatest in those speci
mens th a t have been 
treated with C 0 2.

5. 5/1 crystalline. 5/2, 
5/3 m att grey, 
signs of cellular 
structure as 
bright veins.

5/1 shrinkage cavities 
partly  covered with a 
skin of metal, interiors 
smooth. 5/2, 5/3, 
considerable amount of 
exuded metal has again 
been forced into the 
shrinkage cavities.

Not cut up. Not cut up.

a lready  solid d e n d r ite s  su rro u n d e d  by liq u id , and  
the  en riched  m o lten  liq u o r, h a v in g  no liq u id  
cen tra l re se rv o ir  to  rece ive  i t ,  is fo rced  o u tw ard s  
in to  th e  sh rin k a g e  c av ity .

C A S T IN G S

Influence o f C as tin g  T e m p e r a tu re — (S u m m arised  
in T a b le  X I I I )

The in fluence of c a s tin g  te m p e ra tu re  was 
de term ined  in  th e  ex p e rim e n ts , Series 1 an d  2. 
Of th e  40 cas tin g s  m ade , only one show ed signs 
of an  e x te rn a l s ink , a n d  th is  was in  one of th e  
castings c a s t a t  th e  h ig h es t te m p e ra tu re  (1,460 
deg. C.) from  S eries 1. T h ere  is an  in d ic a tio n  
th a t  h ig h  c a s tin g  te m p e ra tu re  ten d s  to  p roduce  
ex te rn a l s in k in g . T he ev idence fo r th is  is, how
ever, som ew hat s len d er, based  as i t  is on one 
exam ple, an d  th e  a u th o rs  a re  n o t p re p a re d  to  
press th e  p o in t a t  th e  m om ent. The e x p e r i
m ents in  Series 3 also re fe r  to  th e  in fluence of 
casting  te m p e ra tu re ,  in  th is  in s tan c e  t re a te d  
w ith  fe rro -s ilico n -tita n iu m  an d  u s in g  iro n  sub
s ta n tia lly  as fo r S e ries 1, m ak in g  only  such 
a lte ra tio n s  as w ere necessary  to  ba lan ce  th e  
silicon in tro d u c ed  by th e  fe rro -a lloy . T he re 
su lts very  c learly  in d ic a te  th e  im p ro v em en t in  
soundness, b ro u g h t a b o u t by  such t r e a tm e n t.

p ro d u c tio n  w ork, t h a t  c e r ta in  m ix tu re s  of pig- 
irons p roduce  sounder cas tin g s th a n  o th ers , 
a lth o u g h  th e  final chem ical analysis of th e  m eta l 
in  th e  c a s tin g s  m ay  d iffer b u t  l i t t le .  T he cast-

F i g . 1 6 .— R u n n e r  f r o m  T e s t  S p h e r e s , 3 / 3 .

In flu en ce  o f Base Iron s ings of Series 2 w ere free  from  e x te rn a l sinks
By a  com parison  of th e  re su lts  o b ta in e d  from  an d  d is tin c tly  sou n d er in te rn a lly  th a n  those  of

Series 1 a n d  2, i t  was in te n d e d  to  i l lu s tra te  th e  Series 1, a re su lt  t h a t  is in  a g reem en t w ith  th e
co n ten tio n , based  on th e  a u th o rs ’ ex p erien ce  in  p rev ious re p o rts  received a b o u t th e  beh av io u r
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of th ese  tw o m ix tu re s  in  th e  fo u n d ry . I t  is 
t r u e  t h a t  th e  tw o iro n s  a re  n o t  s tr ic t ly  com 
p a rab le , fo r  t h a t  in  S eries  2 c o n ta in s  a  sm all 
a m o u n t of ch ro m iu m , a lth o u g h  th e  a u th o rs  do 
n o t  believe th is  in  its e lf  to  have  h a d  an y  im -

lim in a ry  e x a m in a tio n , a n d  in d ic a te  t h a t  iron  
w ith  a  dense  s t r u c tu r e  seem s, in  th e  m a t te r  of 
in te rn a l  u n so u n d n ess , less su scep tib le  to  v a r ia 
tio n s  in  c a s tin g  te m p e ra tu re  th a n  m e ta l of open 
s tru c tu re .

T a b l e  X II I .— Record of Pump Body Castings made in Series 1 to 5.

Series. Expt. Box. Surface appearance. Castings cut in two (see Pig. 1). 
Condition of interior.

* {
A
B

Poor surface, no sinks.
Mis-run and cold shuts, no sinks.

' • Not cut up.

2 {
A
B ^-Good surface, no sinks. 1

f One drawn, one sound.
^One badly drawn, one sound.

1
2 {

A
B

Sand burnt on surface of casting. 
One showed slight sink.

One very slightly drawn, one sound. 
Both sound.

* {
A
B |-G ood surface, no sinks. All sound.

5 {
A
B

\G o o d  surface, faint traces of cold shuts, 
J  no sinks. 1

One very slightly drawn, one sound. 
One very slightly drawn, one sound.

'  {
A
B 1

'O ne slightly drawn, one sound.
One considerably drawn, one sound.

2
2 A & B All sound.

3 A & B -Surface satisfactory, no sinks. ■< All sound.

4 A & B All sound.

5 {
A
B

One very slightly drawn, one sound. 
Both sound.

3 1 to  5 ■— Surface satisfactory, no sinks. All sound, the outlines of the cellular 
structure were quite marked and clearly 
visible on the sawn surfaces.

1 A & B Slight evidence of scabbing ; one casting 
showed what m ight be a slight sink.

All showed slight porosity a t  the centre of 
thick sections.

4 2 & 3 — Surface satisfactory, no sinks. 'I All sound in thick sections, but there

4 A & B Cold shuts, no sinks. > to contain small blowholes existing 
just under the skin. Marked cellular 
structure.

1 A & B No sinks. Two castings show small bu t definite 
cavities, and two no cavities but open
ness of structure.

5 2 A & B No sinks in the usual place, but one 
casting had a hole a t the side of one 
of the side bosses. All dense and sound. Marked cellular 

structure.
3 — No sinks.

p o r ta n t  in fluence . W h a te v e r  th e  view s on th e  
in fluence  of th is  sm all p e rc e n ta g e  of ch rom ium  
m ay b e , th e  c a s tin g s  confirm  th e  re la tio n sh ip  
betw een  s t ru c tu re  a n d  soundness w hich  was 
o u tlin e d  w hen re co rd in g  th e  re su lts  of th e  p re 

in flu e n ce  o f T i ta n iu m  and C a rb o n -D io x id e  
T r e a tm e n t

R efere n ce  h as a lre a d y  been  m ad e  to  th e  im 
p ro v e m e n t in  in te r n a l  soundness b ro u g h t ab o u t 
by t r e a tm e n t  w ith  fe rro -s il ic o n - ti ta n iu m  w hen
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Type of easting : Stabilus body (Fig. 18). Weight of casting, 24 lbs. Cast in green-sand moulds, hand- 
pressed, one per box.

T a b l e  XIV .— Details o f Stabilus Body Experim ents.

Production cupola.
Charge.

Cuts.
Pig C ............................ 4

„ G ............................ 2 4
„  H ............................ 2 4

„ J  ............................ 1
Cyl. scrap . .  . .  . .  34 

Additional treatm ent.
None. 3 cwts. treated in crucible with 9 lbs. 
Ref. M.21. Fe-Si-Ti.

Ref. M.22.

Experimental cupola.

Cwts.
Pig A ............................ I f

„ B ............................ 24

None. 3 cwts. treated in crucible with 9 lbs. 
Ref. M.27. Fe-Si-Ti.

Ref. M.28.
Casting tem perature and condition of castings.

1.310 deg. C. 
Both sunk between 

bosses.

1,315 deg. C. 
Both sunk between 

bosses.

1,320 deg. C. 
Neither sunk.

1,360 deg. C.
Neither sunk, both slightly 

blown on boss.
Analysis.

Ref. C. Si. Mn. S. P. Cr. Ti.
M.21 3.29 2.08 0.80 0.120 0.20 0.26 0.03
M.22 3.19 2.34 0.76 0.128 0.20 0.26 0.23
M.27 3.84 2.06 0.85 0.038 0.16 0.02 0.07
M.28 3.60 2.26 0.87 0.040 0.17 0.02 0.23

recording th e  in fluence of c a s tin g  te m p e ra tu re  
(Series 3). In  view  of th e  exce llen t re su lts  
obtained from  Series 3, i t  was n o t to  be ex 
pected th a t  any  im p ro v em en t in  soundness would 
be o b ta in ed  in  th is  p a r tic u la r  k in d  of ca s tin g

R ela tio n sh ip  B etw een  M e ta l and S in k in g
The p r im a ry  o b jec t of th ese  e x p erim en ts  was 

to  d e te rm in e  th e  fac to rs  co n tro llin g  e x te rn a l 
sin k in g . A lth o u g h  th e re  is am ple  evidence th a t  
t i ta n iu m  tr e a tm e n t  a ids in te rn a l  soundness, i t

F i g . 1 7 .— S t r u c t u r e  o f  T e s t - B a r ,  2 / 4 .  x  5 0 .

a f te r  a d d itio n a l t r e a tm e n t  w ith  CO,. I t  w ill 
be n o ticed  th a t  th e  iro n  fo r Series 4 was cupola- 
m elted ; v a r ia tio n s  in  th e  m eth o d  of m eltin g  h ad  
a p p a re n tly  no  in fluence on th e  final re su lts  
under th e  co n d itio n s of these  ex p erim en ts .

F i g .  1 8 .— S t r u c t u r e  o f  T e s t - B a r  3 / 1 .  x  5 0 .

c an n o t be sa id  t h a t  th e  e x am in a tio n  of these  
pum p bodies p rov ides any  c lear in d ic a tio n  of 
th e  in fluence  of such  t r e a tm e n t  on e x te rn a l 
sin k in g . T here  was s lig h t ev idence of a  con
nec tio n  be tw een  c a s tin g  te m p e ra tu re  an d  s in k 



in g , b u t  a t  th e  tim e  i t  w as n o t  possible to  p u r 
sue  th is  f u r th e r .  T he a u th o rs  hope sh o rtly  to  
be ab le  to  reo p en  th is  p a r t  of th e  in v e s tig a tio n . 
I n  a ll th ese  e x p e rim e n ts  th e  t i ta n iu m  was added  
in  th e  c ru cib le , a  p ro c ed u re  n o t  econom ically  
possible in  p ra c tic e . M eth o d s fo r in tro d u c in g  
th e  t i ta n iu m  in  th e  cupo la  a re  now b e in g  in 
v e s tig a ted .

A d d it io n a l E x p e rim e n ts
T he re su lts  of th e  e x p e rim e n ts  on  p um p bodies 

h a v in g  been  d is t in c t ly  d isa p p o in tin g  w ith  r e 
g a rd  to  s in k in g , th e y  w ere d isc o n tin u e d . A t a 
la te r  d a te  a n u m b er of cas tin g s s im ila r  to  those  
show n in  F ig . 15 h a d  to  be  m ad e . T hese showed 
th e  s in k in g  phenom enon  to  a  m ark e d  e x te n t ,  
an d  p ro v id ed  ex ce llen t specim ens fo r  use  in  ex 
te n d in g  th e  w ork  a lre ad y  done. D a ta  re le v a n t 
to  som e of th ese  e x p e rim e n ts  on th e  in fluence 
of m e ta l a n d  t r e a tm e n t  a re  co llected  in  T able 
X 1Y . As w ould be ex p ec ted , iro n  of low to ta l-  
c a rb o n  c o n te n t is m ore  su scep tib le  to  s in k in g  
th a n  h ig h -ca rb o n  iro n , b u t  in  th ese  ex p e rim e n ts  
on c a s tin g s  m ore  p ro n e  to  th e  s in k in g  de fec t 
th a n  th e  p um p body c a s tin g s  p rev iously  used, 
th e re  w as no  ev idence  of a n y  im p ro v e m en t fo l
low ing  t i ta n iu m  t r e a tm e n t.  W h a t  th e  in fluence  
of such  t r e a tm e n t  w ould be on iro n  of in te rm e 
d ia te  ca rb o n  c o n te n t i t  is d ifficult to  say  a t  th is  
ju n c tu re .  I t  is t r u e  t h a t  M .28 w ith  3.60 p er 
cen t, c a rb o n  is fre e  fro m  sinks, b u t  th e re  is, 
how ever, no  u n t r e a te d  specim en  of s im ila r  c a r 
bon c o n te n t  fo r  com parison . W ith in  th e  lim its  
of th e i r  e x p e rim e n ts , th e  a u th o rs  h av e  n o t been 
ab le  to  find t h a t  t i t a n iu m  t r e a tm e n t  e x e r ts  any  
p ro n o u n ced  in fluence  on s in k in g .

P A R T  I I . —T H E  R E L A T IO N S H IP  B E T W E E N  
S A N D  A N D  S O U N D N E S S

T he e x p e rim e n ts  reco rd ed  in  P a r t  I  of th e  
P a p e r  re p re se n t  only  a p o r tio n  of th o se  m ade 
on s im ila r  lin es, a n d  th e i r  ex ecu tio n  ex te n d ed  
in te rm it te n t ly  over a  co n siderab le  p e rio d  of 
tim e . D u r in g  th is  tim e  th e  a u th o rs  w ere n o t 
u n m in d fu l of th e  possible in fluence  of san d  an d  
m ou ld  co n d itio n s. I t  was su g g ested  t h a t  th e  
ac tio n  of h a n d -p re ss in g  se t u p  co n d itio n s in  th e  
m ou ld  t h a t  w ere  d iffe re n t from  th o se  p re se n t 
w hen h a n d -ra m m in g . T he s in k in g  d e fec t was 
s ta te d  to  be m uch  m ore p re v a le n t on h a n d - 
p ressed  th a n  on h a n d -ra m m e d  w ork , b u t  
e x p e rim e n ts  m ad e  la te r  to  e s tab lish  th is  
show ed i t  to  be e rro n eo u s, th e  e r ro r  
be ing  due , a p p a re n tly , to  a fa ilu re  to  
a p p re c ia te  t h a t  in  m an y  in s tan c es  a n  a t te m p t  
w as b e in g  m ad e  to  co m pare  g re en  san d  in  th e  
one in s ta n c e  w ith  d ry  sand  in  th e  o th e r . H o w 
ever, b e fo re  th ese  p o in ts  w ere b ro u g h t o u t, some 
p re lim in a ry  w ork  w as done on san d , an d  
a lth o u g h  th e  re su lts  h av e  no  d ire c t  b e a r in g  on

th e  su b je c t of th is  P a p e r ,  th ey  seem  to  be o f 
sufficient in te re s t  to  ju s t ify  th e i r  inclusion .

A ssum ing  fo r  th e  m o m en t t h a t  th e  s in k in g  
w as in  som e w ay  co n n ec ted  w ith  th e  m ethod

T a b l e  XIVA.

Position 
of test 

cylinder 
(See 

Fig. 19).

Green
perme
ability.
Seconds.

Green 
com

pression. 
Lbs. per 
sq. in.

H and-ram m ed; average A 34 2.2
of six moulds made by B 33 2.1
operator No. 1 C 74 3.0

H and-ram m ed; average A 53 2.7
of six moulds made by B 73 3.9
operator No. 2 C 74 5.7

Hand-pressed ; average of A 74 7.4
six moulds made by B 97 7.6
operator No. 3 C 87 14.7

Hand-pressed ; average of A 58 4.0
six moulds made by B 91 6.2
operator No. 4 C 94 9.8

of m o u ld in g , th e  cau se  m ig h t  be th e  d ifference 
in  th e  consistency  of th e  san d . F o r  in stan ce , 
i t  c an  be im ag in ed  t h a t  if  th e  san d  v a rie d  m uch 
in  p e rm e a b ility , gas flow w ould  be g re a te s t  
w here th e  p e rm e a b ility  w as h ig h , a n d  conse-

/S" SQUARE SN A P  FLASK 
6 "  DEEP

LO O SE M E T A L  C Y L IN D E R S

F i g . 19.— P a t t e r n - P l a t e  a n d  P a t t e r n  
s h o w i n g  P o s i t i o n  f r o m  w h i c h  S a n d  
S p e c i m e n s  w e r e  t a k e n . T h e  t e s t

CYLIN DERS REFERRED  TO IN  TABLE 
X IV A  ARE (A) EXTREM E R IG H T , (B) 
CENTRE, AND (C) THE EXTREM E LEFT.

q u e n tly  th e re  m ig h t be a co n sid erab le  d ifference 
in  th e  te m p e ra tu re  of th e  san d  a t  th e  t im e  th e  
m ou ld  w as com ple te ly  filled, . an d  t h a t  s in k in g  
m ig h t ta k e  p lace  in  a n  o v e rh ea te d  reg io n . 
A g a in , w here  th e  sa n d  h a d  been  p ressed  very
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h a rd  a n d  h a d  h ig h  s tre n g th  a n d  poor p e rm ea 
b ili ty , th e  m eta l m ig h t n o t lie  sa tis fac to r ily .

In  o rd e r to  d e te rm in e  w h a t d ifference in  p e r
m eab ility  e x is ted  be tw een  h an d -ram m ed  m oulds 
a n d  m oulds m ade  on a h an d -p re ss  m ach ine, a 
wooden p a t te rn  was m ade, h a v in g  tw o steps, th e

cy linders , w ith  san d  s till  in  s itu ,  w ere th e n  c u t 
from  th e  m oulds an d  p e rm e ab ility  and  com pres
sion te s ts  m ade . G reen san d  sim ila r to  t h a t  for 
w hich d e ta ils  hav e  a lre ad y  been given w as u s e d ; 
av e ra g e  te s ts  of th is  san d  g av e :-—M o istu re , 5.8 
p e r c e n t . ; g reen  p e rm eab ility , 125 se c s .; g reen

T a b l e  XV .— Comparison of Castings made in  Dry-Sand and Green-Sand Moulds.
Type of Casting :—Stabilus body, hand-pressed, east one per box, two boxes. Method of Melting :—Production

cupola.

Charge :—
Pig C, £ cwt. ; pig G, 2£ cwt. ; pig H, 2 |  cwt. ;

pig J , 1 cwt.
Cylinder scrap, 3J cwt.
Casting tem perature, 1,330 deg. C.

Charge :—
Pig H, 2 cwt. ; pig J , 1 cwt. ; pig F , 3J cwt.

Cylinder scrap, 3J cwt.
Casting tem perature, 1,390 deg. C.

Type of 
mould.

Condition of 
castings.

Type of 
mould.

Condition of 
castings.

Black sand, cast green . .

Black sand, dried and 
blacked 

Brown sand, cast green. .

Brown sand, dried and 
blacked

One box only, casting sunk

No castings showing ex
ternal sinking 

Both castings showing ex
ternal sinking 

No castings showing ex
ternal sinking

Black sand, cast green

Black sand, dried and 
blacked 

Brown sand, cast green . .

Brown sand, dried and 
blacked

Both castings showing ex
ternal sinking.

No castings showing ex
ternal sinking.

Both castings showing ex
ternal sinking.

No castings showing ex
ternal sinking.

Analysis :—C, 3.4.5 ; Si, 2.02 ; Mn, 0.85 ; S, 0.12 ; 
P, 0 .26 ; and Cr, 0 .24  per cent.

Analysis C, 3 .2 8 ; Si, 2 .0 7 ; Mn, 0 .8 6 ; S, 0 .1 2 : 
P, 0.17 ; and Cr, 0.27 per cent.

first I f  in . h igh  an d  th e  second 3J in . h igh . 
T his was p laced on a n  a lu m in iu m  b o tto m -p la te  
inside a  15 in . sq u are  snap-flask  6 in . deep. 
T he m oulds w ere m ade  up  in  th e  o rd in a ry  way 
and  th in  sh ee t-m eta l cy lin d ers  2 in . in te rn a l  
d iam e te r  by 2 in . h ig h , m ade  of 20-gauge

com pression , 9.5 lbs. p e r sq. in . ; an d  loss on 
ig n itio n , 5.7 p e r cen t.

T he re su lts  o b ta in ed  a re  co n ta in ed  in  Table 
X IV A . I t  w ould he id le  to  con tend  t h a t  such 
la rg e  d ifferences a re  w ith o u t influence upon  th e  
m an n e r of so lid ification  of cas t iron  in  a  sand

T a b l e  X V I.— Influence of Blacking the Mould Surface on External Sinking.
Type of casting :—Stabilus body, moulds hand rammed. Method of melting :—Production cupola. 
Charge :—

Pig C, J  cwt. ; pig F , 2 cwt. ; pig H, 3 cwt. ; pig J ,  1 cwt. Cylinder scrap, 3} cwt.
Casting temperature :—

First casting, 1,360 deg. C. ; last casting, 1,340 deg. C.

Type of 
mould.

Condition of 
castings.

Order of 
casting.

Black sand, cast green Both castings show deep sinks between bosses ; one casting
hollow in one box 5

Black sand, dried, not blacked Neither casting with external sinks 4
Black sand, blacked and dried Neither casting with external sinks 3
Brown sand, dried, not blacked Neither casting with external sinks 2
Brown sand, blacked and dried Neither casting with external sinks 1

A n :—C, 3 .1 5 ; Si, 1 .9 6 ; M n ,0 .7 3 ; S ,0 .1 3 ;  P, 0 .24 ; and Cr. 0 .22 per cent.

m a te ria l, w ere th e n  pushed  th ro u g h  th e  sand  
u n til th e ir  low er edges cam e in to  c o n ta c t e ith e r  
w ith  th e  a lu m in iu m  p a tte rn -p la te  o r th e  steps 
on  th e  wooden p a t te rn  (F ig . 19). T he cy linders 
were sh a rp en e d  a t  th e i r  e n te r in g  ends to  assis t 
p e n e tra tio n  w ith o u t d is tu rb in g  th e  sand . The

m ould , b u t  in  th is  in s tan c e  no connection  has 
been estab lished  be tw een  sin k in g  a n d  m ethod  
of m ou ld ing . The p re sen t in d ic a tio n  is t h a t  
a c tu a l m ethod  of m o u ld ing , i .e .,  w h e th er h an d - 
ram m ed  or p ressed , is w ith o u t in fluence on th e  
m ain  problem . T he specim ens w ere ram m ed  w ith
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a B .C .I .R .A . p a t t e rn  of A .F .A . ra m m er, a n d  
p e rm e ab ility  w as d e te rm in e d  w ith  th e  
B .C .I .R .A . p e rm e a b ility  a p p a ra tu s ,  a n d  com 
pression  s t r e n g th  in  a D ie te r t  com pression  
m ach ine.

G re e n -S a n d  v e r s u s  D r ie d  M o u ld s

I t  is a w ell-know n fa c t  t h a t  b e t te r  c as tin g s 
can  be o b ta in e d  from  d ried  th a n  fro m  g reen - 
san d  m oulds, b u t  to  conclude from  th is  t h a t  d ry 
in g  is th e  d o m in a n t fa c to r  would be, in  m any  
in s tan c es , an  u n w a rra n te d  a ssu m p tio n , fo r o ften  
th e  san d s used  fo r th e  tw o ty p es  of m oulds a re  
e n tire ly  d iffe re n t fro m  each  o th e r. P a r t ic u la r s  
of th e  “  b lack  ”  san d  used  th ro u g h o u t  th ese  ex 
p e rim en ts  h av e  been  g iv en  in  P a r t  I .  P a r t ic u 
la rs  of one of th e  sands used  by th e  a u th o rs  fo r

In  o rd e r  to  d e te rm in e  th is , tw o  se ts  of e x p e r i
m en ts  w ere m ade , in  w hich  th e  n o rm al m ethod  
of u s in g  th e  tw o san d s w as co m p ared  w ith  
m ethods re v e rs e d ; th e  re su lts  of th ese  ex p eri
m en ts  a re  su m m arised  in  T ab le  X V . I t  w ill be 
seen t h a t  b o th  san d  m ix tu re s  g ive  sound  c as t
ings w hen th e  m ou lds a re  d r ied , an d  t h a t  ex 
te rn a l  s in k in g  ta k e s  p lace  w hen  th e y  a re  used 
g reen , a n d  from  th is  i t  w ould seem  t h a t  th e  
m o is tu re  in  th e  san d  is th e  d e te rm in in g  fa c to r. 
T he in fluence  of th e  b lac k in g  used  on th e  su r
faces of th e  d r ied  m oulds rem a in ed  u n d e te r 
m ined , a n d , as i t  w as possib le t h a t  th is  was no t 
u n im p o r ta n t,  a n o th e r  se ries of e x p e rim e n ts  was 
m ade  to  d e te rm in e  th e  possible in fluence  of 
b lack ing  th e  m ould  su rfa ce  be fo re  d ry in g . The 
resu lts  hav e  been  co llected  in  T ab le  X V I, and  i t

T a b l e  X V II .— Comparison of Castings Made in  Dry-Sand and Green-Sand Moulds.
Method of melting :—Production cupola.
Charge :—Pig H, 2 cwts. ; pig J , 1 cwt. ; pig F , 3£ cwts. Cylinder scrap, 3£ cwts.
Casting temperature :—First casting 1,330 deg. C. ; last casting, 1,300 deg. C.
Method of moulding :—Hand-rammed ; parts of moulds th a t were dried were blacked in the wet state  ; green-sand 

parts not blacked.
Sand :—Black sand.

Type of Order of Stabilus bodies, four castings Shrinkage
mould. casting. cast, one per box. spheres.

Dry-sand top . . . . "i 3 One blown on boss (or small —.
open sink)

Green-sand bottom  . . . . f 4 — Large open saucer-shaped sinks 
with small exudations.

Green-sand top 1 Two badly-sunken. One —
slightly sunken

Dry-sand bottom

r

6 •—• Large spherical sink with

2 Free from external sinking . .
exudation a t bottom.

Dry-sand top and bottom < 5 — Slight depression with exuda
tion.

Green-sand top and bottom , with f 8 Three badly sunken . . —
increased size of runner and -j 7 — ■ Large spherical sink with exu
gates on stabilus bodies . . [ dation a t bottom.

Analysis :—C, 3.22 ; Si, 2.08 ; Mn, 0.03 ; S, 0.13 ; P, 0 .19  ; and Cr, 0 .25  per cent.

d ry -san d  w ork a re  g iv en  below, a n d  th is  sand  
m ix tu re  has been  used  w here  “  b row n ”  sand  
m oulds a re  r e fe r re d  to  in  th e  e x p e rim e n ts  in  
th e  fo llow ing s e c t io n :— Y ork  yellow , 6 p a r ts ;  
L e ig h to n  B u z za rd , 2 p a r t s ; used san d , 22 p a r t s ; 
a n d  a  h a lf -p in t  of d e x tr in e  to  each  4 cw ts.

W hen  co n sid erin g  th e  d ifference in  b eh av io u r 
of m e ta l cas t in  g re en  sand  a n d  d ry  san d , th e  
tw o m ost im p o r ta n t  v a r ia n ts  a p p e a r  to  be  sand  
m ake-up  a n d  th e  a m o u n t of m o is tu re  p re sen t. 
I f  so u n d  c a s tin g s  a re  o b ta in e d  fro m  “  b row n  ” 
san d  d ried  m oulds an d  c a s tin g s  w ith  e x te rn a l 
sinks from  “  b lack  ”  san d  m oulds c a s t g re en , is 
i t  possible to  rev erse  th e  re su lts  by  c a s tin g  in to  
th e  n o rm ally  d r ied  “  b row n ”  sand  g re en , and  
in to  th e  n o rm ally  c a s t g reen  “  b lack  ”  sand  
a f te r  d ry in g  ?

will be seen fro m  th ese  t h a t  s in k in g  is u n in 
fluenced by th e  p resence  o r absence of b lack ing  
from  th e  su rfa ce  of th e  d r ie d  m oulds.

A final b a tc h  of c a s tin g s  w as m ad e  in  which 
th e  in fluence  of h a v in g  one h a lf  of th e  mould 
d ry  a n d  th e  o th e r  g re en  w as d e te rm in e d , and  
also th e  in flu en ce  of so m ew hat in c re a s in g  th e  
size of th e  in g a te  u sed  fo r  an  a ll-g reen  m ould. 
A check te s t  in  d ry  san d  w as in c lu d ed  in  th e  
series , a n d  B .C .I .R .A . sh r in k a g e  sp heres as well 
as s ta b ilu s  bod ies w ere  c a s t  (T ab le  X V II ) .  The 
D -sec tion  ru n n e r  fo r  th e  sh r in k a g e  sp h eres which 
should  have  h a d  a ra d iu s  of \  in . was c u t  la rg e r  
in e r ro r ,  b u t  th e  ru n n e r  jo in in g  th e  tw o  spheres 
h ad  th e  s ta n d a rd  £ in  d ia m e te r .

T he sh r in k a g e  sp h e res a re  show n in  F ig . 20, 
a n d  one of each  p a ir  sec tio n ed  in  F ig . 21. The
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spheres c a s t  in  g reen  sand  a n d  those cas t in 
th e  m ould h a v in g  a d ry -sa n d  bo ttom  p a r t  an d  
g reen -san d  top  p a r t  w ere v ery  s im ila r  in  a p p e a r 
ance e x te r n a l ly ; th e y  h ad  a th in  sk in  of m eta l 
a lm ost com plete ly  covering  th e ir  sh rin k a g e  cav i

ties b en ea th , th e  cav itie s  them selves being  
roughly sp h erica l in  shape. T he spheres cas t 
in m oulds w ith  d ry  top  an d  g reen  b o tto m  sank  
less th a n  those cas t in  a m ould  m ade wholly in  
green sand, or w ith  th e  to p  p a r t  in  g reen  sand .

The b eh av io u r in  g reen  san d  in d ica te s  t h a t  a 
th in  sk in  of solidified m eta l is fo rm ed a lm ost 
im m edia te ly  th e  m ould  is fu ll, a t  le a s t w hen 
c a s tin g  com ponen ts such as th ese  te s t  sp h e re s ; 
th e  m oist san d  ac ts  as a  m ild  chill.

T he specim ens cas t w ith  g reen -san d  bo ttom  
a n d  d ry -san d  to p  have  c h a ra c te ris tic s  w hich one 
w ould ex p ec t fro m  a  c a s tin g  c a s t  in  a ch ill w ith  
a r e fra c to ry  t o p ; th e  sk in  of th e  to p -h a lf  has 
e v id en tly  n o t solidified as qu ick ly  as those of

th e  tw o prev ious exam ples, a n d  i t  co n ta in s a 
la rg e  open sink . To be in  co n fo rm ity  one would 
ex p ec t th e  spheres cas t e n tire ly  in  d ry  san d  to  
have solidified s till  m ore slowly an d  to  have 
shown a s till  la rg e r  open sink  a t  th e ir  u p p e r

su rfaces, b u t  ac tu a lly  th ey  a re  alm ost e n tire ly  
free  from  an y  obvious e x te rn a l s in k in g  o r in 
te rn a l  sh rin k a g e . To e lu c id a te  th is  a p p a re n t  
an om aly  w ill be to  e lu c id a te  th e  phenom enon  of 
sin k in g , o r a t  le a s t go a long  w ay tow ard s it.

A  B  C  D

F i g . 2 1 .— S h r i n k a g e  S p h e r e s  S e c t i o n e d .



W hile  th e  re s u lts  fro m  th e  fo reg o in g  e x p e ri
m en ts  do n o t  define a n y  c le a r  fo u n d ry  p ra c tic e  
w hich  w ould g ive  o u ts ta n d in g  re su lts  in  ad v an ce  
of t h a t  a lre a d y  know n, c e r ta in  d ed u c tio n s  can  be 
m ade . T he m ost d ire c t  m eth o d  o f av o id in g  e x 
te r n a l  s in k in g  in  c a s t  iro n  is to  m a in ta in  th e  
to ta l  c a rb o n  c o n te n t o v e r 3.5 p e r  c en t. T h is 
shows t h a t  th e re  is a  d e fin ite  co n n ec tio n  be tw een  
th e  tw o  fa c to rs . T he d is a d v a n ta g e  of fo llow ing 
th is  p ra c tic e  is t h a t ,  in  c a s tin g s  of a n y  o th e r  
th a n  p la in  d esig n , in te r n a l  p o ro sity  a t  h eav y  
sec tions w ill occur. T h a t  in te rn a l  p o ro sity  can  
be d isp e rsed  in  h igh  to ta l-c a rb o n  iro n  by th e  
t r e a tm e n t  of fe rro -s il ic o n -ti ta n iu m  has been  
c lea rly  show n by th e  re sp ec tiv e  e x p e rim e n ts . To 
w h a t e x te n t  th is  c an  be c a r r ie d  o u t h a s  n o t been 
p ro ved , a n d  th is  p o in t a w a its  f u r th e r  develop
m en t.

On th e  o th e r  h a n d , th e  “  s in k in g  effect ”  
b ro u g h t a b o u t by  th e  use  of lower to ta l-ca rb o n  
c a s t  iro n  w hen u s in g  g re en -sa n d  m oulds can  be 
avo ided  by c a s tin g  in to  m oulds w h ich  h a v e  been 
p rev io u sly  d ried .

T he e x p la n a tio n  fo r  th is  d ifference  in  b eh av io u r 
is  n o t so e a s y ; t h a t  i t  is d ire c tly  co n nec ted  w ith  
th e  p re sen ce  of gas a t  th e  t im e  of so lid ification  is 
h ig h ly  p robab le .

E x am p les  of th is  can  be fo u n d  by c a s tin g  o th e r  
m e ta ls  such  as stee l o r a lu m in iu m  in  a chill 
m ould  in  w hich  th e  m e ta l se ts w ith  l i t t le  o r  no 
evidence of gas b e in g  p re sen t, y e t th e  sam e m e ta l 
c a s t in to  g reen -san d  m oulds can  show a n  am o u n t 
of g a s sufficient to  fo rm  a  “  cau liflow er ” h ead  
on  th e  r ise rs . F u r th e r  to  th is ,  th e  su g g estio n  
has been p u t  fo rw a rd  in  a  c e r ta in  q u arteT  t h a t  
th e  liq u id  m e ta l is c ap ab le  of b re a k in g  dow n a 
p ro p o rtio n  of w a te r  v a p o u r  from  a  g reen -san d  
m ould , to  c re a te  in  th e  m e ta l a  hyd ro g en  ab so rp 
tio n  suffic ient to  cause  th e  “  s in k in g  effect ” 
d u r in g  so lid ification .

C O N C L U S IO N S

(1) H ig h -c a rb o n  c a s t iro n  com posed of pigs 
from  d iffe re n t sources m ay  v a ry  co n sid erab ly  in  
m ech an ica l p ro p e rtie s , a lth o u g h  th e i r  chem ical 
com positions m ay  be s im ila r.

(2) C hanges in  c a s tin g  te m p e ra tu re  a ffect th e  
s tr e n g th  of som e h ig h -ca rb o n  c as t iro n s  m ore 
th a n  o th e rs  of s im ila r  com position  b u t  d iffe re n t 
s tru c tu re .  I ro n s  w hich show w ell-m arked  p e a r l ite  
cell w alls and  fine g ra p h ite  a re  in fluenced  less 
th a n  iro n s  in  w hich th e  g ra p h ite  ex is ts  as la rg e  
flakes.

(3) T re a tm e n t w ith  fe rro -s ilic o n -tita n iu m  
effects a m ark e d  im p ro v e m en t in  th e  m echan ical 
p ro p e rt ie s  of lo w -stre n g th  h ig h -ca rb o n  c a s t iro n s. 
A d d itio n a l t r e a tm e n t  w ith  ca rb o n  d io x id e  d id  
n o t a ffect th e  re su lts  o b ta in e d  to  an y  n o tew o rth y  
e x te n t .  C arb o n -d io x id e  t r e a tm e n t  does n o t

a p p e a r  to  be  a m eth o d  t h a t  can  be co n v en ien tly  
ap p lied  in  th e  fo u n d ry .

(4) T ita n iu m  t r e a tm e n t  a p p lie d  in  th e  crucible- 
p roduces eq u ally  good re su lts  irre sp ec tiv e  o f 
w h e th e r  th e  m e ta l w as o r ig in a lly  crucib le - o r  
cup o la -m elted .

(5) N o m ark e d  im p ro v e m en t w as fo u n d  a f te r  
a p p ly in g  t i ta n iu m  t r e a tm e n t  to  m ed iu m -s tren g th  
irons.

(6) C a s tin g s  m ad e  fro m  iro n s w hich  so lid ify  
w ith  a  p e a r l i te  c e llu la r  s t r u c tu r e  a re  d en se r and  
less su b je c t to  in te r n a l  p o ro sity  (sh rin k a g e) th a n  
th o se  m ad e  fro m  iro n s  w h ich  do n o t  show th is  
c h a ra c te r is tic .  T ita n iu m  a d d itio n s  g re a tly  assist 
in  th e  p ro d u c tio n  of th is  ty p e  of s tru c tu re .

(7) T he m eth o d  by  w h ich  th e  m oulds a re  m ade  
( i.e ., w h e th e r h a n d  ra m m ed  o r p ressed) is n o t  o f  
p r im a ry  im p o rta n ce  in  re la tio n  to  th e  p h eno
m enon  of e x te rn a l  s in k in g .

(8) T ita n iu m  t r e a tm e n t  is n o t  effective in  p re 
v e n tin g  p ro n o u n ced  exam p les of e x te rn a l 
s in k in g .

(9) C a s tin g s  m ad e  in  d r ie d  m oulds a re  less 
su scep tib le  to  e x te rn a l  s in k in g  th a n  those m ade 
in  g re en  san d .

(10) P ro v id e d  t h a t  th e  m oulds a re  d ried , th e  
com position  of th e  san d  does n o t  seem  to  be 
of im p o rta n c e  in  re la t io n  to  th e  sin k in g  
phenom enon.

D IS C U S S IO N
M e. W . H o l l a n d  p r o p o s e d  a  v o t e  o f  th a n k s  

t o  t h e  a u t h o r s ,  r e m a r k i n g  t h a t  t h e  P a p e r  would 
e v o k e  m u c h  t h o u g h t  o n  t h e  p a r t  o f  those  who 
h a d  h e a r d  i t .

T h e  S p h ere  Tests
M r. E . L o n g d e n , a f te r  seco n d in g  th e  vote o f 

th a n k s , w hich w as c a r r ie d  w ith  acc lam ation , 
a sked  w h e th e r  a n y  r is e r  h a d  been  p laced  above 
th e  dom e of th e  sp h eres , w h ich  h a d  been  shown. 

M r .  W e s t : N o n e  w h a tev e r.
M r . L o n g d e n  re m a rk e d  th a t ,  g e n era lly  speak

in g , s in k in g  o ccu rred  th ro u g h  th e  com bined
effect of g a s a n d  th e  w eakness of th e  m ould-
re s is tan c e  to  c a s t- iro n  e x p an s io n  on  g ra p h it is a 
t io n . I f  th e  g as in  such  a  m ou ld  could  n o t 
be e v ac u a te d  w ith  suffic ient r a p id i ty  i t  occupied 
space in  th e  m o u ld  u n d e r  p re ssu re . T he m eta l 
d id  n o t feed  back  to  rep lace  th e  gases ev en tu a lly  
e v ac u a te d  fro m  th e  c a v ity  suffic ien tly  to  fill 
up  d u r in g  th e  so lid ificatio n  p e rio d . I f  fo r any  
reaso n  th e  f re e z in g  r a te  w as such  t h a t  th e  
ru n n e r ,  r is e rs  a n d  g a te s  w ere  fro zen  u p  in  a 
sh o r t  tim e , a n d  th e  m ou ld  h a d  n o t been
e v a c u a te d  of gas, th e re  w ould  be as a  conse
quence excessive s in k in g  on th e  su m m it of th e  
sp h ere . T he d eg ree  of s in k in g  w ould  also be 
in  d ire c t  r a t io  to  th e  s t r e n g th  of th e  con
ta in in g  m o u ld  a n d  also th e  h e a t  conduc- 
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t iv i ty  of th e  m ould  m a te r ia l.  T he soundness of 
a  c a s tin g  d ep en d ed  u p o n  th e  free z in g  r a te  as 
m uch as o th e r  fa c to rs . I n  th e  case of c a s t  iron  
th e re  w ere  ex p an s io n s from  th e  g ro w th  of 
g ra p h ite  fro m  p r im a ry  an d  secondary  dissocia
tio n  of carb o n . I f  th e  d irec tio n a l g ro w th  of 
g ra p h ite  cou ld  be co n tro lled  th e n  sound  cas tin g s 
m ig h t be secu red . H e  c la im ed  t h a t  w ith  th e  
a id  of g ra p h ite  g ro w th  in  n o rm a l cas t irons— 
he w as n o t sp e a k in g  of steel m ix  o r cas t iro n  
below 3 p e r  cen t, of to ta l  carb o n — a so u n d  cas t
ing  could be m ad e  so long as th e  m ould  con
d itio n s w ere  of th e  o rd e r  described , nam ely , 
th a t  th e  m ould  w as r ig id , as g as-free  as possible 
and  h a d  a  h ig h  h e a t-c o n d u c tiv ity  class of 
m a te ria l. I n  th is  w ay g ra p h ite  g ro w th  w as
con tro lled  to  c o u n te ra c t liq u id  sh rin k a g e . 
G row th w as d ire c te d  in te rn a l ly  m ore th a n  ex
te rn a lly  a n d  soundness in creased . A g reen -sand  
m ould gave  w ay  w hen th e  in i t ia l  c a rb o n  was 
p re c ip ita te d  on  th e  o u te r  shell of th e  cas tin g . 
W ith  a  s tro n g e r  o rd e r  of co n d itio n s, say  of d ry  
sand, g a n is te r , o r  a m e ta l m ould , th e re  w as an  
increas in g  co n tro l of th e  ex p an sio n  of th e  m eta l. 
C onsequently , th e re  w ere severa l fo rces w hich 
were conducive to  th e  p ro d u c tio n  of a sound 
casting— freez in g  r a te ,  m in im u m  g as in  th e  
mould an d  re s is tan c e  to  shell ex p an sio n . Im 
m ed ia te ly  th e re  w as a solidified shell th e  cas t
ing  b eg an  to  c o n tra c t ,  e x e r t in g  p re ssu re  on th e  
s till m olten  in te r io r  of th e  m eta l.

A  L a rg e  B o rin g  B ar
The firm  w ith  w hich he  w as assoc ia ted  had  

recen tly  m ad e  an d  p o u red  h o rizo n ta lly  a 22 in . 
dia. c as t-iro n  b o rin g  b a r , 47 f t .  in  le n g th  an d  20 
tons in  w e ig h t, p e rfe c tly  sound , w ith o u t feeders. 
Most fo u n d ry m en  w ould have  h a d  to  p u t  on th e  
casting  ab o u t s ix tee n  12 in . feeders. These 
would be needed  if  m ade  by o rd in a ry  san d  p ra c 
tice. The c a s tin g , how ever, was m ade  in  a m eta l 
faced m ould. W h en  p o u rin g  th e  m eta l, gas was 
en tra in e d , w hich, w ith  th e  m ould  gases and  
occluded gas from  th e  m eta l, c rea te d  in s ta b ility  
in sh rin k ag e . So long as th e  te m p e ra tu re  was 
sufficient to  allow  of a b a la n c in g  a n d  a re s t  fo r 
th e  m eta l in  th e  m ould , a n d  o u tle ts  en ab led  gas 
to  pass o u t o f th e  m ould , th e re  w ould  be a  p e r 
fectly  sound e as tin g .

Effect o f G a tin g
M r. A. S u t c l i f f e  sa id  h e  recen tly  h ad  seen a 

“  Y ”  p ip e  w hich w as b low ing a t  a c e r ta in  
p o in t, an d  u p o n  h is  ( th e  sp e a k e r’s) adv ice  th e  
g a tin g  was ch an g ed , w hereu p o n  th e  blow ing 
ceased w ith o u t u s in g  a n y  d iffe re n t m eta l.

R e fe rr in g  to  s in k in g , he  once rece ived  a box 
of ro llers fo r  te x t i le  w ork . T hey  c o n tin u a lly  
sank in  th e  m id d le  ow ing to  th e  w ay in  w hich 
they  w ere b e in g  ru n . Som e fo u n d ries  r a n  th em

on th e  to p  w ith  a  la rg e  m ass of m e ta l c a r ry in g  
a sm all n iche . The re su lt  w as t h a t  th e re  was 
no chance  fo r th e  ro lle rs  to  s in k  if  th e y  w ere 
r u n  a t  th e  p ro p e r te m p e ra tu re . I f  r u n  too  h o t, 
th e re  w ould be a s in k  hole in  th e  low er sh an k .

I f  a  m an  w as ta p p in g  o u t  in to  a  lad le  or 
in to  a  sh an k  ( i t  d id  n o t m a t te r  w hich), a n d  he  
sk im m ed i t  a t  th e  finish, a n d  w e n t aw ay, 
u pon  r e tu rn in g  he  fo u n d  th e  sam e so r t  of 
m a te ria l  h ad  fo rm ed  a g a in . W h ere  d id  i t  come 
from  P

M r. Su tc liffe  also p re sen te d  a n u m b er of ex
h ib its  fo r  in spection .

Possible Causes o f B low ing
Mr . West replied th a t  blowing of th e  “  Y ” 

pipe could arise  th rough  insufficient ven ting  of 
th e  core and mould, the  use of chills, and, in 
p o in t of fac t, so m any factors were concerned 
th a t  a really  definite answer to  th e  question was 
difficult to  give.

I n  rep ly  to  th e  su g g estio n  t h a t  some a lte ra t io n  
to  th e  g a tin g  a r ra n g e m e n ts  would overcom e th e  
exam ples of ‘‘ s in k in g  ”  show n in  th e  le c tu re , 
i t  w as n o t  d isp u ted . I t  w as, how ever, necessary  
to  b e a r  in  m in d  th e  o b jec t of th e  ex p erim en ts . 
B y th e  use  of a s ta n d a rd  se t  of m ould  cond itions 
w ith  th e  ex cep tio n  of th e  m o u ld in g  san d , s in k 
in g  of th e  m e ta l o ccu rred  in  one a n d  n o t in  
an o th e r. T he q uery  arose as to  why th is  should 
be.

D ir ty  M e ta l
T he r is in g  of globules of flu id  slag  in  a ladle 

of m olten  iro n  h a d  been observed from  tim e  to  
tim e , especially  w here  th e  te m p e ra tu re  w as on 
th e  low side. A ccep ting  in  th e  first p lace th a t  
th e  lad le  used  w as p e rfec tly  c lean , M r. W est 
could only ad vance  a n  e x p la n a tio n  t h a t  th is  
phenom enon w as m ostly  observed w ith  low-phos- 
p ho ru s a n d  h ig h  to ta l-ca rb o n  iro n s—th ese  fac to rs  
th e re fo re  in d ic a te d  th e  need  fo r  h o t m eltin g , 
w hich w ould allow of a m ore  ra p id  rise  of th e  
slag  p a r tic le s  to  th e  su rface .

Risers and S h rin kag e
H e  w as m u ch  obliged to  M r. L o ngden  fo r  his 

rem ark s. H is  w ork  in  connec tion  w ith  g a n is te r  
m oulds w as well known,- b u t  th e  sp e a k e r could 
n o t q u ite  a ccep t th e  re m a rk  t h a t  th e  absence 
of r ise rs  w ould h av e  such a m ark ed  effect upon  
th e  sp h eres o r  u p o n  th e  cas tin g s.

As a  m a t te r  of fa c t ,  in  th e  s ta b ilu s  body 
cas tin g s th e re  w as a pencil w h is t le r ; th e re  was 
no such  th in g  in  th e  case of th e  spheres, b u t  by 
e lim in a tin g  th e  use  of w histlers a t r u e r  com
p a riso n  w as possible be tw een  th e  re su lts  ob
ta in e d .

T he A m erican  p ra c tic e  of u s in g  an  o rd in a ry  
ty p e  of iro n  a n d  steel a d d itio n  in  th e  cupola,



a n d  ru n n in g  in to  a n  e lec tr ic  fu rn a c e , lie was 
a f ra id  h a d  led  to  a  fa ir  a m o u n t of u n fo reseen  
tro u b le .

Gas in M e ta l
H e  th o u g h t  M r. P h illip s  w ould b e a r h im  o u t 

t h a t ,  in  com p ariso n  w ith  a lu m in iu m , i t  w as an  
a d v a n ta g e  to  h av e  som e g as in  th e  m eta l. I n  
c e r ta in  ty p es  of d ie -c a s tin g s  i t  w as necessa ry  to  
put) g a s in , in  o rd e r  to  g e t a  sound  c a s tin g . I t  
was e sse n tia l to  look f u r th e r  in to  th e  m a t te r  of 
m o lten  c a s t  iro n  free  fro m  g as a n d  to  observe 
th e  effect of i t ,  because  m ost fo u n d rie s  w ere 
d ea lin g  w ith  cupo las w here  as m u ch  a i r  w as 
blown th ro u g h  as possible, a n d  th e  m e ta l w as 
ta k in g  u p  as m uch  as i t  could  d u r in g  th e  tim e  
i t  passed  dow n th e  cupola .

P ro b a b ly  w hen in v e s tig a tio n  h ad  been  m ade  
i t  w ould  be fo u n d  th e re  w as a good com parison  
w ith  a lu m in iu m  an d  t h a t  a  c e r ta in  am o u n t of 
gas w as n eeded  in  o rd e r  to  g iv e  soundness.

The q u estio n  of c a s tin g  heavy  sections an d  
th e  use  of ch illed  m oulds h a d  been m en tio n ed . 
E x p e rim e n ts  of t h a t  k in d  could be m ad e  w ith  
heavy  sections w ith o u t an y  d a n g e r  o f ch illin g  
or of d ifficu lty  in  th e  m ach in e  shop. I n  th e  case 
of c a s tin g s  w ith  TaB-in . o u ts id e  w alls com ing  up  
to  sec tions of f - in . o r  even  1-in . th ick n ess  in  
bosses, a d iffe re n t p ro p o sitio n  h ad  to  be  faced .

T ita n iu m  and C O » B ubbling
D r .  A. L . N o r b u r y , o p en in g  h is  re m a rk s  by 

co m p lim en tin g  th e  a u th o rs  u p o n  th e  w ork , w hich 
was p a r tic u la r ly  in te re s t in g  a n d  u se fu l, sa id  he  
would also like  to  th a n k  M r. W est fo r h is g e n e r
ous re fe re n ce  to  th e  w ork of th e  B r i t ish  O ast 
I ro n  R e se a rc h  A ssocia tion .

T he re fe re n ce  to  th e  d iffe re n t p ig -iro n s was 
very  in te re s tin g , nam ely , t h a t  p ig -iro n s A and  
B g av e  sound  c a s tin g s , w hile C a n d  D  gave  u n 
sound  cas tin g s . W ould  M r. W es t c a re  to  g ive 
an  in d ic a tio n  of th e i r  p a r t ic u la r  t i t a n iu m  con
te n ts ,  a n d  w h e th e r  th e y  w ere th e  cause  of th e  
d ifferen ce?  H e  w as u n d e r  th e  im p ression  th a t  
som e people  th o u g h t  th e  w ork  on t i ta n iu m  and  
C 0 2 w as in te re s t in g  b u t  t h a t  i t  h a d  no g re a t  
p ra c tic a l a p p lic a tio n . T he m em bers of th e  
A ssocia tion  h ad  alw ays held  th e  o th e r  view . H e  
w as v e ry  m uch  in  sy m p a th y  w ith  th e  P a p e r  be
cause  i t  d e m o n s tra ted  th is  p o in t  v e ry  c learly .

A n o th e r p o in t  w as t h a t  M r. W est m ig h t have  
g iv en  th e  im press ion  t h a t  C 0 2 t r e a tm e n t  w as n o t 
necessary . T h ere  w as, how ever, am ple  ev idence  
t h a t  i t  h ad  a  g ra p h ite - re f in in g  a c tio n , a n d  in  
some fo u n d rie s  w as a c tu a lly  b e in g  c a r r ie d  o u t 
in p ra c tic e . T he A ssociation  h ad  som e m em bers 
who m ad e  “  S i la l ,”  w hich  h a d  to  h av e  a  fine 
g ra p h ite  s tru c tu re .  I f  th e  g ra p h ite  w as n o t  fine 
e n o u g h , th e n  C 0 2 w as b u b b led  th ro u g h  th e  
m o lten  m e ta l in  th e  lad le  b e fo re  c a s tin g . O th e r 
m em bers ta p p e d  th e  “ S ila l ”  m e ta l on to  soda

ash  in  th e  lad le , a n d  th ic k e n e d  th e  soda ash 
w ith  lim esto n e  in  th e  u su a l m an n e r.

S oda A sh and C Og
In c id e n ta lly , th e  f a c t  t h a t  soda ash  gave  off 

such  a  trem en d o u s  a m o u n t of gas in  th e  m eta l 
su g g ested  t h a t  C 0 2 o r CO d id  n o t p ro d u ce  u n 
soundness in  cas tin g s . I t  w as know n t h a t  th e  
one gas w hich d id  p ro d u ce  blowholes w as h y d ro 
gen . I f  a d am p  lad le  w as u sed , fo r  exam ple, 
s te am  bubbled  u p  in to  th e  m eta l, w as reduced  
a n d  dissolved in  th e  fo rm  of h y d ro g en , a n d  c a s t
ings could  be o b ta in e d  w hich w ere a lm o st like  
sponges.

E ffe c t o f C 0 2 B ub b lin g
M r . W e s t  s ta te d  t h a t  in  th e  case of th e  two 

p um p bodies d escribed , th e re  w as n o t a m ark ed  
d ifference  in  th e  t i ta n iu m  c o n te n t ; i t  w as som e
th in g  like  0.04 a n d  0.20 p e r  c en t. H e  d id  no t 
wish to  convey th e  id ea  th e re  w as no beneficial 
effect from  C 0 2 t r e a tm e n t ,  b u t  he  h ad  n o t  yet 
fo u n d  a n y  in  th e  e x p e rim e n ts  m ade . T here 
m ig h t be some ben efit from  t h a t  t r e a tm e n t  in 
o th e r  d irec tio n s , b u t  in  th e  l im ite d  a m o u n t of 
w ork  w hich  h is  c o lla b o ra to r a n d  h im self had  
c a r r ie d  o u t,  i t  w as n o t a sc e r ta in e d  t h a t  th e  C 0 2 
t r e a tm e n t  gave  a n y  b e t te r  re su lts  th a n  th e  t i t a 
n iu m  a d d itio n s . N e ith e r  h a d  th e y  done any 
w ork in  co n n ection  w ith  th e  use  of soda ash.

H e a v y  C y lin d e r  P ra c tic e
M r . J .  R .  P l a t t  asked  fo r  e x p la n a tio n  w ith  

re g a rd  to  th e  c a s tin g  of heav y  cy lin d e rs  w eigh
in g  a b o u t 1^ to n s  a n d  of f - in .  sec tion , w ith  a 
to p  a n d  b o tto m  flange , a n d  also w ith  reg ard  
to  th e  c a s tin g  of p o ts  w ith  a  to p  flange. A bout 
tw o y ears  ago  th e  firm  w ith  w hich  h e  w as asso
c ia ted  c a s t  a  n u m b er o f such cy lin d e rs  using  
iro n  w ith  a p p ro x im a te ly  1.2 p e r  cen t, phos
phorus. W hile  som e p roved  to  be sa tis fac to ry  
u n d e r  a  h y d ra u lic  te s t ,  o th e rs  show ed porosity  
in  one o r  tw o iso la ted  spo ts  on th e  in n e r  rim  
of th e  c a s tin g . I t  o ccu rred  to  h im  t h a t  such 
iso la ted  spo ts of p o ro sity  w ere like ly  to  be due 
to  th e  s in k in g  aw ay  of th e  ph o sp h id e  eu te c tic  
a t  those p o in ts . T hey  o ccu rred  in  every  case 
u n d e r  th e  ru n n in g  g a te . A low -phosphorus 
iro n  w as t r ie d  of 0.4 p e r cen t, p h o sphorus and 
th e  to ta l  c a rb o n  w as red u ced  fro m  a b o u t 3.7 to  
a b o u t 3.5 p e r  cen t. T he p o ro sity  w as e lim in a ted . 
S ev eral po ts w ere c a s t  w hich  d id  n o t  ex h ib it 
an y  sign  of p o ro sity , b u t  a n o th e r  t ro u b le  was 
ex p erien ced .

F lang ed Pots and S h rin k a g e
M r. P l a t t  th e n  i l lu s tra te d  h is  p o in t by m eans 

of a  d ia g ra m m a tic  sk e tch  on th e  b lack b o ard . 
T he to p  side  of th e  p o t w as n o t c a s t  w ith  th e  
u su a l ty p e  of fe ed in g  h ead . I t  w as a  f - in . 
sec tion  body. T he flange itse lf  w as a b o u t 1 |  in.



th ic k  as-cast. A fa c in g  w as c a s t on , g iv in g  
a clean  face  a b o u t in . w ide. The to ta l  w id th  
of th e  flange  was ab o u t 3 in .

M r P l a t t  th e n  in d ic a te d  w here  th e  p o in ts  of 
po rosity  o ccu rred  in  th e  case of a h igh-phos- 
phorus iro n , a n d  s ta te d  t h a t  th e re  w as porosity  
in  th e  neck of th e  flange. In  th e  n e x t ca s tin g  
a low -phosphorus a n d  low -carbon c o n te n t  was 
used. A s im ila r  tro u b le  w as ex p erien ced  as 
was m en tio n ed  in  th e  case of the. c a s tin g  of th e  
sp h e re s ; th e re  w as a d e fin ite  s in k in g  of th e  
top  flange as well as th e  a p p ea ran c e  of l i t t le  
beads of m e ta l a lm ost d e tach ed  from  th e  su rface  
of th e  sink  c av ity . T he m eta l its e lf  w as q u ite  
sound an d  w ith sto o d  th e  p re ssu re  te s t  p e rfec tly . 
Since th e n  th e  to ta l  c a rb o n  c o n te n t h ad  been 
raised to  a b o u t 3.6 p e r cen t, an d  an  occasional 
porosity  sp o t occu rred . The size of th e  ru n n e r  
was increased  to  ab o u t 1 in . d iam e te r, an d  p a r
tic u la r  a t te n tio n  was p a id  to  th e  feed ing . As 
a re su lt a p e rfe c tly  solid flange h ad  been 
ob tained  w hich d id  n o t e x h ib it  an y  sign  of 
porosity.

R e m o te  R unners
H e noticed  t h a t  severa l of th e  eas tin g s  re 

ferred  to  in  th e  P a p e r  w ere ru n  a t  a  p o in t 
rem ote from  th e  p o in t of s in k in g . I t  would 
be in te re s tin g  to  know  w h a t w ould h a p p en  if 
the  cy lin d er cas tin g s  w ere ru n  lower down th e  
body.

T rouble w hich h ad  occurred  a t  th e  b o tto m  of 
a casting , a b o u t 5 f t .  below th e  to p  flange, 
in a foot, h ad  been im m ed ia te ly  cu red  by m eans 
of a chill.

G a tin g  and P o ro s ity
M r . W e s t  observed t h a t  n o tice  m u s t be tak e n  

of th e  p o in t ra ised  by M r. S u tcliffe . T h e  p o in t 
of in tro d u c tio n  of th e  m eta l had  a very  g re a t  
bearing  on th e  ty p e  of ca s tin g . M r. P l a t t  had  
a b igger ru n n e r  a n d  a  d ire c t  d ro p  of h is m eta l, 
so th a t  i t  w as r a th e r  to  be ex p ec ted  th e re  would 
be such a n  effect as he  h ad  described  by m eans 
of a1 sketch .

H e would like  to  m ake  i t  c lear th a t ,  as fa r  as 
forms of g a tin g  w ere concerned , th e y  could p ro 
vide an  open d iscussion  in  them selves. I t  was 
no t his desire  to  p u t  fo rw ard  an y  th eo ries  con
cern ing  them . W h a t w as m ore d esirab le  was to  
co n cen tra te  a t te n tio n  upon  th e  effect o b ta in e d  by 
m eans of s ta n d a rd  m ethods, an d  th e n  a t  a la te r  
da te  p u rsu e  th e  q u estio n  of v a r ia tio n  of th e  g a te  
sizes a n d  shapes.

W ith  resp ec t to  th e  qu estio n  of h ig h  phos
phorus an d  to ta l  carb o n , he  hoped  th e  ch a irm a n  
would call upon  M r. T im m ins, of th e  B ritish  
C ast I ro n  R esearch  A ssociation , to  say  some
th in g . T he P a p e r  w hich th e  A ssocia tion  h ad  
published w as fu ll of ex ce llen t in fo rm a tio n  fo r 
founders who m ade  po ts of heav y  section  w ith

c a s t iro n  of h ig h  phosphorus an d  h ig h  ca rb o n  on 
th e  one h a n d , an d  low carbon  an d  low phos
pho ru s on  th e  o th e r. D efin ite ly , he would have  
w orked w ith  a lower p h o sphorus th a n  M r. P l a t t  
h ad  done, a n d  th en  a  r a th e r  h ig h e r carb o n  could 
have  been used. The h ig h e r th e  phosphorus p re 
sen t th e  low er th e  ca rb o n  a p p ea red  to  be neces
sa ry  to  fo rm  th e  e u te c tic  w hich h a d  been  m en
tio n ed . T he chills im m ed ia te ly  in h ib ite d  any  
p o rosity  in  one p a r tic u la r  p lace, bu t, as he o ften  
s a id :  “  Do n o t th in k  you have  lost th e  p o ro s ity ; 
you have  only  m oved i t  som ew here e lse .”

P e rh a p s  th e  d ifficulty  w as even m ore pro
nounced  in  th e  case of a lu m in iu m  w here  th e  
feed in g  could  n o t be m ade  to  heavy  sections an d  
chills h ad  to  be  used .

The p o in ts  ra ised  by M r. P l a t t  w ere bo th  p rac 
tic a l a n d  v a lu ab le . A n in creased  size of ru n n e r  
w as m ost likely  to  cu re  th e  f a u lt  as f a r  as s in k 
ing  was concerned . P o ro s ity  m ig h t occur 
th ro u g h  th e  ru n n e r  cau sin g  a  local h o t spot.

U n d e rc o o lin g  and S im u ltan eo u s S o lid ific a tio n
M n. A. P h i l l i p s  r e f e r r e d  t o  t h e  s u s p e n s i o n  o f  

s l a g  p a r t i c l e s  a n d  a g r e e d  t h a t  h y d r o g e n  g a s  
c a u s e d  a l l  t h e  t r o u b l e .

I n  re g a rd  to  th e  a d d itio n  of t i ta n iu m  to  cas t 
irons, Boyles, in  A m erica, fo u n d  he h ad  to  bubble 
CO, th ro u g h  th e  m eta l in  o rd e r to  e lim in a te  
some of th e  d ifficulty  e n co u n te red . W ere th e  
a u th o rs  of th e  P a p e r  of a s im ila r op in io n ?

Could n o t th e  te rm  under-coo ling  be a lte re d  
to  in te rn a l  so lid ification , as b e in g  m ore co rrec t. 
I n  cas tin g s th e re  was so lid ification  from  th e  o u t
side. I f  i t  w as possible to  g e t th e  m a te r ia l  to  
so lid ify  as a  whole, o r in te rn a lly  a n d  e x te rn a lly  
sim u ltan eo u sly , th e n  a sound ca s tin g  could be 
o b ta in ed .

F ig u re s  h a d  been m en tio n ed  re g a rd in g  th e  
ex u d a tio n  of beads in  a  ca s tin g  w hich h ad , he 
un d e rsto o d , 3.8 p e r  cen t, to ta l  carbon . The 
ti ta n iu m  in  th e  bead w as reduced  0.1 p er cen t, 
an d  th e  carb o n  0.3 pe r cen t. R e g a rd in g  th e  one 
w ith  3.7 p er c e n t.,  th e  t i ta n iu m  an d  carbon  in  
th e  bead  an d  ca s tin g  rem a in ed  c o n s tan t. H ad  
th e  t i ta n iu m  d u r in g  th e  e x u d a tio n  of th e  bead 
a n y th in g  to  do w ith  th e  low ering  of th e  carbon 
in  t h a t  p a r tic u la r  in s tan c e?

W ith  re fe ren ce  to  th e  sp id e ry  g ra p h ite , if 
one took  a h ig h -ca rb o n  iro n  and  added  an  inocu
la n t  to  i t ,  th e re  w ould p robab ly  be sp idery  
g ra p h ite , y e t if  one w e n t th e  o th e r  w ay an d  
took a low to ta l-ca rb o n  iro n , w ould th e re  be 
th e  sam e k in d  of sp id e ry  g ra p h ite ?

C ry s ta llin e  Slag Inclusions
M r. W e s t  sa id  t h a t  w ith  re g a rd  to  th e  sus

pended  slag  p a rtic le s  he w as q u o tin g  th e  B ritish  
C a st I ro n  R esearch  A ssoc ia tion ’s th eo ry  re g a rd 
in g  th e  c ry s ta llin e  slag inclusions and  th e



t i t a n iu m  w hich  e ith e r  covered  o r com bined  w ith  
th e  s lag  p a r tic le s  to  fo rm  a n  inn o cu o u s m ed ium . 
H e  w as p re p a re d  to  accep t th e  th e o ry  a t  th e  
m o m en t, fro m  th e  p o in t of view  t h a t  he  h a d  n o t 
a b e t te r  one to  s u b s ti tu te  fo r  i t ,  a n d  t h a t  th e  
e ffect cou ld  be  n e u tra lis e d  by  th e  p resence  of 
h y d ro g en  gas.

B oyles d id  ra ise  th e  q u estio n  of th e  C 0 2 a n d  
h y d ro g e n ; b u t  he  ( th e  sp eak er) h a d  only  m en 
tio n ed  p o in ts  as th e y  h a d  been  observed in  th e  
e x p e rim e n ts  m ad e  by h is  co-w orker a n d  h im self. 
J u s t  as good re su lts  w ere  o b ta in e d  w ith o u t th e  
C 0 9 t r e a tm e n t  as w ith  i t .  F ro m  a  p ra c tic a l 
p o in t of view  h e  w ould  n o t lik e  to  be tro u b le d  
w ith  bub b lin g  C O , th ro u g h  m o lten  m e ta l. B o th  
h is h e a re rs  an d  him self m ig h t  do i t  in  a  p e rfe c tly  
s a t is fa c to ry  m a n n e r , b u t  th e y  h a d  to  rem em b er 
t h a t  som eone m ig h t  h av e  to  do  i t  w ho n e ith e r  
u n d e rs to o d  n o r c a re d  w h a t h a p p e n e d  as long  as 
“  so m e th in g  ”  w as b u b b lin g  th ro u g h . These 
th in g s  w ere  som ew hat in  th e  n a tu r e  of f r i lls  to  
fo u n d ry  w ork , b u t  if  C O , d id  g iv e  decided  a d 
v a n ta g e s , th e n  fo u n d ry  p ra c tic e  w ould h av e  to  
be a d a p te d  acco rd ing ly .

T ita n iu m  a d d itio n  a n d  C 0 2 t r e a tm e n t  w ere 
m ore e ffective  in  th e  case of th e  h ig h e r  carbons 
th a n  th e  low er carb o n s, b u t ,  as a  m a t te r  of fa c t,  
w ith  3.2 p e r  cen t, a n d  3.3 p e r  cen t, to ta l  carb o n , 
he  fo u n d  v e ry  l i t t le  effect ensued  fro m  th e  t i t a 
n iu m  t r e a tm e n t .  A t 3.5 p e r  c e n t.,  an d  even  
h ig h e r , th e  d ifference  was re m a rk ab le . I t  was 
ve ry  h e lp fu l t h a t  th is  should  be so, because  i t  
w as possible to  g e t  in c reased  m ech an ica l p ro p e r
t ie s  fro m  th e  h ig h e r  c a rb o n  iro n , w hereas no 
such in c rease  w as p ro d u ced  in  low er to ta l-ca rb o n  
iro n  w ith  th e  sam e t r e a tm e n t.

Phosphorus and S h rin k ag e

M r. A. A. T i m m i n s  re m a rk e d  th a t  th e  P a p e r  
h a d  been  ex tre m e ly  in te re s t in g  to  h im  p e rso n 
a lly , because  fo r  th e  p a s t tw o y ears  he h a d  been 
responsib le  fo r  th e  in v e s tig a tio n s  on sh rin k a g e  
w hich h a d  been  c a r r ie d  o u t by  th e  A ssociation  
in  B irm in g h a m . A g a in , th e  P a p e r  w as p a r t ic u 
la r ly  n o tew o rth y , because  i t  was th e  f irs t occa
sion  on w hich a p u b lic  an n o u n ce m e n t h a d  been 
m ad e  of a  case w here  th e  re sea rc h  re su lts  on th e  
e ffect of t i t a n iu m  in  re la tio n  to  sh r in k a g e  h ad  
been  confirm ed  in  p ra c tic e .

Som e y ears  ago M r. W es t d id  a  v e ry  in te re s t 
in g  a n d  use fu l p iece  of w ork  d e a lin g  w ith  
th e  re la tio n sh ip  of phosp h o ru s to  sh r in k 
age. W o rk  by th e  B .C .I .R .A . h a d  now 
been  c a r r ie d  o u t over a  m uch  w ider ra n g e  
of com positions th a n  those  w ith  w hich M r. 
W est o r ig in a lly  s ta r te d .  T he A ssocia tion  h ad  
been ab le  to  confirm  th e  re la tio n s h ip  b e tw een  
c a rb o n , silicon a n d  phosp h o ru s w hich  h a d  to  be 
o b ta in e d  to  rem ove p o ro sity  a n d  w hich  was 
o rig in a lly  p o in te d  o u t  by  M r. W est.

The iro n  w hich  M r. W es t a n d  h is colleague 
h a d  been u s in g  w as low in  p h o sp h o ru s , a c tu a lly , 
he th o u g h t,  0.2 p e r c en t. F o r  t h a t  reaso n  i t  
w ould n o t  n o rm ally  be ex p ec ted  t h a t  t h a t  iro n  
w ould be p o rous. I t  w as du e  to  th e  f a c t  t h a t  th e  
in v e s tig a to rs  h a d  used  a  v e ry  h ig h  ca rb o n  th a t  
p o ro sity  h a d  been  p ro d u ced . A t th e  sam e tim e , 
th e  effects w hich  h a d  been  o b ta in e d  w ere p a r 
t ic u la r ly  n o tew o rth y , because  th e y  w ere good 
exam ples of th e  p o ss ib ilities  o b ta in a b le  w ith  tw o 
iro n s w hich d iffe red  only  in  th e i r  t i t a n iu m  con
te n t .

T h is w as e x ac tly  th e  ty p e  of th in g  w hich  had  
been o b ta in e d  w ith  th e  sh r in k a g e  of th e  sphere, 
o r th e  “  d u m b-bell ” as i t  w as te rm e d . The 
t i ta n iu m  t r e a tm e n t  in  re la tio n  to  sh rin k a g e  was 
n o t confined m ere ly  to  t h a t  ty p e  of iro n . I t  had  
been a p p lied  to  n u m ero u s  iro n s , a n d  th e  belief 
now o b ta in e d  t h a t  th e  t i ta n iu m  t r e a tm e n t  could 
rem ove p o ro sitv  in  th e  case o f an y  o rd in a ry  
en g in e e r in g  irons.

S h rin k a g e  R e d u c tio n  by T i

As a  re s u l t  of th e  in v e s tig a tio n a l w ork  which 
had  been done, he  w as of th e  o p in io n  t h a t  th e  
effect of t i t a n iu m  in  re la tio n  to  sh rin k a g e  was 
fa r  g r e a te r  th a n  a n y  a lte ra t io n  in  com position. 
H e  d id  n o t m ean  sm all ch an g es in  com position, 
b u t  w ide ones o f 0 .3  to  1.0 p e r  cen t, of phos
p h o ru s a n d  1.5 to  3 p e r  c e n t, of silicon.

M r. W est h a d  s ta te d  t h a t  tw o iro n s of th e  
sam e an aly sis  w ith  re sp e c t to  o rd in a ry  elem ents 
show ed w idely  d iffe re n t re su lts  d e p en d e n t upon 
th e  p resence  of an d  th e  a d d itio n  of th e  t i ta n iu m  
in  th e  iro n . T he B .C .I .R .A . s ta ff h a d  been well 
aw are  of th is  effect fo r  some tim e  now, an d  th ey  
also knew  t h a t  th e  sam e iro n  c o n ta in in g  t i ta n iu m  
was cap a b le  of g iv in g  w idely  d iffe re n t re su lts  
a cco rd in g  to  th e  w o rk in g  c o n d itio n s . T herefore, 
t i t a n iu m  should  n o t  be re g a rd e d  in  th e  same 
l ig h t  as a n  o rd in a ry  a llo y in g  e lem en t, b u t  as a  
m a te r ia l  w hich , w hen  p re se n t in  c a s t  iro n  in  
exceed in g ly  sm all q u a n ti t ie s  (i.e .,  0.1 p e r cen t, 
or 0.2 p er c e n t.) ,  e x e r te d  a  p re d o m in a tin g  effect 
upon  th e  p ro p e rtie s  of th e  iro n . T h is  fa c t  was 
even  m ore  im p o r ta n t  w hen  i t  w as rea lised  th a t  
m ost B r i t ish  p ig -iro n s  c o n ta in e d  sufficient 
t i t a n iu m  to  be su scep tib le  to  such  m e ltin g  con
d itio n s .

E n a m e llin g  Iro n s

N u m ero u s  ex am ples h a d  been  m e t w ith  in  
a c tu a l  w orks p ra c tic e  w here  th e  so lu tio n  of th e  
sh r in k a g e  prob lem  could  be  d ire c tly  tra c e d  to  th e  
in flu en ce  o f t i ta n iu m . O ne case o ccu rred  to  him  
of a fo u n d ry  m ak in g  l ig h t  c a s tin g s  fo r  enam el
lin g , w h e re  a  s im ila r  iro n  w as used  d a y  in  and  
d ay  o u t. O ne d ay  th e  c a s tin g s  w ere  show ing 
po ro sity  in  th e  bosses. E x a m in a tio n  show ed th a t  
th e y  h a d  v e ry  co arse  f r a c tu re s  a n d  ex h ib ited  a 
coarse  flake  g ra p h ite .  T hey  p ro d u ced  a very



bad en am ellin g  finish. A n o th e r day , fo r no 
a p p a re n t  reaso n  a t  all, th e  c a s tin g s  w ere p e r
fectly  so u n d  a n d  show ed no s ig n  of p o rosity  in 
th e  bosses, a n d  th e y  h a d  a fine g ra p h ite  s tru c 
tu re  s im ila r  to  t h a t  show n by M r. W est, while 
the en am el finish was f a r  su p e rio r . T he iro n  
which w as being  used c o n ta in ed , he  th o u g h t, 
ab o u t 0.15 p e r  cen t, of t i ta n iu m . I t  w as q u ite  
feasible an d  q u ite  c o rre c t to  assum e t h a t  th e  
differences w hich  h a d  been  o b ta in e d  w ere d u e  to  
the  v a r ia tio n s  in  m e ltin g  c o n d itio n s  w hich h ad  
produced a  c o rre sp o n d in g  v a r ia tio n  in  th e  con
d itio n  of th e  t i ta n iu m .

Tests  on P o ro s ity
H e h a d  a lre a d y  re fe r re d  to  th e  fa c t  t h a t  th e  

tre a tm e n t h ad  been ap p lied  to  a ll ty p es  of iro n , 
bu t th e re  w as one p o in t he  w ould like  to  em 
phasise. I t  w as n o t e sse n tia l to  ach ieve th e  fu ll

The series was p ro duced  in  th e  crucib le , b u t 
th e  coke w as in  c o n ta c t w ith  th e  m eta l d u r in g  
th e  whole of th e  t im e  th e  m e ta l was m e lt in g ;  
in  fa c t  i t  w as stew ed  w ith  i t .  W hen  th e  coke 
w as ex c luded  fro m  th e  to p  of th e  m e ta l a  lid 
was p u t  on th e  to p  of th e  c ru cib le  a n d  no coke 
cam e in  c o n ta c t w ith  th e  m e ta l, an d  a v a stly  
d iffe re n t re su lt  was o b ta in e d  as w ould be ob
served  fro m  th e  second series of re su lts . U p 
to  2.6 p e r  cen t, silicon, iro n s  w ere p e rfec tly  
sound, b u t  over 2.8 p e r cen t, th e re  was porosity  
a g a in . The f ra c tu re s  w ere very  coarse. E x c lu d 
ing  th e  coke from  th e  m e ta l h a d  a  ten d en cy  
to  m ake  th e  f ra c tu re s  m uch finer a n d  th e  
g ra p h ite  size was m uch  finer also. T he p o in t he 
w a n ted  to  m ak e  w as th e  size of th e  g ra p h ite  
in  th e  series was n o th in g  n e a rly  a p p ro ach in g  
th e  size of th e  g ra p h ite  w hich could he o b ta in ed  
by th e  fu ll t i ta n iu m  an d  CO., t r e a tm e n t.
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refinem ent of th e  g ra p h ite  in  o rd e r to  o b ta in  
freedom  from  p o rosity , i .e .,  i t  w as n o t neces
sary to  achieve th e  very  fine g ra p h ite  w hich was 
p resen t in  M r. W es t’s p h o to g rap h s .

This p o in t was th e n  il lu s tra te d  by th e  sp eak er 
by m eans of a slide  (F ig . A) show ing  sketches 
of ac tu a l dum b-bell sections. L it t le  d o ts  shown 
in th e  c en tre  re p re se n te d  th e  e x te n t  of po rosity . 
The depressions show n a t  th e  to p  of sections 
were m erely  an  a t te m p t  to  rep ro d u ce  th e  sin k in g  
which occurred  on  th e  to p  of th e  dum b-bell. 
The iro n s  used w ere of h ig h -p h o sp h o ru s ty p e  
co n ta in in g  ab o u t 1.2 p e r cen t, phosphorus and  
also sufficient t i ta n iu m  to  m ak e  th em  suscep tib le  
to v a r ia tio n s  in  m e ltin g  co nd itions.

T he to p  series v a ried  in  silicon c o n te n t o n ly ; 
th e  to ta l  c a rb o n  c o n te n t d id  n o t v a ry  v ery  m uch. 
I t  would he observed  t h a t  th e  p o rosity  a p p ea red  
a t  ab o u t 1.7 p e r  cen t, silicon an d  increased  
w ith  f u r th e r  in c rease  in  silicon.

T he b o tto m  lin e  of F ig . A showed th e  effect 
of th e  t i ta n iu m -C 0 2 t r e a tm e n t.  T h ere  w as p e r
fe c t soundness r ig h t  u p  to  3 p e r  cen t, silicon.

W R IT T E N  C O N T R IB U T IO N  T O  T H E  
D IS C U S S IO N

M r . W . E . D e n n i s o n  w r o te :— I t  has been  said  
t h a t  im a g in a tio n  is th e  m ig h tie s t in s tru m e n t of 
th e  sc ien tis t. S im ple  know n fac ts , how ever, 
should  be g iven  precedence in  an y  in v es tig a tio n  
of chem ical o r physical b eh av io u r befo re  recourse  
to  t h a t  c rea tiv e  fa c u lty  of th e  m ind .

F o r  in s tan c e , th e  d ifference in  re su lts  o b ta in ed  
w ith  th e  cas t iro n s m elted  in  th e  la rg e  cupola  
is sim ply  ex p la in ed . T he a u th o rs  have  in fe rre d  
t h a t  th e  beneficial re su lts  re flected  in  th e  sound 
c a s tin g  m u s t be c red ite d  to  th e  ac tio n  of t i t a 
n iu m  a n d  hav e  com plete ly  ig n o red  th e  p resence



of 0.33 p e r  cen t, ch ro m iu m  in  th e  so u n d  c as tin g  
co m p ared  w ith  th e  absence of ch ro m iu m  in  th e  
d e fec tiv e  c a s tin g . I t  is also s ta te d  t h a t  th e re  is 
l i t t le  d ifferen ce  in  chem ica l com position  of th e  
p ig -iro n s  lis te d  in  T able  I ,  ex ce p t fo r th e  t i t a 
n iu m , w hich ra n g es  from  0.03 to  0.19 p e r c en t., 
w h ereas th e  sa l ie n t  v a r ia tio n  is in  th e  ch rom ium  
c o n te n t, w hich ra n g es  from  a t ra c e  to  3.16 pe r 
c en t.

I t  is th o u g h t  t h a t  th e  0.33 p e r  cen t, ch ro m iu m  
c o n te n t of th e  sound  c a s tin g  p ro v ides th e  m ed i
c ine  re q u ire d  by th e  c a rb o n -su rfe ite d  iro n s  lis ted  
as M .2337 a n d  M .2347 to  p ro d u ce  th e  d esired  
so lid ificatio n  c h a ra c te ris tic s . I t  is u n fo r tu n a te  
t h a t  th e  a d o p tio n  of th e  B r i tish  S ta n d a rd  ro u n d  
te s t-b a r  w hich  serves th e  d u a l p u rp o se  of p ro 
v id in g  tra n s v e rse  a n d  ten s ile  te s ts  h a s ten d e d  
to  e lim in a te  th e  lin ea l sh r in k a g e  te s t  w hich  is 
b est m ad e  w ith  a te s t-b a r  cas t in  a  m ould  w ith  
c a re fu lly -a d ju s te d  ch illed  ends. T his sim ple  te s t  
is of p r im e  v a lu e  in  g a u g in g  th e  c a s tin g  p ro 
p e r ty  a n d , in  th e  case of th e  0.33 p e r  cen t, ch ro 
m ium  c a s t iro n , w ould have  shown a d is tin c tly  
h ig h e r re s u l t  th a n  t h a t  of th e  p la in  cas t iro n . 
T he sh r in k a g e  te s t  p ro v id es a n  in d ire c t  m easu re  
of th e  specific g ra v ity , a n d  is in d ic a tiv e  of th e  
d en se r s t ru c tu re  of th e  ch rom ium  cas t iro n . To 
some e x te n t ,  th e  re la tiv e  d en sitie s  m ay  be ex 
p la in e d  by th e  deg ree  of g ra p h it is a tio n , as r e 
flected  by th e  com bined  carb o n . To a m a jo r  ex 
te n t ,  how ever, th e  d ifference  lies in  th e  physical 
c h a ra c te r  of th e  g ra p h ite  as i t  affects th e  volum e 
of voids in  th e  s tru c tu re .

I t  is assum ed  t h a t  th e  a u th o rs  have  chosen an  
u n su ita b le  com position  as a p o s tu la te  to  th e  
su b seq u en t th eo rie s  in  fa v o u r  of th e  in o cu la tio n  
v a lu e  of t i ta n iu m  in  re g a rd  to  c ry s ta ll is a tio n , as 
i t  in fluences th e  g ra p h it is a tio n  of c a s t iro n . T his 
c o n je c tu re  a p p e a rs  to  be confirm ed  by  th e  
a u th o r s ’ s ta te m e n t  t h a t  “  v ery  l i t t le  im p ro v e
m e n t has been fo u n d  w hen  a p p ly in g  th e  t i ta n iu m  
t r e a tm e n t  to  c a s t  iro n s  w hich  in  th e i r  norm al 
c o n d itio n  possess good m ech an ica l p ro p e r t ie s .” 
T h e  17 to n s  ten s ile  m en tio n ed  as c o n fe rr in g  
th ese  p ro p e rtie s  offers no p a r t ic u la r  difficulties,

a n d  w ould seem  to  fit th e  re q u ire m e n ts  of th e  
w a te r-p u m p  body c a s tin g s  in  q u estio n .

T he prob lem  of p o ro sity  is one t h a t  perp lexes 
m an y  fo u n d ry m en , d esign  a n d  com position , 
te m p e ra tu re ,  m e ltin g  co n d itio n s  a n d  g a tin g  be
in g  some of th e  fa c to rs  invo lved . I n  th e  w r i te r ’s 
o p in io n , p ra c t ic a l  so lu tio n s a re  g e n era lly  av a il
ab le  fo r such  c a s tin g s  as th e  one desc rib ed  w ith 
o u t reco u rse  to  expensive  alloy  a d d itio n s  or 
sp ec ia l p ig -iro n s , a n d  th e re  is no  d o u b t th a t  
th e  a u th o rs  could  s u b s ta n t ia te  th is  expression  
of op in io n .

T he cost of p ro d u c tio n  is to -d ay  a m ain  item  
in  th e  e a rn in g  of p ro fit, a n d , s tra n g e ly  enough, 
th e  m ore exp en siv e  v irg in  m a te ria ls  a re  no t 
conducive  to  re d u c in g  p o ro sity , a n d  used  in 
excess a re  th o se  w hich  d em an d  th e  use of still 
m ore expensive  a d d itio n s .

A u th o r s ’ R e p 'y
In  rep ly , th e  A u t h o r s  th a n k e d  M r. D ennison 

fo r  h is sug g estio n s a n d  s ta te d  t h a t  th e  p resence 
of ch ro m iu m  in  som e of th e  e x p e r im e n ta l irons 
used  w as a m a t te r  of no im p o rta n c e  in  th is  in 
s ta n ce , fo r  i t  h a d  no d ire c t  co n n ec tio n  w ith  th e  
p a r t ic u la r  p hase  of th e  p rob lem  w hich  h a d  been 
in v e s tig a te d . T h is  w as to  s tu d y  th e  influence 
of t i t a n iu m  on g ra p h ite  fo rm a tio n  in  re la tio n  
to  e x te rn a l  s in k in g  a n d  in te r n a l  po ro sity .

T he c r it ic ism  of T ab le  I  a p p e a re d  to  be based 
u p o n  a  m is -read in g  of th e  P a p e r — th e  s ta te m en ts  
re g a rd in g  th e  s lig h t d ifference  in  chem ical com
p o sitio n s w ere  confined to  th e  tw o sets of pig- 
iro n s  A & B , D  & E . M r. D en n iso n  co rrec tly  
assum ed  t h a t  th e  m ak in g  of pum p cas tin g s  in 
iro n  of 17 to n s  ten s ile  offers no p a r t ic u la r  diffi
c u lty  if  m ade  in  d rv -sa n d  m oulds. On th e  o th e r 
h a n d , ex p erien ce  shows t h a t  th e  use of g reen  
san d  p ro duces e x te rn a l s in k in g  w ith  such iron.

They w ere  in  com ple te  a g re e m e n t t h a t  the  
a d d it io n  of ex p en siv e  alloys o r specia l p ig -irons 
w as n o t to  be ta k e n  as th e  only  so lu tio n  of th e  
prob lem  of p o ro sity . I t  w as n o t th e  a u th o rs ’ 
in te n t io n  to  cover all th e  possib le  so lu tions of 
th is  problem .
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As will p robab ly  be know n, th e  ad o p tio n  of 
m olybdenum  as a n  a llo y in g  a d d itio n  to  cas t iro n  
has been m ore g e n e ra l in  A m erica  th a n  in  E n g 
land, an d  th is  h as som etim es been ascribed  to  a 
too co n serva tive  a t t i tu d e  on th e  p a r t  of B r itish  
foundries. I t  is hoped , how ever, to  show th a t  
th is  s ta te m e n t is in  a  la rg e  m easu re  u n ju s tif ied . 
B efore a p ro sp ectiv e  u se r can  be asked  to  ad o p t 
a new su g gestion , i t  is necessary  to  sa tis fy  him  
th a t  n o t only a re  th e re  d e fin ite  benefits to  be 
ob tained , b u t  t h a t  th ese  benefits  can  be secured  
a t  a price w hich he can  afford . Also, he m u st 
be convinced th a t ,  unless he is w illing  to  pay  
the  p rice , he  c an n o t hope to  d e riv e  th e  sam e 
benefits by o th e r  an d  c h eap er m eans. I t  is th u s  
the  purpose of th is  le c tu re  to  a t te m p t  to  d e te r 
m ine how fa r  m olybdenum  w ill m ee t an d  sa tis fy  
the  dem ands of th e  u p -to -d a te  fo u n d ry  an d  of 
m odern en g in e e rin g  design .

T here a re  sev era l m ethods of a tta c k  fo r a lec
tu re  such as th is . One could tra c e  o u t th e  
h istory of m olybdenum  in  cas t iro n , show ing th e  
developm ent of th e  su b je c t a n d  d esc rib ing  in  
deta il th e  m ajo r a n d  m in o r resea rch es which 
have been u n d e r ta k e n . T his does n o t, how 
ever, a p p ea r to  be th e  b est p ro ced u re , fo r  th e  
evidence an d  re su lts  of re sea rch  a re  som ew hat 
conflicting, an d  fo r th is  reaso n  a ve ry  im p er
fect concep tion  of th e  benefits w hich m olyb
denum  can  b rin g  w ould be o b ta in ed . In s te a d , 
it  is proposed to  d ea l w ith  th e  su b je c t in  a  m ore 
general w ay an d  confine a t te n tio n  chiefly to  
tendencies. T h is t r e a tm e n t  of th e  su b jec t, i t  is 
hoped, will have  severa l a d v an tag e s , nam ely , 
th a t  i t  will g ive a ll th e  m ost e ssen tia l fa c ts , 
deprived of unnecessa ry  d e ta i l ; th e  m a in  fa c ts  
are likely to  be m ore easily  g ra sp ed , a n d  on 
th a t  accoun t m ore capab le  of im m ed ia te  a p p li
cation , an d , finally , fu tu r e  lines of developm en t 
will p e rh ap s be m ore re ad ily  a p p a re n t.

Form s o f M o lyb d en u m
In  Table I  a re  d e ta ile d  th e  severa l form s in  

which m olybdenum  is av a ilab le , an d  of these  
the  p u re  m eta l is q u ite  u n su ita b le  fo r d irec t 
add itio n  to  cas t iro n . The an a ly sis  g iven  in 
each in s tan ce  m ay  be ta k e n  as re p re se n ta tiv e  of 
the m a te ria l,  a n d  l i t t le  com m ent need  be m ade 
a t  th is  s tag e  beyond say ing  t h a t  ferro-m olyb- 
denum , calcium  m o lybdate  an d  m oly te  sa tis fy  
m any re q u ire m e n ts  as a d d itio n  ag en ts .

A d d in g  M o ly b d e n u m  to  C ast Iro n
In  th e  cupola , h ig h  recoveries a re  only pos

sible w hen th e  cupola  is re serv ed  solely fo r  p ro 
d u c in g  m olybdenum  irons. I f  m ore th a n  one 
ty p e  of iro n  is be in g  m ade, th e n  i t  is recom -

T a b l e  I .— Forms of Molybdenum.

Form.

Ferro-Molybdenum 
(Lump or powder)

Calcium Molybdate 
(Powder)

Molyte (lump)

Molybdenum metal 
(powder)

Typical Analysis.

Mo
Si
S
P
c
As
Mn
Cu

Per cent.
72.02
0.65
0.046
0.020
0.039
0.008
0.011
0.34

Mo
S i0 2
F e20 3
A120 3
CaO
S
P
(Mo03

Per cent. 
42.47 

5.75 
3.70 
2.20 

19.00 
0.04 
0.02 

equivalent
to 63.7 per cent.)

Per cent.
Mo ..  43.50
S i0 2 ..  39.80
F e20 3 4.94
A120 3 3.00
MnO .. 0.08
CaO 6.80
S ..  0.05
P ..  0.02
c . .  0.05

(а) Mo . . 95 to 97
per cent,

(б) Mo . . 99 per
cent.
Min.

Remarks.

Varies, 
e.g., Mo 
46 per 
cent.

Varies, 
e.g., Mo 

47.75 per 
cent.

m ended  th a t  those  cas tin g s req u ired  to  c o n ta in  
m olybdenum  should  be m ade from  th e  first few 
ta p p in g s . B oth  fe rro-m olybdenum  an d  calcium  
m o lybdate  can  be used  in  th e  cupola , th e  la t t e r  
be in g  ad d ed  w ith  each ch arg e  of coke an d  p re 
fe ra b ly  by  a d d in g  i t  as b r iq u e tte s  in  o rd e r to  
avo id  loss d u e  to  th e  fo rm a tio n  of d u st.
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Ferro-m olybdenum  is usually  added to the  
spout or ladle, but when calcium  m olybdate is  
added in  th is  way, tim e is necessary for reduc
tion  to  m olybdenum  m eta l to  take place a t the  
lower tem perature there prevailing. The re
covery of m olybdenum  when calcium  m olybdate  
is added to  th e  lad le  is not as h igh  as when i t  is 
added to th e  charge. Ferro-m olybdenum  of the  
com position g iven  in  Table I  is lik ely  to  g ive  
non-uniform  irons if  added to  th e  ladle, bu t th is  
can be partly  corrected by adding i t  to  the

th a t of 70 per cent, ferro-m olybdenum , the m elt
in g  range of which is  1,540 to  2,060 deg. C., as 
shown in  F ig . 1. A lower m elting  poin t can be 
obtained in  several ways, nam ely, by the use o f  
high carbon contents, h igh  silicon, or by reduc
ing  the m olybdenum  content to  40 per cent. I t  
w ill be seen th a t, a t the la tter  com position, the  
m elting poin t is 1,440 deg. C., and th a t the  
alloy m elts a t  constant tem perature. I t  would 
therefore appear th a t the ferro-m olybdenum  
now available is not necessarily  the best m eans

F i g . 1 . — I r o n - M o l y b d e n u m  E q u i l i b r i u m  S y s t e m .

charge, a lthough recovery of m olybdenum  is 
th en  alm ost certa in  to  be lower. F or th e  air  
furnace, calcium  m olybdate and m olyte can be 
added, b u t com plete reduction to  m etal requires 
tim e. In  th e  electric-furnace m ethod of produc
in g  cast iron, both ferro-m olybdenum  and cal
cium  m olybdate are perm issible.

For ladle add itions, undoubtedly the best 
agen t for add ing m olybdenum  would be a m olyb
denum -iron alloy of low m eltin g  poin t, and  
havin g  a m elting po in t considerably lower than

of add ing m olybdenum  to cast iron, especially  
when i t  is necessary to  obtain  rapid alloying  
and m ix in g  of th e  co n stitu en t m etals.

M o ly b d e n u m  P ig -Iro n
There is a grow ing tendency for users to  adopt 

m olybdenum  pig-iron in  preference to  the other  
form s of m olybdenum , as in  th a t form  it  is  
perhaps th e  best m eans of add ing m olybdenum  
to  cast iron, for cupola losses are th en  very  
m uch lower and the m etal is more uniform ly



alloyed in  th e  iro n . T h ere  a re  tw o  g rad es  of 
m olybdenum  p ig -iro n  av a ilab le  : — (1) T .C , 3.0 
p e r cen t, m a x .;  S i, 1.5 to  2 .0 ; M n , 0.8 to  1 .0 ; 
S, 0.07 m a x .;  P , as re q u ire d ;  a n d  Mo, 1.0 to
5.0 p er cen t. T h is is a refined  m olybdenum  pig- 
iron  av a ilab le  as san d -cas t o r  m ach in e-cas t pigs. 
(2) T .C , 3.5 p e r cen t. m ax . ; S i, 1.5 to  2 .0 ; M n, 
0.8 to  1 .0 ; S, 0.07 m a x .;  P ,  as re q u ire d ;  an d  
Mo, 1.0 to  5.0 p e r  cen t. T h is is re fined  a ll-m ine 
m olybdenum  p ig -iro n .

In  a d d itio n  th e re  a re  o th e r  p ig -iro n s availab le  
for th e  s im u ltan eo u s a d d itio n  of m olybdenum  
and  o th e r a llo y in g  e lem en ts, b u t  th e re  w ould be 
no p o in t in  g iv in g  spec ifica tions, as th e y  a re  
alm ost in v a ria b ly  m a n u fa c tu re d  fo r  in d iv id u a l 
req u irem en ts .

M e ta llo g ra p h ic  A spects
The m eta llo g rap h ic  in fluence  of m olybdenum  

on iron -carbon  alloys m ay  be sum m arised  as 
follows : —

(1) The e u te c tic  te m p e ra tu re  is a p p ro x i
m ate ly  th e  sam e as in  p u re  iro n -ca rb o n  alloys, 
nam ely, 1,130 deg. C.

(2) T he p e rce n ta g e  of ca rb o n  in  th e  e u te c tic  
is n o t a lte re d  a p p rec iab ly  (4.3 p e r  cen t, c a r
bon).

(3) The e u te c to id  t ra n s fo rm a tio n  ( i.e .,  pear- 
lite  tra n s fo rm a tio n )  is n o t ap p rec iab ly  affected 
a t  700 deg. C.

(4) The p e rce n ta g e  of carb o n  in  th e  eu tec 
to id  is low ered by m olybdenum , th e  decrease- 
being 20 p o in ts  fo r each 1 p e r cen t, of m olyb
denum  p re sen t.

(5) A new p h ase  a p p ea rs , th is  b e in g  a double 
carb ide  above and  below th e  e u te c to id  t r a n s 
fo rm ation .

(6) No g ra p h ite  a p p e a rs  in  iron -carbon- 
m olybdenum  alloys a t  c a rb o n  c o n te n ts  below 
th e  e u te c to id  co n ce n tra tio n .
T ran s la ted  in to  m ore p ra c tic a l lan g u a g e , th is  

means t h a t  : —
(1) The m eltin g  p o in t of c a s t iron  is n o t 

lowered ap p rec iab ly  by m olybdenum .
(2) T he fo rm a tio n  of a doub le  ca rb id e  of iro n  

and  m olybdenum  is im p o r ta n t  as re g a rd s  h e a t-  
t re a tm e n t an d  physical p ro p e rtie s , such as 
hard n ess an d  w ear-resis tan ce , and  d e p th  of 
h a rd en in g .

(3) T he in flu en ce  on th e  eu te c to id  com posi
tio n  is t r a n s la te d  in to  m ore  pronounced  
h a rd en in g  on qu en ch in g , a n d  in  o th e r  d irec 
tio n s  also.

(4) M olybdenum  te n d s  to  s tab ilise  th e  c a r 
bides and  th e re fo re  ten d s  to  p re v e n t g r a p h it i 
sa tion .

(5) M olybdenum  te n d s  to  rem ove h a rd n ess 
differences in  cas tin g s  of v a ry in g  section .

P ra c tic a l P oin ts
T his m eta l has a ten d en cy  to  re n d e r  c a s t iron  

s lugg ish , a lth o u g h  experiences d iffer consider
ably. F o r  th is  reaso n  som ew hat la rg e r  r ise rs  m ay 
possibly be  req u ired . These a re  also like ly  to  be 
necessary  because liq u id  sh rin k a g e  is increased  to  
a c e r ta in  e x te n t , a lth o u g h  h e re  a g a in  experiences 
d iffer. M olybdenum  also h as a  ten d e n cy  to  in 
crease  chill, a n d  to  c o u n te ra c t th is  m an y  users 
ta k e  step s to  keep  th e  to ta l  carb o n  c o n te n t as 
low a s  possible, th u s  p ro d u c in g  iro n s of m ore 
u n ifo rm  m echan ical p ro p e rtie s . These ch illin g  
ten d en cies  a re  n o t, how ever, im p o r ta n t  in  m ost 
in stan ces , fo r, sp e a k in g  q u ite  g en era lly , m olyb
d en u m  is n e a r ly  alw ays su b o rd in a te  a s  a n  alloy
in g  a d d itio n  to  some o th e r  m eta l, such as nickel 
o r ch rom ium , o r bo th . F o r  h ig h e r p e rcen tag es of 
m olybdenum , nam ely , over 1 p e r  c en t., difficulty 
m ay  possibly be e n co u n te red  from  chill, b u t  in 
th e  am o u n ts  no rm ally  added  to  cas t irons, l it t le  
ch an g e  in  m o u ld in g  an d  c a s tin g  a rra n g e m e n ts  
need  be m ade, ex cep t in  so f a r  as a re  designed  
to  m ee t specia l c ircum stances . M uch ap p ea rs  to  
dep en d  u p o n  local co nd itions, so t h a t  i t  is n o t 
possible to  g iv e  any  ve ry  h a rd  an d  fa s t  ru les , and  
th e  b e s t p ro ced u re  is t h a t  of d e te rm in in g  those 
changes, if  any , re q u ire d  by p ra c tic a l research  in 
th e  fo u n d ry .

S im p le  M o lyb d en u m  A d d itio n s
I t  w as C am pion  who firs t showed t h a t  1 p er 

cen t, of m olybdenum  would increase  s tre n g th  an d  
h a rd n ess , an d  Sm alley  in  1922 ( i.e .,  th re e  years  
la te r  th a n  C am pion) in d ic a te d  th a t  0.1 p e r cen t, 
of m olybdenum  has a  re fin in g  ac tio n  on th e  g ra in  
w ith  only  a s lig h t increase  in  h a rd n ess . These 
re su lts  led  to  th e  su ggestion  t h a t  m olybdenum  
m ig h t p lay  th e  du a l role of n ickel an d  chrom ium , 
an d  i t  w ill be seen la te r  how fa r  m olybdenum  has 
come u p  to  e x p ec ta tio n s . Am ong o th e r  m en 
whose w ork in  th is  field is of f irs t im p o rtan ce , 
m en tio n  m ay  be m ade  of P iw ow arsky , S m ith  and  
A u fd e rh a a r , K e n t S m ith , L o rig  an d  D ahle, 
Gruillet an d  B a llay , Coyle, H u rs t ,  Olsen, C o urno t, 
C h a llan so n n e t, P o rte v in , M cD ougall and  Schuck. 
A lth o u g h  m an y  of th e i r  re su lts  a re  conflicting , 
th e re  a re , n ev ertheless, c e r ta in  p o in ts  of ag ree
m en t, so th a t ,  co n sid erin g  th e  pub lished  d a ta  as 
a  whole, th e  follow ing g en era l conclusions 
a p p e a r  ju s t if ie d : —

(1) M olybdenum  h as a re fin in g  ac tio n  on th e  
g ra p h ite .

(2) T h ere  is a p rogressive  increase  in  ten s ile  
s tre n g th  up  to  1.5 p e r  cen t, of m olybdenum , an d  
th e re  is an  increase  also in  b o th  com pressive 
s tre n g th  an d  h a rd n ess .

(3) T ran sv erse  s tre n g th  increases p rogressively  
w ith  m olybdenum  c o n ten t, a lth o u g h , w hen o ther 
a lloy ing  e lem en ts a re  p re sen t also, th e  in fluence 
o f m olybdenum  is som etim es lessened. This w ill
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be re n d e re d  m ore c lear by  re fe re n ce  to  th e  su m 
m arised  p ro p e rtie s  to  be i l lu s t r a te d  la te r .

(4) Shock re s is tan c e  is g en era lly  im p ro v ed  and  
a b o u t 0.5 p e r  cen t, of m o lybdenum  h as been 
know n to  tre b le  th e  Izod  figu re , a lth o u g h  th e  
in crease  is g e n e ra lly  a b o u t double. I n  a n y  p a r 
t ic u la r  g ra d e  of iro n , how ever, th e re  is c learly  a 
l im it  in  th e  im p ro v em en t to  be o b ta in e d , an d  
f u r th e r  a d d itio n s  beyond  t h a t  l im it  r e s u lt  in  
ca rb id e  fo rm a tio n  w hich  in te r fe re s . T he im 
p ro v em en ts  to  be  o b ta in e d  by sm all a m o u n ts  of 
m olybdenum  a re  d e riv ed  m ain ly  from  its  g ra in -  
re fin in g  ten d e n cy  a n d  from  i ts  in flu en ce  on th e  
size a n d  d is tr ib u tio n  of th e  g ra p h ite  flakes. 
L a te r  th is  to u g h e n in g  te n d e n cy  is opposed by 
th e  h a rd e n in g  te n d e n cy  of c a rb id e  fo rm a tio n .

(5) W hile  m a c h in a b ili ty  m ay b e  im p ro v ed  u p  to  
0.5 p e r  c e n t.,  th e  increases in  h a rd n ess  w hich 
re su lt  th e r e a f te r  cause  a  p ro g ressiv e  decrease  in  
m a c h in ab ility . T hese decreases becom e m ore 
ra p id  above 1.5 p e r  cen t, of m olybdenum , an d  
th e y  a re , of course, a sso c ia ted  w ith  th e  carb id e- 
fo rm in g  ten d en c ie s  of th is  e lem en t.

(6) G row th  c h a ra c te ris tic s  a re  n o t a p p rec iab ly  
a ffected  w hen m olybdenum  is ad d ed  in  sm all 
am o u n ts .

(7) M olybdenum  does n o t show an y  ten d en cy  
of its e lf  to  im p ro v e  re s is tan c e  to  sca lin g , n e ith e r  
does i t  hav e  a n y  ap p rec iab le  in fluence  on r e 
s is tan ce  to  corrosion .

(8) M olybdenum  h a s  no d e su lp h u ris in g  t e n 
dency  d e sp ite  i ts  h ig h  a ffin ity  fo r su lp h u r . I t  
com bines p re fe re n tia lly  w ith  th e  ca rb o n  p re se n t, 
an d  a n y  b enefit so f a r  as su lp h u r  is co ncerned  is 
d e riv ed  from  th e  f a c t  t h a t  m o lybdenum  causes 
th e  su lp h id es to  d isperse  in  a  m ore  finely d iv id ed  
co n d itio n  th ro u g h o u t th e  m a te ria l.

(9) M olybdenum  affects s tru c tu re s  by  te n d in g  
to  c o n v e rt  th e  p e a r l ite  m a tr ix  in to  so rb itic  p e a r-  
lite , th u s  in c re a s in g  s tre n g th ,  b o th  ten s ile  an d  
tra n sv e rse , a n d  in c re a s in g  to u g h n ess  also. The 
benefits a re  a p p ro x im a te ly  p ro g ressiv e  up  to  1.5 
p e r  c en t, of m olybdenum , b u t  above th is  a m o u n t 
s t ru c tu re s  s im ila r  to  those  of h a rd e n e d  steels 
a re  b e g in n in g  to  fo rm  an d  h a rd n ess  ra p id ly  in 
c reases in  consequence.

(10) W ea r  re s is tan c e  is im proved  by  m olyb
d en u m  a d d itio n s , a lth o u g h  i t  does n o t a p p e a r  
possible to  give a  fig u re  to  re p re se n t  th e  in 
c rease  in  life  w hich m ay  th e n  be ex p ec ted .

These te n  p o in ts  sum m arise  th e  ch ie f b enefits  
to  be o b ta in e d  from  th e  use of m olybdenum  
a lone  in  c a s t iro n . I t  is n ecessary , how ever, to  
d raw  a t te n tio n  to  one tro u b le  like ly  to  be ex 
p erien ced , a n d  i t  is t h a t  m olybdenum  h as been  
know n to  fo rm  b r i l l ia n t  spo ts locally  in  th e  iro n , 
th ese  b e in g  asso c ia ted  w ith  th e  ca rb id es  to  g ive 
local h a rd n ess . T hese b r i l l ia n t  spo ts w ill cause  
tro u b le  in  th e  m ach in e  shop, b u t  w h ile  th e  e x ac t
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co n d itio n s fo r  th e i r  fo rm a tio n  a re  n o t  ye t 
know n, a p ra c tic a l rem ed y  h a s  been discovered , 
a n d  n icke l in  sm all a m o u n ts  h as been  fo u n d  to  
c o u n te ra c t  th is  tro u b le  com plete ly .

T he b enefits  o b ta in e d  fro m  m olybdenum  alone 
m ay  a p p e a r  sm all in  view  of th e  cost. T hus, a 
0.1 p e r  cen t, a d d itio n , w ith  m olybdenum  a t  
4s. 9d. p e r  lb ., w orks o u t a t  a b o u t 11s. p e r  to n  
of c a s t  iro n  m ade . M an y  of th e  benefits  a re  
n o t, how ever, re a d ily  assessed in  te rm s  of cash, 
b u t  th e se  a p p a re n tly  h ig h  costs can  be co u n te red  
successfu lly  by a d d itio n s  of c e r ta in  o th e r  alloy
in g  e lem en ts, n o ta b ly  m an g an ese , n ick e l a n d /o r  
ch rom ium , m ore p a r tic u la r ly  n icke l.

Now, a lth o u g h  m o lybdenum  c as t iro n s a re  n o t 
r e s is ta n t  to  o x id is in g  c o n d itio n s , th e y  m a in ta in  
t h e i r  o r ig in a l s t r e n g th  on sh o rt- t im e  exposure  to 
te m p e ra tu re s  u p  to  425 deg. C. C reep  ra te s  for 
m olybdenum  c as t iro n s  a re  also low er th a n  those 
of e ith e r  g rey  iro n  o r h ig h - te s t  c a s t iro n  a t  the  
sam e load  a n d  te m p e ra tu re .  T he in d ic a tio n s  are, 
in  fa c t,  t h a t  iro n s  c o n ta in in g  0.8 to  1.0 p e r cen t, 
of m olybdenum  will be se rv iceab le  a t  tem p e ra 
tu re s  u p  to  a b o u t 700 deg . C. a n d  som etim es 
over, an d  th ese  iro n s  h av e  in  f a c t  been used  suc
cessfu lly  u n d e r  th e se  co n d itio n s, since  th e  ra te  
o f g ro w th  is red u ced  from  8 p e r  c en t, to  less th a n  
6 p e r  cen t, in  te s ts  of 24 h r s . ’ d u ra tio n . D esp ite  
th ese  v e ry  d e fin ite  benefits , how ever, m olybdenum  
iro n s su ffer th e  d is a d v a n ta g e  of n o t be in g  resis
t a n t  to  o x id is in g  c o n d itio n s , a n d  th is  fa c t is 
likely  to  l im it  th e i r  a p p lic a tio n s  in  h ig h -tem p era - 
t u r e  serv ice.

H e a t -T  r e a tm e n t
I t  m ay  be s ta te d  as a  fa ir ly  w ell-recognised 

ru le  t h a t  if  th e  fu ll b en efit is to  be ob tained  
from  th e  u se  of a n  exp en siv e  alloy  a d d itio n  the  
iro n  so m ad e  should  be cap a b le  of h e a t- tre a tm e n t 
to  g iv e  f u r th e r  im p ro v em en ts  in  p ro p erties . 
M olybdenum  iro n s a re  in d eed  cap ab le  of im prove
m e n t in  re g a rd  to  te n s ile  s t r e n g th ,  tran sv e rse  
s tre n g th ,  to u g h n ess  a n d  h a rd n ess  by su itab le  
h e a t- tr e a tm e n t ,  a n d  th is  f a c t  m u s t be ta k e n  in to  
c o n sid e ra tio n  in  assessing  i ts  v a lu e  a s  an  alloying 
a d d it io n  to  c a s t  iro n . I n  p la in  m olybdenum  irons 
i t  is necessary  to  ad d  a  f a i r  p ro p o rtio n  of molyb
d en u m , seldom  less th a n  a b o u t 0 .5  p e r c en t., if 
s u b s ta n tia l  im p ro v em en ts  in  p ro p e rtie s  a re  to  
be so u g h t by h e a t- tr e a tm e n t .  I n  o rd e r to  illus
t r a t e  th e  deg ree  of im p ro v e m en t w hich can , how
ever, be  o b ta in e d , m en tio n  m ay  be m ad e  of an  
iro n  c o n ta in in g  T .C , 3 .5 0 ; M n, 0 .5 ; S i, 1.6, and 
M o, 0 .6  to  0.7 p e r  c en t. As c a s t, th is  iro n  h as a 
ten s ile  s t r e n g th  of 19 to  20 to n s  p e r  sq. in . w ith  
a B rin e ll h a rd n ess  of 220 to  225, b u t  a f te r  h ea t- 
t r e a tm e n t  by  q u en ch in g  a t  850 deg. C. a n d  tem 
p e r in g  a t  350 deg. C ., th e  te n s ile  s t r e n g th  is im 
p roved  to  30 to n s  p e r  sq. in .,  t h a t  is, by  ab o u t 
50 p e r  c e n t .,  an d  th e  B rin e ll h a rd n ess  increased  
to  350, t h a t  is, by  n e a r ly  60 p e r  cen t.



N ic k e l-M o ly b c ie n u m  Irons
I t  is in ev itab le  t h a t  ch ief in te re s t  m u s t c en tre  

a ro u n d  th e  n ickel-m olybdenum  iro n s , a lth o u g h  
they  c a n n o t h e re  be t r e a te d  ex h au s tiv e ly . The 
developm ent of th e  n ickel-m olybdenum  c a s t  irons 
has re su lte d  from  th e  f a c t  th a t ,  w hile  th e  p la in  
m olybdenum  c a s t iro n s can  g ive m an y  of th e  
p ro p erties , o r  co m b in a tio n s of p ro p e rtie s , re 
qu ired  by p ro d u cers  and  users, th e  a m o u n t of 
m olybdenum  necessary  is such  as to  re n d e r  its  
use p ro h ib itiv e  in  a la rg e  n u m b er of in stan ces . 
The p rice  of n ickel is ab o u t o n e -th ird  t h a t  of 
m olybdenum , an d  i t  w ill th u s  be rea lised  th a t  
three tim e s  th e  a m o u n t of n icke l can  be used 
w ith o u t increase  in  to ta l  alloy costs. H ence , if  
i t  be fo u n d  th a t  0.5 p e r  cen t, of m olybdenum  will 
give th e  p ro p e rtie s  d em an d ed , one can , as an 
a lte rn a tiv e , use  1.5 p e r c en t, of n ickel, a t  a cost

a n d  g re a te r  d e p th  of h a rd e n in g . M olybdenum  
ad d s to  m ost of th e se  benefits, b u t  a t  a  c e r ta in  
cost as p rev iously  show n, so t h a t  from  both  
tech n ica l an d  com m ercial reaso n in g  th e re  is a  
l im it  to  th e  a m o u n t of m olybdenum  w hich can  
be ad d ed  p ro fitab ly  to  n icke l c a s t irons.

I t  w ill also be c lear t h a t  if  th e  n icke l is in 
creased  a n d  th e  m olybdenum  reduced , th e  to ta l  
cost need  n o t  necessarily  be in creased , b u t  th e  
p ro p e rtie s  o b ta in ab le  b o th  as-cast and  a f te r  h ea t-  
t r e a tm e n t  can  be v a rie d  over w ide lim its . These 
fa c ts  a re  sum m arised  in  T able  I I .  T his ta b le  h as 
been w orked  o u t  a ssum ing  100 p e r cen t, recovery  
of th e  ad d ed  e lem en t in  each in stan ce , b u t  a  
p ra c tic a lly  th e o re tic a l recovery  is  only o b ta in e d  
in  th e  case  of n ickel. T hus, th e  cost of losses in 
m eltin g , a lloy ing  and  c a s tin g , e tc ., m u st be 
ad d ed  to  th e  costs shown.

T a b l e  I I .— Alloying Costs.
(Minimum increases per ton of iron, assuming 100 per cent, recovery of each metal.)

Composition. Total 
alloy 

content. 
Per cent.

Costs. Total 
cost of 
alloys.

Cost per 
1 per cent, 
of total 
alloys.

Ni.
Per cent.

Mo.
Per cent.

Ni. 
Per cent.

Mo. 
Per cent.

3.0 1.0 4.0 102/6 105/6 209/- 52/3
2.5 0 .8 3.3 94/- 85/6 179/6 54/5
2.0 0 .7 2.7 75/- 74/6 149/6 55/6

1.5 0 .0 —0.15 1 .5—1.65 56/- 0 to 16/- 5 6 -7 2 /- 37—43/8
1.0 0.35 1.35 38/- 37/- 75/- 55/6
0.5 0.5 1 .0 19/- 53/- 72/- 72/-

0.35 1.0 1.35 13/- 107/— 120/- 89/-
0.0 1.5 1.5 — 160/- 160/- 106/8

N o t e .— To these costs m ust be added th a t of the metals lost during alloying on the basis of over 99 per 
cent, nickel recovery, and 92 to 96 per cent, molybdenum recovery, depending upon the method of alloying 
adopted.

of a b o u t 53s. p e r  to n  of iro n  p roduced . I t  is 
open to  q u estio n  w h e th er h e a t- tr e a t in g  a 0.5 p er 
cent, m olybdenum  iro n  will g ive p ro p e rtie s  and  
benefits com parab le  w ith  th o se  to  be o b ta in ed  
from th a t  n icke l c a s t  iro n  w hich is of equal alloy 
cost. H ow ever, th is  difficulty  can  be su rm o u n ted  
by com bin ing  th e  tw o  e lem en ts in  a p p ro p ria te  
p roportions a n d , in deed , f u r th e r  p rogress can  be 
reg iste red , fo r those  co m b in a tio n s of th e  tw o 
elem ents w hich g ive  th e  sam e to ta l  cost w ill g ive 
also p ro p e rtie s  defin ite ly  su p e rio r  to  th e  p ro 
perties o b ta in a b le  from  e ith e r  th e  n icke l o r th e  
m olybdenum  w hen ad d ed  alone.

I t  w ill be rea lised  t h a t  in  th ese  iro n s th e  
m olybdenum  m u s t be re g a rd e d  as su b o rd in a te  to  
the  nickel, an d  i t  is co n v en ien t, in  fa c t, to  re g a rd  
m olybdenum  as in te n s ify in g  th e  benefits of th e  
nickel. These benefits a re , as is know n, to w ard s 
increased  s tre n g th ,  to u g h n ess, re s is tan c e  to  
shock, m ore  u n ifo rm  d is tr ib u tio n  of th e  g ra p h ite , 
more u n ifo rm  h a rd n ess , g re a te r  h a rd e n in g  pow er

T his ta b le  sum m arises th e  p re sen t position , an d  
i t  shows also t h a t  th e  n ickel-m olybdenum  irons of 
g re a te s t  p ra c tic a l u t i l i ty  h a v in g  re g a rd  a lw ays 
to  cost a re  th o se  c o n ta in in g  ap p ro x im ate ly  0.5 
to  1.5 p e r cen t, an d  0 to  0.5 p e r  cen t, of m olyb
denum . I t  is  w ith in  th ese  ra n g es  t h a t  m ost 
benefit is o b ta in e d  fo r  th e  m oney expended , an d  
th ese  irons a re  th e re fo re  likely  to  be th e  m ost 
f re q u e n tly  chosen. T his tab le , fu r th e rm o re , 
shows t h a t  specia l p ro p e rtie s  can  be o b ta in ed  
b u t  a t  g re a t ly  increased  cost, which, how ever, 
is o ften  ju s tif ie d  by th e  a d d itio n a l benefits 
b ro u g h t by h e a t- tre a tm e n t. I t  w ill also be c lear 
t h a t  if  th e  ra tio  of n icke l to  m olybdenum  d e p a rts  
to  an y  e x te n t  from  th e  3 to  1 ra tio , th e  to ta l  
a lloy ing  costs a re  d isp ro p o rtio n a te ly  increased . 
W hen th is  h ap p en s , how ever, th e re  a re  c e r ta in  
benefits to  be d e riv e d  from  th e  in creased  m olyb
den u m  c o n te n t, an d  th e se  a re  chiefly to  be ex
perienced  as re g a rd s  im proved  w ear resis tan ce , 
as m ay  be in s tan ced  by th e  fa c t  th a t  iro n s of th is  
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ty p e  have  been  a d o p te d  by som e m o to r-c a r m a n u 
fa c tu re rs  fo r  b ra k ed ru m s. H en ce , th ese  con
s id e ra tio n s  m ay  be su m m arised  by  say in g  t h a t  
th e  s im u lta n eo u s  a d d itio n  of n ick e l effectively  
he lp s in  re d u c in g  costs to  a m in im u m .

P ro p e rtie s
T he p ro p e rtie s  of th e  n ickel-m olybdenum  c a s t 

iro n s have  been v ery  w idely  s tu d ie d  from  b o th  
th e  m eta llo g rap h ic  an d  p ra c tic a l s ta n d p o in ts . 
T he g e n e ra l conclusions to  be d ra w n  from  th e  
resea rch es u n d e r ta k e n  a re  t h a t  m olybdenum  in 
creases th e  h a rd n ess  a n d  pow er of h a rd e n in g , 
b u t  t h a t  w hen th e  n icke l c o n te n t  exceeds 1 p e r 
c e n t.,  m olybdenum  does n o t have  an y  v e ry  p ro 
nounced  re fin in g  ten d e n cy . T h a t  re sp o n sib ility  is 
assum ed by th e  n ickel, an d  th u s  m olybdenum  has

n e ry , g e n e ra l m ac h in e ry  c a s tin g s , a n d  h o t-w a te r  
h e a te rs . T he com positions u su a lly  chosen fo r 
th ese  a p p lic a tio n s  a re  0.75 to  1 .5  p e r  cen t, of 
n icke l w ith  up  to  0.35 p e r  cen t, of m olybdenum . 
Two p ra c tic a l c o n sid e ra tio n s  m ay  h e re  be m en
tio n ed . I t  m ay  som etim es be necessary  to  re 
duce th e  to ta l  c a rb o n  c o n te n t to  p re v e n t th e  
te n d e n cy  to  fo rm  ch illed  s tru c tu re s ,  a n d  i t  m ay 
also be necessary  to  red u ce  th e  silicon c o n te n t 
w hen th e  h ig h e r  n icke l p e rce n ta g e s  a re  ad o p ted  
ow ing to  th e  g ra p h it is in g  ten d e n cy  of n ickel.

T he h e a t- tr e a te d  n icke l-m olybdenum  iro n  m ay 
c o n ta in  u p  to  2 p e r  cen t, of n icke l, w ith  a p p ro 
p r ia te  m olybdenum  a d d itio n s  desig n ed  to  in 
crease  th e  d e p th  of h a rd e n in g . V ery  n e a rly  th e  
sam e re su lts  can , how ever, be o b ta in e d  by chro
m ium  in  p lace  of m olybdenum , an d  th is  substi-

F i g . 2 .— B o i l e r  F e e d  P u m p  w i t h  C a s i n g  o f  H i g h - T e s t  N i c k e l - M o l y b d e n u m  C a s t  I r o n .

only  a  g ra p h ite -re f in in g  te n d e n cy  w hen a c tin g  
alone. Also, m o lybdenum  a id s  n icke l in  i ts  te n 
dency  to  e lim in a te  in te rn a l  po ro sity , b u t  while 
m olybdenum  is lik e ly  to  b rin g  local h a rd n ess , 
n icke l a d d itio n s  effectively  p re v e n t th is . M olyb
d en u m  is also c la im ed  by som e a u th o r i t ie s  to  
in crease  m a c h in ab ilitv  in  n icke l c a s t  iro n s, b u t 
acco rd in g  to  o th e rs  i t  decreases th is  p ro p e rty . 
M uch  a p p e a rs  to  d e p en d  on th e  m eth o d  of t e s t 
in g , a n d  so, co n sid e rin g  all th e  re le v a n t  fac ts , 
m olybdenum  m ay  be s ta te d  to  convey some 
ben efit in  th is  d irec tio n .
~  T he n icke l-m olybdenum  iro n s  of m ost u se  con
ta in  n ick e l e q u iv a le n t to  e i th e r  tw o o r th re e  
tim es  th e  m olybdenum  c o n te n t, an d  iro n s  a re  
also av a ilab le  w ith  e q u a l n icke l a n d  m o lybdenum  
c o n te n ts . T h e ir  ch ie f uses a re  m ach in e-to o l beds, 
g re y  iro n  p a t te rn s ,  d r ie r  ro lls  fo r  p a p e r  m ach i-

tu t io n  is like ly  to  be a d v a n ta g e o u s  on a  cost 
basis. Shovel b lad es a re  m ad e  in  th is  ty p e  of 
iro n , p lough  p o in ts , a n d  o th e r  com ponen ts of 
fa rm in g  m ach in ery .

A good d ea l c an  also be  c la im ed  fo r  n ickel- 
m o lybdenum  iro n s  w hen  used  as d ro p -fo rg in g  
d ies. T hese  c o n ta in  0.6 to  2.5 p e r  cen t, of 
n ick e l a n d  0.6 to  0 .8  p e r  cen t, of m olybdenum . 
T he 3 to  1 r a t io  is o f te n  h e re  rep laced  by  n ickel 
a n d  m olybdenum  in  eq u a l p ro p o rtio n s , in  o rder 
to  secu re  g re a te r  su rfa ce  h a rd n ess . A ll these  
iro n s  a re  to u g h , as th e y  shou ld  be  fo r these  
pu rp o ses, b u t  th e y  a re  p re fe ra b ly  only  used 
w hen  a  sm all n u m b er  of fo rg in g s  is req u ired . 
T h ere  a re , n ev erth e le ss , in s tan c es  on record  
w here  n ick e l-m o ly b d en u m  c as t- iro n  d ies have 
co m p ared  fa v o u ra b ly  w ith  steel as re g a rd s  l i f e ; 
a n d  i t  is, in  fa c t ,  c la im ed  t h a t  th e y  a re  su p e rio r



to  s tee l in  c e r ta in  specific in s tan ces , such as 
dies fo r  o p tic a l glass.

H ig h -s tre n g th  iro n s  p ro d u ced  by h e a t- tre a t-  
m en t, e ith e r  by a n n e a lin g  w h ite  iro n  o r by th e  
m ore u su a l q u en ch in g  an d  te m p e rin g  t r e a t 
m ents, a re  m ost f re q u e n tly  m ade  in  n ickel- 
m olybdenum  c as t irons. Som etim es ch rom ium  is 
added  also. These iro n s m ay  c o n ta in  u p  to  2.75 
per cen t, of n icke l, a n d  m olybdenum  m u st be no 
h ig h er th a n  o n e -th ird  th e  n ick e l c o n te n t if  th e  
o p tim um  p ro p e rtie s  a re  to  be developed. T here  
are m any  a p p lic a tio n s  fo r iro n s of th is  ty p e , fo r 
they  ra n g e  in  ten s ile  s tre n g th  from  25 to  40 
tons p e r sq. in .,  a n d  to  m en tio n  b u t  a few of

develop th e  b est co m b in a tio n  of m echanical p ro 
p e rtie s .

T h is ex am p le  belongs to  th e  class of irons 
know n as “  N i-T en sy l,”  w hich, on acco u n t of 
th e i r  h ig h  s tre n g th  a n d  o th e r  v a lu ab le  p ro p e r
tie s , a re  cap ab le  of re p la c in g  m o re  costly  steels. 
These iro n s  a re  also a d a p ta b le  to  b o th  l ig h t  and  
heavy  sections.

F ig . 3, also rep ro d u ced  by co u rtesy  of th e  
M ond N ickel C om pany, shows a n o th e r  exam ple  of 
n icke l-m olybdenum  c a s t  irons, th e  p a r tic u la r  
iro n  i llu s tra te d  c o n ta in in g  T .C , 2.9 to  3 .1 ; S i, 
1.8 to  2 .1 ; N i, 1.35 to  1.55, an d  Mo, 0 .4  to  0.6 
p e r  cen t. These cy lin d e rs  a re  fo r th e  h y d ra u lic

F i g . 3 . — C y l i n d e r s  f o r  S l u i c e  V a l v e  O p e r a t i o n , c a s t  i n  N i c k e l - M o l y b d e n u m  I r o n .

these a p p lic a tio n s  th e i r  use as g a s-b u rn e r p a r ts ,  
pneum atic  cy lin d ers , com pressor valve-seats, 
gears a n d  b o ttle  m oulds m ay  be reca lled , th e ir  
g re a t a d v a n ta g e  b e in g  th a t ,  w hen in  c o n ta c t 
w ith  h e a t, th ey  a re  s t ru c tu ra lly  s tab le .

F ig . 2, rep ro d u ced  by co u rte sy  of th e  M ond 
N ickel C om pany , shows a  b o ile r feed  p um p in  a 
casing  of h ig h -te s t  n icke l-m olybdenum  cas t iro n . 
This iro n  was m ade  from  80 p e r cen t, steel sc rap  
to keep dow n th e  to ta l  carb o n  c o n te n t, 5 p e r 
cen t, r e tu rn e d  sc rap , a n d  15 p e r cen t, selected 
p ig , th e  an aly sis of th is  iro n  b e in g :— T .C , 2 .62 : 
Si, 2 .38 ; N i, 1 .25; a n d  M o, 0 .5  p e r  cen t. A 
h igh  ten s ile  s t r e n g th  of 36.7 to n s p e r  sq. in . was 
o b ta in ed  in  th is  iro n , an d  i t  w ill be observed th a t  
th e  3 to  1 a lloy ing  ra tio  h as been  m a in ta in e d  to

o p e ra tio n  of slu ice  valves a n d  a re  26 in . in side  
d ia m e te r  a n d  6 f t .  6 in . long. T he iro n  was 
cupo la-m elted , u s in g  a n  e x tra  h ig h  coke-bed an d  
qu ick  m eltin g  to  keep down th e  to ta l  carb o n  con
t e n t  as m uch  as possible, a n d  th e  p ro p e rtie s  
o b ta in e d  w ere u p  to  35 to n s  p e r  sq. in . in ten s ile  
s tre n g th  w ith  a  B rin e ll n u m era l of 265 to  285.

C h ro m iu m -M o ly b d e n u m  Iron s
C hrom ium  increases th e  h a rd n ess  of cas t iron  

on a cco u n t of i ts  c arb id e-fo rm in g  ten d en cies , b u t  
accom pany ing  th ese  h a rd n ess  increases th e re  is 
likely  to  be a  c e r ta in  loss of shock toug h n ess, 
p a r tic u la r ly  w hen ch rom ium  c o n te n ts  beg in  to  
assum e fa ir ly  la rg e  p ro p o rtio n s . These h a rm fu l 
ten d en c ie s  can  be  co rre c te d  in  tw o w ays : (1) by
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a d d it io n  of m olybdenum , w hich, a lth o u g h  also 
a  c a rb id e  fo rm er, h e re  in creases th e  to u g h n ess, 
o r  (2) by a d d itio n s  of n icke l, w hich, w h ile  i t  
m ay  o r m ay  n o t  decrease  th e  h a rd n ess , h as a 
beneficia l in flu en ce  as re g a rd s  shock to u g h n ess . 
In  view  of th ese  fa c ts , chrom e-m olybdenum  irons 
a r e  used  w here  su rfa ce  h a rd n ess  o b ta in e d  by 
c h illin g  is  re q u ire d , one such  u se  b e in g  ta p p e ts ,  
w here  a to u g h  m a te r ia l  w ith  a  h a rd -w e a rin g  end  
su rfa c e  is p a r tic u la r ly  su ite d  to  serv ice  con
d itio n s .

I n  th e  U n ite d  S ta te s  co n sid erab le  use  h as been 
m ad e  of ch rom e-m olybdenum  iro n s  fo r c y lin d e r 
blocks a n d  cy lin d e r head s . T hese m ay  c o n ta in  
up  to  0.5 p e r  cen t, of ch ro m iu m  a n d  a m ax im u m  
of 0.4 p e r cen t, of m olybdenum , b u t  o th e r  com 
b in a tio n s  h av e  also been  ad o p te d  w ith  success. 
T he in fluence  of m olybdenum  on c y lin d e r iro n s 
c o n ta in in g  0.5 p e r  cen t, of ch ro m iu m  h as been  
ex am in ed  c a re fu lly  by a  n u m b er of au to m o b ile  
m a n u fa c tu re rs , a n d  from  th e  figu res availab le  
th e  fo llow ing a v erag e  increases m ay  be ex p ected  
fo r  every  0.1 p e r c en t, of m olybdenum  a d d e d : —  
T ensile  s tre n g th ,  1 to  2 to n s  p e r  sq. i n . ; t r a n s 
verse  s tre n g th ,  160 lb s . ; B rin e ll h a rd n ess , 4 
p o in ts , a n d  re silien ce , 65 in .-lb s . T hese figures 
shou ld  be co m pared  w ith  th o se  q u o ted  fo r  p la in  
irons, w hen i t  w ill be seen  t h a t  th is  co m b in a tio n  
of ch rom ium  a n d  m olybdenum  is of sp ec ia l va lue  
w here  w ear re s is ta n c e  is  spec ia lly  re q u ire d .

A n o th e r w idely-used  ch rom e-m olybdenum  iron  
is  t h a t  c o n ta in in g  0.35 p e r c en t, ch rom ium  and  
a n  eq u al p e rce n ta g e  of m olybdenum . It- g ives a 
te n s ile  s t re n g th  of u p  to  22 to n s  p e r  sq. in .,  
t r a n s v e rse  s t re n g th  2,700 to  3,200 lbs., deflection  
u p  to  0.300 in . a n d  a  B rin e ll h a rd n ess  of 228 to  
241.

T he g ro w th -re s is tin g  iro n s a re  n o t  in fre q u e n tly  
m ad e  from  co m b in a tio n s of ch ro m iu m  a n d  m olyb
d e n u m , a n d  th e y  m ay  c o n ta in  u p  to  0.7 p e r 
c en t, of ch rom ium  a n d  u p  to  0.75 p e r  cen t, of 
m olybdenum . T h e ir  se lec tion  is d e te rm in e d  by 
th e i r  a b ili ty  to  re s is t  su rfa c e  o x id a tio n , th e ir  
a b ili ty  to  re s is t  g ro w th  a n d  ch an g es of te m p e ra 
tu re ,  an d  th e i r  a b ility  to  m a in ta in  th e ir  s tre n g th  
a n d  to u g h n ess  a t  e lev a ted  te m p e ra tu re s . T here  
a re  a lso c a s t  iro n s su ita b le  fo r th is  ty p e  of service  
in  th e  n ickel-m olybdenum  a n d  n ickel-chrom e- 
m olybdenum  ra n g es .

S u m m a ry

A n a t te m p t  h as been m ad e  on th e  basis of th e  
av a ilab le  d a ta  to  show th e  t r e n d  of im p ro v em en t 
likely  to  be o b ta in e d  w hen m olybdenum  is ad d ed  
to  v a rio u s  ty p es  of iro n . A v e rag e  figures 
o b ta in e d  in  th is  w ay  a re  show n in  T ab le  I I I .  
These figu res m ay  possibly p rovoke  d iscussion , 
because  i t  is q u ite  like ly  t h a t  e n tire ly  d iffe re n t 
re su lts  m ay  h a v e  been  o b ta in e d  by  in d iv id u a l 
t js e rs ; b u t  one f a c t  is c e r ta in ,  a n d  i t  is t h a t  th e

benefits to  be d e riv ed  from  m olybdenum  a d d i
tio n s  to  g re y  iro n  a re  n o t solely d e p e n d e n t upon 
m olybdenum . T h is ta b le  i l lu s tra te s  th is  fa c t 
q u ite  well, fo r  i t  w ill be seen t h a t  th e  influence 
of m olybdenum  is d e p e n d e n t u p o n  th e  ty p e  of 
o th e r  e lem en ts  also ad d ed . T hus, th e  ten d en cy  
to  in creases in  h a rd n ess  is le a s t w hen chrom ium  
is p re se n t,  a n d  is  g re a te s t  w hen  n ick e l is 
p re se n t. T h is is du e  to  th e  f a c t  th a t ,  in  chro
m ium  irons, m o lybdenum  e x e r ts  a  c e r ta in  to u g h 
en in g  ac tio n . T he te n d e n c y  to w a rd s  increased  
tra n sv e rse  s t r e n g th  is g re a te s t  in  th e  nickel- 
m o lybdenum  c o m b in a tio n , b u t  th e  h ig h es t in 
creases in  ten s ile  s t r e n g th  hav e  been  re p o rte d  to 
occur in  th e  chrom e m o lybdenum  c as t irons. In  
th e  case of th e  n icke l-chrom e c as t irons, i t  is 
difficult to  assess th e  v a lu e  of m olybdenum  in  a

T a b l e  I I I .— Average Increases due to 0 .1  Per Cent. 
Molybdenum.

Combination.
Tensile

strength.
Tons 

per sq. in.

Transverse 
strength. 
Lbs. per 
sq. in.

Brinell
hardness
numeral.

Molybdenum
alone 0.75 175 5

Molybdenum 
with nickel 1.0 400 12

Molybdenum 
with chro
mium 2.0 200 2

Molybdenum 
with nickel 
and chro
mium 0.75 200 (?) 3—4

sim ila r  w ay, a n d  th e  av e ra g e  increases shown as 
re g a rd s  tra n s v e rse  s t re n g th  m u s t be reg ard ed  
as v ery  a p p ro x im a te .

Possible F u tu re  Uses
I t  w ould n o t be a v e ry  d ifficult m a t te r  to  com

pile  a  l is t  of co m p o n en ts  w hich a re  now fre 
q u e n tly  m ad e  in  m o lybdenum  c as t iro n s, nickel- 
m o lybdenum  iro n s  a n d  nickel-ehrom e-m olyb- 
d en u m  iro n s. I t  w ould be  of no g r e a t  va lue  to 
em phasise  th e  benefits of m o lybdenum  for 
ch illed  ro lls , fo r th e i r  use  is now  well e s tab 
lished , a n d  th e  reaso n s fo r  choosing m olybdenum  
c a s t iro n s fo r  th e se  a p p lic a tio n s  a re  well u n d e r
stood . I f  p ro g ress, how ever, is to  be m ade in 
th e  use of m o lybdenum  c as t iro n s , w h e th e r th is  
e le m en t is u sed  a lone  o r in  c o n ju n c tio n  w ith  
o th e r  a llo y in g  m eta ls , i t  is necessa ry  f irs t of all 
to  g ra sp  th e  e sse n tia l fa c ts  c o n ce rn in g  th e  pos
sible b enefits  to  be d e riv e d , a n d  i t  is th e n  neces
sa ry  to  seek o u t  a p p lic a tio n s  in  w hich molyb-



deniim  is n o t b e in g  used  a n d  t r y  to  d iscover 
th e  reason  o r reaso n s why. In  some in stan ces 
th e  reasons a re  t h a t  th e  d e s ig n er an d  m an u fa c 
tu re r  do n o t fu lly  a p p re c ia te  th e  v a lu e  of m olyb
denum  as an  a lloy ing  e lem en t. Such  m en a re  
ra re , how ever, b u t  i t  a p p e a rs  t h a t  th e  ch ief 
h an d icap  of m olybdenum  is i ts  p rice . A ttem p ts  
have been m ade  to  show how th is  d ifficulty  m ay 
be overcom e to  a g re a te r  o r lesser e x te n t  by th e  
s im u ltan eo u s use  of n icke l, a n d  i t  m ay th u s  be 
concluded t h a t  th e re  a re  n u m ero u s a p p lic a tio n s  
where m olybdenum  is likely  to  p rove of con
siderable  a d v a n ta g e . In d e ed , f if ty  a p p lic a tio n s  
come to  m in d  im m ed ia te ly  in  which irons of 
th is  ty p e  could be u se fu lly  em ployed and  in  
fa irly  la rg e  to n n ag e , a n d  i t  is q u ite  c lear th e re 
fore t h a t  th e re  is a  b ig  field av a ilab le  fo r  ex
p lo ita tio n .

D IS C U S S IO N
C o m p o s itio n  o f Base Iro n

M r. C h a r l e s  C l e a v e r , h a v in g  ex p ressed  h is 
g re a t a p p rec ia tio n  of th e  P a p e r ,  re fe rre d  to  some 
castings w hich h ad  been i llu s tra te d , co n ta in in g  
nickel and  m olybdenum , a n d  in  w hich scrap  was 
used to  th e  e x te n t  of 80 p er cen t. H e  asked 
for th e  com position  of th e  sc rap  used . M r. 
C leaver com m ented  t h a t  th ro u g h o u t  th e  P a p e r  
there  was no  in d ic a tio n  of th e  o th e r  c o n s titu e n ts  
used in  th e  v a rio u s  m ix tu re s— th e  ra tio s  of 
silicon an d  m an g an ese , e tc .—‘a p a r t  from  th e  
m olybdenum , n ickel o r  ch rom ium . A g a in , in  th e  
case of th e  iro n s i l lu s tra te d ,  if  th e  ad d itio n  of 
0.1 per cen t, of m olybdenum  in creased  th e  ten s ile  
s tren g th  by only 1 to n  p e r sq. in ., i t  seem ed th a t  
the expense in c u rre d  to  secu re  t h a t  increase  of 
tensile  s tre n g th  was r a th e r  considerab le . A t th e  
same tim e , th e  ten s ile  s tre n g th  of th e  alloy irons 
was g iven as 37 to n s p e r  sq. i n . ; an d  if  th e  use of 
m olybdenum  h a d  increased  th e  ten s ile  s tre n g th  
by only 1 to n  p e r sq. in .,  th e  o rig in a l iro n s m u st 
have been of v ery  good q u a lity  indeed . In asm u ch  
as th e  alloy irons w ere  v ery  expensive , he  asked 
if th e  sc rap  h a d  a  co rre sp o n d in g  v a lue , an d  to  
w hat e x te n t  i t  could be used .

U se in A llo y e d  Irons

D r . C h u b b  sa id  he  h a d  no f u r th e r  d e ta ils  of 
the n ickel-m olybdenum  iro n s re fe rre d  to  ; b u t  no 
doubt th e  M ond N ickel C om pany , o r M r. M cR ae 
Sm ith  or D r. E v e re s t  could g ive  M r. C leaver th e  
deta ils  h e  req u ire d .

U sually  th e  silicon a n d  m an g an ese  co n ten ts  of 
irons w ere n o t m odified g re a tly  w hen m olyb
denum  w as added  ; b u t  i t  was necessary  to  w ork 
o u t th e  a lte ra t io n s  to  s u i t  each p a r tic u la r  ty p e  
of iron  b e in g  m ade . H e  ag reed  th a t  an  increase  
of 1 to n  p e r sq. in . in  ten s ile  s tre n g th  w as n o t 
very m uch fo r an  a d d itio n  of 0.1 p er cen t, of

m o ly b d e n u m ; b u t  h e  h a d  m ade th e  p o in t a t  th e  
b eg in n in g  of th e  P a p e r  t h a t  w here  m olybdenum  
alone was added , th e  cost was som ew hat p ro h ib i
tiv e . W h en  m olybdenum  w as p re se n t in  co n ju n c 
t io n  w ith  n icke l in  th e  ra tio  g iven , th e  n icke l 
u su a lly  b ro u g h t m o st of th e  im pro v em en ts  ob
ta in e d , a n d  th e  fu n c tio n  of th e  m olybdenum  w as 
th e n  to  in te n s ify  i ts  benefits in  c e r ta in  d irec tio n s . 
The reaso n  was t h a t  m olybdenum  d iv id ed  itse lf  
betw een  th e  c a rb id e  an d  th e  f e r r i te ,  so t h a t  i ts  
in flu en ce  w as d e te rm in e d  by th e  ty p e  of m eta l 
o r o th e r  a lloy ing  a d d itio n  used . I f  th e  o th e r 
alloy ad d ed  w ith  th e  m olybdenum  h a p p en ed  to- be 
a ca rb id e  fo rm er, such  as ch rom ium , th e n  th e  
m olybdenum  could a c t  by so lu tio n  in  th e  fe rrite ,, 
a n d  th e re  was th e n  likely  to  be an  increase  in  
to ughness. I f ,  on  th e  o th e r  h an d , th e  c h ie f  
e lem en t p re se n t was one w hich  d id  n o t fo rm  a: 
c arb id e , a s  was th e  case w ith  n ickel, th en  th e  
m olybdenum  stab ilised  th e  carb id es an d  b ro u g h t 
a b o u t increased  h a rd n ess  and  tra n sv e rse  
s t re n g th . T his w as a  r a th e r  cu rio u s p ro p e rty  of 
m olybdenum , and  a v ery  v a luab le  p ro p e rty  if 
ap p lied  co rrec tly .

I t , w as q u ite  perm issib le  to  use every  b i t  off 
sc rap  from  th e  alloy iro n s ; b u t,  of course, o ne  
m u s t know how m uch m olybdenum  o r o th e r  alloy
ing  e lem en t th e  scrap  c o n ta in ed . I t  w as some
tim es s ta te d  th a t ,  because one could use all th e  
sc rap  availab le , th e re  m u s t necessarily  be 100 p e r 
cen t, recovery  of m olybdenum . T h a t  w as r a th e r  
a th in  a rg u m e n t, how ever, because th e re  w ere 
a lw ays losses, b u t  th e  fa c t  rem a in ed  t h a t  m olyb
denum  cam e back  th ro u g h  th e  cupola  in to  th e  
m e ta l in  th e  lad le  w ith  only a lim ite d  loss.

R e v e r tin g  to  h is s ta te m e n t t h a t  th e  silicon 
a n d  m an g an ese  co n ten ts  of irons rem ain ed  
a p p ro x im ate ly  th e  sam e w hen m olybdenum  was 
ad d ed , he  sa id  t h a t  th e y  depended , of course, 
upon  th e  p e rcen tag e  of m olybdenum  added , 
u pon  th e  p a r tic u la r  iro n  used  an d  u p o n  th e  
ty p e  of ca s tin g  to  be m ade . One could  n o t p u t  
fo rw a rd  an y  h a rd  a n d  fa s t  ru le  in  t h a t  connec
tio n . F o rm e rly  one h a d  to  w ork  to  r a th e r  w ide 
lim its  even in  m ak in g  cy lin d er h ead  cas tin g s 
a n d  o th e r  cas tin g s of t h a t  ty p e . H e  a p p re 
c ia ted  t h a t  since  1930-32 th e  efficiency of 
fo u n d ry  p ra c tic e  h a d  im proved , an d  irons 
w ere b e in g  m ade  in  w hich th e  e lem en ts w ere 
co n tro lled  to  w ith in  v e ry  close lim its , so t h a t  
th e re  w ould be no  d ifficulty  in  e n su rin g  any 
silicon o r m an g an ese  c o n te n t req u ire d . I n  th e  
o rd in a ry  w ay, i t  could be sa id  th a t ,  w ith  a d d i
tio n s  of m olybdenum  u p  to  0 .5  p e r  c en t., th e re  
need  be l i t t le  change  in  th e  silicon an d  m an 
ganese  co n ten ts . Above t h a t  m olybdenum  con
te n t ,  how ever, one would p ro b ab ly  re q u ire  to  
m ake considerab le  a d ju s tm e n t, because th e  
m olybdenum  was a  carb id e-fo rm in g  e lem en t an d , 
on t h a t  a cco u n t, g re a tly  in creased  th e  h a rd 



ness, so t h a t  som etim es i t  w ould be necessary  to  
in c rease  th e  silicon c o n te n t  to  p re v e n t ch illin g .

U se o f C a lc iu m  M o ly b d a te
M r. P .  A. R t j s s e l l , B .S c ., asked  w h a t w as th e  

m echan ism  of th e  re d u c tio n  of m olybdenum  
fro m  its  ox ide  fo rm  in  calc iu m  m o ly b d a te , be 
c au se  a  know ledge of t h a t  m echan ism  w ould 
he lp  one to  u n d e rs ta n d  th e  use  of calcium  
m o ly b d a te . H e  h a d  used  i t  v e ry  successfu lly  in  
a n  a ir - ty p e  fu rn a c e , h u t  he  h a d  n e v er d a re d  to  
use i t  in  a  lad le . F ro m  th e  P a p e r  he  h a d  
g a th e re d , how ever, t h a t  p ro v id ed  suffic ien t tim e  
w as allow ed, i t  could be u sed  successfu lly  in  
th e  lad le , a n d  h e  asked  fo r a n  in d ic a tio n  of th e  
le n g th  of tim e  t h a t  shou ld  be allow ed.

Q u e ry in g  th e  a u th o r ’s re fe re n c e  to  th e  use  of 
la rg e r  r ise rs , he  sa id  t h a t  in  h is own e x p e ri
en ce  th e  use  of la rg e r  r ise rs  fo r c a s tin g  iro n s 
c o n ta in in g  m o lybdenum  h a d  n o t  been  neces
s a ry  ; b u t  possib ly  t h a t  was d u e  to  th e  f a c t  t h a t  
h e  used  m olybdenum  only  in  iro n s w hich  w ere 
o r ig in a lly  of h ig h  q u a lity , a n d  in  connection  
w ith  w hich  th e  r ise rs  u sed  w ere a lre a d y  la rg e .

R e fe r r in g  to  T ab le  I I I ,  show ing th e  im proved  
p ro p e rtie s  re su ltin g  from  th e  a d d itio n  of m olyb
d en u m  to  iro n , he  sa id  he n ev er lik ed  to  p lace 
m uch  re lian c e  on  figu res show ing  th e  re su lts  
o b ta in e d  be fo re  a n d  a f te r  such a d d itio n s  w ere 
m ad e  to  iro n  un less he  was su re  t h a t  he  h a d  a 
c o rre c t know ledge of th e  h is to ry . H e  asked 
w h e th e r th e  re su lts  g iven  re fe r re d  to  ex ac tly  
th e  sam e iro n , w ith  a n d  w ith o u t m olybdenum , 
a n d  of th e  sam e sec tio n al th ic k n e s s ; he  also 
a sk ed  w h e th e r th e  g ra p h ite  w as re d u ce d  in  
q u a n t i ty  as well as in  size, because  if  th e  q u a n 
t i t y  of g ra p h ite  w as red u ced , th e re  w as u su a lly  
a  re d u c tio n  of size also.

R educed T e n s ile  b u t In creased  Im p a c t S tre n g th
H is  ex p erien ce  of m olybdenum  in  c a s t iron  

h a d  b een  lim ite d  to  n ick e l-m o ly b d en u m  or 
n icke l-ch rom e-m olybdenum  iro n s, a n d  th e  in 
crease  of te n s ile  s t re n g th  re su ltin g  fro m  th e  
use  of m olybdenum , as c la im ed  in  th e  P a p e r ,  
w as n o t  b o rn e  o u t by  h is  ex p erien ce . In d e ed , 
he  h a d  fo u n d  re d u c tio n s  of te n s ile  s tre n g th  
w hen m olybdenum  h a d  been ad d ed . H e  m en 
tio n ed  th e  case of tw o iro n s, fro m  th e  sam e 
p o u r, w ith  a n d  w ith o u t m o ly b d e n u m ; th e  t e n 
sile  s tre n g th  of th e  iro n  w hich  d id  n o t c o n ta in  
m olybdenum  w as 26 to n s  p e r  sq. in .,  w hereas 
t h a t  of th e  sam e iro n  to  w hich  0.4 p e r  c en t, of 
m o lybdenum  w as ad d ed  w as on ly  24 to n s. T he 
im p a c t s t re n g th  h a d  been  im p ro v ed  v e ry  con
s id e ra b ly  as th e  re su lt  of a d d in g  m olybdenum , 
a n d  th e  B rin e ll h a rd n ess  w as in c re ased . H e  
co u ld  n o t  ag ree , how ever, t h a t  th e  a d d it io n  of 
m oly b d en u m  h a d  tre b le d  th e  im p a c t s t r e n g th  of 
th e  iro n . T e s t-b a rs  w ere su b je c ted  to  th e  s in g le 

blow im p a c t te s t ,  of th e  fo rm  used  by th e  
B r i tish  C ast I ro n  R e se a rc h  A ssocia tion , a n d  th e  
im p a c t s tr e n g th  of a  n ick e l iro n  w as im proved  
fro m  10 to  12 ft.- lb s . by th e  a d d itio n  o f 0.4 
p e r cen t. M o. T he c o m p a ra tiv e  fig u re  fo r 
com m on iro n  w as a b o u t 4 f t.- lb s . T h ere fo re , 
he su g g ested  th a t ,  w h ils t th e  im p a c t s t r e n g th  of 
iro n  w hich c o n ta in ed  m olybdenum  w as treb le  
t h a t  of o rd in a ry  com m on iro n , i t  w as n o t treb le  
th e  im p a c t s t r e n g th  of iro n  w hich  w as o rig in 
a lly  of h ig h  s tre n g th .

E a rly  C harg es and S u lp h u r P ick-up
C o m m en tin g  o n  a  s ta te m e n t  in  th e  e a rly  p a r t  

of th e  P a p e r  t h a t ,  if  one could  n o t devo te  th e  
whole blow of th e  cupola  to  m olybdenum  iron, 
one shou ld  ru n  i t  firs t, he  sa id  he  h ad  found 
t h a t  to  be a  r a th e r  d a n g ero u s  p ra c tic e  w ith  
n icke l iro n  by  reaso n  of th e  a ffin ity  of th e  
n icke l fo r su lp h u r , te n d in g  to  re s u lt  in  a high 
su lp h u r  p ick -u p . H e  su g g ested  t h a t  t h a t  m ig h t 
o ccu r also in  th e  case of m olybdenum .

D iscussing  th e  final ta b le  show n by th e  a u th o r 
(T able  I I I ) ,  in d ic a tin g  th e  im p ro v em en ts  effected 
by a d d in g  0.1 p e r  cen t, of m olybdenum , he  said  
he  w ished m a t te r s  could  be m ad e  as easy  as they 
a p p ea red  in  t h a t  c h a r t .  H e  asked  w h e th er the  
p e rce n ta g e s  of o th e r  e lem en ts  ad d ed  in  th e  various 
cases w ere th e  sam e  as th e  p e rce n ta g e s  of 
m olybdenum .; fo r  ex am p le , d id  th e  s ta te m en t 
“ m o ly b d en u m  w ith  n ick e l ” m ea n  0.1 p e r  cent, 
of m o lybdenum  p lu s 0.1 p e r  cen t, of n ickel, and 
so on?

F in a lly , h e  co m p lim en ted  th e  a u th o r  upon  the  
P a p e r ,  a n d  sa id  i t  h a d  e n co u rag ed  h im  to  go 
f u r th e r  in  th e  a llo y in g  of c a s t iro n s.

T h e  V ia  M e d ia  T a k e n
D r .  C h u b b ,  re p ly in g , sa id  t h a t  in  o rd e r to 

decide  w h a t to  in c lu d e  in  th e  P a p e r  he had 
ex am in ed  a  la rg e  volum e of d a ta  from  th e  U n ited  
S ta te s , G erm an y , F ra n c e  a n d  e lsew here, and  bad 
t r ie d  to  w ork  o u t, to  i l lu s t r a te  th e  benefits to 
be secu red , th e  te n d e n cy  re su ltin g  from  th e  add i
t io n  of 0.1 p e r cen t, of m o lybdenum . T here 
w ere c e r ta in  sh o rtco m in g s in  t h a t  so r t  of t r e a t 
m en t, as M r. R u sse ll h a d  p o in te d  ou t. F o r 
exam ple , w hen h e  h a d  s ta te d  t h a t  0.1 p er cent, 
of m o lybdenum  in  a  c e r ta in  ty p e  of iro n  would 
re s u lt  in  a  c e r ta in  in c re a se  o f tran sv erse  
s tre n g th ,  he  h a d  m e a n t  t h a t  t h a t  w as th e  o rder 
of in c rease  to  be ex p ec ted  no m a t te r  w h a t was 
th e  n icke l c o n te n t of t h a t  iron . H e  was n o t 
su rp r ise d  t h a t  M r. R ussell b a d  p icked  h im  u p  on 
t h a t  p o in t, because  he a p p re c ia te d  t h a t  in d i
v id u a l ex p erien ces w ere  b o u n d  to  d iffer. Ind eed , 
if one co m p ared  th e  A m erican , G erm an  and 
F re n c h  re sea rch  re su lts  i t  w ould be seen q u ite  
c learly  t h a t  th e y  w ere  v e ry  o f te n  opposed to  one 
a n o th e r . F o r  t h a t  reaso n  i t  w as v e ry  difficult to



assess th e  va lue  of m olybdenum  in  c a s t iro n  from  
th e  p o in ts  of view  of tra n sv e rse  s tre n g th ,  ten s ile  
s tre n g th , B rin e ll h a rd n ess , an d  so on, a n d  a ll he 
had  a tte m p te d  to  do was to  g iv e  a n  idea  of th e  
so rt of increase  to  be ex p ec ted  w hen a p e rcen tag e  
of m olybdenum  was added .

H e  h ad  v isu a lised  t h a t  he w ould be ad d ress in g  
people in te re s te d  in  th e  su b je c t, who w a n ted  to  
know w h a t th e y  could do by a d d in g  m olybdenum , 
w hat w ere its  l im ita tio n s , an d  w h e th er i t  would 
pay th em  to  use i t .  R a th e r  th a n  g ive a  long lis t 
of p ro p e rtie s  or d e ta ils  of re sea rch , he h a d  con
fined his a t te n tio n  to  g e n e ra l ten d en cies '; an d  if 
he h ad  m ade i t  a p p e a r  to  be r a th e r  sim ple , he 
had done so d e lib e ra te ly , because  he d id  n o t w ish 
his aud ience  to  be le f t  w ith  a  lo t of figures an d  a 
confused m ass of ideas. I t  w as n o t  re a lly  so 
sim p le ; if  he h a d  cla im ed  a n  increase  of 1 to n  
per sq. in . in  ten s ile  s t r e n g th  as th e  re su lt  of 
adding 0.1 p e r cen t, o f m olybdenum , an d  if som e
body else h ad  c la im ed  a n  increase  of 2 to n s p er 
sq. in ., o r if  a th i r d  u se r h ad  sa id  t h a t  no im 
provem ent was n o ticed , he  w ould n o t be 
su rp rised . T he re su lts  he h ad  g iven  w ere 
average re su lts , t a k e n  fro m  a  la rg e  n u m b er of 
researches, an d  he believed th ey  re p re se n ted  th e  
s itu a tio n  fa ir ly  a ccu ra te ly .

The m echanism  of th e  re d u c tio n  of m olyb
denum  oxide in  calcium  m o lybdate  w as n o t ve ry  
clearly know n. M olybdenum  oxide its e lf  could 
be reduced to  m eta l by an y  re d u c in g  a g e n t  such 
as hydrogen , silicon, a lu m in iu m  o r carbon . 
O riginally , carbon  was th e  re d u c in g  a g e n t  used, 
bu t now adays silicon an d  ferro -silicon  w ere em 
ployed. H e  believed t h a t  in  th e  cupola  th e  con
d itions w ere such t h a t  carb o n  w as th e  m ost activ e  
of th e  red u cin g  a g en ts  p re sen t. T h ere  was n o t 
complete re d u c tio n , an d  some of th e  m olybdenum  
oxide was n o t c o n v e r te d ; b u t  on a n  a v erag e  one 
would g e t 95 to  96 p e r  cen t, of th e  m olybdenum  
in th e  cas tin g .

The use of la rg e r  r ise rs  w hen ca s tin g  iro n s con
ta in in g  m olybdenum  w as recom m ended  on 
account of th e  fa c t  t h a t  m olybdenum  ten d e d  to  
make th e  iron  som ew hat sluggish . They w ere 
used as th e  re s u lt  of th e  ex p erien ce  of q u ite  a 
num ber of A m erican  firm s, b u t  he h ad  g a th e red  
th a t M r. R ussell h a d  n o t fo u n d  i t  necessary  in  
all cases.

Mr . R ussell said he had found no increase of 
shrinkage when he had added molybdenum to 
iron which had already a high shrinkage before 
molybdenum was added to  it.

In fluence on G ra p h ite

D r. Chubb, re fe r r in g  to  g ra p h ite  c o n te n t, sa id  
th a t  w hen m olybdenum  w as ad d ed  in  sm all 
am ounts th e  to ta l  g ra p h ite  c o n te n t w as n o t 
affected ap p rec iab ly . AVhen th e  m olybdenum  con
te n t  was above, say , 0 .5  p e r  c en t., th e  effects of

c a rb id e  s ta b ilisa tio n  began  to  be fe lt, so t h a t  
th e  to ta l  g ra p h ite  c o n te n t  was progressively  
red u ced  as m olybdenum  c o n te n t in c re a s e d ; an d  
iro n s c o n ta in in g  ap p ro x im ate ly  2 p e r cen t, of 
m olybdenum  h a d  th e i r  carb o n  v ery  la rg e ly  in  
th e  ca rb id e  fo rm . G en era lly  sp eak in g , i t  could 
be sa id  t h a t  m olybdenum , in  sm all a m o u n ts  a t  
least, m ad e  l i t t le  d ifference  to  th e  to ta l  g ra p h ite  
c o n te n t, b u t  i t  h a d  q u ite  a  p ro n o u n ced  in fluence 
on th e  d is tr ib u tio n  an d  size of th e  g ra p h ite  
flakes. T he tw o  p h o to m icro g rap h s w hich  h e  h a d  
show n, in d ic a tin g  d ifferences of s t ru c tu re ,  w ere 
of iro n s of ex ac tly  th e  sam e com position  ex cep t 
in  re sp ec t o f m olybdenum , an d  th e y  w ere  each 
c a s t  in  ex ac tly  th e  sam e w ay, th e  c a s tin g s  be ing  
of th e  sam e size.

As to  th e  r a th e r  cu rio u s  re su l t  m en tio n ed  by 
M r. R ussell, in d ic a tin g  t h a t  th e  effect of th e  
a d d itio n  of m olybdenum  was to  red u ce  ten s ile  
s t re n g th , he could n o t q u ite  a p p re c ia te  how t h a t  
could be e x p la in ed , unless th e re  w ere  som e o th e r 
co n tro llin g  fac to rs . T he figures g iv en  in  th e  
P a p e r ,  show ing t h a t  th e  im p a c t s tre n g th  of iro n  
was g re a tly  increased  w hen m olybdenum  was 
added , w ere p ro v id ed  by th e  C lim ax  M olybdenum  
C om pany  of A m erica, who w ere p ro ducers of 
m olybdenum  ; b u t  i t  w as n o t possible fo r  h im  to  
confirm  t h a t  because  ve ry  l i t t le  w ork  h a d  been 
done on t h a t  a sp ec t of th e  su b jec t. T h a t te n 
dency could n ev ertheless be  a n tic ip a te d  on th e  
basis of m odern  m e ta llu rg ic a l th eo ry . Q u ite  a 
lo t w as b e in g  done, how ever, m ore  p a r tic u la r ly  
re g a rd in g  th e  in fluence  of n icke l an d  chrom ium . 
H e  w as n o t  su rp rise d  t h a t  M r. R u ssell h a d  d is
ag reed  w ith  th e  figures co n cern ing  th e  effect of 
m olybdenum  on th e  im p a c t s tre n g th  of i r o n s ; 
t h a t  f a c t  served  to  show t h a t  th e  su b je c t was 
som ew hat co n tro v ersia l, t h a t  th e  re su lts  to  be 
o b ta in ed  w ere v a riab le , an d  t h a t  a new  u se r  of 
m olybdenum  m u st n o t ex p ec t too  m uch  to  begin  
w ith .

S ize o f T e s t-B a r  T a k e n
M r. M cRae S m ith , in  c o n g ra tu la tin g  D r. 

C hubb upon  h is  P a p e r ,  sa id  t h a t  he  h a d  m ade 
u n d e r-s ta te m e n ts  r a th e r  th a n  o v e r-s ta tem en ts . 
C om m enting  on th e  p o in t t h a t ,  as shown by th e  
figures o b ta in e d  by th e  C lim ax  M olybdenum  Com
p an y  of America:, th e  im p a c t v a lu e  of iro n  h ad  
been tre b le d  w hen m olybdenum  w as added , he  
asked  w h a t size of te s t-b a r  h a d  been used by th a t  
com pany in  th e i r  te s ts , and  w h a t w as th e  in i t ia l  
im p a c t v a lu e  of th e  c a s t  iro n  w ith o u t th e  a d d i
tio n  of m olybdenum . R e feren ce  h a d  been m ade , 
he sa id , to  th e  Izod  b a r ; b u t  p resum ab ly  th e  te s t-  
b a r  used  in  th e  case m en tio n ed  w as n o t th e  o rd i
n a ry  Izo d  b a r  as u sed  fo r  steel a n d  w hich, if 
used  for cas t iron , m ig h t give on ly  a  frac tion  o f 
th e  figure.

R ecalling  th e  use of th e  w ord “  d u c tility  ” in  
th e  P ap er, he asked w h e th er th e  a u th o r  had



a c tu a lly  m e a n t d u c ti l i ty  as th e  te rm  w as u n d e r 
s to o d  in  re sp ec t of o th e r  m a te ria ls , o r  w h e th er 
h e  h a d  been  d iscussing  r a th e r  a re s is tan c e  to  
shock a n d  c o m p arin g  in  t h a t  re sp e c t a  m o d era te ly  
h ig h -s tre n g th  iro n  a n d  a  m olybdenum  c a s t iron  
o r  a  n icke l-m olybdenum  c a s t iro n .

H e  w as n o t  a t  a ll h a p p y  w ith  re g a rd  to  th e  
a u th o r ’s s ta te m e n t  t h a t  to ta l  c a rb o n  sho u ld  be 
k e p t  a t  a  low fig u re  in  m olybdenum  c a s t  iro n  in  
o rd e r  to  re d u ce  th e  te n d e n cy  of th e  m olybdenum  
to  ch ill, because m olybdenum  w as a  c a rb id e  
fo rm er. H e  asked  fo r som e f u r th e r  in fo rm a tio n , 
th e re fo re , on  t h a t  m a t te r .

D r .  C h u b b  re p lied  t h a t  h e  h ad  n o t a t  h a n d  th e  
e x a c t  d im ensions of th e  im p a c t te s t-p ieces used  
by th e  C lim ax  M olybdenum  C om pany , b u t  he 
p rom ised  to  su p p ly  th e  in fo rm a tio n  to  M r. 
M cR ae S m ith .*

* D r. C hubb has since supplied  th e  following in fo rm ation  :— 
Specim ens for im p ac t te s ts  on ca st iron  have  been 0.79 in. 
sq u are  or 0.79 in. round , an d  w ith  unalloyed  ca st iron  th e  shock 
toughness is th e n  found to  be ab o u t 20 ft.- lb s . w hen b roken in 
th e  Izod  m achine. In  o th e r instances test-p ieces o f 1.125 In. 
d ia m e te r  have been em ployed, and  specim ens o f th e se  d im ensions 
in  n ickel-m olybdenum  c a st iron  canno t be b roken  in  th e  120 
ft.- lb . Izod  im p ac t te s te r . T his fac t clearly  i l lu s tra te s  th e  
excep tiona l p ro p ertie s  to  be ob ta in ed  by  adding  b o th  n ickel a n d  
m olybdenum  to  c a st iron.

I n  th e  P a p e r  th e  te rm  “  d u c ti l i ty  ”  h a d  been 
used in  a  r a th e r  m ore g e n e ra l sense th a n  was 
u su a l w hen sp e a k in g  o f th e  d u c ti l i ty  of s t e e l ; 
his use of th e  te rm  w as rea lly  m e a n t to  convey 
th e  m ea n in g  of shock to u g h n ess, as M r. M cR ae 
S m ith  h a d  su g g ested .

W ith  re g a rd  to  to ta l  c a rb o n  c o n te n t, he  had  
m e a n t  to  im p ly  t h a t  w hen t h a t  c o n te n t  was 
lim ite d  th e re  w as less likelihood  of v a ria b le  h a rd 
nesses in  m olybdenum  c a s t  iron  ; t h a t  th e  irons 
would be m ore  u n ifo rm  in  h a rd n ess , a n d  g e n er
ally  so u n d er. H e  believed  t h a t  was q u ite  a 
com m on ex p erien ce  a m o n g s t m o to r-c a r m an u fa c 
tu r e r s  in  th e  U n ite d  S ta te s — a n d  h e  h a d  o b ta in ed  
m ost of h is in fo rm a tio n  fro m  th e  A m erican  tech 
n ica l P re ss  a n d  fro m  u se rs  in  t h a t  c o u n try .

V o te  o f T h a n k s
M r . G. C. P i e r c e  (P a s t  B ra n ch -P re s id e n t) , 

p ro p o sin g  a vo te  of th a n k s  to  D r. C hubb, com
m en ted  t h a t  w hereas he cou ld  h av e  g iv en  a P a p e r  
of a h ig h ly  academ ic  n a tu re ,  he h ad  in  fa c t  d ea lt 
w ith  h is su b je c t in  a p ra c tic a l w ay  which all 
could  u n d e rs ta n d  a n d  a p p re c ia te .

M r . V . D e l p o r t  (P a s t  B ra n ch -P re s id e n t)  
seconded th e  vo te  of th a n k s .
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Some Notes on Making
By J. H. W ILLIAM S,

F o r a ll p ra c tic a l p u rposes, one m ay  rough ly  
a tt r ib u te  th e  a d v e n t of c a s t  iro n  of h ig h  ten s ile  
s tre n g th  to  th e  period  of th e  G re a t W a r  of 
1914-1918. S teel a d d itio n s  to  cupola  ch arg es w ith  
th e  ob jec t of im p ro v in g  th e  s t re n g th  of cas t 
iron  h ad , how ever, been m ad e  befo re  t h a t  tim e , 
b u t th e  re su lts  w ere f re q u e n tly  u n sa tis fa c to ry .
As a  re su lt  p ro b ab ly  of th ese  e a rly  ex p erim en ts  
which proved  so u n fo r tu n a te ,  th e re  ex is ts  even  to  
th is  day  a  d is t in c t  d is t ru s t  am ong m an y  o lder 
iro n fo u n d ers a g a in s t th e  a d d itio n  of steel to  
the cupola.

The a u th o r  has a  v iv id  reco llec tion  of th e  d is
m ay an d  in c re d u lity  w ith  w hich a  su g g estio n  to  
in co rp o ra te  30 p e r  cen t, of s tee l sc rap  in  a cupola  
charge w as received  a b o u t 7 y e a rs  ago  by an  
executive in  a fa ir ly  la rg e  fo u n d ry . I t  t r a n s 
p ired  th a t ,  a t  som e d a te  p rev iously , a sm all 
q u a n tity  of s teel (som ew here a b o u t 10 p e r cen t.)  
had been added  as p a r t  of a ch arg e  to  a cupola  
w ith d isa s tro u s  re su lts . S ince th e n , an y  scrap  
of steel h a d  been re lig io u sly  k e p t  o u t  of any  
charge. H ow ever, th is  fo u n d ry  w as p e rsu ad ed  
to  t r y  once m ore th e  use of steel sc rap  u n d e r  
good m eltin g  co n d itio n s a n d  o b ta in e d  sa tis fac to ry  
results . T here  is no d o u b t  t h a t  in  th e  ea rly  
days of e x p e rim e n tin g  w ith  steel sc rap  o r 
w rought iron  in  th e  cupo la , considerab le  diffi
culties w ere en co u n te red  ow ing to  poor cupola  
p ractice  an d  th e  absence of sufficient m an g an ese  
in th e  ch arge .

M any w ill also rem em b er w hen th e  acc id en ta l 
ad d itio n  of a piece of w h ite  iro n  to  a  g rey  iro n  
charge w as regarded- as ca lam ito u s . Possib ly  th is  
arose from  difficulties w hich  m an ife s ted  th e m 
selves w hen com m on w h ite  iro n  form ed an  a p p re 
ciable f ra c tio n  of th e  ch arg e . T h is was q u ite  
likely w hen th e  p ro p e rtie s  of w h ite  iro n s w ere 
n o t so well know n as a t  th e  p re se n t tim e . The 
usual h ig h  su lp h u r  a n d  low m an g an ese  co n ten ts , 
com bined w ith  th e  “  in h e re n t  p ro p e rty  ”  of 
these iro n s to  c o n ta in  a  h ig h  p e rcen tag e  o’f oxides 
in th e  fo rm  of a  v e ry  finely d iv id ed  s ilica te  
slime, m ay  re ad ily  a cco u n t fo r  th e  u n sa tis fa c to ry  
resu lts  a n d  led  to  th e  conclusion  t h a t  w h ite  iro n  
of any  class o r in  an y  q u a n ti ty  sp e lt ru in a t io n  
of th e  m eta l.
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L a n z -P e r lit  Process
One m ay  d a te  th e  re g u la r  use of s teel sc rap  

to  cupola  ch arg es to  th e  post-w ar period  w hen 
th e  L a n z -P e r li t  a n d  th e  E m m el processes w ere 
in tro d u c ed . I t  is in te re s t in g  to  n o te  t h a t  H u rs t  
re a d  a P a p e r  before  th e  L an cash ire  B ran ch  of 
th e  I n s t i tu te  of B r itish  F o u n d ry m e n  on “  Sem i- 
S teel ” in  1915, th o u g h  he  w ould p robab ly  m odify  
some of h is conclusions a t  th e  p re se n t tim e . 
A bou t th e  sam e tim e , H u r s t  m ad e  a sy n th e tic  
p ig -iro n  from  a n  a ll-steel m ix .

M cR ae S m ith , also some y ears  ago, m ade  a 
sy n th e tic  p ig -iro n  in  a cupola , w ith  w hich he 
m ade cas tin g s d irec t, from  a n  a ll-steel m ix  w ith  
2 p e r  cen t, silicon ad d ed  as b r iq u e tte d  45 to  
50 p e r cen t, ferro -silicon  an d  1 p e r  cen t, m an 
ganese  as b r iq u e tte d  carb o n -free  fe rro -silico-m an- 
ganese. T h e  re su ltin g  iro n  c o n ta in ed  1.78 pe r 
cen t, silicon a n d  0.87 p e r  cen t, m an g an ese , so 
th a t  th e  o x id a tio n  losses w ere low co n sid erin g  th e  
n a tu r e  of th e  charge .

W hen  th e  a u th o r  was in  Sw eden th re e  y ears 
ago he n o ticed  t h a t  th e  p r in c ip a l Sw edish m ak ers  
of m alleab le  iro n  alw ays m elted  dow n all-steel 
ch arg es p lus fe rro -silicon  an d  fe rro -m anganese  
a d d itio n s . T h e ir only co m pla in ts w ere th e  heavy  
o x id a tio n  losses in  silicon an d  m anganese  on m elt
ing  an d  th e  v a r ia b il i ty  of those  losses.

T he L a n z -P e r li t  is  a  ho t-m ould  process fo r 
m ak in g  h ig h -d u ty  cas t iro n  of ab o u t 20 to n s  p er 
sq. in . ten s ile  s t re n g th . E ssen tia lly  i t  consists 
of a d ju s tin g  th e  com position  of th e  m eta l to  
th e  av e ra g e  th ick n ess  o f th e  section  an d  th e  
m ass of th e  cas tin g , a n d  p o u rin g  in to  a  sand  
m ould  w hich  h as been h e a te d  to  a g iv en  tem 
p e ra tu re , u su a lly  ab o u t 400 deg. C ., which has 
been d e te rm in e d  ex p e rim e n ta lly . T he iro n  is 
low in  silicon, so t h a t  i f  c a s t  in  o rd in a ry  cold 
m oulds i t  would so lid ify  in  th e  m o ttled  o r even 
in  th e  w h ite  fo rm  in  th e  th in  p a r ts  of th e  
sections. O w ing, how ever, to  th e  slower an d  
m ore eq u ab le  r a te  of cooling th ro u g h o u t th e  
l ig h t a n d  heav y  sections, all p a r ts  so lid ify  w ith  
a c lo se-g ra ined  p e a r lit ic  s tru c tu re .

I t  is co n ten d ed  t h a t  th e  ten d en cy  fo r 
g ra p h it is a tio n  in  th e  th in  sections is assis ted  
by th e  h o t m ould  w alls b e in g  close to g e th e r  and



t h a t  th e  low silicon  c o n te n t  m odifies t h a t  re 
ac tio n  in  th e  th ic k  sec tio n s . I n  p a ss in g , i t  is 
in te r e s t in g  to  n o te  t h a t  E . L o n g d en , on  m e ltin g  
dow n ch arg es  of w h ite  p ig - iro n  of t h e  re q u is ite  
co m position  fo r  th e  L a n z  process, f re q u e n tly  
o b ta in e d  m o tt le d  c a s tin g s , (but on  “  com ing  
d o w n ,”  as he  te rm e d  i t ,  by  c h a rg in g  in to  th e  
cu p o la  a  g rey  iro n  w ith  stee l sc rap  to  g iv e  th e  
sam e com position  in  th e  m o lten  iro n , a ll  th e  
c a s tin g s  w ere  g re y  a n d  p e a r l it ic . I t  is possible 
t h a t  som e “  in h e re n t  p ro p e rty  ”  o f th e  w h ite  
p ig -iro n  w as responsib le  fo r  th e  m o ttled  c a s t
in gs. T he a d v a n ta g e  of th e  L a n z -P e r li t  iro n  
lies in  i ts  good h e a t- re s is tin g  p ro p e rtie s  ow ing 
to  th e  low silicon  c o n te n t ;  o th erw ise , as a 
m e th o d  of p ro d u c in g  h ig h -te n sile  c a s t iro n  i t  
w ould p ro b ab ly  by  now  be o u t  of d a te .

E m m e l Process
T he E m m el p rocess h a s  now  gone o r  h a s  been 

m erg ed  in  la te r  processes. I t  sim p ly  consists 
in  u s in g  a  h ig h  p e rce n ta g e  of s tee l sc rap  in  th e  
cu p o la  ch arg e s  a lo n g  w ith  h ig h -silico n  p ig - iro n  an d  
com m on fe rro -m an g an ese  o r sp iegel ad d itio n s . 
T he ch arg es a re  r u n  dow n u n d e r  c a re fu l con
t r o l  of th e  cu po la , b u t  in  sp ite  of th is  th e  
process w as liab le  to  g iv e  e r r a t ic  re su lts . T he 
E m m el p rocess em ployed v e ry  h ig h  p e rce n ta g e s  
(60 to  80 p e r  c e n t.)  of stee l sc rap  in  th e  ch arg e , 
b u t  w ith  im p ro v em en ts  in  cupo la  m e ltin g  i t  w as 
g ra d u a lly  d iscovered  t h a t  iro n  w ith  a ten s ile  
s t r e n g th  of 16 to n s  o r  18 to  19 to n s  p e r  sq. in .,  
cou ld  re a d ily  be m ad e  w ith  m uch  sm a lle r steel 
a d d itio n s  so t h a t  th e  w e a r a n d  t e a r  on  th e  
cu p o la  l in in g  w as red u ced . F o r  in s ta n c e , some 
10 y e a rs  ago, a fo u n d ry  w ith  w hich  th e  a u th o r  
was well a c q u a in te d  w as eas ily  o b ta in in g  16 
to n s  te n s ile  s t r e n g th  fro m  ch arg es c o n ta in in g  
30 p e r  cen t, s tee l sc rap  a n d  th e  c a s t  iro n  h a d  
2 p e r c en t, silicon  a n d  0.8 to  0 .9  p e r  cen t, 
m an g an ese . W ith  40 p e r  c e n t, steel sc rap  
a n d  th e  iro n  a v e ra g in g  1.6 p e r  c en t, silicon 
a n d  0.8 to  0.9 p e r  c en t, m an g an ese , th e  ten s ile  
s t r e n g th  ra re ly  d ro p p e d  below IS  to  19 to n s. 
H ig h  te n s ile  s t r e n g th  w as th e re fo re  n o t g a in ed  
b y  h a v in g  a n  u n d u ly  low silicon c o n te n t  in  
e i th e r  ty p e . I n  b o th  cases th e  to ta l  c a rb o n  ra n  
o u t  a b o u t 3.1 to  3.2 p e r  c e n t .,  an d  p h osphorus 
w as m o d era te ly  low a t  a ro u n d  0.4 p e r  c en t. 
These fa c to rs , com bined w ith  good m e ltin g  
p ra c tic e , w ere th e  p r im a ry  ones in  o b ta in in g  
such good figu res fo r  te n s ile  s tre n g th .

T he re c e n t r e p o r t  of th e  C a s t I r o n  Sub-C om 
m itte e  u p o n  th e  P ro p e r t ie s  of G rey  C a st I ro n  
m ay  lead  one to  in fe r  t h a t  iro n s  of th e  h ig h es t 
s t r e n g th ,  i .e .,  th o se  classed  as G ra d e  3 (22 to n s  
a n d  over), re q u ire  th e  use of spec ia l processes 
in v o lv in g  in o cu la tio n , su p e rh e a tin g  a n d  so on, 
b u t  such is n o t th e  case, as som e fo u n d ry m en  
a re  p ro b ab ly  aw are . A d m itte d ly  th e se  spec ia l

processes en su re  c e r ta in ty  a n d  in  g e n e ra l allow 
th e  m e ta llu rg is t  m o re  l a t i tu d e  in  h is  m ix in g .

N ic k e l C ast Iro n
T h e  a u th o r  h as o b ta in e d  over 22 to n s , te s te d  

by  th e  0.875-in . b a r , by  m e ltin g  dow n stee l scrap  
a n d  w h ite  iro n  w ith  silicon  a n d  m an g an ese  added  
in  th e  fo rm  of silicon b r iq u e tte s  a n d  carb o n -free  
m an g a n ese  b r iq u e tte s . T he w h ite  iro n  m u st be 
a re fin ed  iro n , w hich  th e  a u th o r  p re fe rs  to  
m ak e  h im self b y  m e ltin g  dow n a good p ig -iro n  
a n d  stee l sc ra p  w ith  e x tra  m an g an ese  a n d  de
su lp h u ris in g  w ith  soda ash  in  th e  lad le . 
O rd in a ry  w h ite  iro n  b o u g h t o u ts id e  c an n o t be 
re lied  on. I t  m ay  o r  m ay  n o t  serve  th e  p u r 
pose. By th is  m ean s th e  to ta l  c a rb o n  is reduced 
to  3.0 p e r  c en t, o r  m ore  o f te n  less. One m ay 
com e dow n to  2.6 p e r  c e n t,  to ta l  c a rb o n  w ith  
such ch arg es , b u t  th is  is r a th e r  too  low, because 
w ith  v e ry  low ca rb o n  tro u b le  m ay  be experienced  
fro m  excessive sh r in k a g e .

W ith  ca rb o n  a t  3 p e r  c e n t,  o r  less th e  influence 
of silicon , as is well k now n , has no  ap prec iab le  
e ffec t on  th e  te n s ile  s t r e n g th ,  a lth o u g h  i t  affects 
th e  h a rd n ess  a n d  m a c h in a b ili ty , a n d  i t  has 
been  fo u n d  t h a t  silicon  c an  v a ry  from  1.6 to
2.0 p e r  c en t, w ith o u t th e  te n s ile  s tr e n g th  fa ll
in g  below 22 to n s . G re a te r  c e r ta in ty  can  be 
h a d  b y  m ak in g  a lad le  a d d it io n  of carbon-free  
fe rro -s ilico -m ag an ese . A g a in , a  te n s ile  s tre n g th  
of 22 to  24 to n s  c an  be  re a d ily  o b ta in e d  if  1.5 per 
cen t, of n ick e l is  alloyed  w ith  a su itab le  charge. 
F o r  exam p le , such  a n  iro n  c an  be p ro duced  by 
m e ltin g  dow n 75 p e r  c e n t, stee l sc rap  w ith  25 
p e r cen t, of c lo se-g ra in ed  g re y  p ig -iro n  h av ing , 
say , a  silicon  c o n te n t  of 1 .2  to  1.6 p e r  cen t., 
a d ju s t in g  th e  m ix  w ith  fe rro -s ilico n  a n d  ferro- 
silico -m anganese  a n d  a d d in g  1.5 p e r  cen t, nickel 
in  th e  fo rm  of “ F  ”  n ick e l in g o ts . A ty p ica l 
a n a lv s is  o f th e  m e ta l  is  as fo llo w s:— T .C , 2.78; 
S i, i , 9 8 ; M n , 0 .7 6 ; S , 0 .117 ; P .  0 .2 0 ; N i, 1.42 
p e r  c en t.

T h is m e ta l h as b een  r u n  successfu lly  in  E as t 
A n g lia  g iv in g  23 to  24 to n s  te n s ile , u s in g  C arron  
1.6 p e r  c en t, silicon  p ig - iro n . C lo se -g rain ed  low- 
p h o sp h o ru s p ig -iro n , good s tee l sc rap  a n d  care
fu l  m e ltin g  a re  e sse n tia l fo r  success. T he m ix 
m u s t be  m e lted  dow n s te ad ily , n e ith e r  too 
slowly n o r  too  fa s t ,  a n d  th e  m ost su ita b le  h e ig h t 
fo r  th e  coke b ed  above th e  tu y e re s  m ay  req u ire  
a l i t t le  e x p e r im e n tin g .

C u p o la  P ra c tic e  fo r  H ig h -D u ty  Iro n s
I t  is p e rh a p s  need less to  re m a rk  t h a t  th e  

cu p o la  m u s t be h o t  b e fo re  b r in g in g  dow n th e  
f ir s t  c h a rg e  o f h ig h -te n s ile  iro n . E i th e r  a 
couple  of p re lim in a ry  ch arg es , say , one of com
m on iro n  a n d  one of s tee l-m ix  iro n  m u s t  be  ru n  
th ro u g h  th e  cupo la  to  h e a t  i t  u p , o r  th e  h igh - 
te n s ile  i ro n  m ay  be m ad e  a f te r  th e  o rd in a ry



w ork has been c a s t by d ra in in g  th e  fu rn a c e , 
a g a in  m ak in g  u p  th e  bed, a n d  fo llow ing w ith  
th e  h ig h -stee l ch arg es. B o th  m ethods a re  s a tis 
fac to ry .

The b est w e ig h t fo r th e  ch arg es lies betw een  
7 a n d  10 cw ts. I f  m ore  th a n  one c h a rg e  is  r e 
q u ired , say  fo u r  8-cw t. ch arg es to  be  received  
in  one lad le , th e  w hole of th e  n ick e l is  ad d ed  
to  th e  f irs t c h a rg e  o r m ay  be  d iv id ed  be tw een  
th e  firs t tw o  charges. T his is done to  en su re  
o b ta in in g  th e  m ax im u m  y ie ld  of n ick e l, th e  la s t  
charges a c tin g  as w ashes th ro u g h  th e  coke bed. 
In c id e n ta lly , th e  sam e p ro c ed u re  is  v e ry  u se fu l 
for n icke l-ch rom ium  c a s t iro n , all th e  n icke l 
and  ch rom ium  b e in g  ad d ed  to  th e  f irs t ch arge . 
M anganese, how ever, shou ld  be ad d ed  in d iv i
d ually  to  each ch arg e .

I t  m u st n o t be fo rg o tte n  t h a t  h ig h -ten sile  
cast iro n  h as a lim ite d  ra n g e  of free z in g  an d  
is very  easily  ox id ised  ; fo r  th ese  reasons i t  m u s t 
be p o ured  as q u ick ly  as possible. T he m olten  
m etal c an  be th o ro u g h ly  deoxid ised  by m eans 
of carb o n -free  fe rro -s ilico -m an g an ese , a n d  
M acP h e rran  h as re ce n tly  recom m ended  th e  
ad d itio n  of 3 lbs. of th is  a lloy  to  1,000 lbs. 
m etal in  th e  lad le . T h is de-o x id is in g  a g e n t  has, 
however, been em ployed by a few fou n d ry m en  
in th is  c o u n try  fo r a  long w hile. A bou t 0 .3  to  
0.4 pe r cen t, of fe rro -silico -m anganese  m ay be 
added in  p ieces, th e  size of sm all sho t, to  th e  
ladle, o r b e t te r  in  th e  b r iq u e tte d  fo rm  to  th e  
charge in  th e  cupola .

N ic k e l-M o ly b d e n u m  Irons
C ast iro n  of v e ry  h igh  ten s ile  s t r e n g th  m ay 

also be m ade in  a s im ila r  m a n n e r , by  th e  use 
of com bined ad d itio n s  of 1.5 p e r  cen t, n icke l a n d  
about 0.3 p e r cen t, m o ly b d e n u m ; b u t  th e  a u th o r  
has had  no ex p erien ce  of th is  alloy  iro n . Also, 
m olybdenum  is m ain ly  a d d ed  fo r th e  increased  
im pact re s is tan ce  i t  co n fers on  cas t iro n , an d  
its h igh  p rice  m il i ta te s  a g a in s t  i ts  use  sim ply  for 
ra is ing  th e  ten s ile  s t re n g th  of cast iro n .

N ic k e l-C h ro m iu m  Irons
N ickel-chrom ium  c as t iro n  w ith  to ta l  carbon  

a round  3.0 to  3.1 p e r cen t, also y ields a  h ig h  te n 
sile s tre n g th  of 24 to  26 to n s  p e r  sq. in . A 
charge of 60 p e r cen t, steel sc rap  w ith  40 p er 
cent, refined w h ite  iro n  a n d  rem elts  u su a lly  
gives sa tis fa c to ry  re su lts  from  a  good cupola. 
E x tra  silicon a n d  m an g an ese  m u st be  ad d ed  to  
a d ju s t th e  com position . I f  th e  to ta l  carbon  
drops below 3.0 p e r c e n t .,  a p ro p o rtio n  of close- 
g ra in ed  g rev  iro n  can  be  in c o rp o ra te d  in  th e  
charge. The n icke l a n d  ch ro m iu m  m u s t  be 
a d ju s ted  in  th e  r a t io  of 3 to  1 in  o rd e r  to  
n e u tra lise  th e  h a rd e n in g  an d  e m b rit tl in g  in 
fluence of th e  ch rom ium . S ilicon should  be 
m a in ta in ed  a t  a b o u t 2 p e r  cen t.

T he n icke l-ch rom ium  iro n s  re q u ire  g r e a t  care  
to  p ro d u ce , as i t  is  of u tm o s t im p o rta n ce  to  
o b ta in  a  u n ifo rm  d is tr ib u tio n  of th e  chrom ium . 
I t  is  n o t  adv isab le  to use  o rd in a ry  fe rro -ch rom e 
in  lu m p  fo rm . E ith e r  th e  ch rom ium  should  be 
ad d ed  to  th e  cupola  ch arg e  as chrom e p ig -iro n  
o r ch ro m iu m  b r iq u e tte s  o r to  th e  lad le  as pow
d e red  ferro -ch rom e. The carb o n -free  g ra d e  is 
b e st fo r  lad le  a d d itio n s  in  sp ite  of i ts  h ig h e r  
cost, as i t  seems to  g ive  a m ore  hom ogeneous 
m ix tu re .

T he co m b in a tio n  of ch rom ium  w ith  n icke l is, 
how ever, unnecessa ry  fo r  th e  pu rp o se  of o b ta in 
in g  22 to n s ten s ile  c a s t iro n , as th e  sam e re su lt  
m ay  be o b ta in e d  m ore easily  a n d  cheap ly  fro m  a 
n icke l iro n .

I n  a ll th e  above cases, th e  alloy ad d itio n s  of 
silicon, m an g an ese , n icke l an d  so on, re q u ire d  to  
a d ju s t  th e  charg e  to  th e  re q u is ite  com position , 
h av e  been  ad d ed  to  th e  cupola . N ickel m ay  be 
ad d ed  in  th e  fo rm  of “  F  ”  n ick e l sh o t to  th e  
s tre am  of m e ta l a t  th e  cupola  sp o u t, b u t  i t  is 
m uch  b e tte r  to  ad d  i t  d irec tly  to  th e  ch arg e  in  
th e  fu rn ac e , because one o b ta in s  a m ore hom o
geneous so lu tio n  a n d  no h e a t  is lo s t by  th e  a d d i
t io n  of a  cold m e ta llic  su b stan ce  to  th e  m olten  
m eta l. The loss is v e ry  sm all as n ick e l u n d e r
goes no  o x id a tio n . T he only s lig h t d isa d v an tag e  
is th e  ten d e n cy  of n icke l to  absorb  h y d ro g en  an d  
p ick  u p  a l i t t le  su lp h u r.

T he a u th o r  h as h a d  no experience  in  m ak in g  
v ery  heavy  c as tin g s  in  h ig h -d u ty  iro n , b u t  in  a 
P a p e r  pub lished  in  th e  T ran sac tio n s  of th e  
A m erican  F o u n d ry m e n ’s A ssociation  in  1937, 
M a c P h e rra n  s ta te s  th e re  a re  no fo u n d ry  reasons 
w hich  lim it  th e  size of th e  cas tin g s  p ro d u ced  and  
h is firm  (A llis-C halm ers M fg . C om pany, M il
w aukee, W is.) have  m ade  th em  u p  to  37 to n s  in  
w e ig h t. One w ould im ag in e , how ever, t h a t  th e  
n u m b er a n d  size of th e  h eads re q u ire d  to  com
p e n sa te  fo r  th e  h eav y  sh rin k a g e  w ould req u ire  
some th o u g h t, a n d  th e  co st of rem o v in g  th em  
w ould be som ew hat expensive .

In o c u la tio n  Processes
Of th e  specia l processes invo lv ing  in o cu la tio n , 

th e  M e e h an ite  a n d  th e  N i-T ensv l a re  th e  b est 
know n. I n  th e  M e e h an ite  process a h ig h  p e r
cen tag e  of s tee l sc rap  is in co rp o ra te d  in  th e  
ch arg e , w hich  is a d ju s te d  to  th e  co rrec t com
p o sitio n  fo r  silicon a n d  m an g an ese  an d  a final 
a d d itio n  of silicon is  m ade  to  th e  lad le  in  th e  
form  of calcium  silic ide  to  y ie ld  a dense, 
p e a r litic  g rey  iro n .

T he N i-T ensy l process s im ila rly  em ploys a h igh  
p e rce n ta g e  of s teel sc rap  a long  w ith  a oiose- 
g ra in e d  p ig -iro n , w ith  w hich  a  c e r ta in  p ro p o r
tio n  of silicon in  th e  fo rm  of a  h igh-silicon  p ig- 
iro n  o r silicon b r iq u e tte s  is ad d ed . F e rro -m an - 
g anese  o r m an g an ese  b r iq u e tte s  a re  also ad d ed  to
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ru n  th e  h ig h  s teel-m ix  a n d  in c re ase  th e  m a n 
ganese  c o n te n t of th e  ch arg e .

N ick e l is ad d ed  e ith e r  to  th e  c h a rg e  or to  th e  
lad le , b u t  a g a in  i t  is b e t te r  to  in c o rp o ra te  th e  
n ick e l in  th e  ch arg e . On ta p p in g , th e  re m a in d e r  
of th e  silicon re q u ire d  is ad d ed  to  th e  s tre a m  of 
m e ta l a t  th e  sp o u t. I n  su b seq u en t ru n s  a  sm all 
p ro p o rtio n  of re m e lts  is ad d ed  to  th e  c h a rg e  to  
use  u p  th e  fo u n d ry  r e tu r n s  of n icke l c as t iro n .

A v e ry  dense  c a s t iro n  w ith  sm all g ra p h ite  
flakes is th u s  o b ta in e d  w hich  h a s  a ten s ile  
s t r e n g th  of 2 2  to  26 to n s , m a in ly  d e p en d in g  on 
th e  to ta l  c a rb o n  c o n te n t, a n d  th is  s t re n g th  can  
be im p ro v ed  by su itab le  h e a t- tre a tm e n t .  The 
g re a t  a d v a n ta g e  of th e  processes invo lv ing  in o cu 
la t io n  is th e  c e r ta in ty  w ith  w hich  one c an  o b ta in  
ten s ile  s tre n g th s  of 23 to n s  a n d  over. P rocesses 
in  w hich  th e  to ta l  alloy a d d itio n s  a re  m ad e  to  
th e  cu p o la  c h a rg e  re q u ire  m uch  g re a te r  c a re  a n d  
a tte n tio n . As in  a ll h ig h -d u ty  iro n s, silicon  m ay  
v a ry  be tw een  w ide lim its  w ith o u t m u ch  effect on 
th e  ten s ile  s tre n g th ,  b u t  i t  is ad v isab le  to  keep 
th e  m an g an ese  c o n te n t above 0 . 8  p e r  cen t, in 
view  of th e  in ev itab le  su lp h u r  p ick-up .

I n  c a s tin g , good h eads a re  e sse n tia l in  view  of 
th e  sh rin k a g e , a n d  a lm o st in v a ria b ly  th e  m oulds 
m u st be  th o ro u g h ly  d r i e d ; in  some in stan ces , 
how ever, th is  is n o t  e ssen tia l.

T he p ro d u c tio n  of h ig h -d u ty  iro n  d em ands 
good cupola  p ra c tic e , a n d  an y  w ell-designed 
cupo la  w hich  is w orked  w ith  d ue  c a re  w ill y ield  
sa tis fa c to ry  re su lts . O w ing to  th e  la rg e  q u a n ti ty  
of steel sc rap  in  th e  ch arg e , th e  a ir -b la s t  m u st 
be v ery  c a re fu lly  a d ju s te d ; excessive o x id a tio n  
w ill occu r if  th e  b la s t is to o  g re a t ,  a n d  w ill give 
rise  to  a  b lack  fro th y  slag.

S h if t in g  of th e  c o n s t itu e n ts  of a  c h a rg e  is a 
com m on f a u l t ;  fo r  exam p le , o rd in a ry  so-called 
fist-sized  pieces of fe rro -s ilico n  a re  v e ry  a p t  to  
tr ic k le  dow n fro m  a h ig h e r  to  a low er ch arg e , 
an d  lu m p s of o rd in a ry  fe rro -ch ro m e seem  to  find 
th e i r  w ay in to  an y  c h a rg e  a n d  in v a r ia b ly  leave 
a  t r a i l  th ro u g h  succeed ing  ch arg es . I t  th e re fo re  
follows t h a t  c a re  shou ld  be ta k e n  in  th e  se lection  
of th e  co m p onen ts of th e  ch arg e , p a r tic u la r ly  in  
re g a rd  to  size a n d  re la tiv e  m e ltin g  p o in ts . I n  
a d d in g  th e  com ponen ts of th e  ch arg es  to  th e  
cupo la , i t  is. c u s to m ary  to  a d d  th e  stee l sc rap  
firs t, follow ed by th e  p ig -iro n  a n d  re m e lts  to 
g e th e r  w ith  th e  alloy  ad d itio n s . R e ce n tly  i t  was 
su g g ested  to  th e  a u th o r  t h a t  th e  s tee l sc rap  
should  be ad d ed  la s t,  b u t ,  th o u g h  th is  p ro ced u re  
has been  t r ie d  sev era l tim es, no m a te r ia l  im p ro v e
m e n t in  th e  r e s u l ta n t  iro n  has been  n o ticed  by 
th is  in v ers io n  of th e  c u sto m a ry  o rd e r. N o d o u b t 
th e  o rd e r  of c h a rg in g  is c o m p a ra tiv e ly  im 
m a te r ia l  w here  th e  b u lk  of th e  m ix  consists of 
s tee l sc rap .

I n  conclusion , th e  a u th o r  w ould like  to  em 
ph asise  t h a t ,  in  th e  p ro d u c tio n  of an y  h ig h - te n 

sile c a s t  iro n , as m uch , if  n o t m ore , co n sid era tio n  
should  be g iv en  to  th e  m a te r ia ls , i .e .,  th e  iron , 
th e  stee l sc rap  a n d  a llo y in g  e lem en ts, as well 
as to  th e  chem ical com position  of th e  final cast 
iro n . I n  o th e r  w ords, one m u s t choose irons 
w hich  h av e  good “  in h e re n t  p ro p e rtie s  ” even 
fo r m e ltin g  dow n a n d  p re p a r in g  a  sy n th e tic  w hite 
o r g rey  base  iro n . T he use of de-o x id isin g  agen ts 
in  th e  p re p a ra tio n  of h ig h -d u ty  c a s t  iro n  is also 
to  be g re a t ly  in s is ted  u p o n . I n  m ost cases th e  
a d d itio n  of a good d e -o x id ise r m akes a t  least 
1 0  p e r  c en t, d ifference  to  th e  s t re n g th  of th e  
iro n .

D IS C U S S IO N
M r . G. H a ll  sa id  t h a t ,  as a p ra c tic a l foundry- 

m an , he g re a tly  a p p re c ia te d  th e  way th e  lec
t u r e r  h a d  d e a l t  w i th  th e  su b je c t. M r. W illiam s 
h a d  spoken  a b o u t th e  im p o rta n c e  of h igh  tensile  
s tre n g th ,  a n d  in  every  P a p e r  to -d ay  on high- 
d u ty  c a s t iro n  th is  h ig h  s t re n g th  was always 
s tre ssed . H e  a g ree d  w ith  M r. W illiam s th a t  
iro n  of 18 to  2 0  to n s  ten s ile  s tre n g th  was very 
n ice  to  m ak e  a n d  r a th e r  ap p ea led  to  m ost foun- 
d ry m en  ; iron  of 22 to  24 to n s  w as q u ite  ano ther 
p ro p o sitio n  an d  invo lved  consid erab le  a lte ra tio n s 
in  n o rm a l fo u n d ry  w o rk in g .

L a n z -P e r li t  iro n  was p ro d u ced  in  an  ord inary  
fo u n d ry  w ith  j u s t  a  few  a d d itio n s  an d  perhaps 
m ore  c a re  in  c o n tro llin g  th e  cupo la , b u t not 
n ecessa rily  w ith  a  q u a n ti ty  of in s tru m e n ts . He 
h a d  seen cupo las w orked  fo r  L an z  iro n  w ithou t 
a n y  in s tru m e n ts  e x ce p t a  w a te r  gauge. They 
h ad  n e v er m ad e  a  p o in t of g e tt in g  over 2 0  tons 
as th e re  w as no  o b jec t in  d o in g  so ; irons of 14, 
16 a n d  18 to n s  w ere  q u ite  easily  o b ta in ed  from 
th e  cu p o la  w ith o u t  a n y  a d d itio n s  w hatsoever. 
T o-day  one h a d  to  a d d  n ick e l, chrom ium  and 
o th e r  a llo y in g  e lem en ts  to  p ro d u ce  h ig h -d u ty  cast 
iro n , w hich  w as v e ry  costly . T he sp eak er did 
n o t co n sid er h ig h  te n s ile  s t r e n g th  to  be so im
p o r ta n t  as th e  p ro d u c tio n  of good w earin g  and 
good h e a t- re s is tin g  c a s t iro n s.

C u p o la  C o n tro l E ssentia l
M r . W il l i a m s , re p ly in g , sa id  h e  hoped  th a t  

in  r e fe r r in g  to  th e  L a n z  a n d  o th e r  processes he 
h a d  n o t  g iv en  th e  im press ion  t h a t  th e y  requ ired  
a n  excessive  a m o u n t of cu p o la  c o n tro l w ith  the 
use  of e la b o ra te  in s tru m e n ts .  I t  w as necessary, 
how ever, in  a ll processes fo r  m ak in g  h igh -tensile  
iro n  to  exerc ise  a c e r ta in  a m o u n t of co n tro l to 
e n su re  t h a t  th e  fu rn a c e  w as n e ith e r  u n d e r-  nor 
over-b low n, a n d  fo r  t h a t  p u rp o se  a  b la s t  volume 
m e te r  w as v e ry  u se fu l.

W ith  re g a rd  to  th e  L a n z -P e r li t ,  i t  w as a very 
good process fo r p ro d u c in g  h e a t- re s is tin g  cast 
i ro n , a n d  w as m ad e  by  some firm s w ith o u t any 
in s t ru m e n ta l  c o n tro l of th e  cu po la . I t  w as easy 
to  g e t  2 0  to n s  te n s ile  by  th e  process, b u t  n o t  so



easy to  exceed t h a t  figu re . T he o th e r  m ethods1 

o u tlin ed  in  th e  le c tu re  re n d e re d  th e  p ro d u c tio n  
of h ig h -te n sile  iro n  over 2 2  to n s  m ore c e r ta in . 
In  ra n g in g  over a  w ide field, he  h a d  m en tio n ed  
a m ethod  of m ak in g  h ig h -d u ty  iro n  w ith o u t any 
of th e  u su a l alloy a d d itio n s , such as n ickel, 
chrom ium  an d  m olybdenum . T he use of n ickel 
and  n icke l-ch rom ium  sim plified  th e  process and  
e lim in a ted  a n y  u n c e r ta in ty .  T he cost h ad  to  
be considered , b u t  if  i t  en ab led  one to  g e t aw ay 
w ith  th e  job , th is  was of seco n d ary  im p o rtan ce .

S im p lific a tio n  D es ired
M r . J .  L. F r a n c is  ag reed  w ith  M r. H a ll th a t  

com plications a n d  spec ia l ta c k le  in  th e  fo u n d ry  
were to  be avo ided  as f a r  as possible, b u t  he 
th o u g h t i t  a b ig  p o in t w ith  th ese  h ig h -d u ty  
irons t h a t  specia l e q u ip m e n t was u n necessa ry . 
T here was no  p o in t in  secu rin g  h ig h  s tre n g th  
unnecessarily , b u t  some of th e  new er ty p es of 
alloy iro n  d id  w iden th e  field fo r  iro n fo u n d ry  
products , and  th u s  help  in  th e  secu rin g  of b u si
ness w hich h ad  been  s lip p in g  aw ay  g ra d u a lly  to  
th e  steel fo u n d e r, th e  fa b ric a tio n  people, and  
even to  th e  n o n -fe rro u s  fo u n d e r. A p a r t  from  
the a c tu a l in crease  in  s t re n g th ,  th e  in tro d u c 
tion of alloys in to  cas t iro n  h ad  p roduced  
m ateria l w ith  new  p ro p e rtie s , an d  in  th is  re sp ec t 
the cost of th e  alloy  a d d itio n s  w as ju s tif ied .

The L an z  process w as a p iorieer process, an d  
a t  th e  tim e  i t  was in tro d u c e d  was a  v ery  big 
step fo rw ard . A m ax im u m  of 20 to n s  ten s ile  
was ab o u t th e  l im it  fo r  th is  p a r t ic u la r  process, 
chiefly because th e  ab n o rm ally  slow cooling 
which was necessary  to  p ro duce  m ach inab le  
castings occasioned r a th e r  co arse r s t ru c tu re  of 
th e  g ra p h ite  flakes.

In c id e n ta lly , th e  whole of th e  ra n g e  of p ro 
cesses w hich h a d  been  in tro d u c ed  a t  an y  tim e  
lo r th e  p ro d u c tio n  of h ig h -ten sile  iro n  h a d , in  
some shape or fo rm , ta k e n  s teps to  co n tro l th e  
carbon in  th e  iro n , especially  g ra p h ite ,  as i t  
was th e  g ra p h ite  w hich low ered th e  s tre n g th .

A no ther p o in t in  co n n ec tio n  w ith  alloy  a d d i
tions to  cas t iro n  w as t h a t  th e y  gave  a m uch 
more u n ifo rm  s t ru c tu re  th ro u g h o u t  d iffe re n t 
sectional th ick n esses, an d  w here  one h a d  to  
m ake cas tin g s to  w ith s ta n d  in te rn a l  p ressu re , 
th is  was a g r e a t  a d v a n ta g e . C astin g s  m ade 
w ith o u t th e  alloy m ig h t show leak ag e  of w a te r  
and w ere sc rap p ed . I n  th is  case th e  cost of th e  
cas tin g  an d  i ts  m ach in in g  w as lost. O ften  a 
few sh illings sp e n t on alloy a d d itio n s  would 
p rev en t such loss of tim e  and  m oney.

M an g an ese-S u lp h u r R a tio
C oncern ing  m an g an ese , i t  o ccu rred  to  him  

th a t  M r. W illiam s h a d  n o t m en tio n ed  t h a t  th e  
m an g an ese-su lp h u r b a lan ce  h ad  been  defin ite ly  
s ta te d  by N o rb u rv  as 1.72 tim es th e  m an g an ese

plus 0.3 p e r c en t., which w as a safe  m in im um  
ra tio . As to  th e  a d d itio n  of th e  alloys, he p e r
sonally , w h erever possible, p re fe r re d  to  m ake 
ad d itio n s  to  th e  lad le , p ro b ab ly  because h is ex 
perience  lay  in  t h a t  d irec tio n . One m ig h t have  
to  add  i t  to  th e  ch arg e  w here  th e  cond itions 
called  fo r h ig h  pe rcen tag es.

N ickel was an  a d v an tag e o u s  alloy to  u s e ; i t  
gave a  good ra n g e  of p ro p e rtie s  an d  i t  was 
“  fo o l-p ro o f,”  because i t  d id  n o t adverse ly  affect 
o th e r  iro n s w hich one d id  n o t w a n t alloyed, 
w hereas ch rom ium  was a pow erfu l h a rd e n in g  
e lem en t an d  m ig h t give rise  to  tro u b le  if  i t  
fo u n d  its  w ay in to  m a te r ia l  w here  i t  was n o t 
req u ire d . M olybdenum  a d d itio n s  w ere n o t m ore 
expensive  th a n  n icke l, because  m olybdenum  was 
m ore activ e , an d  one p a r t  of m olybdenum  was 
eq u iv a len t to  th re e  p a r ts  of n ickel, so t h a t  fo r 
eq u iv a len t a d d itio n s  th e  cost w orked o u t ab o u t 
th e  sam e.

I n  in tro d u c in g  alloys, th e  ch arg e  should  alw ays 
be a d ju s te d  so f a r  as silicon c o n te n t was con
cerned . A n o th e r m ethod  fo r th e  p ro d u c tio n  of 
h ig h -d u ty  iro n  w as th e  duplex , u t il is in g  one 
cupola  m eltin g  w h ite  iro n  an d  one m eltin g  grey  
iro n , an d  by m ix in g  th e  tw o  m olten  m eta ls  in 
v a rio u s p ro p o rtio n s  one could o b ta in  a ra n g e  of 
irons w hich  h a d  d iffe re n t p ro p e rtie s  from  those 
o b ta in e d  by m e ltin g  w h ite  an d  g rey  iron  
to g e th e r.

M r . W i l l i a m s  was pleased to  h e a r  w h a t M r. 
F ra n c is  h ad  sa id  a b o u t th e  re la tiv e  cost of 
m olybdenum . H e  q u ite  ag reed  th a t  th e  fo u n d ry  
people h ad  a  good o p p o r tu n ity  to  recover some 
of th e  business which h ad  been  ta k e n  from  them  
by th e  steel fo u n d ers . H e  was n o t q u ite  so sure  
ab o u t th e  su lp h u r-m an g an ese  ba lance  p ro 
pounded  by N o rb u ry . T heore tically , th is  ra tio  of 
m anganese  to  su lp h u r  should  be q u ite  sa tis fac 
to ry , b u t  m uch  depended  on th e  fo rm  in  which 
th e  m an g an ese  w as ad d ed  an d  th e  r a te  of m elt
ing . N u m ero u s cases w ere on reco rd  w here  th e  
iro n  I iro n -su lp h id e  eu te c tic  h a d  se p a ra ted  in  th e  
presence of a  la rg e  excess of m a n g a n e se ; 
M cN air*  h a d  m en tio n ed  a  case w here th is  
e u te c tic  h a d  seg reg a ted  o u t from  0.07 p e r cen t, 
su lp h u r in  th e  p resence of 0.82 p e r cen t, m an 
ganese.

M r . H . H . S h e p h e r d ,  proposing  a vote of 
th a n k s  to  th e  le c tu re r , sa id  fo u n d rv m en  seemed 
to  have  ad v an ced  a ve ry  considerab le  w ay in  
fo u n d ry  p ra c tic e , an d  also in  m e ta llu rg ic a l p ra c 
tice , b u t  he  n o ticed  th e  use  of th e  te rm  “  sem i
steel ”  p e rsis ted . H e  su ggested  i ts  e lim in a tio n  
an d  su b s titu tio n  by th e  p h ra se  “  fe rro -s te e l.” 
The m ak in g  of m alleab le  iro n  from  an  all-steel 
m ix  w as u n d esirab le  from  th e  p ra c tic a l p o in t of 
view , a n d  ex p erim e n te rs  should  be d iscouraged .

* Proe. I.E.P., Vol. XXVII, pp. 543-562.



T e n s ile  S tre n g th
On th e  q u e stio n  of ten s ile  s tre n g th ,  h e  fe lt  

th a t ,  d e sp ite  a ll th e  ad v an ce  re g is te re d  in  con
n e c tio n  w ith  th e  p h y sica l p io p e r tie s , people s till  
ju d g e d  cas t iro n  by  i ts  ten s ile  s t re n g th .  I t  w as 
possible to  p ro d u ce  v e ry  h ig h -te n s ile  iro n s , b u t  
th ey  w ere useless. T ensile  s t r e n g th  in  its e lf  was 
n o t  a  c r ite r io n  of th e  iro n . I f  th e re  h a d  been 
suffic ien t a t te n tio n  g iv en  to  p h o sp h o ru s in  th e  
p a s t th e re  w ould hav e  been  co n siderab le  room  fo r 
a  cheap  a n d  good ten s ile  iro n .

H e  h ad  s ta te d  re p e a te d ly  t h a t  he believed  th e  
in o cu la te d  ty p e  of iro n  w ould be th e  iro n  of th e  
fu tu re ,  a n d  he  h a d  also ex p ressed  th e  op in ion  
t h a t  w ith  a  w h ite -iro n  base  a n d  a p ro p e r system  
of in o cu la tio n  one cou ld  p ro d u ce  a lm ost a n y  ty p e  
of c a s tin g .

Som e of th e  a lu m in iu m -m o ly b d en u m  iro n s  
h a d  ve ry  good p ro p e rtie s . T hese alloys a p p ea red  
to  be v e ry  ex pensive , b u t w hen one to o k  in to  
a cco u n t th e  use  th e y  cou ld  be p u t  to , th e  ex 
pense w as q u ite  ju s tif ie d . H e  th e n  p roposed  a 
vote of th a n k s  to  M r. W illiam s.

In flu e n ce  o f Phosphorus
M r . W il l i a m s  sa id  h e  h a d  no p re te n s io n  to  

being  a n  e x p e r t  on m alleab le  iro n , h u t  h a d  r e 
fe rre d  to  th e  m a t te r  because  i t  seem ed to  be 
th e  p ra c tic e  in  Sw eden, w here  th e y  h a d  to  m elt 
w h ite  iro n  to  a d o p t th e  p ra c tic e  of u s in g  steel 
w ith  ad d itio n s . Possib ly  one of th e  reasons th ey  
h a d  tro u b le  was because  th e y  t r ie d  to  m e lt too 
fa s t .  H e  a g reed  w ith  M r. S h ep h e rd  w ith  r e 
g a rd  to  th e  tra n s v e rse  te s t  of iro n , a n d  th a t  
f re q u e n tly  th is  was of m uch  g r e a te r  im p o rta n ce

th a n  m ere  ten s ile  s t re n g th .  On th e  q u e stio n  of 
p h o sphorus, he  d isag reed  w ith  M r. S h e p h e rd ; no 
d o u b t th e  id ea  of a  low p h o sp h o ru s c o n te n t 
m ig h t be overdone, y e t  in  m an y  cases a phos
p h o ru s c o n te n t of 0 . 8  p e r  cen t, w as a u se fu l in 
g re d ie n t  so fa r  as w ear w as co n cerned . On th e  
o th e r  h a n d , i t  d id  low er th e  tra n s v e rse  te s t  and , 
in  p re s su re - tig h t  c as tin g s , w as v e ry  a p t  to  lead 
to  p o ro sity . I n  h ig h -ten sile  c a s t  iro n , w here 
one w as a im in g  a t  s t r e n g th ,  a  low phosphorus 
c o n te n t  w as e sse n tia l. W ith  re g a rd  to  m olyb
den u m , he  did n o t  s tre ss  i ts  u se , because  he did 
n o t th in k  i t  w as re q u ire d  fo r  p ro d u c in g  a h igh- 
ten s ile  c a s t  iro n , b u t  i t  w as u se fu l fo r  g iv ing  
a  h ig h  im p a c t te s t .

M e e tin g  C o m p e tit io n
M r . T. R . R e a v e l l  (N orw ich), who seconded 

th e  vo te  of th a n k s  to  M r. W illiam s, com pli
m en ted  th e  a u th o r  on  h is  a b ili ty  to  exp la in  
m e ta llu rg ic a l m a t te r s  so lu c id ly . In fo rm a tio n  
of th is  n a tu r e  w as u su a lly  g iv en  in  such a way 
t h a t  i t  w as n o t easily  u n d e rs to o d . T he iron 
fo u n d ry  in d u s try  w as fee lin g  th e  co m p etitio n  of 
th e  s tee l fo u n d e r, a n d , in  th e  case of h is firm, 
i t  w as losing  o rd e rs  fo r  c e r ta in  ty p es  of work 
w here  th e y  called  fo r  s teel. I t  h ad  to  adop t 
new  m easu res, an d  by alloy  a d d itio n s  i t  was 
now ab le  to  p ro d u ce  iro n  w ith  over 2 2  tons 
ten s ile , a n d  as a re s u lt  th e  firm  h a d  recovered 
q u ite  a  lo t of business a n d , m oreover, h ad  re 
ceived o rd e rs  fo r c a s tin g s  t h a t  w ere o rig inally  
m ade  in  steel.

M r . W il l i a m s  th a n k e d  h is au d ien ce  fo r the 
gen ero u s re ce p tio n  acco rded  to  h is  P a p e r .
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Making a Large Lathe Bed
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Paper N o . 702

The c as tin g  to  w hich th e  a u th o r  proposes to  
devote th is  P a p e r  is a la th e  bed of c o n s ta n t 
cross-section in  v a ry in g  le n g th s ;  th e  u su a l is 
33 f t .  long, b u t  in  som e cases 40 f t .  w hen i t  is 
jo in ted  in  tw o sections. I n  a ll 97 c a s tin g s  w ere 
m ade in  th e  m a n n e r  ab o u t to  be described , and  
all th e  d a ta  re fe r r in g  to  m e ta l com position  and  
s tru c tu re , e tc ., a re  b ased  in  th e  firs t 81 cas tin g s.

M e th o d  o f P a tte rn  C o n s tru c tio n
As th e  ca s tin g  o u tlin e d  in  F ig . 1 m u s t be 

m achined an d  h igh ly-fin ished  from  end  to  en d  of 
the  slides o r sh ears , i t  m u s t n a tu ra l ly  be cas t 
w ith th is  side dow n, a lth o u g h  th e  c a s tin g  is 
alw ays m ach in ed  on th e  o th e r  side as well. The 
general c o n stru c tio n  of th e  p a t te rn  is a s tro n g  
box-shaped body on w hich  th e  fac in g s a re  
m ounted an d  th e  d r a f t  of th e  p a t te rn  is m ade 
to su it  c as tin g  th e  sh ears  dow n.

D raw  b a rs  a re  f i tte d  in  co n v en ien t positions 
in th e  p a t te rn  sections, a n d  th ese  a re  b est fitted  
so th a t  th ey  can  be e ith e r  rem oved te m p o ra r ily  
or m ade p e rm a n en tly  below th e  to p  of th e  p a t
te rn , as th ey  m ay , a n d  u su a lly  do, fou l th e  b a rs  
of th e  top  p a r t  unless th e ir  re la tiv e  positions a re  
carefu lly  m easu red  be fo re  ra m m in g  up  th e  
p a tte rn .

The facin g s on th e  sides an d  p ro je c tin g  p a r ts  
of th e  bed sh ears  a re  m ade loose an d  screw ed so 
th a t th ey  can  be slackened  d u r in g  ram m in g  up 
to allow th e  bed to  be d raw n . T he long p r in t  on 
the bo ttom  of th e  p a t te rn  serves to  allow th e  se t
tin g  of th e  body cores. F o r  th e  pu rp o se  of cam 
ber th e  p a t te rn  m ig h t b est be p a r tly  saw n 
th ro u g h  a t  in te rv a ls  th ro u g h o u t i ts  len g th  and  
fitted  w ith  rem ovable  wedges, so t h a t  i t  could 
be b e n t r e a d i ly ; b u t  th is  is n o t done h e re , as th e  
casting  is w an ted  in  a  g r e a t  v a r ie ty  of len g th s 
and v a rio u s pieces a re  no rm ally  used , in  w hich 
case th e  u n ifo rm  cam b erin g  o f^ th e  p a t te rn  is 
difficult.

The pieces a c tu a lly  av a ilab le  a re  th e  h ead  end- 
piece, w hich is 14 f t .  long, an d  eke p iece, 12 f t . ,  
8  f t . ,  6  f t .  5 in .,  4 f t . ,  an d  1 f t . ,  a n d  som etim es 
fou r pieces a re  used  to  m ake  u p  th e  len g th . 
These sh o r t pieces a re  difficult to  a r ra n g e  in  a 
sm ooth co n tin u o u s cam ber.

The colours w hich  h av e  been in  use  fo r some 
th ir ty  y e a rs  a re  orange  fo r  m ach in ed  su rfaces, 
red  fo r th e  a s-cast su rface , an d  blade fo r core

p r in ts .  The a u th o r  is u n a w are  w h e th er th e  
B r i tish  fo u n d rv m en  in te n d  to  recom m end p a t 
t e rn  colours in  th e  sam e w ay as th e  A m erican  
fo u n d ry m en  have  done. T he s ta n d a r d  co lo u rin g  
w ould be h e lp fu l in  th e  case of m ost firm s u n d e r
ta k in g  o u ts id e  w ork , a n d  in d is tin c t  m ark in g  is 
o f te n  th e  cause of m istakes. T he p a tte rn  is sp lit  
so th a t ,  w hen in  p o sitio n  fo r  ra m m in g , th e  base 
sec tion  a t  th e  h ead  en d  can  be rem oved to  fa c ili
t a te  ram m in g  a t  t h a t  p a r t .

M o u ld in g  Box
A lth o u g h  some fo u n d ries  m ig h t m ould in  a 

th re e -p a r t  box a n d  l i f t  i t  in to  th e  stove fo r d ry 
in g , th is  c a s tin g  is m ade in  a long p e rm a n en t box 
in  th e  floor an d  d ried  w ith  p o rtab le  d rie rs . The 
box itse lf  is 110 f t .  long, 5 f t .  1 in . w ide and  
4 f t .  7 in . deep a t  one end , an d  3 f t .  deep fo r 
th e  re m a in d e r  of its  len g th , as show n in  F ig . 2, 
an d  is m ade w ith  a  p e rm a n e n t ash  bed. The in 
te n t io n  a t  f irs t was to  m ake  th e  top  p a r ts  and  
d r ill  th em  w ith  3-ft. c en tres  be tw een  th e  snugs 
fo r bo lting  to  th e  box, b u t  i t  was found  m uch 
m ore co n v en ien t to  clam p a n d  wedge th e  top  
p a r ts ,  w hich allowed th e ir  u n re s tr ic te d  m ove
m en t.

The o rig in a l m ethod  was to  use a  box to  tak e  
th e  longest p a t te rn  an d  w ork one bed a t  a  tim e, 
b u t th e  use of th e  v ery  long box has m an y  a d v an 
tag e s  fo r th is  class of c a s tin g , as, fo r e x a m p le :—-

(1) I f  th e  box is n o t in  use ( th a t  is, th e  
whole box or any  p a r t  of i t) ,  i t  can  be filled up 
a n d  th e  space used fo r o th e r m ou ld ing  on th e  
floor level, such as closing m achine-m oulded 
jobs, as is re g u la rly  done.

(2) S ev era l long beds or a n u m b er of sh o rt 
ones can  be m oulded  a t  one tim e . T he m ax i
m um  n u m b er so f a r  is six  jobs a t  one tim e.

(3) W here  a  n u m b er of cas tin g s a re  w an ted  
off th e  p a t te rn  u n d e r  c o n sid e ra tio n , th e  de
livery  tim e  can  be g re a tly  im proved  by m ak in g  
a n  e x tr a  se t of fac in g s fo r  th e  p a t te rn .  By 
m ou ld ing  an d  d raw in g  th e  p a t te rn ,  th e n  f itt in g  
th e  e x tr a  facings, m o u ld in g  can  be b egun  on 
th e  second bed -while th e  fin ish ing  of th e  first 
is  go ing  on, so th e re  can  be th e  f irs t d ry in g , 
th e  second fin ish ing , and  th e  th i r d  m ou ld ing , 
an d  th e n  th e  f irs t cas t, th e  second d ry in g , and  
th e  th i r d  fin ish ing , a n d  so on in  a steady
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sequence. I n  th is  w ay, fo r  beds 30 f t .  long, 
th e  r a te  of c a s tin g  is th re e  p e r  fo r tn ig h t .
T he box  w as m ade  level w ith  th e  floor, a n d  th e  

“  w ings ”  o r sm all fram e  to  g iv e  th e  increased  
d e p th  n ecessary  a t  th e  h e ad  en d  w as m ad e  
loosely, so t h a t  i t  can  be fixed a n d  c lam ped  a t  
a n y  p o sitio n  a long  th e  box.

B ox T o p  P arts

T he to p  p a r ts  a re  m ad e  in  c o n v en ien t len g th s  
of 9 f t . ,  6  f t .  an d  12 f t . ,  an d  th e  bow p o rtio n

san d , th e n  firm ly ram m ed . A f te r  th e  f irs t bed 
h as been  c as t, th is  p a r t  of th e  m ou ld  becomes 
p e rm a n e n t. H a v in g  ram m ed  a n d  levelled  th e  
san d  in  th e  b o tto m  to  th e  re q u ire d  h e ig h t, th e  
firs t o p e ra tio n  is to  p re p a re  th e  b o tto m  of th e  
m ould  to  receive  th e  p a t te rn ,  a n d  th is  includes 
th e  lay in g  of th e  cam b er. To do th is , 3-ft. 
s t r a ig h t  edges a re  p laced  across th e  bo ttom  of 
th e  m ould  a t  in te rv a ls  of 4 f t .  from  one end  to  
th e  o th e r . T h en , u s in g  a  s tr in g , th e  h e ig h ts  of 
th'cse sh o r t  s t r a ig h t  edges a re  a d ju s te d  to  give
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F i g . 1 .— S id e  E l e v a t io n , P l a n  a n d  S e c t io n  o f  L a th e  B ed  C a s t i n g .

is m ade  d e tach ab le . A lth o u g h  covering  6  f t . ,  
9 f t .  a n d  12 f t .  re sp ec tiv e ly , th e  to p  p a r ts  a re  
ac tu a lly  1  in . s h o r te r  so as to  allow  1  in . space, 
w hich in  c losing  th e  m ou ld  is filled in  w ith  an  
o il-sand  core. T h is  m eth o d  is p re fe ra b le  to  
lay in g -in  p ieces of ro u n d  ro d  to  ch ill th e  m e ta l 
an d  ra m m in g  u p  w ith  g re en  san d , as th is  ten d e d  
to  ch ill th e  h a rd  ty p e  of m e ta l u sed  r a th e r  
heav ily  a n d  caused  a  decid ed  m a rk  on  th e  
cas tin g .

M o u ld in g
T he ash  bed  is f irs t  la id  in  a n d  ram m ed  in  

p o sitio n  a b o u t th e  level of th e  b o tto m  of th e  t ie  
b a rs  of th e  box, a n d  covered  w ith  s tra w  a n d

fu ll c am b er in  th e  c e n tre , say  1 ^ in .,  an d  v a ry 
ing  to' n il  a t  th e  en ds.

The s h o r t  s t r a ig h t  edges a re  secu red  a t  th e ir  
c o rrec t h e ig h t  an d  th e  sa n d  is ram m ed  betw een 
th em  a n d  s tru c k  off level, so t h a t  th e  cam ber is 
a c tu a lly  p u t  dow n in  a  se ries of sh o r t s tra ig h t  
sec tio n s a lte r in g  a t  in te rv a ls  of 4 f t .  T he sh o rt 
s t r a ig h t  edges a re  th e n  d ra w n  a n d  th e  holes filled 
up  a n d  levelled . T he p a t t e rn  is p laced  in  th e  
c o rre c t p o sitio n  in  th e  box  a n d  th e  im pression  
of th e  b o tto m  p r in ts  m ad e  by b u m p in g  th e  
p a t te rn .  T h en  sev e ra l s ta k es  a re  d r iv e n  down 
th e  sides of th e  p a t te rn  be fo re  i t  is  rem oved , so 
t h a t  i t  c an  re a d ily  be  r e tu rn e d  to  th e  co rrec t
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position  fo r ram m in g . L ong  s t r a ig h t  edges a re  
n e x t la id  in  p o sitio n  a long  each  side  of th e  im 
pression  of th e  p r in t  an d  th e  san d  is sw ep t o u t 
to  th e  c o rre c t d e p th . T he s t r a ig h t  edges and  
boards a re  all s tre n g th e n e d  a long  th e  w ork ing  
edge by s tr ip s  of ¿ -in . th ic k  m eta l.

W here several pieces of p a t te rn  a re  used, i t  is 
best to  use  a s t r in g  to  s e t  th e  s t r a ig h t  edges 
and  m easu re  o u t  th e  p r in t .  The p a t te rn  is th e n  
lowered in to  position  an d  th e  s ta k es  rem oved.

P i g . 2 .— C o n s t r u c t io n  of M o u l d in g  B o x .

A board  is p laced a t  each  end  of th e  p a t te rn  
and  ram m ed  in  th is  p o sitio n  to  re m a in  th e re  
till  th e  p a t te rn  is d raw n . W eig h ts  of ab o u t 
1 0  cwts. a re  p laced on th e  p a t te rn  to  sp r in g  it  
down to  th e  bo tto m , an d  all is now re ad y  fo r 
ram m ing  up .

R am m in g
The bed course is f irs t p in -ram m ed  a n d  th e n  

flat-ram m ed using  a fa ir ly  h ig h -m o is tu re  sand  
to  g e t h a rd  ram m in g , as th e  m ould  is liab le  to  
s tra in  in  th is  p osition .

F o r th e  f ro n t  side , th e  f irs t course  is 5 in . 
ram m ed to  3 in ., an d  th e  firs t row of s t r a ig h t  
irons is p u t  in  to  su p p o r t th e  sand  above th e  
p ro jec tin g  p a r t  of th e  sh ears . T he second course 
is 4 in . ram m ed  to  2J in .,  follow ed by th e  
second row of s t r a ig h t  iro n s to  ab o u t th e  cen tre  
of th e  fillet. These tw o  rows of irons a re  p u t 
w ith in  J  in . of th e  p a t te rn .

i— r
F ig . 3.— S h o w in g  a n  U n u s u a l  M et h o d  of 

D e a l in g  w it h  S id e  C a m b e r .

The th ird  an d  fo u r th  courses a re  6  in . ra m 
m ing to  4 \  in .,  each  follow ed by row s of s t r a ig h t  
irons to  w ith in  § in . of th e  p a t te rn ,  an d  th e  
la s t course 4^ in . ra m m in g  to  3 in . b rin g s  th e  
mould u p  level w ith  th e  to p  of th e  p a t te rn .  
Fo r th e  p a r t in g  1 |  in . is sw ep t o u t to  g e t  down 
to th e  b o tto m  of th e  ro u n d .

The ra m m in g  u p  of th e  back  is s im ila r  ex cep t 
th a t  th $  f irs t course  of 5 in . ram m ed  to  3 |  in . 
b rings th e  s t r a ig h t  iro n s up  to  c en tre  of th e  
fillet above th e  p ro jec tio n  of th e  sh ears , a n d  th is  
is follow ed by th re e  courses a t  6  in . ram m ed  to

F i g . 4 .— C o n t r u c t io n  of H ead  E n d  C o r e .

W here th e  to p -p a r ts  to g e th e r  a re  lo n g er th a n  
re q u ire d  to  cover th e  pa+ tern , th e  e x tr a  len g th  
is le f t  u n ram m ed . T he o p e ra tio n  is com pleted 
by b lackw ash ing  w ith  sw abs, d u s t in g  on p lum 
bago a n d  sleek ing  a n d  th e  rem oving  to  th e  
stoves. T he p a tte rn  is  n e x t  slung  by th e  c ran e , 
ra p p ed , an d  slowly d raw n , leav in g  th e  facings 
in  th e  m ould . A n e x tr a  se t of fac in g s c an  be 
screw ed on th e  p a t te rn  an d  th e  n e x t  bed p ro 
ceeded w ith . M eanw hile , th e  m ould  is re p a ired  
an d  sp rig g ed  ro u n d  th e  facin g s an d  a ll along 
th e  b o tto m  of th e  m ould , i .e .,  th e  face  of th e  
shears . T he m ould  is th e n  b lackw ashed, an d  
p lum bago  lib e ra lly  ap p lied  a n d  sleieked on to  
g ive as good a finish as possible.

S ide C a m b e r

C ast no rm ally , th e  side cam ber on a  bed of 
th is  ty p e  w ould be considerab le— probably  1 ^ in . 
in  33 f t . ,  an d  as a lread y  e x p la in ed  th e  u su a l
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4 in ., an d  fin ish ing  w ith  4 \  in . ra m m in g  to  
3 in . H e re  a g a in  1^ in . is  sw ept o u t  to  fo rm  th e  
c o rre c t p a r t in g  line .

F a c in g  san d  is used  fo r a b o u t 1 |  in . from  th e  
p a t te rn  face, an d  th e  re m a in d e r  is floor sand  
m ixed  on th e  sp o t. T he p a r tin g  is th e n  m ade 
w ith  a  lay e r of w e t p a r t in g  san d , a n d  th e  to p  
p a r ts  a re  p laced in  p o sitio n  a n d  s ta k ed  fo r 
fu tu re  re g is tra tio n . T he v e n t p in s  a re  p laced in  
p o sitio n  by th e  m ark in g s  on th e  p a t te rn  a n d  th e  
c en tre  an d  end  g a te -p in s  p laced  by m easu rem en t. 
T he to p  p a r ts  a re  th e n  ram m ed  u p  by ca re fu l 
p in -ram m in g  ro u n d  th e  b a rs  a n d  finally  finished 
by heavy  fla t-ram m in g . The v e n t-p in s  and  g a te -  
p ins a re  th e n  loosened an d  w ith d raw n  an d  th e  
holes b lackw ashed . T he to p  p a r ts  a re  l if te d  off 
a n d  tu rn e d  over fo r  fin ish ing . The san d  is 
c a re fu lly  re p a ire d  ro u n d  th e  to p  fac in g s an d  
sp rig g ed  ro u n d  th e  g a te  holes an d  a t  th e  bow 
of th e  p a t te rn ,  w here th e  a ir  an d  m eta l a re  
liab le  to  ru sh  up  d u rin g  filling.



m eth o d  of p u t t in g  th e  cam b er on th e  p a t t e r n  
is n o t co n v en ien t w hen th e  p a t t e r n  is in  a 
n u m b er of pieces. T he m eth o d  used  is to  an ch o r 
th e  c a s tin g  secu re ly  to  th e  box a n d  p re v e n t  an y  
d is to r tio n  d u r in g  cooling. B locks of c a s t  iro n  
a re  ram m ed  u p  a t  a  level w ith  th e  sh ea rs , 
i .e .,  on  th e  f ir s t  ra m m in g  course , w ith  o n e  side 
a g a in s t  th e  box  a n d  th e  o th e r  a b o u t 6  in . from  
th e  p a t te rn .  A piece  of wood a b o u t 2-in . sq u a re

th ese  m eta llic  b u ffers can  be v a r ie d  a t  w ill. 
I n  d ry in g  th e  m ou ld  c a s t- iro n  p la te s  a re  used  
fo r  covering  th e  m ould , a n d  som e of th e se  p la te s  
h ave  su ita b le  o p en in g s th ro u g h  w hich  th e  h ea ted  
a i r  c an  be blow n. A f te r  c la y in g  u p  th e  spaces 
b e tw een  th e  p la te s  th e  m ou ld  d r ie r s  a re  p laced , 
one in  th e  c e n tre , one n e a r  th e  t a i l  en d , a n d  
th e  o th e r  ju s t  o u ts id e  th e  h e a d  end..

T he ends a re  closed w ith  cas t- iro n  p la te s  so 
as to  leave o p en in g s fo r  gases to  escape a t  th e  
low est p o in t. U n d e r th e  c e n tre  an d  ta il-en d  
m ould  d r ie rs , a  sh o r t  c a s t- iro n  p ip e  is used  to  
d ire c t  th e  h o t a ir  dow n p a s t th e  sides of th e  
m ould , th e n  a llow ing  i t  to  escape p a ra lle l to  
th e  m ould  len g th  only.

I n  d ry in g , th e  h ead -en d  a n d  c e n tre  d rie rs  a re  
p u t  on fo r  18 h o u rs , to  be  follow ed by th e  head 
a n d  ta il-e n d  d r ie rs , fo r  9 to  12 h o u rs . I t  w as 
found  b est to  hav e  th ese  m ould  d r ie r s  m ade  w ith  
screw -con tro lled  d a m p e rs  w hich  allow a  fine 
deg ree  of a d ju s tm e n t. T he low er dam p ers can

F i g . 6 .— E n d  C ak e  C o r e s .

F i g . 5 .— B o d y  C o r e s , T op  a n d  B o t t o m .

is p laced  be tw een  th e  block of m e ta l a n d  th e  
p a t te rn ,  a n d  th is  is ta p e re d  to  d raw  in w a rd s  
a n d  so leave a  p ro je c tio n  on  th e  c a s tin g  w hich  
w ill b e a r  d ire c tly  th ro u g h  th e  block on to  th e  
m o u ld in g  box. T he b u lg in g  side  is  an ch o red  in 
th e  c e n tre  by fo u r  of th ese  su ita b ly  p laced , an d  
on th e  o th e r  s ide  th e  ends a re  an ch o red . (F ig . 3 .)

T h is m eth o d  is now  th e  u su a l p ra c tic e  an d  
tu r n s  o u t  a  c a s tin g  w ith in  a b o u t ¿- in . of th e  
p a t t e r n  sh ap e . I t  is also q u ite  flexib le in  t h a t  
th e  n u m b er off, d is tan c e  a p a r t ,  a n d  position  of

only  be  u sed  fo r  k in d lin g , i .e . ,  a ll a ir  goes over 
th e  fire o r th e  m ou ld  w ill be b u rn t .  T he d ried  
core in  th e  h e a d  en d  is covered  w ith  p ap er 
a n d  w et loam  to  p ro te c t  i t  from  over-d ry ing . 
These d r ie rs  b u rn  a b o u t 20 lbs. coke p e r h r . and  
a re  fired re g u la r ly  every  1^ h r .  T he cost of 
d ry in g  a  33-ft. bed  is  fo r  fu e l 12s. 4d. a n d  fo r 
e le c tr ic ity  Is . 4d.

T he system  of re co rd in g  th e  e x a c t tim e  of each 
fire a n d  ch eck ing  th e  w e ig h t of fu e l is th e  best 
co n tro l of firin g  t h a t  c an  be  h a d . I t  m ig h t 
be w o rth  w hile to  in s ta l l  p y ro m ete rs  in  th e  a ir  
s tre am , b u t  th e  e x is tin g  schem e w orks pe rfec tly  
w ith  th e  screw  d am p ers, w hich w ere  m ade  on 
re q u e s t som e fo u r  y ea rs  ago. T he d a n g e r  of 
“ b u rn in g  ”  th e  m ould  w as a lw ays du e  to  lack 
of c o n tro l of th e  sm all p u sh  d am p ers  an d  th e  
lia b ili ty  to  s h if t  d u r in g  w o rk ing .

H e a d -E n d  C o re

The core box is open to p  a n d  b o tto m  an d  is 
ram m ed  u p  in  th e  n o rm a l c a s tin g  p o sitio p . The 
low er g r id  is c a s t w ith  fo u r  l if te r s  spaced  su i t 
ably , a n d  th e  b a rs  of th e  g r id  fo rm  4 |- in .  sq u a res 
w ith  9-in . a n d  7-in . “  d a b b e rs ,”  as show n in



/Tig. 4. The m e ta l in  th is  g r id  a n d  th e  fram e  
is of th e  u sua l D -shape , 1  in . b ro ad  by 1 J  in . 
deep . T he san d  is c a re fu lly  ram m ed  up  to  ab o u t 
h a lf-h e ig h t, an d  th e  fram e  p u t  in  w ith  “  dab- 
bers ”  u p w ard s. T his f ram e  has b a rs  fo rm in g
8 -in. sq u ares a t  th e  ends a n d  6 -in . sq u ares in  
th e  c en tre , a n d , u n lik e  th e  lower g r id — w hich 
h as dab b ers  to  every  sq u a re — h as d ab b ers  only 
ro u n d  th e  side, 6  in . long a n d  5 in . a p a r t .

The ram m in g  is co n tin u e d  to  th e  to p  an d  th e  
c e n tre  filled in  w ith  ashes. T he box is th e n

r  \ I -t

F i g . 7 . - M e t h o d  o f  G a t i n g  a n d  P o s i t i o n  
o f  E n d  C a k e  C o r e s .

cores i l lu s tra te d  in  F ig . 5 w as fo u n d  b est fo r 
m any  reasons.

T he top  h a lf  is ram m ed  u p  w ith  a  g r id  and  
fram e  as show n in  F ig . 5. The g r id  has tw o
9-in. l if te rs  a n d  4 j- in . dab b ers on one side above 
th e  p lugs. A sing le  s t r a ig h t  iro n  is ram m ed  up  
on th e  opposite  side to  s tre n g th e n  th e  p ro jec tio n  
on th a t  side. T he fram e  is of s im ila r  sh ap e  and  
has 4 5 -in . dabb ers , a n d  is ram m ed  up  in  th e  
core w ith  th e  p o in ts  u p w ard s. A n ash  v e n t is 
p u t  in  th e  c en tre  of th e  to p  face  a n d  th e  core 
is sp rig g e d  a long  th e  fillets a n d  on th e  p lugs 
an d  p ro jec tio n  on th e  opposite  side.

c c .8
■4

30 ■0

2-0
10 3-5

JO

IS 25

/■O

■5 ■15

■10

1-0 ■OS

s

■0 10

■5

■5 ■0
■3
7

V - T.C.

f t .

P

ftM.

Ct

loosened a n d  ta k e n  aw ay , a n d  th e  core finished 
an d  sp rig g ed  a long  th e  fillets a n d  on th e  edges 
of th e  p r in ts .  T he core is th e n  suspended  an d  
sp rayed  w ith  b lackw ash  a n d  fin ished by p a in t in g  
over, u sin g  a f la t  b ru sh . I t  is rem oved to  th e  
d ry in g  stove a n d  d r ie d  tw o n ig h ts  a t  a  te m p e ra 
tu re  of 600 deg. F a h . (315 deg. C .) m ax im um , 
no d ry in g  b e in g  c a r r ie d  o u t d u r in g  th e  day.

Body C ores

T he body core was a t  first sp li t  v e rtica lly , i.e ., 
p u t  in  as one core, b u t  th e  m ethod  of u sin g  two
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F i g .  8 . — R e l a t i o n  b e t w e e n  G r a p h i t e  
L e n g t h  a n d  A n a l y s i s  i n  8 1  C a s t 
i n g s .

E v ery  a lte rn a te  body-core to p -h a lf is tu rn e d  
th e  opposite  w ay in  th e  m ould an d  is exactly  
th e  sam e, ex cep t t h a t  i t  has no p lugs p ro jec tin g  
from  th e  lower side. These cores a re  ven ted  
th ro u g h  th e  to p  p a r t  of th e  m ould. L onger 
cores a re  used  a t  head - an d  ta il-en d s , shaped 
to  fin ish  off sq u are . These a re , how ever, e ssen ti
ally  th e  sam e as f a r  as co rem ak ing  is concerned.

The low er core (F ig . 5)— re fe rre d  to  as th e  
bo tto m  p r in t  core— is m ade in  s ta n d a rd  len g th s 
of 23 in .,  w ith  th e  one a t  th e  head  end  3 ft. 
long. T he g r id  used h as tw o 7-in. l if te rs  and
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tw o  row s of “  d ab b ers  ”  6  in . long. These 
cores a re  sp rig g e d  on th e  edges a n d  fillets, a n d , 
in  a d d itio n , those  n e a re s t  th e  g a te s  a t  th e  t a i l  
end a re  sp rig g ed  a long  th e  f la t  faces a long  
w hich  th e  m e ta l ru n s . These cores a re  v en ted  
th ro u g h  th e  b o tto m  in to  a  c lea ran ce  in  th e  
b o tto m  p r in t ,  w hich is v e n ted  d ire c t  to  th e  
ash-bed.

End C a k e  C ores
These cores, show n in  F ig . 6 , a re  used  to  fo rm  

th e  ends of th e  m ould , an d  a re  m ade  6  in . 
th ic k  a n d  4 in . th ic k , th ro u g h  w hich  a re  c u t  th e  
in le t  g a te s . They a re  m ad e  by  jo lt in g  in  a n  
o pen  to p  box w hich c a rr ie s  th e  fac in g s on th e  end  
of th e  bed. T he h e ad  en d  core is  6  in . th ic k  
a n d  h as a g r id  covered  w ith  5-in. dab b ers  an d
5-in. l if te r s .  Spaces a re  le f t  in  th e  g r id  fo r th e

1 380
L360

1300-
¡280-

1260-
10-

9 -

1 5 - 8 J
H b-
142-

220- 
200 
ISO J 

20 - 

/5 

10 

5  

0

CHARGE COKE 
CWTT/TOH '

8 R!HELL H °

N ° OF CASTING

from  th e  head  en d  onw ards a n d  a re  secu red  by 
c h ap le ts , th e  h e ig h t be in g  fixed by th e  sam e stick  
as t h a t  u sed  to  sweep o u t  th e  p a r tin g .

A f te r  ex am in in g  from  end  to  en d  th ro u g h  th e  
o pen  ends, th e  cake cores a re  p laced  w ith  th e  
g a te s  in  th e  c o rre c t p o s itio n  so as n o t to  cause 
th e  m e ta l to  s tr ik e  th e  m ould  on th e  cores. The 
u p r ig h t  cores w hich  fo rm  th e  dow n g a te s  a re  
p laced  in  p o sitio n , loam ed u p  a n d  ram m ed  in 
p osition , ta k in g  care  to  w edge th e  b o tto m  tig h tly  
from  th e  solid sand  an d  u s in g  con v en ien t p la te s  
to ta k e  th e  p re ssu re . A f te r  ra m m in g  to  n e a r
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F i g . 9 .— R e l a t io n  b e t w e e n  G r a p h it e  
L e n g t h  a n d  M e l t in g  C o n d i t io n s , 
B r in e l l  H a r d n e s s , e t c .

g a te s , a n d  th e  p in s a re  loca ted  by m easu re 
m en t. T he ta il-e n d  cake core is 4 in . th ic k  and  
h as 3-in. d abbers an d  th re e  3-in. lif te rs .

C los ing
T he head -en d  core is la id  in  f irs t, th e n  th e  

low er body cores a re  b u t te d  to  th is  in  succession 
to w ard s th e  t a i l  en d . C arefu l a lig n m e n t of these  
cores is e ssen tia l, as th e y  fo rm  p a r t  o f th e  
co n to u r of th e  slides, o r  sh ears . These b o tto m  
cores a re  se t  on a  l ig h t loam  s ta m p  an d  v e n ted  
d ire c t to  th e  ash-bed. T he body cores a re  se t

5 /O 15
G R A P H IT E  LEN G T H  7

F i g .  1 0 .— R e l a t io n  b e t w e e n  G r a p h it e  
L e n g t h  a n d  T y p e  a n d  P er c e n t a g e  
of  R aw  M a t e r ia l s  i n  C upo la  
C h a r g e .

th e  p a r tin g , a d ry -san d  cake  is p laced  in  position  
to  ta k e  th e  fo rce  of th e  m e ta l d ro p p in g  from  th e  
dow n g a te s  fro m  th e  basin s. The space  betw een 
th is  d ry  cake  a n d  th e  to p  p a r ts  is in . D ir t  
pockets a re  p laced  a t  th e  sides of th e  d ry  cake, 
as show n in  F ig . 7.

L oam  s ta m p s a re  p laced  ro u n d  a ll core v en ts , 
ro u n d  th e  m ould  sides, a n d  also ro u n d  th e  g a te  
a rea s  a t  th e  p a r t in g .  T he to p  p a r ts  a re  b ro u g h t 
over a n d  t r ie d  on, d ro p p in g  w h iten in g  dow n th e  
g a te s  a n d  v e n ts  be fo re  l i f t in g  off a g a in  in  o rd e r 
to te s t  th e  p o sitio n  of th e  dow n g a te s  and  v en ts .
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T he s tam p s a re  tr im m ed  off, th e  v en ts  filled in  
w ith  loose g reen  san d , an d  th e  m ould finally 
ex am ined  fo r  a n y  t ra c e  of d e tach ed  san d , for 
which pu rp o se  a  sm all e lec tric  lam p on a long 
tu b e  is used.

H a v in g  rep laced  th e  to p -p a r ts , th e  m ak in g -u p  
of th e  r ise rs  an d  p o u rin g  basins is begun . 
Hollow c y lin d rica l cores a re  c a re fu lly  p laced  in  
position , so as to  e x te n d  th e  down g a te  from  th e  
to p -p a r t  u p  to  th e  level of t h a t  req u ired  fo r 
the  bo ttom  of th e  b asin . T he head  box is p laced 
in p osition , and  th e  b asin  ram m ed  up and  cu t 
o u t to  shape such t h a t  b o th  end  basins have  th e  
down g a te s  close to  th e  side of th e  b asin  to  
p re v en t sw irlin g  of th e  m e ta l d u r in g  p o u rin g . 
The cen tre  g a te s  a re  b u ilt  u p  in  th e  sam e w ay, 
b u t  a long tro u g h  b asin  is used  to  ta k e  in  th e  
g a tes  on e ith e r  side of th e  m ould . T his basin  
is filled from  th e  a d ja c e n t bay  by m eans of a 
su itab le  ru n n e r ,  w hich is k e p t d ried  re ad y  fo r 
th e  purpose . T he dow n g a te s  in  th is  b a s in  a re  
p lugged w ith  s to p p e rs  u n t i l  th e  b asin  is well filled, 
and  th en  th e  flow of m eta l is re leased , as i t  
would o therw ise  be difficult to  keep u p  th e  
m eta l level.

The fo u r rise rs  on th e  head  end  are  m ade up 
to  th e  re q u ire d  h e ig h t  w ith  a  series of sq uare  
cast-iron  fram es in  th e  u su a l way. S ix  e x tr a  
risers a re  ta k e n  off th e  body section  of th e  
m ould. These a re  c u t back  from  th e  facings 
s itu a te d  a long  th e  to p  of th e  c a s tin g , and  
b ro u g h t up  th ro u g h  th e  to p  p a r t  to  th e  req u ired  
level. T h e ir  fu n c tio n  is to  he lp  to  free  th e  
m ould of a i r  w hich te n d s  to  become tra p p e d  d u r 
ing ra p id  filling. H eav y  cas t- iro n  w eigh ts in  
the  form  of long b a rs  a re  la id  a long  th e  sides 
of th e  to p  p a r ts  a f te r  c lam p in g  securely  an d  th e  
in te rv en in g  space ram m ed  up . W ith o u t  th is  
p recau tio n  th e  m eta l is v e ry  liab le  to  g e t o u t 
a t  th e  p a r tin g . F o u r  w e ig h ts of a b o u t a to n  
each a re  p laced  on th e  to p  p a r ts  as an  a d d itio n a l 
safe ty  m easu re , a n d  th ese  to  some e x te n t  p re
v en t s t r a in in g  of th e  to p  p a r ts  in  th e  final 
filling stages.

G a te  D im ens ion s
The g a te s  a t  th e  h ead  en d  consist of th re e  

re c ta n g u la r  in le ts , 2 |  in . by § in . a t  th e  cas tin g , 
fed by u p r ig h ts  4 in . by  f  in . Those a t  th e  
ta il-en d  co n sist of tw o m ea su rin g  2 ^ in . by |  in . 
an d  one 2 in . by f  in . T he f irs t tw o a re  fed  by 
a sing le  u p r ig h t  9 in . by  § in . an d  th e  o th e r  
by an  u p r ig h t  4 in . by  f  in . T he c e n tre  g a te s  
consist of one each  side  of th e  cen tre .

R ate  o f C astin g
T his c a s tin g  is b e s t c a s t qu ick ly , an d  th e  ra te  

used fo r  those  re fe r re d  to  is 6  to n s  p e r  m in u te . 
The o b jec t is to  cover th e  b o tto m  an d  fill th e  
shears as qu ick ly  as possible, b u t ,  as th e re  is a 
re la tiv e ly  l ig h t  sec tion  above th is , w ith  ra p id

filling  th e  m e ta l is c e r ta in  to  rise  too  quickly  
to w ard  th e  to p  a n d  m ay  s tr ik e  th e  to p  of th e  
m ould w ith  consid erab le  force.

T he use  o f th re e  lad les is  p re fe r re d  to , say, 
one la rg e  lad le  co llecting  all th e  m e ta l, as th is  
c a n n o t g ive such u n ifo rm  cooling co nd itions. 
W ith  th re e  lad les a n d  a  co n tin u o u s ta p p in g  
system  th e  m e ta l c an  be con v en ien tly  collected 
a n d  c a s t w ith  n o t m ore  th a n  20 o r 30 deg. C. 
d ifference  in  te m p e ra tu re . By s ta r t in g  all th re e  
lad les to g e th e r  an d  a llow ing one to  em p ty  early , 
th e  r a p id  filling  of th e  low er heavy  sec tion  can  
be accom plished w ith  a  som ew hat slower filling 
of th e  l ig h te r  u p p e r  sections of th e  m ould.

I f  th is  r a te  be n o t checked to w ard s th e  end 
a  sm all q u a n ti ty  of m e ta l is sh o t up  to  th e  roof, 
which, a lth o u g h  i t  does no h a rm  to  th e  m ould, 
is very  an n o y in g  to  those who have  to  be n e a r.

L ift in g
The bed is u su a lly  c a s t a t  4 p .m . N e x t m o rn 

in g  th e  to p  p a r ts  a re  l if te d  off a n d  th e  g a tes  
b roken  off and  th e  cen tre  p a r t  only covered w ith  
h o t sand . T hen  th e  ca s tin g  is l if te d  in. th e  
a fte rn o o n  of th e  follow ing day . A ty p ic a l 
sequence is :  C ast, T uesday , 4 p .m .;  ga tes
b roken , W ednesday , 10 a .m ., an d  lif te d , T h u rs
d ay , 2  p .m .

P recau tio n s  and Possible D efects
The in sp ectio n  and  s ta n d a rd  of q u a lity  re 

q u ired  seem to  go fa r  beyond w h a t is usua lly  
ex p ected  in  fo u n d ry  w ork. A sm all su rface  de
fec t in  th e  sh ears  w hich could n o t possibly in te r 
fe re  w ith  th e  usefu lness of th e  ca s tin g  would 
cause  re je c tio n  on th e  g ro u n d s of ap p ea ran ce  
alone.

As is  well know n, a p e rcen tag e  of defective  
c as tin g s accom panies a ll fo u n d ry  w ork, b u t  i t  is 
h ig h ly  d esirab le  t h a t  th is  p e rcen tag e  confines 
itse lf  to  som eth ing  less im p o r ta n t th a n  th e  cas t
ing  h e re in  described . T he defec ts to  w hich th is  
c a s tin g  is liab le  m ay  be lis ted  as fo llo w :

(1) C h ap le ts becom ing d islodged an d  fa llin g  
in to  th e  shears , w here th ey  m ay a p p ea r in  th e  
m ach ined  su rface .

(2) In fe r io r  co a tin g  on ch ap le ts  causes gas 
holes. Only th e  b est co a tin g s of p u re  t in  have  
been fo u n d  su itab le , and  th e  q u a lity  of th is  
c o a tin g  is checked by analysis.

(3) D efec ts d ue  to  d e tach ed  san d  d u rin g  
closing.

(4) Scabs du e  to  incom plete  d ry in g . As 
s ta te d  elsew here, th ese  do n o t a p p ea r  due to  
ex p an sio n  in  n o rm al c ircum stances.

(5) B u rn in g  of th e  m ould  sides re su lts  in 
bad  su rface  d e fec ts  accom panied  by w ashing.

(6 ) W ash ing  m ay occur u n d e r  th e  g a te s  along 
th e  shears if th e  sand  is n o t h a rd  ram m ed  and



of good d ry  s t r e n g th .  T his d e fec t is g u a rd e d  
a g a in s t  by  sp r ig g in g  a lo n g  th e  e n ti re  le n g th  of 
th e  sh ears .

(7) S ca lin g  of b lackw ash  is a  source  of d i r t  
in clu sio n s on th e  c a s tin g  su rfa ce . T h is is 
u su a lly  d u e  to  w eak  san d  c o n d itio n  o r fa u lty  
b lackw ash  m ix tu re ,  a n d  is la rg e ly  e lim in a ted  
by  th e  use of a  p ro p e r  m ix in g  m ach in e  to  re 
p lace  th e  old m eth o d  of m ix in g  by h a n d  in  an  
open  ta n k .

(8 ) Gas holes m ay  re su lt  a long  fins fo rm ed  
by excessive c lea ran ce  on th e  p a r tin g s ,  w hich 
may' be  a g g ra v a te d  by lack  of f lu id ity  in  th e  
m e ta l a f te r  c a s tin g , a n d  also by  low te m p e ra 
tu r e .

(9) Low B rin e ll h a rd n ess , w hich is f a ta l  w ith  
some in sp ec to rs . T h is  can  only  be overcom e 
by c o n tro l of t r ie d  a n d  p ro v ed  com position , 
c a s tin g  a n d  m e ltin g  cond itio n s.

(10) “  O pen ”  m ach in ed  su rfa c e  w hich  can  
occur ev en  w ith  good B rin e ll h a rd n ess . T h is 
is co n tro lled  to  a  la rg e  e x te n t  by  th e  fo rm  
a n d  q u a n ti ty  of g ra p h ite  in  th e  iro n .

(11) C hilled  edges a re  an  e v e r-p re se n t source 
of possib le tro u b le . T hese m ig h t  be la rge ly  
e lim in a te d  w ith  th e  fins, as a  m u ch  h a rd e r  
iro n  can  be u sed  w here  th e re  a re  no  fins.

(12) L ack  of m a c h in a b ili ty  d u e  to  th e  
p resence  of p ro -eu te c tic  c em en tite . T h is m ay  
r e s u l t  fro m  a  fa ir ly  sm all excess of ch rom ium  
over th e  low p e rce n ta g e  re q u ire d  w ith  low- 
silicon, low -carbon iro n .

U se o f C h ills  o r  D enseners

I t  should  be n o ted  t h a t  no ch illin g  is done 
on th e  su rfa ce  of th ese  beds, a n d  th e  h a rd n ess  
o b ta in e d  by  th e  p ro p e r com position  a n d  m e ltin g  
co n d itio n s has a  v e iy  h ig h  u n ifo rm ity  in  heavy  
sec tions. A c a s tin g  m ad e  in  th is  w ay is m uch  less 
su b je c t to  s t r a in s  ; d is to r tio n  is m o re  u n ifo rm  on 
m ach in ed  su rfaces  even  if  th e  cam b er does n o t 
t u r n  o u t  as ex p ec ted .

M e ta l C o n tro l and C o m p o s itio n

B esides th e  re g u la r  a n a ly sis  of sam ples ta k e n  
from  each  lad le , a  te s t-p ie ce  is c a s t  on  th e  sh ears  
a n d  of th e  sam e th ick n ess a s  th e  sh ea rs , so t h a t  
th e  c o n d itio n s  of cooling  w ill be th e  sam e. T his 
te s t-p ie ce  is p lan ed  dow n w ith  th e  bed  so t h a t  
th e  su rfa ce  of th e  m ach in ed  te sL p ie ce  w ill be th e  
sam e d e p th  below th e  c a s tin g  sk in  a n d  h av e  th e  
sam e s t ru c tu re .  T he te s t-p iece  is n u m b ered  
be fo re  leav in g  th e  fo u n d ry  a n d  w hen c u t  off is 
s e n t  to  th e  lab o ra to ry . On th is  th e  B rin e ll 
h a rd n ess  is checked a n d  th e  m icro-specim en c u t  
from  th e  m ach in ed  su rfa ce . T he m icro-specim en 
is n u m b ered  on th e  re v erse  s ide  a n d , a f te r  
e x am in a tio n , filed fo r reference.

S ince th e  d eg ree  of closeness of th e  m ach in ed  
su rfa ce  is d ire c tly  a ffected  by th e  size of th e  
g ra p h ite  flakes, th e  a c tu a l  m ea su re m e n t of th e s e  
is m ad e  in  o rd e r  to  g ive  som e n u m erica l v a lu e  
to  th is  p ro p e rty . T hus, to  say  t h a t  th e  81 c a s t
ings re p re se n te d  in  th e  g ra p h s  have  a n  a v e ra g e  
g ra p h ite  le n g th  of 6 . 8  th o u sa n d th s  of an  inch  
g ives a  d e fin ite  id e a  of th e  size of th e  m in u te  
cav itie s  m ad e  in  th e  su rfa ce  d u r in g  m ach in in g , 
since th e  pieces of m e ta l w hen to rn  o u t b re ak  
aw ay  a lo n g  th e  g ra p h ite  p la tes .

A su rfa c e  w hich  w ould be desc rib ed  by th e  
m ac h in is t as open , is asso c ia ted  w ith  g ra p h ite  
len g th  of 50 th o u sa n d th s  a n d  o f te n  w ith  fre e  
f e r r i te .  T he figu re  ta k e n  fo r each  m icro-speci
m en  is th e  av e ra g e  of 10 m easu rem en ts . T h e  
m ethod , like  m an y  o th e rs , m ay  be u n re liab le  
on  a sm all n u m b er of cases, b u t  if  c a re fu lly  done 
on a  la rg e  n u m b er, as in  th e  d a ta  u n d e r  con
s id e ra tio n , g ives u se fu l conclusions. S ince th e  
closeness of finish is th e  m ost so u g h t-a f te r  p ro 
p e r ty , th e  o th e r  d a ta  h av e  been  g ra p h ed  a g a in s t 
th is  in  o rd e r to  show, if  possible, w hich  condi
tio n s  o r se ts  of co n d itio n s  fa v o u r  sm all g ra p h ite  
size.

In  th e  case of th e  chem ica l an a ly s is , as in  th e  
o th e rs , th e  p o in ts  on  th e  g ra p h  (F ig . 8 ) a re  th e  
a v erag es of a ll th e  c a s tin g s  h a v in g  th e  sam e 
g ra p h ite  size. I t  w ill be  seen  t h a t  th e  g ra p h s  
a re  re m a rk ab ly  f la t  a n d  t h a t  g ra p h ite  size w ith in  
th e  ra n g e  fo u n d  is in d e p e n d e n t  of com position , 
t h a t  is, of course, p ro v id ed  th e  com position  is  
c o n tro lled  to  close lim its . T h e  m a jo r i ty  of cast- 
in g s  w ill be observed  to  h av e  g ra p h ite  less th a n  
11 th o u sa n d th s  in  le n g th , w ith  one a t  5 
th o u sa n d th s  w hich  m ay  b e  acco u n ted  fo r  by th e  
s lig h t excess of c h ro m iu m ; b u t  fo r  g en era l con
c lusions i t  m ay  be b e s t to  n e g le c t sin g le  cases.

T he B rin e ll  h a rd n ess  is seen from  F ig . 9 to  
fa ll as th e  g ra p h ite  size  increases , w hich  can  be 
re ad ily  accep ted . A lo w erin g  in  th e  p e rce n ta g e  
of coke c h a rg e  p e r  to n  of iro n  d u r in g  m e ltin g  
a p p e a rs  to  be  acco m p an ied  by a d rop  in  c a s tin g  
te m p e ra tu re  a n d  a n  in crease  in  g ra p h ite  size, 
w hich m ay  su p p o r t  th e  th e o ry  t h a t  h ig h  m eltin g  
te m p e ra tu re  re-dissolves g ra p h ite  m ore  com
p le te ly  th a n  low m e ltin g  te m p e ra tu re .  T he ty p e  
a n d  p e rce n ta g e  of ra w  m a te r ia ls  m ay  be ex
p ected  to  h av e  som e effect on th is  g ra p h ite  size.

F ro m  F ig . 10 i t  w ill be seen t h a t  th e re  is a 
te n d e n cy  to  in c re ased  g ra p h ite  size w ith  in 
c reased  s tee l a n d  w ith  re m e ltin g  th e  same- 
m a te r ia l,  b u t  on th e  whole th e y  seem  to  h av e  
b a lan ced  one a n o th e r  o u t  v e ry  well. I t  should  
be rem em b ered  t h a t  a ll o f th e se  fa c to rs  o p e ra te  
a t  once a n d  t h a t  th e  o b jec t h e re  h a s been to- 
p re v e n t  v a r ia tio n  a s  f a r  as possib le a n d  to  m a in 
tain- as sm all a  g ra p h ite  size  as is  possible, con
s is te n t  w ith  av o id in g  th e  o th e r  physical d e fec ts  
w hich m ay  occu r d u e  to  m e ta l co n d itio n s  w h ich



a re  u n su ita b le  to  good fo u n d ry  p ra c tic e  by ca rry - 
in g  th is  p u r s u i t  too  f a r .  Also, th is  g ro u p  of 
c a s tin g s  covers a p e rio d  of 3  years , w ith  i ts  
v a ry in g  m a rk e t  co n d itio n s, e tc . H ow ever, i t  
m ay  be sa id  w ith  som e sa tis fa c tio n  t h a t  th e  
97 c a s tin g s  re fe r re d  to  h ad  none of th e  d efec ts 
lis ted  o r  described , a n d  th e y  m ig h t be m odestly  
called  good cas tin g s.

D IS C U S S IO N

C o rin g  and B lo ck in g

Mb . R . D . L awrie sa id  he  h a d  no experience  
o f  m ak in g  la th e  beds, b u t  he  w ould like  to  ex
p ress h is a p p re c ia tio n  of th e  P a p e r  M r. 
B u ch an an  h ad  p re sen te d  to  th e  m eeting . 
R em ark in g  on th e  fa c t t h a t  M r. B u c h an a n  had  
based h is  P a p e r  on observ a tio n s on 81 cas tin g s, 
M r. L aw rie  sa id  th a t ,  h a d  he  been in  th e  
a u th o r ’s p lace, he  w ould h av e  ad o p ted  s ta n 
d a rd is e d  m eth o d s in  o rd e r to  ch eap en  p roduc
tio n , e .g ., co rin g  o u t  th e  sides of th e  m ould , b u t 
he added  t h a t  he n o ted  t h a t  h ad  a lre ad y  been 
d o n e  to  some e x te n t.

M b. Buchanan re p lied  t h a t  he  h a d  ap p lied  
co rin g  an d  b lo ck in g -o u t v ery  ex tensively  to  in 
c rea se  p ro d u c tio n  r a te  to  such an  e x te n t  t h a t  th e  
d ry in g  e q u ip m e n t now re p re se n te d  a  b o ttle  neck. 
T h ere  h a d  been am ple  scope fo r  i t  on  th e  o th e r 
c a s tin g s ;  e.g ., sm all beds w ere s p l i t  a n d  dum ped  
up in  ha lves u p  to  9 f t .  long, b u t  he  th o u g h t  i t  
would be m ore expensive  to  se t cores a long  th e  
sides a n d  w ould n o t leave  a  very  good su rface , 
ow ing to  th e  jo in ts  of th o se  cores. T he ad o p tio n  
o f s ta n d a rd ise d  m ethods w as d ifficult in  th is  case, 
as th e  firm  u su a lly  g o t sm all nu m b ers  of cas t
ings, an d  th ey  w ere w a n ted  in  d if fe re n t len g th s.

T e s tin g  C h a p le ts
Me . R o ss  sa id  t h a t  M r. B u c h a n a n ’s experience  

w ith  c h a p le t co a tin g s  confirm ed h is own e x p e ri
ence  of d efec ts d u e  to  ch ap le ts .

M r. B uchanan sa id  he  h a d  fo u n d  a  good c o a t
ing on th e  c h a p le t to  be im p o r ta n t  in  th e  m ak in g  
o f these  cas tin g s. H e  re g u la r ly  te s te d  ch ap le ts  
by m e ltin g  off som e of th e  c o a tin g  w ith  a clean  
g a s  flam e an d  e ffec tin g  a n  an a ly sis  on th e  sm all 
bead of m eta l th u s  o b ta in ed . T he m ethod  read ily  
showed th e  d ifference be tw een  a  p u re  t in  co a tin g  
an d  a  c h ea p e r ty p e . S ev era l cases of d efec ts 
w ere fo u n d  w hen p u re - t in  co a ted  ch ap le ts  could 
n o t be o b ta in e d  an d  ch eap er co ated  c h ap le ts  h ad  
to  be used  tem p o ra r ily .

C a s tin g  M eth q d s
M r. M a r s h a l l  d o u b ted  w h e th e r th e  m ould 

cou ld  be efficiently d r ie d  fo r 13s. 8 d. w ith  coke 
a t  33s. p e r cw t. H e  w ondered  w h e th er M r. 
B u ch an an , w hen u s in g  th re e  lad les, h ad  ex p eri
enced tro u b le  d u e  to  d i r t ,  especially  w hen one

of th e  ladles was em p tied  e a r lie r  th a n  th e  o th ers . 
H e  a lso asked if  th e  w ash of m eta l in  th e  m ould 
when u s in g  a lad le  a t  each en d  h ad  any  influence 
in  c au s in g  d i r ty  cas tin g s.

Mr . Buchanan assu red  M r. M arsh a ll th a t  
efficient d ry in g  was o b ta in ed , an d  ad d ed  t h a t  
m o u ld -d rie r fire-boxes h a d  been m odified as 
re g a rd s  g ra te  a rea . Ineffic ien t d ry in g  w ould cer
ta in ly  re su l t  in  a  d e fec tiv e  cas tin g . T here  w as a 
ten d en cy  fo r d i r t  to  be tra p p e d  if  th e  m eta l was 
cold, an d  th is  w as a  tro u b le  w hich h ad  to  be 
overcom e in  h is e a r lie r  experience . I n  a llow ing 
one lad le  to  be em p tied  befo re  th e  o th ers , th e  
head  of m eta l d id  n o t allow d i r t  to  g e t in to  th e  
cas tin g .

C o re  M ix tu re s

Mr . L ittle asked i f  M r. B u ch an an  h a d  ever 
used  a  co p p er a d d itio n  to  p re v en t ch illin g  a t  
jo in t  fin s; in  h is own experience  he h a d  found 
1 p e r cen t, h e lp fu l. H e  suggested  t h a t  th e  
c o k e /iro n  ra tio  used  by M r. B u ch an an  w as too 
low an d  likely  to  lead  to  tro u b le . H e  asked th e  
a u th o r  fo r d e ta ils  of th e  core m ix tu re  used.

Mr . B uchanan sa id  he  h ad  n o t used  any  copper 
ad d itio n , as he found  i t  unnecessary . H e con
firm ed t h a t  w ith  u n d e r  1 /- cw ts. coke pe r to n  of 
iro n  ho  g o t th e  b est possible co n d itions of m elt
ing . T his figure  was read ily  o b ta in ed  in  his 
B alan ced -B las t cupola . The core m ix tu re  in  use 
a t  p re se n t he  gave  as floor sand  w ith  u n d e r 1  per 
cen t. Colbond and  no o th e r  ad d itio n s. T his gave 
th e  follow ing a v e ra g e  f ig u re s :— G reen s tre n g th , 
4 lbs. ; p e rm eab ility , 73, and  d ried  s tre n g th , 
1 0 0  lbs.

Tn rep ly  to  M r. M cM anus, Mr . Buchanan 
sa id  t h a t  th e  ru n n e r  box used  w as a  p la in  ty p e  
w ith  no  special prov ision  fo r  d i r t  tr a p p in g . The 
sm all d i r t  t r a p s  shown in  th e  sketch  probab ly  
d id  n o t do m uch good, b u t  wero a n  o ld-estab
lished p ra c tic e  which he  h ad  n o t a tte m p te d  to  
a lte r .

F inal S tra igh tn ess
Mr . H urst w as specially  in te re s te d  in  th e  

m ethods M r. B u c h an a n  h a d  a d o p ted  to  ensu re  
t h a t  th e  beds w ould be  s tra ig h t .  H is  e x p e ri
ence was t h a t ,  a f te r  ro u g h  m ach in in g , th e re  was 
a ten d e n cy  fo r th e  ca s tin g  to  d is to r t,  due to  th e  
re lease  of c a s tin g  s t r a in s ; acco rd ing ly , he 
th o u g h t  i t  necessary  to  leave such cas tin g s  to  
season fo r  som e tim e  befo re  final m ach in in g .

M r. B uchanan  sa id  th e  m ethod  of p re v en tin g  
side  cam ber on th is  c a s tin g  was new as f a r  as 
he was a w a r e ; i t  w as u n o rth o d o x  b u t  com plete ly  
successful. T he cas tin g s w ere s ti ll  r a th e r  w arm  
w hen ta k e n  to  th e  d ressin g  sh o p ; in  fa c t, f  i n . 
of cam b er cam e o u t  a c tu a lly  d u r in g  cooling. In  
a ll cases re fe r re d  to , th e  cas tin g s w ere s t ra ig h t  
w hen cold, a n d  no  signs of tw is tin g  w ere ob



se rv ed  on ro u g h  m ac h in in g . Also, th e  cas tin g s  
re fe r re d  to  w ere  in  th e  shops over a y e a r  be fo re  
d esp a tch , a n d  o f te n  over 7 m o n th s  be fo re  com 
m en c in g  to  assem ble th e  m ach in e  w ith  th e  
p re se n t r a te  of p ro d u c tio n  in  th e  fo u n d ry .

M r . B a l l a n t i n e  (B ra n c h -P re s id e n t)  c o n g ra tu 
la te d  M r. B u c h a n a n  on th e  ex ce llen t P a p e r  he  
h a d  su b m itte d , an d  exp ressed  th e  m ost sin cere  
th a n k s  an d  a p p re c ia tio n  of th e  m em bers. R e fe r 
r in g  to  th e  m odel la th e -b ed  p a t te rn ,  he  re m a rk ed

th e  d esign  of th e  cross webs seem ed to  h im  to  be 
poor.

M r . B u c h a n a n  sa id  t h a t  tr ia n g u la r -sh a p e d  
cores w ere m ore tro u b leso m e th a n  sq u a re  cores, 
b u t  th e re  w as no  d o u b t of th e  m ark e d  su p e r io r ity  
of th e  d iag o n a l d esig n , a n d  th e  e x tr a  tro u b le  in 
m ak in g  was in  th e  en d  am p ly  ju s tif ie d . H e  con
c lu d ed  by say in g  t h a t  h e  w as in d eb te d  to  Jo h n  
L a n g  & Son fo r  pe rm iss io n  to  p u t  th is  P a p e r  
be fo re  th em .
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I t  is only p ro p e r, fo r anyone  s e t t in g  o u t to  
p re sen t a P a p e r  such as th is , to  define th e  scope 
of h is rem a rk s , even if  i t  is only  to  p re v e n t h im  
from  s tra y in g  too  f a r  from  th e  im m ed ia te  su b 
jec t of th e  p ro d u c tio n  of cas tin g s from  shell 
p a tte rn s  to  th e  la rg e r  su b je c t of th e  p ro d u c tio n  
of cas tin g s in  g en era l. T hus, by  “ shell p a t 
te rn s  ”  is m e a n t an y  p a tte rn s  w hich  leave th e ir  
own cores, o r, a lte rn a tiv e ly , a p a t te rn  which

fa c to r  w here th e  m o u ld in g  p rin c ip le  is so well- 
know n.

Sand

S an d  is a  m a te r ia l  which up  to  a  few years  
ago was ta k e n  a lm ost e n tire ly  fo r g ra n te d . I f  
a c e r ta in  f a u lt  s ta r te d  in  th e  cas tin g , such as 
scabbing, a c e r ta in  em pirica l rem edy  was 
ap p lied , an d  by a system  of t r ia l  and  e r ro r  th e

F i g . 1 .— I n t e r c e p t o r  T r a p s  m a d e  w it h  S h e l l  P a t t e r n s .

does n o t in c o rp o ra te  th e  use of cores m ade from  
a se p a ra te  corebox.

F o r  th e  a c tu a l  p ro d u c tio n  of cas tin g s, ex ac tly  
th e  sam e p la n t  is re q u ire d  as fo r o th e r  ty p es of 
m oulding, nam ely , san d , a  m o u ld in g  box a n d  a 
p a tte rn  whose o u te r  su rfa ce  is a facsim ile  of th e  
ob jec t to  be p ro d u ced , a n d  whose in n e r  su rface  
form s th e  sh ap e  of th e  core. I n  a c e n tre  such 
as F a lk irk ,  w hich  is v ery  closely assoc ia ted  w ith  
the  p ip e  t r a d e ,  th e  m a jo r i ty  of soil a n d  r a in 
w a ter p ip e  co nnections w ill a ll be m ade  from  
shell p a t te rn s ,  a n d  i t  w ill be rea lised  th a t  th e  
skill of th e  in d iv id u a l m ou lder is th e  decid ing

tro u b le  w as ev en tu a lly  rem oved. Now, how ever, 
we a re  in  a  m uch  m ore h ap p y  p o sitio n  re g a rd 
in g  th e  sand . A re g u la r  series of te s ts  typ ified  
by Table I  has been developed. These can  be 
sim ply  a n d  effectively used  in  an y  fo u n d ry , an d  
cover g reen  s tre n g th , d ry  s tre n g th , p e rm eab ility , 
g ra in  size a n d  m o is tu re , an d  i t  is know n t h a t  if  
th e  san d  gives c e r ta in  figures on these  te s ts , 
th e n  good c lean  cas tin g s, free  from  scabs, blow
holes a n d  m isru n s, can  be reasonab ly  expec ted . 
P e rso n a l experience  shows th a t  a  sand  confo rm 
in g  to  T able I  gives v ery  good re su lts  fo r th e  
av erag e  ru n  of cas tin g s p roduced  a t  th e  a u th o r 's



fo u n d ry . T he p e rm e a b ility  figu re  is p ro b ab ly  
h ig h e r  th a n  th a t  g e n e ra lly  fo u n d  in  th e  F a lk irk  
d is t r ic t ,  d u e  to  th e  h ig h e r  a v e ra g e  w e ig h t of th e  
c a s tin g s  th e re in  p ro d u ced , an d  th is  figure  is re 

bond . T he new  core sa n d  is  a  w ind-blow n sea 
san d  from  I rv in e ,  a n d , p ro v id ed  t h a t  reasonab le  
care  is ex erc ised  to  m a in ta in  th e  fines a t  a  cer
ta in  figure, th is  san d  g ives v e ry  good resu lts .

F i g . 2 .— T h e  S a m e  P r i n c ip l e  A p p l ie d  to A n t i - F l o o d in g  B all

V a l v e s .

F i g . 3 .— A  6 - i n . I n s p e c t io n - P ip e  S h e l l  P a t t e r n .

fleeted  in  th e  g ra in -s ize  d is tr ib u tio n  of th e  floor 
sa n d . T he raw  san d s used  a re  A venuehead  
rock  san d , E r i th  loam , a n d  a  sy n th e tic  sand  
fo rm ed  from  b u r n t  core  san d , b onded  w ith  Col-

M o u ld in g  Boxes
T he q u estio n  of m o u ld in g  boxes fo r  th is  ty p e  

of w ork  is v e ry  d ifficu lt, as a  system  h as a risen  
in  th e  t r a d e  of h a v in g  a  box fo r  each  se p a ra te



p a tte rn .  W h ere  th e re  is l i t t le  chance of a change  
in  d esign  of th e  cas tin g , th is  system  has u n 
d o u b ted  a d v a n ta g e s , as b a rs  m ay  be specially  
sh aped , an d  e v e ry th in g  fo rm ed  ju s t  to  fit th e

in g  boxes, c a re fu lly  th o u g h t o u t as re g a rd s  
len g th , w id th  a n d  d e p th , w hich  w ill cover th e  
e n ti re  ra n g e  of re g u la r  lines of cas tin g s, and  
a t  th e  sam e tim e  allow a  su itab le  box to  be

F i g . 4 .— I n s p e c t io n  P ip e  M o u l d s  k ea d y  fo r  C l o s i n g .

F i g . 5 .— T op H alf  of t h e  C ore  f o r  a

p a tte rn  a n d  no m ore, b u t ,  u n fo r tu n a te ly  alm ost 
ev ery th in g  changes sooner o r la te r  a n d  th e  
boxes have  to  be scrap p ed . A p erso n al p re ju 
dice is in  fa v o u r  of u sin g  sim ple  form s of m ould-

4 - i n . F l a n g e d  B e n d  8  f t .  6  i n . l o n g .

selected  to  m ak e  t h a t  in ev itab le  special, w hich  
a lw ays ju s t  fa ils  to  fit a box designed  solely fo r  
a p a r tic u la r  lin e  of cas tin g s.

T he re su lt  of a system  of a box p e r p a t te rn



c an  be seen in  a lm ost ev ery  fo u n d ry  p ro d u c in g  sk illed  m o u ld in g . F o r  tli is  reaso n  th e  s ta n d a rd
lig h t c a s tin g s , w h ere  th e  box y a rd  g e n e ra lly  of accu racy  d em an d ed  of a  m ach in e  p a t t e r n  is
exceeds th e  m o u ld in g  shop in  a re a , a n d  is filled n o t so e sse n tia l, a n d  f re q u e n tly  th e  sk illed

F i g . 6 .— T h r e e  F l a n g e d  H e a d e r s  m a d e  b y  u s i n g  R i g i d  
C a s t - I r o n  C o r e b a r s .

w ith  piles of sc rap  iro n  w hich  w ould  be f a r  b e tte r  
in  th e  fu rn a c e  th a n  slowly ru s t in g  aw ay  w a itin g  
fo r  th e  d ay  w hen  th e y  m ay  be called  on to  m ake

m o u ld er p roduces a p e rfe c tly  sh ap ed  c a s tin g  from  
w h a t w ould look to  th e  o u ts id e r  to  be a  p ile  of 
sc rap . T his re m a rk  does n o t re fe r  to  th e  cast-

F i g . 7 .— L o n g  F l a n g e d  B e n d s  m a d e  i n  M e e h a n i t e  M e t a l .

h a lf  a  dozen c a s tin g s , th e n  re tu rn e d  to  th e  y a rd .
Shell p a t te rn s ,  ow ing to  th e  f a c t  t h a t  they  

m ak e  o r leave  th e i r  own core, p re -su p p o se  h an d  
m o u ld in g , an d  n o t  on ly  h a n d  m o u ld in g  b u t

ings w hich  i t  is now p roposed  to  i l lu s t r a te  and  
d e sc rib e ; th e y  co n sist m a in ly  of sp ec ia l d ra in  
cas tin g s  w hich  h av e  been  su p p lied  in  th e  o rd i
n a ry  course  of t r a d e  d u r in g  re c e n t y ears .



S pec ia l D ra in  C astings
F ig . 1  shows a 6 -in . in te rc e p to r  t r a p  w ith  a

6 -in. back in le t  a n d  a  4-in . rev erse  c le a rin g  a rm . 
T his c a s tin g  is in  re g u la r  p ro d u c tio n , a n d  th e re 
fore is m ade fro m  a whole p a t te rn  ; th is  p a t te rn

can  c learly  be seen be tw een  th e  tw o halves of 
th e  box, w hile in  th e  fo reg ro u n d  lies th e  finished 
core, th e  whole m ould  b e in g  re ad y  fo r closing. 
F ig . 2 i llu s tra te s  th e  sam e fe a tu re s , b u t th is  tim e  
th e  su b jec t is a  4-in . an ti-flo o d in g  b a ll valve.

F i g .  8 . — A n  1 8 - i n . V e r t ic a l  I n s p e c t i o n  P i p e  f o r  E a r l s  C o u r t  
E x h i b i t i o n  D r a in a g e  S y s t e m .

A gain , a whole p a t te rn  is used, b u t h ere , owing 
to  th e  shape of th e  c a s tin g , b a lan c in g  a rm s have 
to  be em ployed to  keep th e  heel of th e  core from  
m oving d u r in g  cas tin g . R eferen ce  to  th e  design  
of core b a rs  w ill be m ade la te r  on.

F i g .  1 0 .— A  3 0 - c w r .  G r e e n - S a n d  C a s t i n g  
m a d e  f r o m  S h e l l  P a t t e r n .

T e m p o ra ry  P a tte rn s
F ro m  th ese  tw o exam ples of cas tin g s  p roduced  

from  p e rm a n en t shell p a tte rn s ,  th e  su b je c t passes 
to  exam ples of ty p es p roduced  from  te m p o ra ry  
or “  pieces ”  p a tte rn s .  A fte r  seeing  a few  ex 
am ples of th is  ty p e , no  one w ill have  an y  diffi
cu lty  in  u n d e rs ta n d in g  th e  m ean in g  of a 
“  pieces ”  p a t te rn ,  a n d  F ig . 3 shows th e  pieces

F i g . 9. A n  1 8 - i n .  I n t e r c e p t o r  T r a p  f o r  p a t te rn  fo r a 6 - in . in sp ec tio n  p ipe. T he v a rio u s
E a r l s  C o u r t . pieces a re  held  in  p o sitio n  on th e  b o a rd  b y  a  few

4SI R



n a ils , a n d  th is  whole p a t t e r n  p ro b ab ly  only  took  
an  h o u r to  assem ble a n d  fit to g e th e r. T he m ou ld 
in g  processes a re  c learly  seen  in  F ig . 4, w hich 
shows th e  m ould  re a d y  fo r  closing. T h re e -p a r t  
boxes a re  used  fo r  th ese  “ o n e -o ff”  c a s tin g s ; 
th ey  a re  u su a lly  p o u red  th ro u g h  ru n n e rs  a t  each  
end , a n d  use  is m ade  of th e  u b iq u ito u s  co tto n  
th re a d , w ith o u t w hich no conn ec tio n -m o u ld er 
seem s to  be h a p p y .

F ig .  5 shows th e  m ak in g  of th e  to p  h a lf  of 
th e  core of a  4 -in . flan g ed  ben d , 8  f t .  6  in . 
long. T hese cas tin g s  a re  te s te d  u su a lly  to  100

as deep  a n d  as n a rro w  as possib le fo r th e  c en tre  
o r m a in  p a r t ,  a n d  use  m ad e  of sh o r t la te ra l  
webs w ith  to es on  th e m  fo r  h o ld in g  th e  sand  
b o th  on th e  to p  a n d  b o tto m  ha lv es of th e  core. 
Such  a  core iro n  is a  r ig id  s t ru c tu re  a n d  resis ts  
b e n d in g  in  a  v e r tic a l p lan e . T h is d ire c tly  affects 
th e  n u m b er a n d  s t r e n g th  of th e  s tu d s  req u ired  
to  hold th e  b a r  dow n, a n d  also d ire c tly  influences 
th e  chances o f a  good c a s tin g . A heavy , shallow 
h a lf-ro u n d  b a r  is  only  a  n u isa n ce  in  a  fo u n d ry , 
h as a  very  sm all d eg ree  of r ig id i ty ,  an d  fre 
q u e n tly  w eighs tw ice  as m uch  as a b a r  in  which

I
F i g . 1 1 .— S p e c i a l  M a n h o l e  B o t t o m s  f o r  t h e  B a n k  o f  E n g l a n d .

lbs. p e r  sq. in .,  b u t  f re q u e n tly  u t  m uch  h ig h e r 
p re ssu re , so t h a t  i t  is e sse n tia l to  h av e  th e  core 
m a th e m a tic a lly  c o n cen tric  w ith  th e  body. T his 
can  be done e ith e r  by th e  use  of a consid erab le  
n u m b e r of s tu d s  o r  ch ap le ts , th u s  in c re a s in g  th e  
r isk  o f  leak ag e  in  th e  fin ished  c a s tin g , o r by 
e lim in a tin g  c h ap le ts  a lto g e th e r , u s in g  one stu d , 
a n d  d e s ig n in g  th e  c o reb a r to  g iv e  th e  m ax im u m  
r ig id i ty  com bined  w ith  s tre n g th .

C a s t-Iro n  C o re b a rs
I t  is su rp r is in g  how few  m o u ld e rs  re a lise  th e  

v a lu ab le  physica l p ro p e rtie s  of c a s t  iro n , p a r 
tic u la r ly  i ts  r ig id i ty ,  w hen th e y  a re  m a k in g  core
b a rs  o r g rids. A c o reb a r shou ld  a lw ays be  m ade

a  l i t t le  c a re  a n d  know ledge of th e  p ro p e rtie s  of 
ca s t iro n  have  been  used  d u r in g  m a n u fa c tu re .

T his q u e stio n  of th e  w e ig h t of co reb ars is 
e specially  im p o r ta n t  to -d ay , w hen  every  fo u n d er 
m u s t  keep  cost dow n to  a  m in im u m . T he re 
ac tio n , “  I  c a n ’t  r isk  a  c a s tin g  fo r  th e  sake of 
sa v in g  a  few  p o u n d s w e ig h t in  th e  core i ro n ,” 
is u n w a r ra n te d . I t  is su g g ested , how ever, th a t  
th o u g h t  he g iv en  as to  how by sk ill th e  s tre n g th  
of th e  core iro n  c an  be in c reased  by a  red u c tio n  
in  i ts  w e ig h t. I n  th e  a u th o r ’s fo u n d ry , th e  yield 
of c a s tin g s  h a s slowly in c re ased  from  62 to  6 8  

p e r  c en t, a t  p re se n t,  in  sp ite  of a  re d u c tio n  in  
heav y  p ip es c a s t, a n d  i t  is  c e r ta in  t h a t  an  
ap p rec ia b le  p a r t  of th is  in c re ase  is d u e  to  th e



rea lisa tio n  by th e  m ou lders of th e  fa c t t h a t  a 
heavy co reb a r is n o t necessarily  a r ig id  b a r.

F ig . 6  i l lu s tra te s  th re e  flanged  h ead ers , p a r t  
of an  o rd e r to r  an  oil refinery . T he top  c a s tin g  
is 8  in . bore by 13 f t .  6  in . long, an d  has eleven 
4-in. flanged  b ran ch es  on  one s id e ; th e  cen tre  
cas tin g  is 12 in . bore  by 13 f t .  6  in .,  a n d  th e  
bottom  c a s tin g  1 2  in . bore by 1 0  f t .  6  in . long. 
All these  c a s tin g s  w ere m ade  in  g re en  san d , m eta l 
|  in . th ic k , r ig id  co reb ars  w ere em ployed and  
th ere  w ere no d e fec tiv e  cas tin g s . T he te s t  p res
sure w as 150 lbs. p e r  sq. in .,  an d  “  pieces ”  shell 
p a tte rn s  w ere used . All th e  b ran ch es w ere .

F i g . 1 2 .- - C l o s e - u p  o f  t h e  l e f t - h a n d  C a s t i n g  
i n  F i g . 1 1 .

Long Flanged Bends
The successful p ro d u c tio n  of long flanged  bends 

such as a re  show n in  F ig . 7 calls fo r th e  very  
h ig h es t deg ree  of sk ill from  th e  m o u lder. These 
p a r tic u la r  cas tin g s  a re  co m plica ted  by th e  fa c t 
t h a t  th ey  a re  c a s t in  a  h ig h  g ra d e  of M eeh an ite  
m e ta l w ith  a s tre n g th  of over 2 1  to n s  p e r  sq. 
in ., an d  a phosphorus c o n te n t  u n d e r  0 . 1  per 
cen t. T hey  a re  su b je c t to  w ork in g  co n d itio n s 
ca llin g  fo r  com plete  absence of leak ag e  a t  a 
p re ssu re  of 350 lbs. p e r sq. in . a t  a  te m p e ra tu re  
of 300 dog. C. N a tu ra l ly , ch ap le ts  o r n a ils  have  
to  be red u ced  to  a  m in im u m ; in  th is  case only 
one w as used  in  each  cas tin g . T he co rebar 
h a s  to  be as r ig id  as possib le ; th is  is he lped  in  
th ese  cas tin g s  as th ey  a re  5 f t .  ra d iu s  from  flange 
to  flange, so th e  b a r  comes o u t w ith o u t h a v in g

T a b l e  I .— Properties of Pipe-Connection Heap Sands.

Moisture Per cent. 9.4 8.5
Apparent density 1 . 6 1.57
Green strength . . Lbs./sq. in. 3.6 4.0
Green permeability 39 38
Dry strength Lbs./sq. in. 17.5 25
Dry permeability 78 —
Loss on ignition . . Per cent. 5 .5 6 . 1

Clay >5 5.0 4.0

S i e v e  T e s t . Per cent. Per cent.
Left on 30 4 6

40 4 4
60 6 6

90 36 38
„ 1 2 0 2 0 2 0

„ 2 0 0 14 1 2

Through 200 16 14

1 0 0 1 0 0

m oulded on th e  p a r tin g , a n d  p a r tic u la r  c a re  was 
tak en  to  re lieve  th e  san d  a t  th e  back  of each 
end flange a f te r  c as tin g . T he n o rm a l c o n tra c 
tio n  on th ese  long c a s tin g s  is I f  in .,  an d  if  th is  
p recau tio n  be n o t ta k e n , one can  ex p ec t to  find 
one end flange to r n  off on o p en in g  th e  box n e x t 
m orning.

I t  is now proposed to  deal w ith  a sm all flanged 
connection , w hich, in  a d d itio n  to  h a v in g  a side 
branch, has a  few bosses a n d  h in g e  lugs to p  
and b o ttom . W ith  th o ro u g h ly  sk illed  p a tte rn -  
m ak ing  th e re  is no l im it to  fe a tu re s  of a special 
n a tu re  w hich  can  be ad d ed  to  a “  pieces ” 
p a tte rn  of th is  ty p e  w ith  th e  g re a te s t  of ease.

to  be b roken . I t  is also very  im p o r ta n t  to  fill 
these  m oulds stead ily  an d  evenly, an d  w ith  th is  
end  in  view e ig h t in g a te s  w ere p rov ided  on 
th e  p a r tin g  ; these  in g a te s  a re  fed  by tw o down- 
g a te s , an d  c a re  is ta k e n  to  th ro t t le  th e  m eta l 
flow before  i t  e n te rs  th e  m ould  to  avoid  h igh  
velocities a n d  th e  risk  of san d  w ashes. I t  m u st 
alw ays be rem em bered  in  th e  p ro d u c tio n  of c a s t
ings, p a r tic u la r ly  in  g reen  san d , t h a t  all th e  iro n  
has to  flow dow n th e  g a te  before  i t  e n te rs  th e  
m o u ld ; co n sider th e n , th e  care  w ith  w hich  th e  
m ould  is fin ished, o ften  in  places w here  only a 
few po u n d s of m olten  iro n  m ay  flow, com pared  
w ith  th e  sc a n t a tte n tio n  o f te n  g iven  to  th e  
g a te s  w hich a re  th e  m edium  of conveying several 
h u n d red w eig h ts  of m etal from  lad le  to  m ould.

F ig s . 8  a n d  9 i l lu s tra te  tw o la rg e  18-in. c as t
ings su p p lied  fo r  th e  m a in -d ra in a g e  system  a t  
th e  E a rls  C o u rt E x h ib itio n  b u ild in g  in  L ondon. 
F ig . 8  is a n  18-in. in sp ec tio n  p ipe  w ith  a  9-in . 

’ a n d  a  6 -in . v e r tic a l  socket b ra n ch  on th e  le ft-  
h a n d  side. T his c as tin g  w as m oulded in  g reen  
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sa n d  a n d  fro m  a  “  p ieces ”  p a t t e rn  in  a  th re e -  
p a r t  m o u ld in g  box. T he m o u ld in g  w as com 
p lic a te d  by  th e  f a c t  t h a t  th e  sockets of th e  
v e r tic a l b ra n ch e s  h a d  to  be  in  e x a c t po sitio n s

w ere used  to  ta k e  o u t th e  in te r n a l  groove on th e  
v e r tic a l sockets.

F ig . 9 shows an  18-in. in te rc e p t in g  t r a p  w ith  
a  9-in . c le a r in g  a rm . T h is c a s tin g  is n o th in g

F i g . 13.— C o r e  f o r  J o b  i l l u s t r a t e d  i n  F i g . 12.

F i g . 14.— D e e p e r  C a s t i n g  t h a n  t h a t  i n  F i g . 12, c a r r y i n g  a 
V e r t i c a l  S o c k e t .

re la tiv e  to  th e  m a in  bore  of th e  ch am b er, an d  
th e  p a t te rn m a k e r  th u s  cou ld  n o t j u s t  fin ish  th em  
off flush  w ith  th e  flange  ro u n d  th e  o p e n in g ; 
a lso  th e  sockets h a d  to  be c o rre c t to  B r i tish  S ta n 
d a rd  sizes in te rn a lly  a n d  e x te rn a lly . B lock cores

like  so com plex as th e  p rev io u s in sp e c tio n  p ipe, 
b u t  b o th  c a s tin g s  a re  o u t  of th e  o rd in a ry  as 
re g a rd s  size, a n d  fo r  th is  re a so n  a lone  very  
sp ec ia l c a re  w as ta k e n  d u r in g  th e i r  m a n u fa c tu re .

F ig . 10 shows w h a t is p e rh a p s  one of th e



la rg e s t g re en -sa n d  p ip e  c a s tin g s  th e  a u th o r ’s 
fo u n d ry  h a s  p ro d u ced . I t  w as fo r  a local colliery  
com pany a n d  w eighed  a ro u n d  30 cw ts. T he m a in  
bore ta p e r s  fro m  24 to  18 in .,  w ith  a  24-in. 
b ran ch , a n d  a ll flanges w ere  to  te m p la te . I t  is 
q u ite  a n ice  l i t t le  c a s tin g  to  hav e  p ro d u ced  from  
a “  pieces ”  shell p a t te rn .

B ank o f E ngland M a n h o le  B o tto m s
The n e x t  few  i llu s tra tio n s  re la te  to  th e  m ou ld 

ing  of a  n u m b er of sp ec ia l m anho le  bo ttom s 
which w ere c a s t in  co n n ec tio n  w ith  th e  re b u ild 
ing of th e  B a n k  of E n g la n d  h e ad  office. F ig . 11

F i g . 1 5 .— M o u l d  R e a d y  f o r  C l o s i n g .

shows th e  in sid e  shape  of five of th ese  cas tin g s 
a f te r  th e  to p  flanges h av e  been m ach in ed  and  
th e  shaped  w a te rw ay s a t  th e  b o tto m  of each  can  
ju s t  be d iscerned . T he size of th ese  m anhole  
bottom s v a r ie d  from  ab o u t 3 f t .  6  in . sq u a re  by 
2 f t .  deep to  24 in . by 18 in . by  6  in . deep. W ith  
each bo ttom  w ere  c a s t severa l eke pieces h av in g  
simple sockets c a s t on a t  d e fin ite  p o in ts  to  ca tch  
d ra ins com ing in  a t  h ig h e r  levels. Som e com plete 
u n its  w ere over 30 f t .  deep . U su ally  th e  m a in  
ou tle t sp ig o t w as 6  in . d ia . w ith  sev era l 4-in . 
branches, b u t  in  th e  sm a lle r u n its  4 in . d ia . w as 
used th ro u g h o u t. T he le f t-h a n d  c as tin g  is show n 
in  d e ta il in  F ig .  12, a n d  i t  w ill a t  once he 
observed t h a t  only  tw o of th e  sockets a re  on  th e

sam e level. T he in v e r t  of each  4-in . socket is 
d iffe re n t, only sm all on  tw o of th em  b u t  q u ite  
co n siderab le  on th e  o th ers . T h is c a s tin g  is q u ite  
shallow , b u t  som e w ere m uch  d eeper, a n d  th e  
to p  flange a n d  th e  flanges of th e  v a rio u s  ekes 
h a d  to  be m ach in ed  to  b r in g  th e  sockets accu 
ra te ly  to  p re d e te rm in ed  p o sitions so t h a t  th e  
se t t in g  of a  core in  such a c a s tin g  as th is  w as a 
m ost p a r t ic u la r  an d  e x a c tin g  piece of w ork.

F ig . 13 shows th e  core ju s t  p r io r  to  i ts  be ing  
p u t  b ack  in to  th e  box. T he v a ry in g  levels of 
th e  core b ran ch es  can  easily  he  seen. The core- 
iro n  was m ad e  by in v e r t in g  th e  p a t t e rn  b oard  
on a  level sand  bed, a n d  e s tab lish in g  th e  v a rio u s 
levels of each  b ra n ch . These b ran ch es w ere 
th e n  levelled  off a n d  th e  shape  of th e  b a r  fin
g e red  o u t  in sid e  th e  p a t t e rn  im pression . W here  
levels v a ried , such as in  th is  c a s tin g , th e  low er 
a rm s w ere covered over w ith  s tr ip s  of p a p er, 
a n d  san d  h eap ed  on  to p  to  re s is t  th e  flu id  p res
su re  w hile c a s tin g  th e  core iro n .

F ig . 14 shows a n o th e r  r a th e r  deep er cas tin g , 
w ith  a v e r tic a l socket to  h e lp  to  w o rry  th e  
m o u lder. I t  w ill be observed t h a t  th e  v a ry in g  
in v e r ts  of th e  sockets a re  a g a in  p re sen t. E x ac tly  
th e  sam e m ou ld ing  p ro ced u re  was follow ed w ith  
th is  ty p e  of v e r tic a l socket as w ith  th e  18-in. 
in sp ec tio n  p ip e , a n d  a  se p a ra te  block core used 
to  fo rm  th e  groove in sid e  th e  socket. I n  F ig . 15 
is show n th e  box re ad y  fo r  th e  to p  p a r t  be ing  
closed on ; th e  core is  v e ry  c learly  show n, b u t, 
u n fo r tu n a te ly , fro m  th e  side opposite  to  th e  
v e r tic a l b ran ch . W ooden ekes, such as show n, 
a re  o f te n  used  to  g ive  th e  r ig h t  d e p th  of th e  
m id -p a r t ,  b u t  v e ry  g re a t  care  m u s t be exercised  
w hen p u t t in g  on th e  to p  p a r t  to  avo id  “  off 
th e  tw is t  ”  cas tin g s, o r, worse s till, a  crush . 
No b a rs  c an  he  used  in  th e  m id -p a r t  w hen 
m o u ld in g  such  a c a s tin g ;  in s tea d , in  o rd e r to  
ho ld  th e  san d  firm ly in  p lace, severa l holes a re  
d rilled  on each  side an d  sh o rt b a rs  of iro n  
jam m ed  in . T he p ro je c tin g  ends of several of 
th ese  b a rs  a re  shown in  th e  p h o to g rap h . B e
yond  th e  m id -p a rt  can  be seen some of th e  p a t
te rn .  T his i l lu s tra te s  th e  g en era l co n stru c tio n  
em ployed, th e  m a in  p a r t  b e in g  b u i l t  u p  of wood, 
w ith  th e  b o tto m  flange fixed on, a n d  loose iro n  
pieces p laced  on to  fo rm  th e  to p  p a r t .
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This is a  su b je c t of g r e a t  co n tro v ersy , as 
opinions hav e  been  fo rm ed  a n d  re -fo rm ed , and  
one fo u n d ry m a n ’s ex p erien ce  h as c lashed  w ith  
a n o th e r’s, u n t i l  one beg in s to  rea lise  t h a t  th e re  
can he no q u estio n  of o rth o d o x y , b u t  r a th e r  a 
question  of th e  sensib le  a p p lic a tio n  a n d  reco rd 
ing of p a s t  ex p erien ce  w ith  d iffe re n t ty p es  of 
castings, d ue  c o n sid e ra tio n  b e in g  g iven  to  th e  
physical p ro p e rtie s  of th e  m e ta l cast.

The p rac tice s  w hich  a re  to  be described  m ay 
cause f u r th e r  co n tro v ersy , b u t  th ey  a re  exam ples

a n d  th e  sp ray s ta k e n  from  i t .  P e rso n a l e x p e ri
ence su g gests t h a t  th e  m a in  g a te  cross-sectional 
a re a  should  be 50 p e r cen t, g re a te r  th a n  th e  
to ta l  cross-sectional a re a  of th e  sp ray s  ta k e n  
from  i t ,  th is  e x tr a  allow ance b e in g  m ade to  ta k e  
care  of an y  flash w hich  m ay  form .

(3) I n  o rd e r to  en su re  c lean  m eta l e n te r in g  
th e  m ould , th e  use of d i r t  or slag  tr a p s  m ay be 
necessary . T h ere  a re  severa l d iffe re n t form s of 
these  tra p s .

CROSS SECTIONAL AREA OF DON NO ATE -SO% CHEATER 
THAN SPRAY

F i g . 1 .— S p i n  G a t e .

in  cas t-iro n  a n d  n o n -fe rro u s  alloys w hich have 
been found  e n tire ly  successfu l in  p e rso n al e x p e ri
ence.

F u n d am en ta ls
F ir s t  of a ll, c e r ta in  fu n d a m e n ta ls  in  g a tin g  and  

rising  m u st be ad h ere d  to . These a r e :  —
(1) To decide th e  ty p e  of g a te  w hich is best 

su ited  an d  m ost co n v en ien t to  use on th e  ty p e  of 
casting , o r k in d  of m e ta l be in g  considered , i.e .,  
w hether d ro p  g a te , b o tto m -p o u red  g a te , o r a com 
b in a tio n  of b o th .

(2) The c o rre c t size a n d  shape  is of n e x t im 
p o rtan ce, as th e y  g o vern  th e  speed of filling ; 
co n sid era tio n  should  be g iven  to  th e  re la tio n  
betw een th e  c ross-sectional a re a  of th e  m ain  g a te

F i g . 2 .— B y p a s s  G a t e . 

O ross-sectional a re a  of D ow ngate  is 
5 0  p e r  cen t, g re a te r  th a n  M a in g a te , and  
to ta l  oross-sectional a rea  of sp ray s is 

5 0  p e r  cen t, less th a n  M a in g a te .

Types o f G ates
F ig . 1 shows th e  sp in  g a te , so co n stru c ted  th a t  

th e  m e ta l from  th e  do w n g a te  sw irls in  th e  sp in n e r 
a n d  th e  m o tio n  g iven  to  th e  m eta l causes th e  
d i r t  to  rise  to  i ts  c en tre , a llow ing  a  c lean  s tream  
of m e ta l to  pass to  th e  sp ray . F ig . 2 shows th e  
bypass g a te , in  w hich ty p e  of g a te  a  r ise r  is con
n ec ted  to  th e  d o w ngate  by a  ch an n e l from  w hich 
th e  sp ray s a re  c u t a t  a  ta n g e n t .  The flow of 
m eta l from  th e  sp ray s is a g a in s t th e  flow of 
m e ta l in  th e  d o w n g a te , w hich is  a n  im p o r ta n t 
fa c to r . I n  th e  d ire c t t r a p  g a te  shown in  F ig . 3, 
a  dum m y r is e r  is p laced betw een  do w n g a te  an d  
sp ray  fo r  th e  re te n tio n  of an y  d i r t  in  th e  m eta l. 
T he d i r t  can  on ly  be re ta in e d  i f  th e  re la tio n  be- 
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tw een  th e  d o w n g a te  a n d  sp ra y  is co rre c tly  p ro 
p o rtio n ed .

(4) I n  fe ed in g , th e  f irs t co n s id e ra tio n  is th e

O ross-sec tional a re a  of D o w n g ate  is 
50 p e r  cen t, g r e a te r  th a n  M a in g a te , an d  
to ta l  oross-sectional a re a  of sp ray s is 

50 p e r  cen t, less th a n  M a in g a te .

or M onel. One should  b e a r  in  m in d  t h a t  all 
c a s tin g s  m u s t be co n sid ered  from  th e  ang le  of 
th e  hea.vy sec tio n  w hich  w ill be fo rm ed , an d  
a d e q u a te  r ise rs  lo ca ted  a t  places fo u n d  by ex 
p e rien ce  a s  s u ita b le  fo r av o id in g  sh rin k a g e  
cav itie s . Of course , th e se  p a r ts  m ay  som etim es 
be too inaccessib le  fo r  r ise rs  to  be  ta k e n  from  
th em , a n d  in  such  cases ch ills o r  denseners 
m u s t be used . F in a lly , th e  c a s tin g  te m p e ra tu re  
p lays a n  im p o r ta n t  p a r t  fro m  a  feed in g  p o in t 
o f view , b u t  th is  d ep en d s to  a g re a te r  o r lesser 
e x te n t  o n  th e  k in d  of m e ta l  c as t.

A p p lic a t io n  to  C a s t Iro n

F ig . 4 g ives a n  ex am p le  of th e  successful 
m eth o d  em ployed fo r  th e  r u n n in g  a n d  feed in g  of a 
5-in . d ia m e te r  cored  lin e r . T h is is  an  exam ple
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F i g . 4 . — T y p i c a l  D r o p  G a t e  f o r  S m a l l  
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k in d  o f m e ta l to  be o ast, on  a cco u n t of th e  
v a r ia tio n  in  liq u id  sh r in k a g e  o f d if fe re n t m e ta ls . 
F o r  ex am p le , in  c a s t  iro n  th e  sh r in k a g e  is con
s id e ra b ly  less th a n  in  s tee l, h ig h  te n s ile  b ronze

F i g . 5 . — T y p i c a l  U s e  o p  C o m b i n e d  D r o p  
a n d  B o t t o m  P o u r  G a t e s .

of th e  d ro p  g a te  w h ich  is p ro p e rly  b a lanced . 
On th is  le n g th  of l in e r  a 3-in . h e ad  is em ployed 
to  overcom e sh r in k a g e , an d  also to  rece ive  any  
d i r t  w hich  m ay  hav e  fo u n d  i ts  w ay  in to  th e  
m ould . N o te , how ever, th e  s a fe ty  p recau tio n  
of p lu g g in g  th e  m a in  g a te  in  th e  po u rin g  
h ead , w hich  is  f irs t filled w ith  m e ta l be fo re  th e  
p lu g  is rem oved . I f  th is  p o u rin g  h ead  is  m a in 
ta in e d  fu ll, a ll  d i r t  sh o u ld  be t r a p p e d  o n  th e  
su rfa c e  o f th e  m e ta l. T h e  d ro p  g a te  is so 
a r ra n g e d  t h a t  m e ta l on  e n te r in g  th e  m a in  g a te  
is d iv e r te d  by  m ean s of a  c h an n e l c u t  in  th e  
c irc u m fe re n ce  of th e  to p  p r in t ,  th e n c e  th ro u g h  
th e  c o m m u n ic a tin g  sp ra y s  to  d ro p  p e rp en 
d ic u la rly  in to  th e  m ould .

F ig . 5  i l lu s t r a te s  th e  g a t in g  of a  la rg e  lin e r 
u s in g  a  co m b in a tio n  of th e  d ro p  a n d  b o tto m
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g ates. The d ro p  g a te , b e in g  th e  sam e as in  
th e  ex am p le  o f th e  sm all l in e r , needs no  fu r th e r  
e x p la n a tio n . T he a d d itio n a l g a te , how ever, is
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F i g . 6 .— B a l a n c e  o f  G a t e s . T h e r e  a r e

2  S t r a y s  o f  2  s q . i n . t o t a l  a r e a  a n d  
2  D o w n g a t e s  o f  3  s q .  i n .  t o t a l  a r e a .

CORES FORMING CHANNEL

Vw '

'V a n 

'  /

\ 1
1 1
'/ / / / // / /Y /Ź -  
4 y? '.

i”*

PLAN

d ro p  g a te s  as show n, fo rm in g  a  cushion on 
which to  receive th e  bu lk  of m eta l a d m itte d  
by th e  series of sp ray s. T his cush ion  effect 
p ro tec ts  th e  b o tto m  of th e  m ould  from  th e  shock 
i t  would rece iv e  i f  th e  b o tto m  g a te  w ere o m itted . 
In  m oulds o f ab n o rm a l d e p th , th e  use  of th e  
com bined drop  a n d  bo ttom  g a te  is  good 
p rac tice .

F ig . 6  shows th e  use  of th e  b o tto m  g a te  
w ith  d i r t  t r a p  an d  skim m ed p o u rin g  h e a d  as 
ap p lied  to  a  gearcase. Two dow ngates bo th  
ru n  from  th e  one p o u rin g  (head, a s ing le  sp ray  
be ing  ta k e n  fro m  each  a n d  r u n  to  th e  bo ttom  
flange, th u s  e n su rin g  qu ick  covering  o f low est 
p a r t  of m ould  an d  red u cin g  th e  likelihood of 
scabb ing  to  a  m in im u m . R ise rs  as shown in  
F ig . 6  a re  su ita b ly  p laced fo r feed in g  purposes.
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F i g . 7 .— S e c t i o n  a n d  P l a n  s h o w i n g  F o r m a t io n  
o f  S k i m m e d  R u n n e r  B o x .

bottom  ru n  a n d  fo rm ed  on th e  by-pass p rin c ip le . 
I t  is a m ed ium  w hereby  a sm all a m o u n t of 
m etal is  a d m itte d  to  th e  m ould  by p lu g g in g  th e

F i g . 8 .— L a r g e  P u m p  R o t o r .

T he sk inuned  p o u rin g  head , as shown in F ig . 
7, is  co n stru c ted  by u s in g  cores grooved to  form  
a co m m u n ica tin g  ch an n e l betw een th e  dow ngate  
an d  th e  b asin . T hese cores a re  ram m ed  in 
position . The h e ad  box is th e n  siev ed  and  
d ried  w ith  th e  m ould  an d  placed in  position  
p r io r  to  cas tin g . The head  is k e p t well filled 
a n d  only  c lean  m e ta l can  e n te r  th e  dow ngate. 
T he t r a p  p ro v id ed  a t  b o tto m  ru n n e r  ta k e s  care  
of an y  d i r t  w hich .may possibly e n te r  th e  dow n
g a te  a t  th e  com m encem ent of pouring .

A p p lic a tio n  to  M o nel M e ta l 
M onel M eta l is  a n  alloy of 65 p e r cen t, n ickel, 

32 p e r  cen t, copper, 0.5 to  1 .0  p er cen t, m an g a 
nese, a n d  0.5 to  3 .0  p e r cen t, silicon. C are  m u s t 
be ta k e n  in  c a s tin g  th is  m a te ria l  on  accoun t o f 
i ts  h ig h  liqu id  sh r in k a g e  an d  high p o u rin g  tem -
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p e ra tu re  (1,560 deg . C .). I n  p ra c tic e  th e  p ro 
d u c tio n  o f c a s tin g s  is  m o re  o r  less s im ila r  to  
steel. T h e  sa n d  fo r  cores a n d  m o u ld s m u st 
be h ig h ly  r e f r a c to r y  a n d  a m p le  fe e d in g  h ead s

COMBINED RISER & CATE

F ig . 9 . — M o u l d  f o r  1 4 - i n .  D i a .  
E x t r a c t i o n  P u m p  I m p e l l e r .

in  c e n tre  of m ould . T h e  c e n tre  boss is  ab o u t 
1 |  in . th ic k , a n d  th e  h u b s  a t  to p  a n d  b o ttom  
a b o u t 4£ in . th ic k . To th ese  18 b lad es of ¿-in . 
sec tio n  a re  a tta c h e d  a n d  sh ap ed  as show n in  p lan .

GATE RISERS

F i g . 11.— S e c t i o n  o f  M o u l d  f o r  F e e d  
P u m p  I m p e l l e r .

allow ed to  overcom e sh r in k a g e  tro u b le s . Grates 
a n d  rise rs  re q u ire  c a re fu l co n s id e ra tio n , a s  every  
c a s tin g  is a  p ro b lem  in  its e lf .  T h ere  is no 
g e n e ra l ru le  to  be  follow ed fo r  g a te s  a n d  r ise rs , 
b u t th e  h ig h  c o n tra c t io n  (J  in . p e r  f t .)  m u s t he 
ta k e n  in to  a cc o u n t. S p ra y s  a re  m ad e  pro-

T h ere  a re  tw o s ta y  rib s  a b o u t  1^ in . by ^ in . 
a t  th e  to p  a n d  b o tto m  of th e  b lades as shown 
a t  X X .

T he v a ry in g  th ic k n e ss  of m e ta l caused  unequal 
b a lan ce  of cooling , w hich  w as f u r th e r  aggra-

F ig . 1 0 .— P l a n  o f  P u m p - I m p e l l e r  
M o u l d  s h o w n  i n  F i g .  9 .

p o rtio n a te ly  g re a te r  th a n  th ose  used  fo r s im ila r  
c a s tin g s  in  c a s t  i ro n , th is  p ro p o rtio n  b e in g  in  
th e  re g io n  o f 5 0  p e r  c en t.

T he m eth o d  o f fe ed in g  a n d  g a tin g  a  la rg e  
pum p ro to r  in  M onel M e ta l, show n in  F ig . 8 , 
w as a d o p te d  a f te r  some un su ccessfu l a tte m p ts  
h ad  been  m ad e  u s in g  a  d ro p  g a te  on  th e  boss

F i g . 1 2 .— P l a n  o f  M o u l d  f o r  F e e d - P u m p  
I m p e l l e r .

v a te d  by th e  p o sitio n  of g a t e ; fo r  ex am p le , when 
c a s t  in  th e  h u b , th e  c a s tin g  c rack ed  d ue  to  
u n ev en  cooling  on c o n tra c tio n . To overcom e 
th is  d e fec t, to p  a n d  b o tto m  ru n n in g  a t  th e  stay  
rib s, i .e .,  a t  YY w as u se d ;  th is  m ore  even  h e a t 
d is tr ib u tio n  overcam e th e  u n e q u a l h e a t  balance. 
T he r is e r  p ro v id ed  fo r  fe ed in g  is  of th e  sam e
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d ia m e te r  as th e  boss on th e  ca s tin g . T he rise r  
is c u t off be fo re  m ach in in g .

On every  M onel c a s tin g  a p a te n t  re fra c to ry  
(black in  colour) is used to  cover all feed in g  heads 
a f te r  c as tin g . T h is re fra c to ry  helps to  keep  th e  
feed ing  h e ad  liq u id , th u s  p re v e n tin g  th e  fo rm a
tion  of sh r in k a g e  cav itie s .

F igs. 9 a n d  10 show th e  section  a n d  p lan  
of a tu rb in e  e x tra c t io n  p um p im p e lle r m ould . 
This im p e lle r is f a ir ly  u n ifo rm  in  sec tion , th e  
e ig h t b lades b e in g  f  in . th ic k . T he to p  an d  
bo ttom  sh rouds a re  also § in . th ic k . T he h eav ies t 
section  is th e  c e n tre  boss, w hich  is 2 1  in . th ic k . 
As th is  c a s tin g  is m ach in ed  a ll over, g re a t  c are  
has to  be ta k e n  in  a r ra n g in g  g a te s  an d  rise rs ,

F i g .  1 3 .— M o u l d  f o r  V a l v e  B o d y  w t t h  t x - i n .  
M e t a l  S e c t i o n .

and p ro v id in g  am ple  v en ts  to  e n su re  soundness. 
H ow ever, th is  ex am p le  is s t ra ig h tfo rw a rd  an d  
is ty p ic a l o f  n o rm al p ro d u c tio n  w ith  M onel 
M etal. A com bined g a te  an d  r ise r  is used  down 
the  c e n tre  of th e  boss. T h is a r ra n g e m e n t is used 
for tw o r e a s o n s : (1 ) because  i t  is th e  p o in t
which gives q u ick es t access to  all p a r ts  of th e  
mould, in c lu d in g  th e  b lades, a n d  th u s  is ideally  
located fo r g a tin g , a n d  (2 ) i t  is th e  h eav ie s t 
section of th e  ca s tin g , an d  th u s  th e  p a r t  m ost 
re q u irin g  a d eq u a te  feed in g . R ise rs  a re  also 
tak en  from  to p  of p a ck in g  r in g  d ia m e te r  for 
feeding pu rposes as shown a t  B B .

T u rb in e  Feed P um p Im p e lle r
Figs. 11 an d  12 show a n  exam ple  of a n o th e r 

ty p e  of im p e lle r to  be c a s t  in  M onel M etal.

In  th is  case th e  c en tre  boss is a b o u t l^ in .  d iam ete r 
sp re ad in g  o u t to  6  in . d iam e te r  w here  i t  jo in s  
th e  sh ro u d . T here  is a f u r th e r  th ick n ess  of 
m e ta l a tta c h e d  to  th is  sh ro u d  fo r  th e  p a ck in g

F i g . 1 4 .— M o u l d  f o r  D e - a e r a t o r  C a s t i n g , 
i n  8 - f t .  S q u a r e  B o x .

r in g  as show n a t  AA in  th e  sec tio n al view 
(F ig . 11). The b lades of th is  im pelle r a re  only 
-fe in . th ick , while th e  sh ro u d  is f  in . and  th e  
pack in g  r in g  1J in . th ic k . T here  is an  ex
trem ely  heavy  section  of m e ta l a t  th e  boss.

F i g .  1 5 .— A r r a n g e m e n t  o f  S p r a y s  f o r  
D e - a e r a t o r  C a s t i n g .

I f  c as t in  th e  n o rm al w ay as shown in  th e  
prev ious exam ple  of th e  e x tra c tio n  pum p im 
peller (F ig . 9), sh rin k ag e  would occur a t  th is  
heavv  section . I n  o rd e r to  overcom e th is  th e  
m ethod  of m o u ld in g  was rev ersed  so as to  o b ta in  
rise rs  over th e  cen tre  boss and  from  th e  p ack in g



p o in ts  GG (F ig . 11). T he sp ra y s  u sed  a re  of 
re c ta n g u la r  sec tio n  2  in . by  J  in .,  w hile  th e  
d o w n g a te  is 2  in . d ia m e te r .

G u n m e ta l
T he exam p les g iv en  u n d e r  th is  h e a d in g  w ere 

c a s t in  A d m ira lty  g u n m e ta l of th e  follow ing 
a p p ro x im a te  c o m p o s itio n :— C o pper, 8 8 ; t in ,  9.5 
to  10; z inc , 1.8 to  2 ; a n d  lead , 0.5 p e r  cen t. m ax. 
I n  d e a lin g  w ith  th e  g a tin g  a n d  fe ed in g  of th is  
a lloy , th e  m a in  p o in ts  fo r a t te n tio n  a r e : — (1 ) 
T he sp ray s  shou ld  be la rg e r  in  a re a  genera lly  
th a n  re q u ire d  fo r  c a s t i r o n ;  a n d  (2 ) w hile  risers

V

M J O IN T  , LINE ~
F i g . 1 7 .— M o u l d  f o r  H i g h - T e n s i l e  B r o n z e  

P u m p  C a s i n g .

m e n t g ives d i re c t  access to  a ll th e  b lad es, a n d  
h a s  been  fo u n d  to  be  th e  m o st successfu l m eth o d  
of c a s tin g  th is  ty p e  of im p e lle r. Two h a n d  
ladles a re  re q u ire d  to  c a s t  th ese  im p e lle rs  a t

F j g . 1 8 .— R e p r e s e n t a t i o n  o f  P u m p - C a s i n g  
C a s t i n g .

a re  necessa ry  to  d eal w ith  liq u id  sh rin k a g e  in  
some cases, feed in g  is m ore  o r less re g u la te d  by 
th e  c a s tin g  te m p e ra tu re .

T h ere  h as been  am p le  ev id en ce  of sh rin k ag e  
cav itie s  d u e  to  too  low a  c a s tin g  te m p e ra tu re . 
T h ere  is a  w ide d iv erg en ce  of o p in io n  as to  th e  
c o rre c t c a s tin g  te m p e ra tu re ,  d u e  possibly to  th e  
fa c t  t h a t  v a rio u s  a u th o rs  h a v e  in  m in d  d iffe ren t 
k in d s  of c a s tin g s  a n d  d iffe re n t fo u n d ry  condi
tio n s . I n  th e  exam ples g iv en  th e  c a s tin g  te m 
p e ra tu re  ra n g e  of th e  m e ta l w as 1,180 to  1 , 2 2 0  

deg. C. T his te m p e ra tu re  ra n g e  h a s  been  fo u n d  
m ost s a tis fa c to ry  fo r  th e  a u th o r ’s ty p e  of w ork.

■f
.'•i-G' ! ' 1

r in g , as show n. F u r th e r ,  to  avo id  c ra c k in g  an d  
to  g ive  a  m ore  ev en  h e a t  d is tr ib u tio n , tw o  s id e ' 
g a te s  c u t  a t  th e  p a r t in g  w ere  u se d ; th is  a r ra n g e -

SPRAY \  CASTING

F i g . 1 6 .— S h a p e  o f  S p r a y s  f o r  G u n m e t a l .

2nd  JOINT 
LINE



G u n m e ta l V a lv e  Body
F ig . 13 shows th e  sec tio n  a n d  p lan  of a  valve 

body, fa ir ly  u n ifo rm  in  sec tion . T he m an n e r in  
w hich th is  body is g a te d  w ill serve to  i l lu s tra te  
a  c lean  a n d  successfu l m ethod  w hich is ty p ica l 
of n o rm al p ro d u c tio n  in  g u n m eta l a n d  can  w ith  
m odifications be a p p lied  to  n u m ero u s ty p es  of 
cas tin g s. As show n in  F ig . 13, th e  m e ta l e n te rs  
th e  m ould  th ro u g h  flanges AA by tw o in -g a tes  
BB of th e  d ire c t d i r t - t r a p  ty p e , c o rrec tly  p ro 

g a tin g  had  to  be considered  very  care fu lly , m ore 
p a r tic u la r ly  since in te rn a lly  th e  ca s tin g  h a d  a 
baffle box a tta c h e d  by rib s  to  th e  e x te rn a l con
to u rs  of th e  cas tin g . A rra n g em e n ts  h a d  to  be 
m ade to  g e t  th e  h o t m e ta l to  th is  box as well 
as p rov ision  fo r  c a s tin g  th e  o u tsid e  co n tours . 
T he follow ing a r ra n g e m e n t was fo u n d  to  give 
sa tis fa c tio n  by avo id in g  a m is -ru n . P ro v isio n  
was m ade  fo r c a s tin g  w ith  tw o lad les, one on 
e ith e r  end  of th e  m ould. A t A, F ig . 14, on th e

F i g . 1 9  ( b o t t o m ) . — T o p  B o x  P l a n  o f  M o u l d  
f o r  H i g h - P r e s s u r e  P u m p .

F i g . 2 0  ( t o p ) . — M i d - S e c t i o n  o f  M o u l d .

p o rtio n ed , e n su rin g  a  flow of c lean  m e ta l to  th e  
m ould. R ise rs  ta k e n  from  th e  c a s tin g  a t  th e  
po in ts shown overcom e liq u id  sh rin k a g e , feed 
ing  be ing  governed  by c o rre c t c a s tin g  te m p e ra 
tu re .

G u n m e ta l D e -A e ra to r

F ig . 14 is a p lan  a n d  section  of a  m ould  fo r 
a  la rg e  g u n m e ta l d e -a e ra to r  c a s tin g  w eigh ing  
a p p ro x im a te ly  2  to n s, a n d  of ts in . a v e rag e  th ic k 
ness. On a cco u n t of i ts  size a n d  sec tion , th e

m ain  core p r in t ,  tw o channels w ere c u t  an d  each 
was fed  by a  m ain  g a te . E ig h t  sp ray s w ere 
ta k e n  off th ese  ch annels and  e n te re d  th e  m ould 
a t  flange X  (F ig . 15).

These m ain  g a te s  w ere 2£ in . d iam e te r , w hile 
th e  sp ray s w ere 1^ in . by \  in . A t BB (F ig . 14), 
a t  th e  o th e r  end  of th e  m ould , and  e n te r in g  stools 
a t  th e  b o tto m  of th e  m ould , a  fu r th e r  tw o m ain  
g a te s  w ere  p laced , each  h a v in g  a  sp ra y  w hich 
e n te re d  th e  stool a t  th e  flange. These g a te s  
w ere 2  in . d iam e te r , w hile  th e  sp ray s ta k e n  off



w ere 1^ in . sq u a re . N o te  a r ra n g e m e n t of by 
passin g  th e  m e ta l to  a  dum m y r ise r  in  o rd e r  to  
en su re  c lean liness.

T h is a r ra n g e m e n t d id  n o t succeed in  g e tt in g  
th e  m e ta l to  th e  b o tto m  of th e  m ould , a n d  it  
w ould h av e  risen  in  th e  m ould  a b o u t 1  f t . ,  and  
th e n  tu m b le d  back  in to  th e  cooler b ra n ch , which 
is a t  th e  b o tto m  of th e  m ould , a n d  m ig h t have  
caused  cold sh u t. To avoid  th is  th e  stool flange 
n e a re s t th is  b ra n c h  w as co n n ec ted  by tw o sp ray s, 
as show n a t  CC, F ig . 14. T hese sp ra y s  w ere 
1£ in . sq. B y th is  a r ra n g e m e n t, im m ed ia te ly  
th e  stool flange  becam e fu ll of m e ta l, i t  w as by
passed  to  th e  b o tto m  of th e  m ould . F in a lly , 
on to p  side  of th e  m ould  fo u r  d rop  g a te s  w ere 
used  a t  D D , as show n in  F ig . 14. T hese w ere 
so a r ra n g e d  to  pass dow n th e  m e ta l th ick n ess 
of th e  to p  stools, w hich , in  tu r n ,  w as connected  
by r ib s  to  th e  baffle box in te rn a lly .

0  INDICATES WHERE SHRINKAGE OCCURRED

F i g . 21.— P l a n - S e c t i o n  o f  M o u l d  f o r  P u m p  
C a s t i n g .

On c as tin g , th ese  g a te s  w ere p lu g g ed , an d  
g a te s  a t  A a n d  B s ta r te d  first. W h en  i t  was 
ju d g e d  t h a t  th e  m e ta l h a d  risen  in  th e  in te r io r  
of th e  m ou ld  to  th e  b o tto m  side of th e  baffle box, 
i .e .,  a t  Y (F ig . 14), th ese  p lu g s w ere rem oved 
a n d  h o t m e ta l allow ed to  d ro p  on to  th e  r is in g  
m eta l. These g a te s  w ere 2 in . by  j- in . R ise rs  
w ere ta k e n  off as show n a t  po sitio n s R , R , R , 
a n d  w h istle rs , as show n by arrow s in  F ig . 14, 
in  th e  box core to  a ss is t in  e lim in a tin g  any  
chance  of a n  a ir  lock in  t h a t  p o rtio n  of th e  
ca s tin g .

H ig h -T e n s ile  B ro n ze

T he alloys fro m  w hich exam ples a re  g iv en  
u n d e r  th is  h e ad in g  a re  m ad e  u p  a p p ro x im a te ly  
as fo llo w :— C opper, 54 p e r c e n t . ;  z inc, 40 p e r 
cen t. ; iro n , 1.7 p e r cen t. ; a lu m in iu m , 2  p er 
c e n t . ; an d  m an g an ese , 2.8 p e r  cen t. T he te n 
sile  s tre n g th s  in  th e  as-cast co n d itio n  a re  in 
th e  reg io n  of 38 to  42 to n s  p e r  sq. in .,  w ith  a n

e lo n g a tio n  of 20 to  28 p e r cen t. T his alloy 
has a n  ex tre m e ly  h ig h  liq u id  sh r in k a g e , an d  on 
th is  a cco u n t heav y  r ise rs  o r feed in g  h ead s a re  
req u ire d . G a tin g  h as to  be such  t h a t  as lit t le  
tu rb u le n ce  as possible occurs w hen  ca s tin g . This 
tu rb u le n c e  causes th e  fo rm a tio n  of z inc  oxide 
w hich, lik e  san d , is h ig h ly  re fra c to ry ,  a n d  form s 
a n  in clu sio n  to  th e  d e tr im e n t  of th e  cas tin g . 
S p ray s, th e i'e fo re , m u s t be s i tu a te d  a t  th e  low est 
p o in t of th e  c a s tin g  a n d  sh ap ed  as is show n in 
F ig . 16 to  o b v ia te  “  fo u n ta in  ”  effect. C astin g  
te m p e ra tu re  is also im p o r ta n t  fo r  th e  sam e

F i g . 2 2 .— C r o s s - S e c t i o n  o f  M o u l d  
f o r  P u m p  C a s t i n g .

reason  as w ith  g u n  m eta l. T he m ost sa tis fac to ry  
c a s tin g  te m p e ra tu re  ra n g e  fo r th is  m e ta l, in  the  
a u th o r ’s ex p erien ce , is  980 to  1,020 deg. C.

H ig h -T e n s ile  P um p C asing

F ig . 17 shows a  sec tio n  th ro u g h  th e  assem bled 
m ould  a n d  cores of a tu rb in e  p um p cas in g  in 
h ig h -ten sile  b ronze. T h is p u m p  has a n  oil box 
w ith  b e a r in g  a tta c h e d  to  th e  m a in  pum p body. 
The av e ra g e  section  is a b o u t ^ in .,  w hile  th e  
p um p its e lf  v a rie s  fro m  2-in. to  3 J-in . section. 
On a cc o u n t of th e  h ig h  sh r in k a g e  of th e  m etal 
th e  p a t t e rn  w as m ad e  so t h a t  th e  heavy  pum p 
sec tions w ere on th e  u p p e rm o s t p o rtio n  of the  
m ould . T he oil box w as a r ra n g e d  a t  th e  bottom .

A g a te  C w as fo rm ed  as show n in  F ig . 17 
(section  of m ould) a n d  F ig . 18 (view  of finished 
c a s tin g )  a n d  s te p p ed  dow n g ra d u a lly  from  th e  
second to  th e  f irs t p a r t in g ,  finally  to  e n te r  th e  
m ould  by a sp ra y  a t  th e  flange in th e  bottom



of th e  oil box a t  M . T h is g a te  was 2 in . in 
d iam e te r . A f te r  s te p p in g  dow n th e  firs t p a r tin g  
i t  was red u ced  to  1 ^ in . d ia m e te r , w hile th e  
sp ra y  w as 2  in . by  1  in .,  o p en in g  o u t to  2 f  in . 
by l j  in . A f u r th e r  g a te  D  w as s te p p ed  dow n 
th ro u g h  th e  second p a r t in g  to  th e  f irs t an d  
finally tw o sp ra y s  w ere ta k e n  a t  a ta n g e n t  to 
th e  low er p o rtio n  of th e  p u m p  body, as show n 
a t  A a n d  B , F ig . 18. T h is g a te  w as 2^ in . d ia 
m ete r to  second p a r t in g ,  th e n  s te p p ed  dow n to  
2 j  in . d ia m e te r , w ith  tw o  sp ray s  2  in . by 1  in .,  
in c re as in g  to  2 £ in . by  in .

The to ta l  d e p th  o f c a s tin g  w as ab o u t 
3 f t .  6  in .,  a n d  a  h e ad  of 2 f t .  w as fo u n d  neces
sary , as show n a t  F  in  F ig . 18. I n  a d d itio n , a 
r ise r  was ta k e n  fro m  th e  d isc h arg e  b ra n ch  as 
shown a t  E . T his b ra n c h  w as, in  tu r n ,  con
nected  to  th e  su c tio n  b ra n ch  im m ed ia te ly  below, 
as show n a t  G. T h is overcom es th e  h ig h  sh r in k 
age w hich  occurs a f te r  c a s tin g . W h en  cas tin g , 
bo th  m a in  g a te s  w ere p lu g g ed  u n t i l  th e  ru n n e r  
head  w as filled. W h ile  s t i l l  p o u rin g , th e  p lug  
on th e  do w n g a te  C was w ith d raw n  an d  th e  m eta l 
allowed to  r ise  in  th e  m ould  to  th e  firs t p a r t 
ing . W hen  th is  w as ju d g e d  to  be th e  p osition , 
th e  second p lug  fo r g a te  D , F ig . 18, w as w ith 
draw n an d  m eta l allow ed to  e n te r  sp ray s  A an d  
B, an d  c a s tin g  w as co n tin u e d  u n t il  th e  h ead  was 
filled. A b o u t 2 to n s  10 cw ts. o f m e ta l w as re
qu ired  to  c a s t  th is  p um p— 35 cw ts. fo r  th e  pum p 
an d  15 cw ts. fo r  h ead  an d  r ise rs . The g a te s  
were s tep p ed  as described  in  o rd e r to  h av e  as 
l i t t le  tu rb u le n ce  as possible. I n  a d d itio n  to  th e  
feed ing  h ead s described , d en sen ers  (o r chills) 
were necessary  to  overcom e sh r in k a g e  a t  p o in ts  
H  and  I ,  F ig . 17, an d  J  a n d  K , F ig . 18.

T h re e -T h ro w  P um p and V a lv e  Box

F ig s. 19 to  22 show th e  to p  box p lan , m id 
section , p lan -sec tion , a n d  cross-section  of a 
th ree -th ro w  p um p a n d  va lve  box  w hich w as cas t 
in  h ig h -ten sile  b ronze. O rig in a lly , th is  c a s tin g  
was m ade w ith  cores, as show n in  F ig . 21, 
d irec tly  th ro u g h  th e  c y lin d e r a n d  va lve  w ith  
chills as m ark ed  a t  th e  heavy  flange side of th e  
cy lin d er, to  overcom e th e  sh rin k a g e  which 
occurred  a t  th e  ju n c tio n  of th e  m e ta l betw een  
th is  flange a n d  th e  cy lin d ers , i .e .,  X , X , X .

One g a te  w as s tep p ed  down to  th e  b o ttom  of 
th is  heavy  flange, as show n a t  A, F ig . 20. T his 
g a te  w as 2 ^  in . d ia m e te r , a n d  s tep p ed  dow n a t  
p a r tin g  to  2  in . d ia m e te r  w ith  a sp ray  in  flange 
2 in . sq u a re  o p en in g  to  2 j  in . sq u are . A second 
g a te  B w as s tep p ed  dow n to  th e  to p  e n d  b u t 
a t  th e  o p p o site  side  of th is  heavy  flange, and  
was also 2 f  in . d ia m e te r , w ith  2 -in . sq u are  
sp ray s o p en in g  to  in . sq u are . A th i r d  g a te  D 
was ta k e n  to  th e  p a r tin g , th en c e  d ire c t  to  th e  
valve box flange , an d  th is  w as also 2 ^ in .

d ia m e te r , w ith  2 -in . sq u a re  sp ray s o p en in g  to  
2 J  in . sq u a re . R ise rs  w ere  ta k e n  off flanges 
E , E , E , w h ils t th e  va lve  box a n d  m ain  heads 
w ere ta k e n  fro m  to p  of cy lin d e r, i .e .,  H , H , H  
(F ig . 20).

O rig in a lly  th e  sec tio n  v a r ie d  from  1  in . to  
2 J in . a t  th e  ju n c tio n  of th e  cy lin d ers an d  heavy  
flange a t  th e  b o tto m  of c a s tin g  as cas t. W hen  
th e  c a s tin g  was m ad e  by m eans of c e n tre  cores, 
F ig . 21, a n d  ch illed  as p rev iously  described , 
tro u b le  was exp erien ced  w ith  sh rin k a g e  a t  
p o in ts  X , X , X  a ll dow n th e  ju n c tio n  of th e  
c y lin d e r a n d  th e  h eav y  flange. To overcom e 
th is , th e se  c e n tre  cores w ere  finally  rem oved 
a n d  th e  c a s tin g  m ad e  solid , w ith  th e  e x cep tio n  
of th e  p ip e  co n n ection  core as show n a t  P ,  P ,  P . 
B y so d o ing  th e  sh rin k a g e  tro u b le  w as overcom e 
a n d  successfu l c a s tin g s  w ere o b ta in ed  which 
w ithstood  2,500 lbs. p e r  sq. in . w a te r  p ressu re . 
T his c a s tin g  finally  re q u ire d  3 to n s of m e ta l to  
cas t, c a re  be in g  ta k e n  t h a t  th e  te m p e ra tu re  was 
in  th e  reg io n  of 1,000 deg. C.

In  conclusion, th e  a u th o r  desires to  th a n k  th e  
d irec to rs  an d  fo u n d ry  m an a g em e n t of G. & J .  
W eir, L im ite d , fo r  affo rd ing  h im  th e  fa c ilitie s  to  
produce  an d  p ub lish  th is  P a p e r ,  an d  also to  
M r. F re d  H ow ell fo r h is help  in  p re p a r in g  th e  
ske tches fo r re p ro d u c tio n .

D IS C U S S IO N

T he C h a i r m a n  (M r. E v a n  J .  Ross) sa id  t h a t  
th ey  w ould rea lise  w hy M r. C am pbell h a d  been 
aw ard ed  th e  Jo h n  S u rte es  Gold M edal fo r  h is 
P a p e r .  H e  h ad  d e a lt  c learly  w ith  all th e  th eo ries  
of g a te s  a n d  rise rs  an d  th e  ap p lica tio n s to  p rac 
tic a l w ork. H e was to  be c o n g ra tu la te d  on 
th e  P a p e r  a n d  on th e  m a n n e r  of i ts  p re sen ta tio n .

Mr . J .  L oncden sa id  th e  a u th o r  h a d  t r ie d  to  
co rre la te  a ll th eo rie s  to  p rin c ip les . T hey o ften  
h e a rd  s ta te m e n ts  of p ra c tic e  w ith o u t re fe ren ce  to  
p rincip les . N e a rly  a ll th e  illu s tra tio n s  w ere of 
specia l ty p es of cas tin g s , an d  m an y  p a r tic u la r ly  
concerned  n o n -fe rro u s  w ork. These exam ples 
w ere exceed ing ly  usefu l. I n  re fe ren ce  to  c a s t 
iron  th e  a u th o r  h ad  stressed  th e  v a lu e  of th e  
t r a p  g a te , b u t  th e  sp e a k er d o u b ted  w h e th er i t  
was adv isab le  in  a ll a p p lica tio n s . T h ere  was one 
p rin c ip le  w ith  w hich he ag reed  in  re g a rd  to  th e  
re la tiv e  g a te  a rea , i .e .,  th e  in g a te  should  be 
50 to  75 p e r  cen t, of th e  d o w ngate  a rea . H e  
th o u g h t, how ever, t h a t  in  g reen -san d  w ork th e re  
would be too g re a t  a c u tt in g  ac tio n  w here  th e  
m eta l im p in g ed  on th e  m ould . M r. C am pbell 
h ad  ve ry  p ro p e rly  d ra w n  a tte n tio n  to  th e  neces
s ity , in  no n -ferro u s w ork , to  a r ra n g e  fo r  th e  
o p en in g  of th e  g a te  to  avoid  tu rb u le n ce . M r. 
L ongden  h a d  been  very  in te re s te d  in  th e  rem ark s  
on m ak in g  ru n n e rs  a n d  th e  m eth o d  of by-passing



ru n n e rs , b u t  he n o tic e d  in  som e of th e  illu s
t r a t io n s  t h a t  th e  in g a te s  w ere  c u t fro m  th e  
r u n n e r  a t  a v ery  aw k w ard  an g le  to  th e  cas tin g . 
In  one case th e  in g a te  gave  th e  m e ta l im p a c t 
on th e  o p p osite  side  of th e  flange  ; b u t  p robab ly  
t h a t  w as a m is ta k e  in  d raw in g .

T he C h a i r m a n  sa id  t h a t  he  h a d  h a d  M r. 
C am p b e ll’s ex p erien ce  in  re g a rd  to  th e  l ig h t  
c a s tin g s  in d u s try , w here  i t  w as p a ra m o u n t to  
g e t  c lean  cas tin g s. H e  sk e tch ed  severa l ty p es 
of ru n n e r  w hich  he h ad  used  w ith  success. H e

ag reed  w ith  th e  a u th o r  t h a t  th e  d o w n g a te  m u st 
be g r e a te r  in  a re a  th a n  th e  ru n n e r .

M r. C a m p b e l l  th a n k e d  M r. L o n g d en  fo r his 
k in d ly  c ritic ism , w hich  w as w h a t  he w an ted . 
H e  him self was only  a  v e ry  y o u n g  m em b er; i t  
w as so m ew hat of a n  o rd e a l to  re a d  th e  P a p e r , 
a n d  l i t t le  d id  he rea lise  t h a t  he  could  speak 
to  th e  old an d  e x p erien ced  m em bers on  such a 
su b jec t.

The C h a i r m a n  sa id  t h a t  th e  m em bers h ad  been 
d e lig h ted  w ith  th e  P a p e r .
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Alloy Cast Iron
Paper N o. 705

By H. A. MacCC

R e ce n t y ea rs  have seen th e  d ev elopm en t of cas t 
irons whose p ro p e rtie s , m echan ical an d  physical, 
show a re m a rk ab le  im p ro v em en t on th ose  of th e  
p re-w ar an d  ea rly  p o st-w ar p eriod . T u rn e r ’s 
“  L ec tu re s  on I ro n  F o u n d in g ,”  pub lished  in  1911, 
co n ta in s th e  fo llow ing s t a te m e n t :— “  T he ten s ile  
s tre n g th  of cas t iro n  u su a lly  v a rie s  from  ab o u t 
4 to  16 to n s p e r sq. in . : th.e av erag e  fo r comm on 
iron  is ab o u t 7 to n s, a n d  fo r selected  b ran d s

T a b l e  I.— Strength of Cast Iron. (Thompson.)

Properties. Bad. A ver
age.

Very
good.

Tensile strength. Tons per sq. in. 5 1 0 15
Crushing strength ,, „ ,, 
Transverse strength. Cwts., on 

section 1 in. broad and 2  in.

30 40 50

deep a t 3-ft. centres 18 28 38

abou t 11 to n s .”  As la te  as 1925 T hom pson 1 

c ited  th e  figures g iven  in  T able I .
The la te s t  B .S .I .  specifica tion , B .S .S . N o. 786, 

however, gives th e  figures in  T able I I .  These 
figures have  been a d o p ted  as re p re se n ta tiv e  o f :  — 
Grade 1 .— H ig h -q u a lity  e n g in e e rin g  iro n , m ade 
by o rd in a ry  processes, possibly in c lu d in g  th e  use 
of steel and  refined  p ig -irons. Grade 2.— The 
h ighest g ra d e  of e n g in e e rin g  iro n  p roduced  as

T a b l e  I I .— Tensile Requirements for High-Duty Cast Iron. 
B .S. Specification 786.

(Tons per sq. in.)

Bar. Grade 1. Grade 2. Grade 3.

0.875 in ..................... 15 18 2 2
1 . 2  in. 14 17 2 0
1 . 6  ............................. 13 16 19
2 . 1  ............................. 12.5 15 18

above, b u t in c lu d in g  alloy a d d itio n s . Grade  3 .— 
Iro n s m ade by special processes such as su p e r
h e a tin g  o r in o cu la tio n .

C o n sid e ra tio n  of th ese  figures i llu s tra te s  th e  
e x tra o rd in a ry  p ro g ress  of th e  la s t  few  years, 
p a r tic u la r ly  w hen  th e  fa c t  is borne in  m in d  th a t  
th e  figures in  th e  sp ec ifica tion  do n o t, of course, 
re p re se n t th e  m ax im a  o b ta in ab le .

C ast iro n  is, a n d  a lw ays has been, a p o p u la r 
m a te ria l w ith  th e  e n g in e e r ;  b u t ,  w hereas in  th e

L, B.Sc. (Member)

p a s t such p o p u la r ity  was due to  th e  low cost, 
easy ca s tin g  p ro p e rtie s , an d  m ac h in ab ility  of 
eas t iro n , to -d ay  i t  is a  m a te ria l  w hich m erits  
n o tice  by  v ir tu e  of its  m echan ical p ro p e rtie s , 
w h ilst r e ta in in g  its  o th e r a tt r ib u te s .

I n  th e  p a s t  c as t iro n  has been c ritic ised , a d 
m itted ly  w ith  a c e r ta in  m easu re  of ju s tif ic a 
tio n , as an  u n re liab le  m a te ria l. Such c ritic ism  
has been  associated  w ith  th e  w ell-know n fa c t  th a t  
c as t iro n  is affected , m ore th a n  any  o th e r  
m a te ria l,  by differences of section . The c h a r t 2 

show n in  F ig . 1 is an  a tte m p t  to  convey som e 
id ea  of th e  ten s ile  s tre n g th  to  be ex p ec ted  in  
d iffe ren t section  sizes from  p la in  u nalloyed  iro n s. 
The shaded  zone illu s tra te s  th e  effects of v a ry in g

F i g . 1 .— E f f e c t  o f  S e c t i o n  S i z e  o n  T e n s i l e  
S t r e n g t h  o f  G r e y  I r o n . ( C l i m a x  
M o l y b d e n u m  C o r p . )

cupola  p ra c tic e  a n d  th e  c h a ra c te r  of th e  ch arg e , 
lower silicon iro n s follow ing th e  to p  curve an d  
so fte r  irons th e  lower curve. I t  should  be n o ted  
th a t  th e  tw o classes of iro n  ap p ro x im a te  to  th e  
sam e s tre n g th  in  th e  l ig h t  sections, b u t  differ 
considerab ly  as th e  th ick n ess increases.

F ro m  th e  en g in e e r’s p o in t of view , such a 
s ta te  of a ffa irs  is h ig h ly  u n d esirab le , an d  te s t-  
b a rs  a re  of l i t t le  conso lation , because even i f  
one cas ts a series of te s t-b a rs  of v a ry in g  section , 
th e  r a te  of cooling of th e  te s t-b a r  m ay  b e a r  
l i t t le  re la tio n  to  th e  cooling r a te  in  th e  co rre 
sp o n d in g  section  of th e  cas tin g , an d  i t  m u st be  
rem em bered  t h a t  i t  is th e  r a te  of cooling w hich 
d e te rm in es th e  s tru c tu re ,  an d  hence th e  
m echan ical p ro p e rtie s . I n  consequence, as th e  
re q u irem en ts  of th e  en g in eer have  become m ore 
s t r in g e n t ,  he  has tu rn e d  his a tte n tio n  to  o th e r
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m a te r ia ls  such  as s teel, a n d , m ore  im p o r ta n t  
fro m  th e  fo u n d e r’s s ta n d p o in t ,  he  h as, in  m an y  
cases, ab an d o n ed  c a s tin g s  in  fa v o u r  of b u ilt-u p  
a n d  w elded p a r ts .  T h ere  is l i t t le  d o u b t t h a t  th e  
su d d en  re a lis a tio n  t h a t  c a s t iro n , h i th e r to  u n 
c h a llen g ed  fo r  g e n e ra l e n g in e e r in g  c o n s tru c tio n , 
w as in  d a n g e r  of b e in g  su p ersed ed  fo r  h ig h -d u ty  
w ork , c o n tr ib u te d  in  no sm all m easu re  to  th e  
a lm o st fev erish  re sea rch  a c t iv ity  of th e  la s t  few 
years .

I n  o rd e r  to  a p p re c ia te  th e  dev elo p m en t of 
alloy  c a s t iro n s, i t  is necessary  to  hav e  some con
c ep tio n  of th e  prob lem s w hich  co n fro n te d  th e  
iro n fo u n d e r . C a st iro n  is a  com plex m a te ria l  
c o n ta in in g  a  v a r ie ty  of in d iv id u a l c o n s titu e n ts , 
each  possessing i ts  ow n specific p ro p e r t ie s ; hence, 
if  th e  changes in d u ced  by th e  a d d it io n  of alloy
in g  e lem en ts  a re  to  be u n d e rs to o d , a  know ledge 
of th e  p r im a ry  c o n s titu e n ts  a n d  th e i r  c h a ra c te r 
is tic s  is e sse n tia l, a n d  th e  sec tion  of th e  P a p e r  
w hich  follows is in c lu d ed  in  th e  hope t h a t  i t  w ill 
c la r ify  th e  la te r  p o r tio n s  fo r th e  n o n -m e ta llu r
g is t .

C o n s titu e n ts  o f C as t Iro n
E x p e rien c e  shows t h a t  th e  m a jo r i ty  of c a s t 

iro n s c o n ta in  fo u r  m a in  c o n s titu e n ts , nam ely , 
g ra p h ite ,  f e r r i te ,  p e a r lite  an d  p hosph ide  e u te c 
t ic , th e  la s t  th re e  c o n s t itu t in g  a m eta llic  m a tr ix ,  
in te rsp e rse d  w ith  flakes of th e  g ra p h ite . A fif th  
c o n s t itu e n t  is  cem en tite , w hich  o n ly  e x is ts  in  
th e  free  s t a te  in  w h ite  irons, o r  th ose  p o rtio n s  
o f a  g re y  iro n  c a s tin g  w hich  h av e  been su b je c t 
to  ra p id  cooling , a n d  those  becom e “ c h illed .”

I f  th e  m ic ro s tru c tu re  of a  g re y  iro n  is 
ex am in ed , th e  g ra p h ite  w ill be  observed as a 
se ries of cu rv ed  a n d  e lo n g a ted  p la te s , v a ry in g  
a p p re c ia b ly  in  size a n d  d is tr ib u tio n  th ro u g h o u t  
th e  sam ple . R e la tiv e ly , iro n s  of th is  ty p e  a re  
in v a r ia b ly  b r i t t le ,  n o t so m uch  because  of th e  
b ritt le n e ss  of th e  g ra p h ite  its e lf , b u t  because  of 
th e  th o ro u g h  m a n n e r  in  w hich th e  c o n tin u ity  of 
th e  d u c tile  m a tr ix  is d e stro y ed  by th e  g ra p h ite  
p a rtic le s . T he size of th e  g ra p h ite  flakes is a 
fu n c tio n  of th e  r a te  of cooling, slow cooling  te n d 
in g  to  g ive  gross flake size, th u s  w eak en in g  th ic k  
sec tio n s. T he d is tr ib u tio n  is also of th e  g re a te s t  
im p o rta n ce , as i t  has been show n t h a t  sm all 
flakes, b a d ly  d is tr ib u te d , m ay  re srilt in  an  iro n  
w hich is w eak er th a n  a  co rre sp o n d in g  iro n  in  
w hich th e  flakes a re  la rg e r , b u t  m ore  even ly  
d is tr ib u te d .

P e a r lite
T he m a in  c o n s t itu e n t  of th e  m a tr ix  is p e a r 

l i te ,  w hich  is th e  e u te c to id  of iro n  a n d  iron - 
c a rb id e , a n d  consists of a l te rn a te  p la te s  of iro n , 
kno w n  m e ta llo g rap h ic a lly  as “ f e r r i t e , ”  an d  of 
i ro u -ca rb id e , know n  as “  c e m e n ti te .”  Some 
iro n s  show a  w e ll-lam in ated  p e a r l ite , b u t  in  
o th e rs  th e  la m in a tio n s  m ay  v a ry  co nsiderab ly

in  size. T he p e a r l ite  in  a  c a s t  iro n  is s im ila r  to  
th e  p e a r l ite  of a  s teel, w ith  th e  e x ce p tio n  th a t  
th e  f e r r i te  co m p o n en t m ig h t m ore  a p tly  be 
te rm e d  s ilic o -fe rr ite , since  i t  c o n ta in s  silicon  in  
so lu tio n , a n d  th e  p e rc e n ta g e  of c a rb o n  in  th e  
p e a r l ite , w hich  is  a p p ro x im a te ly  0.9 p e r  cen t, 
in  p la in  ca rb o n  steels, is low ered by th e  p resence 
of th e  o th e r  e lem en ts  w hich  in  c a s t  iro n  a re  
p re se n t in  m uch  la rg e r  q u a n ti t ie s  th a n  in  steels.

T he s t r e n g th  of a  c a s t iro n  is du e , a lm o st en 
t ire ly , to  th e  p e a r l ite , w hich  m ay  be ta k e n  as 
h a v in g  a  te n s ile  s t r e n g th  of 50 to  70 to n s  per 
sq. in .,  w ith  a n  e lo n g a tio n  of 15 to  10 p e r c en t., 
th e  v a r ia tio n  b e in g  a cc o u n te d  fo r  by  th e  d iffer
in g  deg rees of fineness of th e  p e a r l i te  laminae. 
T he w eak en in g  effect of th e  g ra p h ite  flakes will 
now be a p p a re n t  if  th e  above fig u res a re  com
p a red  w ith  th o se  g iv en  e a r l ie r .  I n  th is  connec
tio n  B a rd e n h e u e r  a n d  Z ey en 3 co n sid er t h a t  th e  
s t re n g th  of a  c a s t iro n , w h ils t in flu en ced  to  a 
c e r ta in  e x te n t  by  th e  n a tu r e  of th e  m a tr ix ,  is 
c o n tro lled  p re d o m in a n tly  by  th e  size a n d  d is t r i 
b u tio n  of th e  g ra p h ite  flakes.

F e r r ite
F e r r i te  o n ly  occurs in  th e  free  s ta te  in  irons 

of a  fa ir ly  h ig h  silicon  c o n te n t, d u e  to  th e  action  
of silicon in  in h ib i t in g  c a rb id e  s ta b il i ty ,  w hereby 
c em en tite  is t r a n s f e r r e d  in to  i ts  c o n s titu e n ts , 
g ra p h ite  a n d  f e r r i te .  I t  consists of “ a lp h a  ” 
iro n  c o n ta in in g  silicon in  so lu tio n , a n d  m ay  be 
ta k e n  as h a v in g  a  te n s ile  s t r e n g th  of ab o u t 2 0  

to n s p e r sq. in .,  w ith  a n  e lo n g a tio n  of 40 per 
cen t. These figures, as in  th e  case of p e a r lite , 
w ill be m odified co n sid erab ly  in  th e  p resence  of 
g ra p h ite .

P ho sph ide E u te c tic
T he re m a in in g  c o n s t itu e n t  of n o rm a l grey  

irons is th e  ph o sp h id e  e u te c tic , w hich  is composed 
of f e r r i te  a n d  iro n  p h o sph ide . I t  is a h a rd , 
b r i t t le ,  c o n s t i tu e n t  of neg lig ib le  ten s ile  
s tre n g th ,  a n d  m u s t be co n sid ered  as a w eaken ing  
in fluence in  th e  m a tr ix .  W ith  suffic ient phos
p h o ru s  p re se n t, th e  e u te c tic  is fo u n d  as a n e t
w ork s tru c tu re ,  a n d  u n d e r  th e se  co n d itio n s h igh  
ten s ile  s tre n g th s  h av e  been  o b ta in e d , w hich is 
q u i te  c o n tr a ry  to  th e  re su lts  o b ta in e d  w ith  
s im ila r  s tru c tu re s  in  o th e r  alloys. N o con
v in c in g  e x p la n a tio n  h as y e t been  ad v an ced  fo r 
th is  an o m aly  in  th e  case of p h osphoric  iro n s, an d  
w h ils t th is  effect h as been  observed by m any  
in v e s tig a to rs , i t  shou ld  be  ta k e n  th a t ,  fo r  th e  
g e n e ra l ru n  o f iro n s in  th e  fo u n d ry , o th e r  th in g s  
b e in g  equal, th e  low er th e  ph o sp h o ru s , th e  h ig h er 
w ill be th e  s tre n g th .

T he m ost u se fu l f e a tu re  of th e  e u te c tic  is its  
low m e ltin g  p o in t, w hich  v a r ie s  fro m  ab o u t 950 
to  985 deg. C. T he ph o sp h id e  e u te c tic  c o n ta in s  
1 0  p e r  cen t, by  w e ig h t of p h o sp h o ru s , a n d  hence



one-h a lf p e r  cen t, of phosphorus in  th e  iro n  
m eans 5 p e r cen t, e u te c tic  in  th e  iro n , from  
w hich  i t  w ill be rea lised  th a t  sm all changes in 
th e  phosp h o ru s c o n te n t  w ill be re flected  q u ite  
m ark e d ly  in  th e  flu id ity .

C e m e n tite
C e m en tite  is th e  ca rb id e  of iro n , F e 3C. As 

a lread y  m en tio n ed , i t  is n o t a n o rm al c o n s titu e n t 
of g rey  iro n s u n d e r  n o rm al r a te s  of cooling. I t s  
im p o rta n ce  lies in  th e  f a c t  th a t ,  u n d e r  ra p id  
ra te s  o f cooling, i t  is p reserv ed , g iv in g  a 
c e m e n tite -p e a r lite  s tru c tu re ,  in s tea d  of th e  
no rm al g ra p h ite -p e a r li te  m a tr ix . S ince i t  is 
in ten se ly  h a rd , th e  p resence  of cem en tite  is 
alw ays accom pan ied  by m ac h in in g  difficulties.

H a v in g  rev iew ed , in  b r ie f , th e  s t ru c tu ra l  com
p o n en ts  of n o rm al g rey  cas t irons, i t  should  be 
c lear t h a t  th e  p ro d u c tio n  of irons o f su p e rio r  
q u a lity , m ay be a p p ro ach ed  b y : — (a) Im p ro v in g  
th e  p ro p e rtie s  of th e  m a tr ix  a n d /o r  co n tro llin g  
th e  q u a n ti ty ,  size an d  d is tr ib u tio n  of th e  
g ra p h ite  flakes, a n d  (b) d evelop ing  iro n s  w ith  
new s t ru c tu ra l  c o n s titu e n ts  possessing en hanced  
p ro p e rties .

The q u estio n  th e n  arises as to  how these  
em in en tly  desirab le  ob jects a re  to  be a tta in e d . 
The answ er lies in  th e  in tro d u c tio n  in to  th e  
m eta l m ix tu re  of a lloy ing  e lem en ts, an d , in  con
nection  w ith  th e  p ro d u c tio n  of fine g ra p h ite , 
th e  em ploym ent of su p e rh e a tin g , or th e  process 
know n as in o cu la tio n .

E F F E C T  O F  S P E C IA L  E L E M E N T S
I t  was only  n a tu ra l ,  w hen  co n sid erin g  th e  ques

tion  of su itab le  alloy ad d itio n s  fo r cas t iron , 
th a t  a tte n tio n  should  hav e  been  d irec ted  to  th e  
elem ents w hich have p roved  so successfu l in  th e  
p ro d u c tio n  of alloy steels, an d  th e  period  from  
ab o u t 1925 onw ards has seen a v e r ita b le  sp a te  of 
P a p e rs  an d  a rtic le s  reco rd in g  th e  in fluences of 
nickel, ch rom ium , m olybdenum , v a n ad iu m  and  
copper, w h ilst developm en ts have  also been m ade 
in connection  w ith  one of th e  n o rm al c o n s titu e n ts  
of iro n , nam ely , silicon.

I t  has a lre a d y  been su ggested  t h a t  th e  p ro 
d u c tio n  of h ig h -s tre n g th  irons m ay  re su lt  in  th e  
ap p ea ran ce  of e n tire ly  fresh  s t ru c tu ra l  con
s t i tu e n ts ,  an d , as th is  a c tu a lly  h a p p en s  u n d e r  
c e r ta in  co n d itio n s, i t  will be necessary  to  con
sider th e  n a tu r e  an d  p ro p e r tie s  of these  new 
comers to  th e  s t r u c tu r a l  m ake-up  of cas t iron . 
They a re  a u s te n ite , m a rte n s ite , t ro o s t ite  an d  
sorb ite , an d  w ill be recognised  as th e  c o n s titu e n ts  
found  in  h e a t- tr e a te d  steels.

A u s te n ite
A u s te n ite  is th e  n am e g iven  to  th e  solid solu

tio n  of iro n  an d  iron  carb id e , which is form ed 
w hen steels an d  c a s t iro n  first so lid ify , and  
w hich, u n d e r  n o rm al cond itions of cooling, be

comes s a tu ra te d  w ith  one o r th e  o th e r of its  
co n s titu e n ts , re su ltin g  in  dep o sitio n  of fe r r i te  or 
cem en tite , b re ak in g  down u ltim a te ly  to  p e a r lite  
a ro u n d  700 deg. C. The change  from  a u s te n ite  
to  p e a r lite  should, in  th eo ry , be cap ab le  of 
su p press ion  by qu en ch in g , b u t i t  is found  th a t  
th is  does n o t  hold in  p ra c tic e  even w ith  th e  m ost 
d ra s tic  quench , an d  a lth o u g h  a c e r ta in  am o u n t 
of a u s te n ite  is p roduced , i t  is alw ays accom 
p a n ie d  by m a rte n s ite . H ow ever, th e  ad d itio n  of 
c e r ta in  alloy e lem en ts, a lb e it  in  ap p rec iab le  
q u a n tit ie s , enab les one to  o b ta in  a u s te n ite  even 
“  as c a s t .”  The reason  fo r  th is  is t h a t  th e  alloy 
e lem ents e ith e r  depress th e  te m p e ra tu re  of th e  
a u s te n ite -p e a r li te  change to  below o rd in a ry  tem 
p e ra tu re s , or lower th e  r a te  of cooling necessary  
to  su p p ress  th e  ch ange . On e x am in a tio n  
a u s te n ite  is fo u n d  to  be a re la tiv e ly  so ft, d u c tile  
m a te ria l, an d  is no n -m ag n e tic , w hich malees 
a u s te n itic  cas t iro n s of im p o rtan ce  in  th e  elec
tr ic a l  in d u s try . U n d e r th e  m icroscope i t  is a 
w h ite  fe a tu re le s s  c o n s titu e n t, ty p ic a l o f a solid 
so lu tion  of th e  “ a lp h a  ”  v a rie ty .

M a rte n s ite
M a rte n s ite  is th e  c o n s t itu e n t  w hich is p ro 

duced w hen th e  a u s te n ite  of a no rm al steel is 
quenched . O pinions re g a rd in g  th e  n a tu r e  of 
m a r te n s ite  a re  m an y  an d  v a rie d , b u t  th e  gen era l 
consensus of op in ion  is in  fa v o u r of re g a rd in g  
i t  as a solid so lu tio n  of iron  carb id e  and 
“  a lp h a  ”  iro n , as com pared  w ith  a u s te n ite  
w hich is a solid  so lu tion  of iron  carb id e  in 
“ g am m a ” iro n . I ts  n o tab le  c h a ra c te ris tic  is 
its  in te n se  hard n ess . U n d e r th e  m icroscope i t  
o ften  shows a w ell-developed needle-like or acicu 
la r  s tru c tu re .  I t  is o b ta in ed  “  as c a s t ”  w ith  
alloy a d d itio n s  slig h tly  less th a n  those  req u ired  
to  p roduce  a u s te n ite .

T ro o s t i te
T his m ay  be re g a rd e d  as a t r a n s it io n  stag e  

betw een th e  finest fo rm  of p e a r lite  a n d  m a r te n 
site . I t  is p roduced  by m ild  q u en ch in g  or by 
alloy  a d d itio n , an d  is seen u n d e r  th e  m icroscope 
as a  b lack  fe a tu re le ss  c o n s titu e n t. I t  is g e n e r
a lly  accep ted  as a collo idal so lu tio n  of iro n  c a r
bide in  iro n .

S o rb ite
S o rb ite , so rb itic  o r  g ra n u la r  p e a r lite  possesses 

th e  b est a ll-ro u n d  m echan ical p ro p e rtie s , com
b in in g  th e  g re a te s t  to u g h n ess fo r  a g iv en  ten s ile  
s tre n g th .  I t  re p re se n ts  a  t r a n s it io n  stag e  be 
tw een  tro o s t i te  an d  p e a r lite , w here th e  colloidal 
carb id e  of th e  tro o s t i te  has com m enced to  
coalesce, b u t  th e  re su ltin g  g ra n u le s  s till  rem a in  
ju s t  u n reso lvab le  u n d e r  th e  m icroscope. This 
is t r u e  so rb ite  ; th e  te rm  so rb itic  p e a r lite  is 
ap p lied  w hen th e  p a rtic le s  are  j u s t  reso lvab le, 
b u t  b o th  te rm s  a re  used r a th e r  loosely.



H a v in g  co n sid ered  th e  n a tu r e  of th ese  new 
c o n s titu e n ts , to  w hich  f re q u e n t  re fe re n ce  will 
be m ad e  fro m  now on, th e  g e n e ra l effects of th e  
com m on a llo y  e lem en ts  a re  fo u n d  to  be  as follow .

N ic k e l
N ick el has rece iv ed  m ore  a t te n t io n  th a n  any  

o f th e  o th e r  sp ec ia l e lem en ts . T he f irs t  system 
a tic  re sea rc h  w as c a r r ie d  o u t  by  th e  fam ous 
F re n c h  m e ta llu rg is t ,  L eon  Q u ille t , 4 in  1907. 
G u ille t d e m o n s tra te d  th e  now w ell-recognised  
g ra p h it is in g  a c tio n  of n ick e l, a n d  i ts  a b ili ty  to  
in d u ce  th e  a u s te n it ic  co n d itio n  w hen p re se n t in  
la rg e  q u a n ti t ie s  in  a c a s t  iro n . H ow ever, th e  
p o te n tia l i t ie s  of h is w ork , a n d  those  of o th e r

T a b l e  I I I .—Mechanical Properties of Nickel Cast Iron 
(Everest.)

M aterial: T.C, 3 .3 0 ; Si, 2 .0 8 ; Mn, 0 .9 6 ; S, 0 .1 0 ; 
P, 0 .18  per cent.

Test-bars. A 20 A 21 A 22 A 23

Nickel content.Per cent. 0 0.699 1 . 1 2 1.84
R atio GC/T.C. Per cent. 81.5 81.8 81.4 81.2

Transverse :
Max. stress. Cwt. .. 25.36 25.52 26.68 24.58
Deflection. Inch . . 0.37 0.40 0.43 0.37
Modulus of ru p tu re . .

Tons per sq. in. 33.65 33.87 35.38 32.60

Tensile. Max. stress.
Tons per sq. in. .. 12.74 13.09 13.32 13.25

Brinell hardness :
1 in. sect. 192 197 199 207

1  in. .................... 192 199 2 1 0 217
£ in. 299 229 229 235
¿ in .................. 229 235 235 241

Note.—Transverse tests on I.B .E . “ M ” bar, 1.2 in. dia.
18-in. centres. Tensile tests on bars 0.798 in. dia.,
machined from lower end of transverse test-bars. 

Hardness tests on standard step bars.
Each result is the mean of two or three determinations.

p re -w ar in v e s tig a to rs , a p p e a r  to  h av e  been  
ig n o red , a n d  i t  w as n o t  u n t i l  th e  m id d le  
tw e n tie s  t h a t  renew ed  in te re s t  in  n icke l becam e 
a p p a re n t.  E a r ly  E n g lish  w o rk ers in c lu d e  
D o n a ld so n , 5 a n d  A ndrew s a n d  H y m a n , 6 whose 
w ork  w as co n cerned  m ain ly  w ith  p roblem s of 
h e a t  re s is ta n c e ;  th e  ch ief E n g lish  in v e s tig a tio n s  
h av e  been  th o se  of H a n so n  a n d  E v e re s t who 
have  p u b lish ed  m an y  P a p e r s , ' 8 9 16 11 12 18 w. 
G e rm an  w ork  h as, in  th e  m a in , b een  d u e  to  
P iw o w arsk y  a n d  h is co -w orkers , 15 16 17, w h ils t a 
tre m e n d o u s  a m o u n t of w ork  has been  c a r r ie d  o u t 
in  th e  U .S .A . by  M erica , W ick en d en , Y a n ick  
a n d  o th e rs . 18 19 20 sl.

B ro a d ly  sp e a k in g , th e  effects of n ick e l on th e  
s t r u c tu r e  of c a s t iro n  m ay  be su m m arised  as 
follow :— T he firs t sm all a d d itio n s  te n d  to  h a rd e n

th e  m a tr ix ,  a n d  as th e  q u a n ti ty  in creases g ra p h i
t is in g  a c tio n  becom es a p p a re n t ,  w h ils t th e  p e a r-  
l i te  ch an g es p ro g ressiv e ly  th ro u g h  th e  so rb itic  
a n d  m a r te n s i t ic  s tag es  to  a u s t e n i t e ; co in c id en t 
w ith  th ese  changes a g e n e ra l re fin em en t of g ra in  
size occurs.

S in ce  th e  p ro p e rtie s  of th e  m a r te n s i t ic  and  
a u s te n it ic  h ig h -n ick e l c a s t iro n s a re  on ly  of 
serv ice  in  spec ia l cases, th e  b u lk  o f th e  develop
m en t w ork  in  n icke l c a s t  iro n  has been  devo ted  
to  th e  p ro d u c tio n  of iro n s c o n ta in in g  u p  to  3 p er 
cen t, of th e  ad d ed  e le m en t. T he s t ru c tu ra l  
changes in d u ced  by such  a d d itio n s  h av e  ju s t  been 
m e n tio n e d ; t r a n s la te d  in to  ¡practice th e y  confer 
th e  fo llow ing a d v a n ta g e s ;— (a) E q u a lisa tio n  of 
p ro p e rtie s  in  sec tions of d if fe r in g  th ick n ess, due 
to  th e  g ra p h it is in g  ac tio n  of th e  n icke l in  pre-

T a b l e  IV.—Mechanical Properties of Nickel Cast Iron.
(Everest.)

M aterial: T.C, 3 .4 ;  Si, 1 .5 6 ; Mn, 0.49 ; S, 0.099 ;
P, o .74 per cent.

M0 M l M 2 M3

Nickel content.Per cent. 0 0 .5 1.13 2.08

Transverse :
Max. stress. Cwt. . . 22.16 23.48 2 1 . 1 0 20.84
Deflection. Inch . . 0.258 0.283 0.238 0.242
Modulus of rupture.

Tons per sq. in. . . 29.4 31.1 28.0 27.6

Tensile strength.
Tons per sq. in. 15.45 14.99 14.4 13.7

Brinell hardness :
1 in. sect. 217 — 228 231
¿ in .  „ . . 228 — 228 228
£ in. 235 — 241 255
¿ in . 269 — 269 262

Drill hardness 108 ___ 137 109

v e n tin g  ch ill in  th e  th in n e r  se c tio n s ; (b)
su p e rio r  s t r e n g th  a n d  w e ar re s is tan c e , d u e  to  th e  
g ra in  re fin em en t a n d  h a rd e n in g  of th e  m a tr ix .

I t  has ju s t  been  in d ic a te d  t h a t  a d d itio n  of 
n icke l to  a g rey  c a s t iro n  w ill r e s u l t  in  h ig h er 
s tre n g th ,  b u t  th e  s t r e n g th  in crease  o b ta in e d  by 
a sim p le  n ick e l a d d it io n  is sm all, an d  n o t suffi
c ie n t in  itse lf  to  w a r r a n t  th e  e x tr a  cost. T ables 
I I I  a n d  IV , ta k e n  from  one of E v e re s t’s P a p e rs , ' 
show th e  effect of n ick e l a d d itio n s  u p  to  2  per 
cen t, on  a  m o to r c y lin d e r iro n , a n d  an  iro n  fo r 
h e a v ie r  e n g in e e r in g  ¡practice. I t  w ill be  n o ted  
t h a t  in  th e  f irs t ta b le , th e  s t re n g th  increase  is 
of a v e ry  sm all o rd e r, a n d  t h a t  in  th e  second 
ta b le  a decrease  is sh o w n ; a t  th e  sam e tim e , 
w h ils t th e  e ffect of th e  n ick e l on th e  ten s ile  
p ro p e rtie s  is inco n c lu siv e , th e  e q u a lisa tio n  te n 
dency  is a p p a r e n t  fro m  th e  h a rd n e ss  figures. 
H ow ever, th e  g ra p h it is in g  ac tio n  of n icke l be in g



estab lish ed , i t  was logical to  suppose t h a t  m ore 
n o ticeab le  effects m ig h t be o b ta in e d  if  th e  silicon 
c o n te n t  of an  iro n  was reduced  co in c id en t w ith  
th e  in tro d u c tio n  o f th e  n icke l, an d  f u r th e r  e x 
p e rim en ts  w ere  co n d u cted  to  th is  end . U sin g  an  
au to m o b ile  cy lin d e r iro n  as a base m a te r ia l,  
H a n so n 10 o b ta in e d  th e  re su lts  show n in  T ab le  V , 
w hich d e m o n s tra te  q u ite  conclusively  t h a t  by 
a lte r in g  th e  com position  of th e  base  iro n  to  su it  
th e  n icke l a d d itio n  ap p rec iab le  increase  in  ten s ile  
s t r e n g th  can  be o b ta in e d .

E x p erien c e  since  th e  p u b lic a tio n  of th is  w ork 
h as show n t h a t  th e  o p tim u m  effect is a tta in e d  
w hen each  p a r t  of silicon is rep laced  by tw o to  
th re e  p a r ts  of n ickel.

I t  is, of course, well know n t h a t  enhanced  
s t re n g th  m ay  alw ays be o b ta in e d  by th e  sim ple 
e x p ed ien t of red u c in g  th e  silicon c o n te n t of a

eq u alis in g  a c tio n  of th e  n icke l. I n  th e  th ic k  
section  ( 1  in .)  th e  v a r ia tio n  on  th e  silicon b a rs  is 
90 p o in ts  a g a in s t  24 p o in ts  fo r th e  n icke l b a rs, 
w h ilst th e  v a r ia tio n s  betw een  th e  th ic k  an d  th in  
sections ( |  in .)  a re  93, 30 an d  58 p o in ts  fo r  th e  
silicon  b ars, a g a in s t  58, 28 a n d  21 p o in ts  fo r th e  
n icke l b a rs . C o n sid e ra tio n  of these  B rin e ll 
figures in d ic a te  t h a t  a la rg e  s tr id e  has been  m ade 
to w ard s th e  rem oval of th e  in e q u a litie s  in 
m echan ical p ro p e rtie s  in  d iffe rin g  sections, 
w hich, in  th e  eyes of th e  en g in eer, p ro v id e  an 
a rg u m e n t fo r  n o t u s in g  cas t iro n . I t  should  also 
be n o ted  t h a t  th e  B rin e ll figures in  th e  nickel 
b a rs  re m a in  th ro u g h o u t a t  a h ig h er level th a n  
th e  silicon b a rs , in d ic a tiv e  of a to u g h e r m a tr ix  
and b e tte r  w ear re sis tan ce .

T h ere  re m a in s  th e  im p o r ta n t  q u estio n  of 
m a c h in ab ility . I f  h a rd n ess be increased  by a

T a b l e  V .— Effect of “Balanced ” Nickel-Silicon Content on Mechanical Properties. (Hanson.) 
Material : Automobile Cylinder Iron, T.C, 3 .2  to 3 .3  ; Mn, 0 .9  ; Si, 0.10 ; P, 0.18 per cent.

Ni. 
Per cent.

Si.
Per cent.

Transverse tests.*
Tensile 

strength-! 
Tons/sq. in.

Brinell numbers (step bar).

Load. Cwts.
Mod. of 
rupture. 

Tons/sq. in.
1 in. £ in. i  in. i  in.

0 2 . 0 25.36 33.65 12.74 192 192 229 229
0.7 2 . 0 25.52 33.87 13.09 197 199 229 235
1 . 1 2 2 . 0 26.68 35.38 13.22 199 2 1 0 229 235

o t 1.3 ____ ___ — 228 250 364 340
0 .93! 1.29 26.6 35.3 16.84 2 1 2 228 242 251
1.84$ 1.35 28.0 37.4 16.70 225 241 251 286

1 . 2 2 1.42 29.46 39.0 18.5 226 232 273 292
1 . 1 2 1.44 28.43 37.6 20.5 228 230 250 386

* Transverse tests on standard I.B .F . “ M ” Bars, 
t  Tensile tests, pieces cast 1.2-in. diameter and tested 0 .9  in. 
j  Carbon rose to  3.40 per cent, in these irons.

g iven  iro n , b u t  th e  a d v an tag e s  of ach iev in g  th is  
re su lt by th e  use of n icke l w ill be seen from  a 
s tu d y  of F ig s . 2 a n d  3.

F ig . 2 shows th e  ten s ile  s tre n g th ,  h a rd n ess and  
e x te n t  of chill in  th re e  step  b a rs . C on sid e rin g  
B i t  w ill be n o ted  t h a t  th e  s tre n g th  m ay  be 
increased  e ith e r  by re d u c in g  th e  silicon, g iv in g  
b a r  A, o r by re d u c tio n  of silicon , a n d  a d d itio n  
of n ickel, g iv in g  b a r  C, b u t  w hereas sim ple re 
d u c tio n  of silicon re su lts  in  en h an ced  s tre n g th  
a t  th e  expense of co n siderab le  increase  in  chill, 
th e  a lte rn a t iv e  m eth o d  h as secu red  even b e tte r  
m echanical p ro p e rtie s , w h ils t m a in ta in in g  th e  
ch illin g  te n d e n cy  a t  th e  sam e level. F ig . 3 
i llu s tra te s  co n tro l of chill by silicon  an d  nickel 
re sp ec tiv e ly , an d  i t  w ill be seen th a t ,  w hereas 
red u c tio n  "by silicon is accom panied  by m ark ed  
decrease  in  ten s ile  s tre n g th ,  th e  figures fo r  th e  
n ickel iro n s re m a in  ap p ro x im a te ly  c o n s ta n t. 
T he h a rd n ess  figures d e m o n s tra te  c learly  th e

re d u c tio n  of silicon, th e  ten d e n cy  to  chill in  
th e  th in  sections is increased , a n d  in  m any  cases 
th e  re su lt  w ill be t h a t ,  w hen th e  silicon is re 
d uced  to  th e  low est perm issib le  figu re  w hich will 
allow  easy  m ac h in in g  of th e  th in  sections, i t  w ill 
be found  t h a t  th e  h a rd n ess is in su ffic ien t in  th e  
h e av ie r  sections. In  such c ircu m stan ces , th e  in 
fluence of n icke l in  in c re as in g  th e  g e n e ra l ov er
a ll h a rd n ess  is of p a r t ic u la r  v a lu e  (F ig . 4). 
Space l im ita tio n s  p rec lu d e  f u r th e r  c o n sid e ra 
tio n s  of th e  effect of n icke l on m ac h in ab ility , 
a n d  am ple  l i te r a tu r e  on th is  a sp ec t is av a ilab le .

So fa r ,  th e  a d v a n ta g e s  c la im ed  fo r  n icke l 
a d d itio n s  h av e  been fro m  th e  e n g in e e rs ’ s ta n d 
p o in t, b u t  n icke l can  also be a  good f r ie n d  in  
th e  fo u n d ry . B y v ir tu e  of g ra in  re fin em en t an d  
m a tr ix  h a rd e n in g , n icke l assists  g re a t ly  in  th e  
p ro d u c tio n  of p re ssu re  t ig h tn e ss  a n d  g en era l 
e lim in a tio n  of po ro sity , d raw s, e tc . I n  re ad in g  
th ro u g h  th e  l i te r a tu r e  av a ilab le , th e  a u th o r  has
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fo u n d  t h a t  th ese  c la im s a re  fu lly  su b s ta n tia te d  
by th e  ex p e rien c e  o f a c tu a l  u se rs  of n icke l as 
rev ea led  in  th e  d iscussions fo llow ing th e  p re sen 
ta t io n  of m an y  P a p e rs . A t te n t io n  is d ra w n  to  
th is  p o in t because  m an y  people  who have  n o t

13SILICON 
NICKEL
TENSILE 166 
TRANSVERSE 31 I

2 2  113
2-8 

176 
367

126

K
,87 r » ,

» .  n 207 1 24SL Li 217 255

1*4 257 262

A 1 (
I

F i g . 2 .— S t e p  B a r  T e s t s  s h o w i n g  
I n f l u e n c e  o f  N i  a n d  S i  o n  C a s t  
I r o n .

h a d  p e rso n a l ex p erien ce  of alloy  a d d itio n s  a re  
scep tica l of c la im s ad v an ced  as th e  re s u lt  of 
e x p e rim e n ts  on  a la b o ra to ry  scale.

T he fo reg o in g  c o n s titu te s  a  b r ie f  o u tlin e  of 
th e  p ro p e rtie s  to  be ex p ec ted  from  g re y  irons

SILICON 
TENSILE: 16-6
MOO RUPTURE 31-1

NICKEL 
TENSILE 1 6 6  
MOO « JP T L R E 3 I-I

F i g . 3 .— C o n t r o l  o f  C h i l l  b y  N i c k e l  
a n d  S i l i c o n .

to  w hich  sim ple  a n d  “  b a lan ced  ”  a d d itio n s  of 
n icke l have  been  m ade .

C h ro m iu m

A d d itio n s  of ch ro m iu m  to  cas t iro n  have  also 
been th e  su b je c t of in te n s iv e  re sea rch . C h ro 
m ium  m ay  be re g a rd e d  as th e  a n ti th e s is  of sili
con, fo r  i t  is e ssen tia lly  a  c a rb id e  p ro m o te r an d  
s ta b ilise r . I f  silicon  is  ta k e n  as h a v in g  u n i t  
ten d e n cy  to  p ro m o te  th e  fo rm a tio n  of g ra p h ite ,

th e n  th e  ten d e n cy  of ch ro m iu m  to  th e  sam e end  
m ay be co n sid ered  as — 1.2. W o rk  by K e e p 23, 
C am p io n 23, Sm alley24, P iw o w arsk y 25 a n d  o th e rs  
has show n t h a t  a d d itio n s  of ch ro m iu m  u p  to  
0.5 p e r  cen t, in  c o n ju n c tio n  w ith  silicon  c o n te n ts  
of 1  to  2  p e r  c e n t .,  r e s u lt  in  increases in  th e  
ten s ile  a n d  tra n s v e rse  s tre n g th s ,  a n d  th e  h a rd 
ness. As m ig h t be e x p ec ted  from  th e  a n ti-  
g ra p h it is in g  a c tio n  of ch ro m iu m , even  a d d itio n s  
of u n d e r  1  p e r  cen t, w ill r e n d e r  th e  iro n  u n - 
m ach in ab le  if  th e  silicon c o n te n t  be low, a n d  in  
th is  co n n ec tio n  P fa n n e n sc h m id t2“ fo u n d  th a t  
w ith  silicon  c o n te n ts  of 1.5 a n d  2.3 p e r cen t, 
th e  l im itin g  a d d itio n s  of ch ro m iu m  w hich could 
be m ade  w h ils t p re se rv in g  m a c h in a b ili ty  w ere  
0.4 a n d  0.7 p e r c en t, re sp ec tiv e ly , fo r san d -cast 
b a rs  1 -|% in . d ia m e te r .

C h ro m iu m  e x is ts  in  ch ro m iu m  c as t irons as a  
double  c a rb id e  of iro n  a n d  ch ro m iu m  in  th e  p e a r-

F i g . 4 . — S h o w i n g  I n f l u e n c e  o f

N i c k e l  o n  B r i n e l l  H a r d n e s s  o f  
C a s t  I r o n .

l ite . T h is double c a rb id e  is v e ry  m uch  m ore 
s tab le  th a n  th e  p la in  c em en tite , p a r tic u la r ly  a t  
e lev a ted  te m p e ra tu r e s ; co n seq u en tly  chrom ium  
iro n s find im p o r ta n t  a p p lic a tio n  in  th e  h e a t-  
re s is tan c e  field. D o n a ld so n 27 h as  s tu d ie d  th e  
effects of ch ro m iu m  a d d itio n s  u p  to  0.9 p e r  c en t., 
a t  w hich  fig u re  he  o b ta in e d  com ple te  s ta b ility  
even  a f te r  200 h rs . a t  550 deg . C . ; a t  th e  sam e 
tim e  th e  specim ens show ed com ple te  re s is tan c e  
to  g ro w th , c o n tra c tio n s  b e in g  observed  in s te a d . 
In  a c tu a l  p ra c tic e , how ever, p la in  low -chrom ium  
irons h av e  a  lim ite d  a p p lic a tio n , th e ir  use  b e in g  
confined to  w ear re s is t in g  iro n s  a n d  iro n s of 
m o d e ra te  h e a t  re s is tan ce .

A n o th e r g ro u p  of p la in  ch ro m iu m  iro n s  ex is ts 
in  w hich  ch ro m iu m  c o n te n ts  of 15 to  35 p e r  
cen t, a re  used in  c o n ju n c tio n  w ith  ca rb o n  con
te n ts  as low as 1.8 p e r cen t. As in  th e  case of 
th e  low ch ro m iu m  iro n s, th ese  h ig h  a llo y  iro n s  
a re  used fo r w ear- a n d  h e a t- re s is tin g  w o rk . 28
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A lth o u g h , as in d ic a te d , th e  uses of p la in  
ch ro m iu m  iro n s  a re  lim ite d  to  c e r ta in  specific 
fields, ch ro m iu m  is a v ery  v a lu ab le  a lloy ing  
e le m en t w hen used  in  co n ju n c tio n  w ith  o th e r

gested  t h a t  th e  ra t io  of n icke l to  chrom ium  
should  be v a rie d  acco rd in g  to  th e  q u a n ti ty  of 
ch rom ium  ad d ed . T h e ir  suggestions a re  shown 
in  T ab le  V II .  L a te r  ex p erien ce  has shown th a t ,

T a b l e  VI.—Effect of Nickel and Chromium on Cast Iron. (Hanson.)
Material : Automobile Cylinder Iron, T.C., 2 .9  to 3 .0  ; M n ,0 .8 5 ; 8 ,0 .1 0 ;  P, 0.17 per cent.

Ni.
Per

cent.

Cr.
Per

cent.

Depth of 
chill on 

|- in . step.

Brinell hardness.
Transverse test on 

standard “ M ” bar.
Tensile strength. 
Tons per sq. in.

Max. load. 
Cwts.

Mod. of 
rupture 

Tons/sq. in.
1 . 2 -in. 
bars.

0.875-in.
bars.1 in. 1  in. i  in. ł  in-

nil trace 0 .5  in. 199 213 228 241 28.15 37.3 15.3 19.4
1 . 0 2 trace trace 2 1 0 217 335 241 26.93 35.7 16.8 18.8
1 . 1 0 0.27 trace 228 231 238 241 28.27 37.5 18.6 20.5
1.14 0.414 0.35 in. 230 238 258 269 28.15 37.3 18.0 22.45

ad d itio n s . The m ost p o p u la r  com bination  
is t h a t  of n ick e l a n d  ch rom ium , w hich w ill be 
considered  n e x t.

N ic k e l-C h ro m iu m  Irons
C hrom ium  h a rd e n s  iro n  by v ir tu e  of p ro m o t

in g  ca rb id e  fo rm a tio n  ; consequen tly , as in  th e

T a b l e  V II.—Suggested Ratios for Nickel-Chromium 
Additions to Cast Iron. (Hanson.)

Chromium added. Nickel : Chromium ra tio .

Less than  0 .2  per cent. 3 to  1
0 . 2  to  0 .3  per cent. 4 to 1
0 .3  to  0 .4  per cent. 5 to 1

case of silicon  a n d  n ickel, a  “  ba lanced  ”  nickel- 
chrom ium  a d d itio n  m ay  be used  w ith  a d v an tag e , 
as is show n in  T ab le  V I. T he n ick e l w ill h a rd e n  
th e  m a tr ix  a n d  so also w ill th e  ch rom ium , b u t  
th e  g ra p h it is in g  ac tio n  of th e  n icke l w ill re sis t 
th e  ch illin g  te n d e n cy  of th e  chrom ium , since i t  
is fo u n d  t h a t  th is  c h a ra c te ris tic  of n icke l is pre-

T a b l e  V III.—General Recommendations for Nickel- 
Chromium Cast Irons. (Bur. Inform, on Nickel.)

------ T.C Si Mn Ni Cr

For medium sections .. 3 .2 1 . 6 0.7 1.25 0 .5
For heavy sections 3.2 1 . 0 0.7 1.25 0.5
Hard grey iron 3.3 1 . 2 0 . 8 3.0 0 .5

in  g en era l, tw o o r th re e  p a r ts  of n icke l to  one 
p a r t  of ch rom ium  prove q u ite  sa tis fac to ry . As 
re g a rd s  a c tu a l q u a n ti t ie s  of th ese  e lem ents, 
B r i t ish  p ra c tic e  ap p ea rs  to  fa v o u r th e  re te n tio n  
of th e  ch rom ium  a t  ab o u t 0.5 p e r c en t., w ith  a 
to ta l  carb o n  of a b o u t 3.2 p e r cen t, a n d  a m an 
ganese  c o n te n t of 0.7 p e r  c e n t.,  th e  n icke l and  
silicon b e in g  v a ried  to  su i t  re q u irem en ts . T yp i
cal reco m m en d a tio n s a re  se t o u t in  T able  V I I I .

A m erican  p ra c tic e  ten d s  to  th e  use of slig h tly  
h ig h e r values of n icke l and  chrom ium , ap p rox i-

T a b l e  IX .—Typical Analyses and Applications of Nickel 
Chromium Cast Irons. (A.F.A. Handbook.)

— T.C. Si. Mn. Ni. Cr.

Light automobile cylin
ders 3.3 2 . 1 0 . 6 0.75 0.3

Heavy automobile cy
linders 3.3 1.85 0.65 1.5 0 . 6

Light forging dies* 3.3 1.5 0 . 6 1.5 0 . 6
Heavy forming dies* . . 3.0 1.25 0 . 6 2.75 0 . 8
Brake-drums 3.25 2 . 0 0.65 1.5 0 . 6
Light cylinder liners . . 3.25 2 . 0 0 . 6 1.5 0 . 6
Caustic pots 3.3 0.7 0 .5 1.5 0 . 6
Clutch plates 3.3 2 . 1 0.65 1.25 0 .4
Perm anent moulds 3.25 ] .75 0 . 6 1.55 0 . 6

* Heat treated.

m ate ly  th e  sam e to ta l  carbon , an d  a red u ctio n  
in  th e  m anganese  to  0.6 p e r  cen t, o r less. T y p i
cal analyses a re  show n in  Table IX .

served  u n a lte re d  in  th e  p resence  of th e  chro- M o lyb den um
m ium . H en ce , an  iro n  of g re a te r  to u g h n ess is The use of m olybdenum  has increased  e x tr a 
o b ta in e d  w ith o u t sacrifice of m ach in in g  p ro p er- o rd in a r ily  d u r in g  th e  p a s t few years, p a r tic u -
tie s . I t  should  be  m en tio n ed  h e re  t h a t  exp eri- la rly  in  th e  U .S .A . W hen  added  to  c a s t iron ,
ence has show n th a t ,  in  th e  case of p ressu re  m olybdenum  passes p a r tly  in to  solid so lu tion  in
c as tin g s , su p e rio r  re su lts  a re  o b ta in ed  by sim ple th e  fe rr i te ,  and  also form s com plex carb ides,
n icke l a d d itio n  an d  red u ced  silicon c o n te n t. In  b u t th is  la t t e r  ten d en cy  is sm all com pared w ith
one of th e i r  P a p e rs , H a n so n  a n d  E v e re s t"  sug- chrom ium . These effects a re  re flected  in  a
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s tro n g  so rb itis in g  e ffec t on th e  m a tr ix .  A d d i
tio n a lly , th e r e  is a decided  re fin in g  ac tio n  on th e  
g ra p h ite ,  acco m p an ied  by su p e rio r  d is tr ib u tio n .

T he effects on  th e  m ech an ica l p ro p e rtie s  a re  
show n in  F ig . 5, w hich shows th e  in fluence  of 
in c re a s in g  m olybdenum  c o n te n t  on fo u r  base 
irons. I t  w ill be n o ted  t h a t  th e  a d d itio n s  a re  
m ore effective w hen ad d ed  to  a low -carbon base. 
I t  shou ld  also be n o ted  t h a t  th e  h a rd n ess  does 
n o t r ise  p ro p o rtio n a lly  w ith  th e  in crease  in  
s t r e n g th  a n d  th u s  in tro d u c e  m ac h in in g  diffi
cu lties .

One of th e  m ost s tr ik in g  effects b ro u g h t a b o u t 
by  ad d itio n s  of th is  e lem en t is th e  re m a rk ab le  
“  m ass e ffec t.”  S tee lm ak e rs  a re  well aw are  of

F i g . 5 . — E f f e c t  o f  M o l y b d e n u m  
o n  T e n s i l e  S t r e n g t h  a n d  
H a r d n e s s .

th is  p ro p e n s ity , an d  i t  has p roved  no less 
successfu l in  th e  case o f c a s t  iro n . F ig . 6  shows 
th e  B rin e ll h a rd n ess  ta k e n  across th e  feed e r head  
of a  h y d ra u lic  ram , a n d  th e  e x tra o rd in a ry  u n i
fo rm ity  w ill be n o ted . T he an a ly sis  of th e  iron  
was T .C , 2 .96 ; S i, 1 .46; S, 0 .102; P , 0 .128 ; N i, 
0 .61 ; C r, 0.23, a n d  M o, 0.58 p e r c en t., an d  
w hilst th e  n icke l-ch rom ium  a d d itio n  m ay  have 
been a c o n tr ib u to ry  fa c to r , th e  m a jo r  in fluence 
m u s t be c re d ite d  to  th e  m olybdenum .

T he tra n sv e rse  s t r e n g th  is also im proved  by 
m olybdenum  a d d itio n s  fo r  th e  sam e reaso n s as 
th e  im p ro v em en t in  ten s ile  s tr e n g th  an d  h a rd 
ness; th e  d eflection  is also ra ised . E x p e rim e n ts  
show t h a t  th e  tra n s v e rse  s t r e n g th  of an  
o rd in a ry  g rey  iro n  (T .C , 3 .31 ; S i, 2.27, an d  M n, 
0.65 p e r  c e n t.)  m ay  be ra is e d  by  as m uch  as 
9 cw ts. by a d d itio n  of 0 .5  p e r  cen t. M o, th e

deflection  in c re as in g  from  a b o u t 0.225 to> 
0.325 in .

F ro m  th e  p o in t of a p p lic a tio n  in  th e  fo u n d ry , 
m o lybdenum  a d d itio n s  offer im p o r ta n t  a d 
v an tag es . T he e lem en t m ay  be ad d ed  s a t is 
fa c to r ily  in  th e  lad le , an d  sin ce  th e  a m o u n t to> 
be ad d ed  is sm all, th e  m e ta l is n o t cooled to  
an y  a p p rec iab le  e x te n t .  A w ide v a r ia t io n  in  
p ro p e rtie s  can  be o b ta in e d , acco rd in g  to  th e  
e x te n t  of th e  a d d itio n , w hich m eans t h a t  one base 
iron m ay  be u sed  to  sa tis fy  sev era l re q u ire m e n ts . 
F in a lly , m o lybdenum  red u ces “  p a t te rn m a k e r ’s  
sh r in k a g e ,”  w hich  m in im ises c o n tra c tio n  s tre sse s  
and  th e  con seq u en t r isk  of c ra c k in g  an d  te a r in g .

M olybdenum  finds i ts  g re a te s t  use  in  com bina
t io n  w ith  o th e r  a lloy ing  e lem en ts. P o p u la r  com
b in a tio n s  a re  C r-M o, M n-M o, N i-M o, an d

F i g . 6 . — S e c t i o n  o f  a  6 J  i n . R o u n d  B ar  
s h o w i n g  U n i f o r m  H a r d n e s s .

Cu-M o. C o m b in a tio n  w ith  n icke l a p p ea rs  to  
produce  th e  m ax im u m  beneficia l effects on  th e  
physical p ro p e rtie s . T h is e ffect com bines h igh  
ten s ile  s tre n g th ,  t ra n s v e rse  s t r e n g th  a n d  deflec
tio n , w ith  in te rm e d ia te  h a rd n ess  an d  o u ts ta n d 
in g  m ac h in ab ility .

A lth o u g h  v ir tu a l ly  u n k n o w n  in  1929 ex cep t fo r 
use in  ch illed  ro lls , i ts  u se , so fa r  as th e  U .S .A . 
is concerned , is p ra c tic a lly  u n iv e rs a l fo r  cas tin g s 
of h ig h  s t re n g th  re q u ire m e n ts . S tre n g th s  of 
tw e n ty  to n s  a re  easily  o b ta in a b le  w ith  h a rd 
nesses of u n d e r  300 B rin e ll. A p p lica tio n s  inc lu d e  
m oto r-veh icle  an d  diesel cas tin g s , dies, p ressu re  
an d  m ach in e-to o l cas tin g s , an d  g e ars . Some 
ty p ic a l  an aly ses a re  se t  o u t  in  T ab le  X .

I t  m ay  be th o u g h t t h a t  th e  in fo rm a tio n  g iven  
su g g ests  t h a t  m o lybdenum  is th e  fo u n d e r’s 
“  p h ilo so p h er’s s to n e ,”  b u t  th e  a u th o r  finds t h a t  
B r i t ish  in fo rm a tio n  co n ce rn in g  th is  e le m en t is



•com para tive ly  scarce  com pared  w ith  t h a t  av a il
ab le  in  th e  case of n icke l an d  ch rom ium , and  
■this o p p o r tu n ity  h as been ta k e n  to  em phasise  th e  
p o te n tia li tie s  of m olybdenum . B r i tish  P a p e rs  
A vailable in c lu d e  w ork  by S m alley , 29 W es t , 80 

H u r s t , 31 an d  o th e rs .

V a n a d iu m
T he .effects of v a n a d iu m  have  been s tu d ied  

o v e r  a p ro lo n g ed  period . T h e  e a r lie s t  re fe re n ce  
t h e  a u th o r  can  t ra c e  is a P a p e r  by  S m ith 83 in

m uch  so u g h t e q u a lisa tio n . T he change  in  te n 
sile s tre n g th ,  w hen ad d ed  to  p la in  irons, is 
ro u g h ly  p ro p o rtio n a l to  th e  in crease  in  h a rd 
ness, b u t  w hen ad d ed  in  co n ju n c tio n  w ith  o th e r 
e lem en ts th e  ten s ile  s t re n g th  rises m ore ra p id ly  
th a n  th e  h a rd n ess . As an  exam ple , a  s tre n g th  
increase  of 1 0  tons p e r sq. in . can  be o b ta in ed  
w ith  a n  increase  of 75 p o in ts  B rin e ll, u s in g  a  2 
p er cen t, co p p er-v an ad iu m  iro n , w h ilst a  co rre 
sp o n d in g  increase  in  a  p la in  iro n  w ill involve 
a d ifference of a b o u t 170 p o in ts  B rin e ll. The

T a b l e  X.— Typical Analyses and Applications of Molybdenum Cast Irons.

Application. T.C. Si. Mn. Ni. Cr. Mo. Cu. V.

High-strength iron 2 . 8 2 . 2 0 . 8 _ __ 0.35 _ _
H ot working dies 3.3 1.3 0 .5 — — 0.9 — —
Heavy lathe beds 3.1 1.25 0.75 1 . 0 — 0.5 — —
Valve bodies 3.21 2.16 0.81 — 0.31 0.41 —- —
High-pressure pumps 3.16 1.36 0.55 1.03 0.41 0.73 — —
Diesel pistons 2.55 1 . 6 0.7 1.25 —. 0.7 — 0 . 1 2
Cylinder blocks 3.1 2 . 0 0 . 8 0 .5 0.3 0 . 6 —

1909, since w hich tim e  som e th i r ty  o r m ore o th e r 
P a p e rs  h av e  a p p ea red . B r i tish  w orkers include  
N o i 'r is , 83 H a tf ie ld ,“  D o n aldson , 85 C am p io n , 36 

H u r s t 37 an d  N o rb u ry . 88 G erm an y  is re p re se n ted  by 
P iw o w arsk y , 16 B a rd e n h e u e r  an d  Z ey en , 89 P fa n -  
n en sch m id t36 a n d  o th e rs , w h ils t a  n o tab le  w orker 
in  th is  field h as been  C h a llan so n n e t40 41 42 in 
F ra n c e . I t  is, how ever, in  th e  TJ.S.A. th a t  
v a n ad iu m  iro n s have  been  in  re g u la r  p ro d u c tio n  
fo r  m an y  y ears , a n d  nu m ero u s P a p e rs  have  
a p p e a re d  in  th e  te c h n ica l P re ss  of t h a t  c o u n try .

V a n ad iu m  is th e  m ost p o w erfu l of th e  carb ide- 
fo rm in g  a g en ts . T he effects on th e  m a tr ix  
p a ra lle l  those of c h ro m iu m ; a t  th e  sam e tim e ,

a d v an tag e s  from  th e  m ach in in g  asp ec t will be 
obvious.

A lloys co n ta in in g  v a n ad iu m  in  co n ju n c tio n  
w ith  n ickel, copper, chrom ium  an d  t i ta n iu m  are  
u tilise d  fo r  a w ide v a r ie ty  of purposes, p a r tic u 
la rly  in  th e  U .S .A . I n  a ll cases th e  v an ad iu m  
a d d itio n  is of a  very  sm all o rd e r. T able X I  
shows a  few ty p ica l exam ples from  A m erican  
p rac tice  i llu s tra tin g  th e  m an y  alloy com bina
tions.

C o p p er
C opper a d d itio n s  to  cas t iro n  have  received 

th e ir  fu ll sh a re  of a tte n tio n . The f irs t work

T a b l e  X I.—Typical Analyses of Alloy Cast Irons containing Vanadium. (Amer. Van. Corp.)

Application. T.C. Si. Mn. Ni. Cr. Mo. Cu. V.

Brass mill rolls 3.0 0 . 8 0 .3 _ _ — — 0.25
Grate bars 3.7 1.7 0.55 — — — — 0.15
Brakedrums 3.15 1.9 0.65 — — — 1 .5 0 . 1

Forming dies 3.6 1.4 0.5 2 . 0 0.7 — — 0.15
Diesel heads 3.05 1.85 0 . 8 1.25 — 0.75 — 0 . 1

th e re  is a  m ark e d  te n d e n c y  to  im prove  th e  
g ra p h ite  as re g a rd s  b o th  flake size a n d  d is tr ib u 
t io n . V a n ad iu m  also e x e rts  a  w ell-recognised 
deo x id isin g  effect, accom pan ied  by degasifica
tio n , which is re flected  in  b e t te r  tra n sv e rse  
s t r e n g th . 36

The g e n e ra l effects on th e  m echan ical p ro p e r
tie s  a re  as follow : — H a rd n ess  is in creased  ; as 
l i t t le  as 0 . 1  p e r  c e n t.,  w hen added  to  a n  iro n  
w ith  a to ta l  c arb o n  of 3.1 p e r cen t, a n d  a  sili
con  c o n te n t  of 1 . 8  p e r  c en t., w ill ra ise  th e  h a rd 
ness 15 to  20 p o in ts . T he la rg e r  differences 
o c cu r in  th e  th ic k e r  sections, th u s  g iv in g  th e

a p p ea rs  to  have  been u n d e r ta k e n  ab o u t 1900, 
a f te r  w hich, ex cep t fo r  a n  odd P a p e r  o r tw o, 
l i t t le  in te r e s t  a p p ea rs  to  have  been ta k e n  u n til  
a f te r  th e  w ar. F ro m  1920 onw ard  th e re  have 
been f re q u e n t P a p e rs , m ore p a r tic u la r ly  from  
G erm an  an d  A m erican  sources. T he la te s t  
B r i tish  p u b lica tio n s  a re  those  of S a l li t t 48 and  
N icol S m ith , 44 a n d  a  m o n ograph  pub lished  by 
th e  C opper D evelopm en t A ssocia tion . 45

T he in fluence of copper on chill h a s  a roused  
co n tro v ersy , b u t  th e re  is a  p rep o n d eran ce  of 
op in io n  in  fa v o u r of re g a rd in g  copper as a 
g ra p h it is in g  a g en t. The w ork  of N icol Sm ith



in d ic a te s  t h a t  co p p er on ly  a c ts  as a  g ra p h it is e r  
u p  to  a d d itio n s  of 3 p e r  c e n t.,  a f te r  w hich  i t  
te n d s  to  in d u ce  ch ill, th is  b e in g  a t t r ib u te d  to  a 
d ilu tio n  effect, a n d  n o t  to  c a rb id e  fo rm a tio n . 
T he effect on  th e  m ic ro s tru c tu re  is s lig h t, 
g ra p h ite  a n d  p e a r l i te  re fin e m e n t b e in g  re p o rte d . 
Super-coo led  g ra p h ite  is  in d u ced  u n d e r  c e r ta in  
co n d itio n s.

T he m ech an ica l p ro p e rtie s , te n s ile  a n d  t r a n s 
v erse  s tre n g th s ,  a n d  h a rd n ess  a re  ra is e d  to  a 
s lig h t deg ree  by sim ple  copper a d d itio n , b u t  th e  
effects a re  n o ticeab le  if  th e  co p p er a d d it io n  is 
c o in c id en t w ith  silicon  re d u c tio n , as in  th e  case 
of n ick e l. C arb o n  c o n te n t  also e x e r ts  a  m ark e d  
effect u n d e r  th ese  co n d itio n s, a n d  m ax im u m  
ben efits  a p p a re n tly  n e ce ss ita te  ca rb o n  c o n te n ts  
of u n d e r  3 p e r  cen t. O p in ion  a p p e a rs  d iv id ed  
on th e  q u e s tio n  of th e  re la tiv e  m e r i ts  of a 
cop p er a d d itio n  as co m pared  w ith  o th e r  
e lem en ts , b u t  i t  h a s been  sugg ested  t h a t  co p p er 
m ay  find u se fu l a p p lic a tio n , by  em ploy ing  i t  to  
rep lace  n ick e l in  p a r t ,  in  w hich  case th e  econo
m ic  b enefits  a re  u n q u estio n ab le . C o pper does, 
how ever, fo rm  a  v a lu ab le  c o n s t itu e n t  of cer
t a in  com plex a llo y  iro n s , such  as th e  chrom ium - 
copper iro n  developed  fo r  th e  “  F o rd  ’’ c as t 
c ra n k sh a f t ,  th e  a u s te n it ic  iro n  N i-re s is t, copper- 
chrom e-m olybdenum  cy lin d e r iro n s, e tc .

O th e r  E le m e n ts
M a n y  o th e r  e lem en ts h av e  been  ad d ed  to  c a s t 

i ro n  from  tim e  to  tim e , b u t  th e i r  use, as y e t, 
c a n n o t be considered  as beyond  th e  e a r ly  de
v e lo p m en t s ta g e . A t te n tio n  m ay  be d ire c te d  to  
tw o of th ese  e lem en ts, n am ely , a lu m in iu m  a n d  
t i ta n iu m . T he fo rm er fu n c tio n s  as a  g ra p h itis -  
in g  a g e n t  w hen ad d ed  in  sm all q u a n ti t ie s ,  an d  
a lso a c ts  as a  d e o x id is in g  a g e n t. W ith  la rg e r  
q u a n ti t ie s  th e  iro n  becom es w h ite , a n d  h e a t-  an d  
co rro s io n -re s is tin g  p ro p e rtie s  have  been  re p o rte d  
by  a  n u m b e r of w ork ers . F o u n d in g  difficulties 
a re  e n co u n te re d , d u e  to  scum  fo rm a tio n . 
T ita n iu m  h as a  v ery  s tro n g  g ra p h it is in g  a c tio n , 
su p e rio r  to  t h a t  of silicon  w hen th e  am o u n ts  
a re  sm all. Im p ro v ed  tra n s v e rse  s t re n g th  an d  
w ear re s is tan c e  a re  c la im ed .

H e a t -T r e a ta b le  C as t Iro n s
T he fo reg o in g  re m a rk s  h a v e  been  ap p lied  

specifically  to  alloy  iro n s in  w hich  alloy  a d d i
t io n s  have  been  u sed  to  secu re  im p ro v ed  s t ru c 
tu r e  a n d  m ech an ica l p ro p e rtie s  in  th e  a s-cast 
c o n d itio n . H ow ever, sin ce  th e  m a tr ix  of a  cas t 
iro n  is, in  effect, id e n tic a l w ith  t h a t  of a  fa ir ly  
h ig h -ca rb o n  stee l, possib ilities  fo r  h e a t - tr e a tm e n t  
e x is t. I t  has been  fo u n d  t h a t  o rd in a ry  c a s t  iron  
w ill n o t s ta n d  th e  th e rm a l shock of a  q u en ch in g  
t r e a tm e n t ; b u t  w ith  alloy a d d itio n s  th e  c ritic a l 
p o in ts , an d  th e  r a te  of cooling  necessa ry  to  
in d u ce  h a rd e n in g , m ay  be a lte re d  to  p e rm it  of

h e a t- tr e a tm e n t  w ith o u t t ro u b le  d u e  to  c rack in g . 
H a rd n e s s  of th e  o rd e r  of 400 B r in e ll m ay  be 
o b ta in e d  in  th e  as-cast c o n d itio n  by  th e  u se  of a 
fa ir ly  h ig h  n ick e l c o n te n t, w ith  o r  w ith o u t 
c h ro m iu m ; a ty p ic a l  com position  is 5 p e r  cen t, 
n icke l a n d  0.75 p e r  c en t, ch rom ium . Such  an  
iro n  has a m a r te n s i t ic  s tru c tu re ,  a n d  is only 
m ach in ab le  u s in g  too ls of th e  W id ia  ty p e , an d  
fin ish in g  by g r in d in g .

I n  m an y  cases, how ever, h a rd n ess  of th e  sam e 
o rd e r  m ay  be so u g h t in  th e  fin ished a rtic le , 
b u t  th e  m ac h in in g  costs m ig h t be  p ro h ib itiv e  if 
c a r r ie d  o u t on  th e  h a rd e n e d  m a te r ia l ,  a n d  th e  
h e a t- tre a ta b le  c a s t iro n s  hav e  been  developed  to  
m ee t th e se  co n d itio n s. T he n a tu r e  of th ese  
irons is such  th a t ,  in  g e n e ra l, th e y  a re  easily 
m ach in ab le  as c a s t, a f te r  w hich  th e y  m ay  be 
quen ch ed  an d  te m p e re d  to  th e  re q u ire d  h a rd 
ness. T he n a tu r e  of th e  h e a t- tr e a tm e n t  w ill 
v a ry  w ith  th e  sec tio n  of th e  c a s tin g . W ith  
in c re as in g  sec tion , th e  alloy  c o n te n t  m u s t be 
ra is e d  to  en su re  fu ll  h a rd e n in g . T h is m ay  
re su lt  in  som e deg ree  of “  a ir -h a rd e n in g  ”  in  
th e  l ig h te r  sec tions as c a s t, b u t  a n  a n n ea lin g  
t r e a tm e n t,  follow ed by slow coo ling , w ill so ften  
th e  c a s tin g  th ro u g h o u t,  e n a b lin g  th e  m ac h in in g  
o p e ra tio n  to  be c a r r ie d  o u t, th e  m a te r ia l  be ing  
su b seq u en tly  h a rd e n e d  by f u r th e r  t r e a tm e n t .

T he p o p u la r  h e a t- tr e a ta b le  iro n s  c o n ta in  2 to  
3 p e r  cen t, o f n ick e l, w ith  o r  w ith o u t  chrom ium , 
th e  l a t t e r  a d d it io n  b e in g  recom m ended  fo r  heavy  
sec tions. T he h e a t - tr e a tm e n t  consists of a 
quench  in  oil fro m  850 deg. C. follow ed by tem 
p e rin g  to  th e  d esired  s t r e n g th  a n d  hard n ess . 
B y v a ry in g  th e  te m p e rin g  te m p e ra tu re  betw een 
300 a n d  600 deg . C ., te n s ile  s t r e n g th s  o f from  
16 to  2 0  to n s  p e r  sq. in . a re  re a d ily  o b ta in ab le , 
w ith  B rin e ll n u m b ers  of 350 to  400. F o r  so ften 
in g  p u rp o ses, i t  is o n ly  n ecessa ry  to  re h e a t  to  
a b o u t 600 to  700 deg. C. a n d  furnace-cool. 
F o r  d e ta ile d  in fo rm a tio n  P a p e rs  by H u r s t 46 47 

a n d  m an y  o th e r  w o rk e rs 48 49 a re  av a ilab le .
A spec ia l fo rm  of h e a t - tr e a tm e n t  fo r  th e  p ro 

d u c tio n  of in te n se  su rfa c e  h a rd n ess  is th e  process 
know n as “ n i t r id in g ,”  w ell kno w n  in  connec
t io n  w ith  s teels a n d  a p p lie d  to  cas t iro n  by 
H u r s t 66 61 5\  T he iro n  used  c o n ta in s  ch rom ium  
an d  a lu m in iu m , a  ty p ic a l a n a ly sis  b e in g  T .C , 
2 .6 ; C .C , 1.23'; S i, 2 .5 8 ; M n, 0 .6 1 ; C r, 1.69, and  
Al, 1.43 p er c e n t.  T he process consists of sub 
je c t in g  th e  m a te r ia l  to  th e  a c tio n  of d ry  
am m o n ia  gas a t  a te m p e ra tu re  o f a p p ro x im a te ly  
500 deg. C. The c a s tin g s  a re  n i tr id e d  a f t e r  
q u en ch in g  a n d  te m p e rin g , th e  o p e ra tio n  ta k in g  
fro m  60 to  90 h rs ., a cco rd in g  to  th e  d e p th  o f 
p e n e tra t io n  re q u ire d . H a rd n esse s  o f 600 to  700 
B rin e ll m ay  be o b ta in e d  in  th is  m a n n e r . This 
p rocess is b e in g  ap p lied  w ith  g r e a t  success to  
th e  p ro d u c tio n  of m o to r-v eh icle  c y lin d e r  l in e r s ; 
in  fa c t ,  one c a n  g e n e ra lise  to  th e  e x te n t  of



s ta t in g  t h a t  th e  m oto r-veh icle  in d u s try  offers th e  
la rg e s t field so f a r  fo r th e  em ploym ent of h ea t-  
t r e a te d  c a s t  irons.

S pec ia l Iron s
T he la s t  few  y ears  hav e  seen th e  evo lu tion  of 

a n u m b er of a lloy  iro n s  h a v in g  o u ts ta n d in g  p ro 
p e r tie s  in  th e i r  own p a r t ic u la r  fields. In  
g en era l, th e se  consist o f iro n s  c o n ta in in g  a p p rec i
able p e rce n ta g e s  of alloy e lem en ts, and  th e ir  
m a n u fa c tu re  m ay  invo lve d e p a r tu re s  from  
o rd in a ry  fo u n d ry  p ra c tic e . P ro m in e n t  am ongst 
these  irons a re  th e  h e a t-  a n d  co rro s io n -resis tin g  
irons know n by such  nam es as S ila l, N ic rosila l, 
and  N i- re s is t ;  iro n s  p ro duced  by th e  process of 
in o cu la tio n , w ith  or w ith o u t a llo y  a d d itio n , 
such as M e e h an ite  a n d  N i-ten sy l, a n d  finally  
chilled alloy  iro n  such  as N i-h a rd . I t  is o u tsid e  
th e  scope of th is  P a p e r  to  deal a t  le n g th  w ith  
these  iro n s , b u t  th e  sa lie n t fe a tu re s  w ill be in 
d ica ted .

H e a t-R e s is tin g  Irons
O rd in a ry  g rey  iro n , w hen  su b jec ted  to  h ig h  

te m p e ra tu re s , p a r tic u la r ly  if  of an  in te r m it te n t  
n a tu re , e x h ib its  th e  phenom enon of “  g ro w th .” 
T his involves a  m ark e d  p e rm a n e n t ex p an sio n , 
coupled w ith  c rac k in g  a n d  flak in g  of th e  su r
face, w ith  th e  re s u l t  t h a t  th e  life  of th e  
m a te ria l  is sh o rt. T h is phenom enon has received 
ex tensive  s tu d y , a n d  i t  h a s  been e stab lish ed  
th a t  th e  ro o t cause  of th e  tro u b le  lies in  th e  
o x id a tio n  of th e  g ra p h ite  flakes to g e th e r  w ith  
decom position  of th e  m a tr ix  p e a r lite .  T he de
velopm ent of h e a t- re s is tin g  iro n s  has, in  con
sequence, been  asso c ia ted  w ith  th e  p ro d u c tio n  
of irons c o n ta in in g  a m in im u m  of g ra p h ite , 
coupled w ith  as fine a flake size as possible, r e 
m oval o r  s ta b ilis in g  of th e  p e a r lite , an d  th e  
ad d itio n  of o th e r  e lem en ts re s is ta n t  to  o x id a 
tio n . A n o th e r fa c to r  of im p o rta n ce , in  th e  case 
of in te r m it t e n t  h e a tin g , is th e  volum e change 
associated  w ith  th e  p assage  of th e  iro n  th ro u g h  
th e  carb o n  ch an g e  p o in t;  hence rem oval of th e  
c ritic a l p o in t to  a  te m p e ra tu re  o u tsid e  th e  w o rk 
ing  ra n g e  of th e  m a te r ia l  w ill also assis t th e  
problem .

W h ite  irons, iro n s of low silicon c o n te n t, and  
low alloy iro n s a re  a ll su p e rio r  to  o rd in a ry  g rey  
cast iro n , b u t  each  h as i ts  own p a r t ic u la r  d is
a d v an tag es , a n d  in te n s iv e  re sea rc h  d u r in g  th e  
la s t few  y ears  h as led  to  th e  in tro d u c tio n  of 
iro n s of v a s tly  su p e rio r  re sis tan ce .

T he B r i tish  C a s t I ro n  R esearch  A ssocia tion  
has in tro d u c e d  tw o iro n s  in  th e  h e a t-re s is ta n c e  
field know n as S ila l a n d  N icro sila l. S ila l55 is a 
h igh-silicon iro n  w ith  a  low to ta l  carbon . The 
silicon p e rce n ta g e  v a rie s  from  4 to  10 p e r  c en t., 
a n d  th e  c a rb o n  is p re se n t a lm ost w holly as 
g ra p h ite  in  a  v e ry  fine s ta te  of d iv is ion . The 
m a tr ix  consists of f e r r i te  only. A m o m en t’s re 

flection  will enab le  one to  realise  t h a t  th e  h ea t-  
re s is tin g  p ro p e rtie s  a re  d ue  to  th e  m an n e r in  
w hich  such a  s t ru c tu re  reduces th e  g ro w th -p ro 
m o tin g  fac to rs .

S ila l has proved  v ery  s a t is fa c to ry  w here  th e  
service  co n d itio n s have  been p u re  h e a t-re s is t-  
ance. I t  is v e ry  b r i t t le ,  how ever, a n d  should  
n o t be used  u n d e r  co n d itio n s of stre ss , w hilst 
ra p id  h e a tin g  a n d  cooling m ay  also cause tro u b le  
due to  c rack in g . T he silicon c o n te n t is a d ju s te d  
to  th e  te m p e ra tu re  req u irem en ts , an d  i t  is im 
p o r ta n t  t h a t  i t  shou ld  be chosen w ith  care , as 
too h ig h  a v a lu e  w ill m ean  u n n ecessary  b r i t t le 
ness a n d  m ach in in g  difficulty , w h ilst too low a 
v a lu e  w ill m ean  in fe r io r  h ea t-res is tan ce , in  
w hich connec tion  M organ  h as p o in ted  o u t th a t  
in te rn a l  o x id a tio n  in  an  iron  of th is  class m ay 
r e s u lt  in  m ore ra p id  fa ilu re  th a n  a common 
iro n . A ty p ic a l analysis of a S ilal iron  su itab le  
fo r  w ork  a t ,  say, 900 deg. C. i s : — T .C , 2 .39; 
C .C, 0 .08 ; S i, 5 .72 ; an d  M n, 0.68 p e r cen t.

T able X II .— Typical Compositions of Austenitic Cast 
Irons.

“ Ni-resist.” “ Nicrosilal.”

T.C Per cent. .. 2.44 1.75
Gr. Per cent. .. 1.7 1.47
Si. Per cent. 1 . 1 1 5.84
Mn. Per cent. .. 0.76 0 . 6 8

S. Per cent. 0.057 0.039
P. Per cent. 0.26 0.045
Ni. Per cent. 16.56 17.72
Cr. Per cent. 3.3 2 . 1

Cu. Per cent. . . 7.3 —

N icro sila l54 35 an d  N i-res is t55 m ay be considered  
to g e th e r. T he fo rm er e m an a ted  from  th e  
B .C .I .R .A ., w h ils t th e  l a t t e r  was first in tro 
duced in  th e  U .S .A . u n d e r  th e  nam e of N im ol. 
B o th  irons have  a s tru c tu re  co n sistin g  of fine 
g ra p h ite  in  a n  a u s te n itic  m a tr ix , in d u ced  by 
su b s ta n tia l  a d d itio n s  of n ickel. T he n a tu re  of 
th e  m a tr ix  confers a n  im p o r ta n t  a d v a n ta g e  on 
th ese  iro n s as com pared  w ith  S ila l, nam ely , a 
considerab le  m easu re  of d u c til ity , an d  easy 
m ach in in g . T y p ica l com positions a re  com pared 
in  T able  X I I .  T he a u s te n it ic  cas t iro n s  a re  
m ark ed ly  su p e rio r to  o rd in a ry  cas t iro n  a t  
e lev ated  te m p e ra tu re s , a n d  w hen used  fo r th is  
pu rp o se  i t  is beneficial to  keep th e  chrom ium  
c o n te n t as h ig h  as possib le co m patib le  w ith  ease 
of m ach in in g . N icrosila l offers a  g re a te r  re s is t
ance to  h e a t  th a n  N i-res is t, th e  la t t e r  h av in g  
been developed, in  th e  f irs t in s tan c e , as a  co rro 
sio n -resis tin g  iro n .

A P a p e r  of g re a t  in te re s t , 57 m ore p a r tic u la r ly  
p e rh ap s  to  th e  e n g in eer, ap p ea red  in  1936, cover
ing  a n  in v e s tig a tio n  in to  th e  creep  of five irons, 
which inc lu d ed  S ila l, N icrosila l, N i-res is t, a



n ick e l-ch ro m iu m  iro n  a n d  a  com m on g re y  iro n . 
T he in v e s tig a tio n  w as d ire c te d  to  a s c e r ta in in g , 
a m o n g s t o th e r  th in g s , th e  s u i ta b i l i ty  of th e  
th re e  spec ia l iro n s  fo r  h ig h - te m p e ra tu re  s team  
p la n t .  T he com ple te  su p e r io r ity  of th e  spec ia l 
iro n s  w as d e m o n s tra te d . C u rio u sly  en o u g h , b o th  
N ic ro s ila l a n d  N i- re s is t  p ro v ed  b e t te r  a t  h ig h  
te m p e ra tu re s  th a n  a t  low er ones. A n o th e r in 
te re s t in g  d iscovery  w as also  m ade , nam ely , t h a t  
th e  r a te s  of c reep  a n d  g ro w th  of th e  o rd in a ry  
g re y  iro n  a n d  th e  n icke l-ch rom e iro n  w ere  con
s id e rab ly  red u ced  by a  p re lim in a ry  h e a t- tr e a t-  
m e n t below  th e  c r it ic a l  te m p e ra tu re .

N i-re s is t, as m en tio n ed  above, w as developed 
o r ig in a lly  as a  c o rro s io n -re s is tin g  iro n . I t  h as  
a corrosion  re s is tan c e  eq u al, o r ev en  su p e rio r , 
to  b ro n ze  u n d e r  m an y  co n d itio n s, w h ils t possess
in g  b e tte r  w ear re s is tan c e . T ab le  X I I I ,  d u e  to  
H u r s t ,  co m pares th e  p ro p e rtie s  of a u s te n it ic  iro n  
w ith  th o se  of o rd in a ry  c a s t iro n  a n d  th e  com m on 
n o n -fe rro u s  alloys. I t  w ill be  n o ted  t h a t  th e

g r a p h it is in g  a g e n t  to  an  iro n  w hich  u n d e r  n o rm al 
co n d itio n s  w ould  so lid ify  as a  w h ite  iro n . T h e  
l a t t e r  p rocess is te rm e d  “  in o c u la tio n ,”  a n d  is 
m en tio n ed  becau se  i t  is a n  in te g ra l  p a r t  of th e  
p ro d u c tio n  of th e  spec ia l iro n  know n as N i-ten sy l. 
N o rb u ry  a n d  M o rg a n 58 have  desc rib ed  th e  p ro 
d u c tio n  of fine g ra p h ite  by  a n  a d d it io n  of fe rro - 
t i ta n iu m  follow ed by o x id a tio n  by  b u b b lin g  c a r
b o n  d io x id e  g as th ro u g h  th e  m e ta l.

N i- te n sy l , 53 w hich  in  com m on w ith  S ila l, N ic ro 
silal, e tc ., is th e  su b je c t of p a te n ts ,  h as  been 
sponsored  by th e  M ond N ick el C om pany . B riefly , 
i t  consists  o f a  h ig h -s tre n g th  m a tr ix ,  accom 
p a n ie d  by finely d iv id e d  g ra p h ite .  I t  h a s  th e  
g r e a t  m e r i t  of a d m irab le  m ech an ica l p ro p e rtie s , 
com bined w ith  low cost, since  th e  sole alloy 
a d d it io n  consists of 1.5 p e r  cen t, n icke l, which 
to g e th e r  w ith  fe rro -s ilico n  is ad d ed  in  th e  lad le .

T he m ech an ica l p ro p e rtie s  m ay  be desc rib ed  as 
s ta r t l in g  w hen co m p ared  w ith  n o rm a l h ig h -d u ty  
a n d  alloy  c a s t  iro n s , as 25 to n s  p e r  sq. in . is

T a b l e  X III .—General Properties of Austenitic Cast Irons compared with Cast Iron and Non-Ferrous Alloys. (H urst.)

Austenitic 
cast iron.

Ordinary 
cast iron. Brass. Bronze.

Specific gravity 7 . 5 — 7 .6 6 . 9 — 7 - 7 8 .0 — 8 . 2 8 . 2 — 8 .5
Specific heat — 0 . 1 2 0 .0 9 0 .2 6
Thermal conductivity 0 .0 8 0 . 1 1 — 0 .1 3 0 . 2 6 0 .2 6
Magnetic permeability (max.) 1 .0 3 2 4 0 .0 1 . 0 1 . 0
Specific resist. Microhms per cm .3 1 5 0 .0 9 5 .0 7 .0 1 6 .0
Resistance temp, coeffic. 0 — 1 00  deg. C. .. 0 .0 0 0 4 5 0 .0 0 1 9 0 . 0 0 2 0 .0 0 0 6 5
Coeffic. of expansion 1 . 8  x  1 0 ~ 6 1 .1  X i o - 5 1 . 8 8 — 1 . 8 X 1 0 - 5

1 .9 8  x 1 0 -5
Tensile strength. Tons per sq. in. . . 1 5— 2 5 1 2 — 2 0 20—40 2 0  app.
Elongation. Per cent. 1— 3 Nil 2 0 8
Mod. of elasticity. Lbs./in .2 x  10- 6 14— 21 14— 18 11 — 14 11— 14

m ech an ica l p ro p e rtie s  co m p are  v e ry  fa v o u ra b ly  
w ith  b ra ss  a n d  b ronze. I n  com m on w ith  o th e r  
a u s te n it ic  m a te ria ls , N i-re s is t h as a  ten d e n cy  to  
w o rk -h a rd en , a n d  th is  is p a r tic u la r ly  usefu l 
w here  th e  co rrosion  is  accom pan ied  by a b ras io n , 
as in  th e  case of, say , th e  p u m p in g  of sew age. 
N i- re s is t  is f in d in g  in c re a s in g  a p p lic a tio n  in  th e  
chem ical in d u s try ,  a n d  am ple  d a ta  a re  av a ilab le  
fo r  th e  use  of en g in eers  a n d  o th e rs  to  en ab le  
th em  to  se lect th e  m ost su ita b le  com position  fo r  
th e i r  re q u ire m e n ts .

In o c u la te d  Iro n
A t th e  b e g in n in g  of th is  P a p e r ,  p ro d u c tio n  of fine 

g ra p h ite  w as m en tio n ed  as like ly  to  co n fe r ad d ed  
s tr e n g th  on a n  iro n . I t  h a s  been  seen t h a t  th e  
m a jo r i ty  of th e  alloy  e lem en ts  do a ss is t in  a  c e r
t a in  m easu re  in  th is  d ire c tio n , b u t  so f a r  no  
m en tio n  h as been  m ad e  of p ro ced u re s h a v in g  th e  
p ro d u c tio n  of fine g ra p h ite  as th e i r  specific 
o b jec t. I t  h a s been  fo u n d  t h a t  m a rk e d  g ra p h ite  
re fin em en t m ay  be accom plished  by su p e rh e a tin g  
a n  iro n  o r  by  m a k in g  a  lad le  a d d it io n  of a

a  u su a l fig u re , a n d  v a lu es u p  to  30 to n s have  
been  re p o rte d . F u r th e r ,  th e  iro n  is am enable  
to  h e a t- tr e a tm e n t ,  in  w h ich  case th e  30-ton figure  
m ay  be o b ta in e d  w ith  reaso n ab le  c e r ta in ty  every  
tim e . As to  th e  figu res q u o ted , i t  should  be 
p o in te d  o u t  t h a t  a d e q u a te  fo u n d ry  p ra c tic e  is 
a ssum ed. As a n  in d ic a tio n  of th e  ty p e  of w ork 
w hich  c an  be  p ro d u ced , th e  case  of a  c ru sh e r 
f ra m e  w e ig h in g  17 to n s  fin ished  c an  be  c ited , 
w h e re in  th e  te n s ile  s t re n g th  in  th e  c e n tre  of a 
sec tion  9 in . th ic k  w as 23 to n s  p e r  sq. in . This 
i ro n  is easily  m ach in ed  a t  B r in e ll h a rd n esses  of 
250 a n d  over. I t  c an  obv iously  be em ployed fo r 
a  w ide v a r ie ty  o f w ork , a n d  m ay  he used  as 
a  s u b s t i tu te  fo r  steel c a s tin g s  in  m an y  cases.

N i-h a rd
T he la s t  of th e  sp ec ia l iro n s  to  be  co n sid ered  is 

a g a in  d u e  to  th e  M ond  N ick e l C om pany , nam ely , 
N i-h a rd . 60 O rd in a ry  w h ite  iro n s  p ro d u ced  e ith e r  
a s-ca s t o r  by  ch illin g  su ffer fro m  b r i t t le n e s s  an d  
lack  of s t r e n g th ,  a n d  th ese  d e fec ts  h a v e  been 
m it ig a te d  in  th e  iro n  to  be d esc rib ed . T h e  u n d e r 



ly in g  p rin c ip le  is th e  re te n tio n  of th e  m assive 
ca rb id es  c h a ra c te r is tic  of a  w h ite  iro n , accom 
p an ied  by a  m a r te n s i t ic  m a tr ix  in s tea d  of th e  
p e a r lit ic  one fo u n d  in  w h ite  iro n . A t th e  sam e

T a b l e  XIV.—Typical Compositions of 
(Bur. Inform, on Nickel.)

“ Ni-Hard.”

A. B. C. D.

T.C Per cen t.. . 3 .0 2 . 8 3.6 3.6
Si. Per cent. . . 0 . 8 0 .5 0 . 8 0 .5
Mn. Per cent. .. 1 . 2 1 . 2 0 . 8 0 . 8
S. Per cent. 0 . 1 0 . 1 0 . 1 0 . 1
P. Per cent. . . 0 .3 0 .3 0 .3 0.3
Ni. Per cent. . . 4 .5 4 .5 4 .5 4 .5
Cr. Per cent. . . 1 . 0 0.75 1.5 1.5
Mo. Per cent. . . — 0.25 •— 0.25

Type A is for light-section chilled castings of maximum 
strength ; B is for heavy castings of maximum strength ; 
C is for light castings of maximum hardness ; D is for 
heavy castings of maximum hardness.

tim e , th e  alloy  a d d itio n s  responsib le  fo r th e  m ar- 
te n s ite  in  th e  su rfa ce  lay e rs  also refine  th e  u n d e r
ly ing  g rey  core. T he n e t  re su lt  is a  m u ch  h ig h e r 
hard n ess in  th e  chill a n d  v as tly  im proved  core

produce  o rd in a ry  iro n s of th e  h ig h es t c lass. 
Alloy ad d itio n s  a re  n o t a m edicine  fo r  poor 
fo u n d ry  p ra c tic e , a n d  th e  d ab b le r is likely  to  
b u rn  h is fingers.

I f  a  cu sto m er be re q u ire d  to  p a y  a n  en h an ced  
p rice  fo r  a n  alloy iro n  ca s tin g , he  dem an d s, f ir s t  
an d  forem ost, v a lu e  fo r  h is m oney in  th e  fo rm  of 
b e t te r  serv ice  a n d  b e t te r  q u a lity , w hich s tresses 
th e  im p o r ta n t  p o in t t h a t  th e re  should  be th e  
closest co -o p era tio n  be tw een  th e  cu sto m er an d  
th e  fo u n d e r. T he fo rm er should  be enco u rag ed  
to  g iv e  th e  fu lle s t  d e ta ils  o f th e  jo b  fo r  w hich 
th e  c a s tin g  is re q u ire d , so t h a t  th e  fo u n d e r m ay 
su p p ly  h im  w ith  th e  m ost su itab le  m a te r ia l ;  in  
th is  w ay  th e  cu sto m er w ill receive  th e  fu ll v a lu e  
of th e  alloy  iro n , w hereas if  in fo rm a tio n  is w ith 
held  a p e rfe c tly  good c a s tin g  m ay  he su p p lied  
w hich, th ro u g h  be in g  of u n su ita b le  com position , 
m ay be l i t t le  su p e rio r  to  a n  o rd in a ry  s t r a ig h t  
en g in e e rin g  iro n .

So f a r  as th e  low alloy a d d itio n  iro n s  a re  
concerned , 75 p e r  cen t, o f th e  b a tt le  is th e  a b ility  
to  p ro duce  a su itab le  base  iro n , w hich, ta k e n  
in  g en era l, involves th e  p ro d u c tio n  of an  iron  
h a v in g  a  to ta l  c arb o n  of 3 to  3.3 p e r  c e n t . ; 
silicon con tro lled  acc u ra te ly  to  su i t  re q u ire m e n ts ,

T a b l e  XV.—Typical Results of Tests of Chilled Plain and “ Ni-Hard  ” Irons.

Unallo; red iron. “ Ni-1Sard.”

High carbon. Low carbon. High carbon. Low carbon.

T.C. Per cent.
Si. Per cent.
Ni. Per cent.
Cr. Per cent.
Brinell hardness o f chilled surface 
Shore hardness on chill face
Tensile strength in chilled section. Tons/sq. in. . . 
Tensile strength in grey core. Tons/sq. in.

3.50
0.75

500
70

16—18
7— 11

2.75
0.75

400
55

21—24
10—17.5

3.50 
0.75
4.50
1.50 

650—700
90

25—27
13—16

2.75
0.75
4.50
1.50 
575

78
31—36
18—22

stre n g th . T he im p o rta n ce  of in creased  core 
s tre n g th  w ill be a p p a re n t  in  such  c a s tin g s  as 
rolls, w here  to rq u e  h as to  be tr a n s m it te d .  I t  
will be a p p re c ia te d  t h a t  m ach in in g  w ill n o t  be 
easy, b u t  th is  is n o t  to  be  ex p ec ted  in  th e  n a tu re  
of th in g s .

H ow ever, ex ce p t w here  e x trem e  h a rd n ess is 
req u ired , m ac h in in g  m ay  he c a r r ie d  o u t  u s in g  
W id ia  to o ls ; in  th e  l im itin g  case, g r in d in g  is th e  
only possible p ro ced u re . N i-h a rd  m ay  be app lied  
fo r a ll pu rposes w here  w h ite  iro n s  have  been used 
in  th e  ipast, a n d  serv ice  co n d itio n s  h a v e  afforded 
am ple co n firm ation  o f i ts  su p e rio r ity , as is 
stressed  in  T ables X IV  a n d  X Y .

T h e  P ro d u c tio n  A n g le
I t  re m a in s  to  g iv e  som e a cco u n t of th e  p ro 

d u c tio n  of alloy iro n s  in  th e  fo u n d ry . S tr a ig h t  
aw ay  i t  c an  he  s ta te d  ca teg o rica lly  t h a t  success 
w ith  alloy iro n s is d e p e n d e n t on  a b ili ty  to

g en era lly  a b o u t 1 to  1.5 p er c e n t .;  low phos
ph o ru s, a n d  a m an g an ese  c o n te n t of a b o u t 0.7 
iper cen t. I t  is h a rd ly  necessary  to  p o in t o u t 
th a t  th is  w ill involve an  a cc u ra te  know ledge of 
th e  com position  of a ll ra w  m a te ria ls  an d  i r r e 
p ro achab le  cupola  p rac tice .

C o m p o u n d in g  th e  A llo ys
T he alloy ing  e lem ents m ay  he in tro d u c ed  in to  

th e  m elt in  a  v a r ie ty  of w ays. T he com m onest 
e lem en t, nam ely  nickel, is  availab le  in  several 
form s. The m o st p o p u lar o f  these  is n ickel 
“  F  ”  sho t, w hich  is a  niekel-silicon alloy  con
ta in in g  92 p e r  cen t, of n ickel, and  h as a  m eltin g  
p o in t of a b o u t 1,260 deg. C ., w hich  re n d e rs  i ts  
so lu tio n  q u ite  sim ple. The sam e m a te r ia l  is 
av ailab le  in  in g o t fo rm , w h ils t p u re  n ickel m ay  
also be o b ta in ed  as sh o t o r ingo t. The rem ain 
in g  choice is  th e  use  of p ig -iro n  co n ta in in g  
n ickel.



Present-day practice in the choice and method 
of addition has been reported on by many 
authorities, the general concensus of opinion 
being as follows:-—For small quantities of iron, 
the addition of “  F  ” shot, introduced into the 
metal stream as close to the tap  hole as con
venient as the metal is tapped into the ladle. 
I t  is also recommended th a t the ladle is sus
pended from a spring balance during the opera
tion to ensure the correct weight of iron being 
used to suit the addition.

For appreciable quantities of iron, the nickel 
should be introduced via the cupola, but opinions 
differ as to the form of the addition. One well- 
known authority  avoids the use of any concen
tra ted  form such as ingots, and advises a nickel- 
bearing pig. If ingots are used there is a  slight 
loss to 2 to 2J per cent. The nickel iron should 
be charged first where possible, and the alloy 
added in the first part of the charge; addi
tionally the amount of alloy iron should exceed 
requirements to avoid contamination. I t  will 
be realised th a t in the case of irons made in 
furnaces other than the cupola, the above 
problems do not arise, and the nickel may be 
added in any form, a short time prior to tapping.

C h ro m iu m  A d d itio n s

Chromium is rather more difficult to add than 
nickel. I t  is available as ferro-chrome, as a 
chrome pig-iron, or as chromium briquettes. The 
solution of ferro-chrome is a m atter of difficulty, 
and opinion appears to regard its use as a ladle 
addition as undesirable, although with care this 
medhod can be made to give satisfactory results 
where not more than  0.5 per cent, of chromium 
is required in the metal. The finely crushed 
ferro-chrome should be well rabbled into the 
metal or losses may be excessive. Under the 
best conditions the losses may be up to 15 per 
cent, of the amount added.

The best method undoubtedly is the use of a 
suitable chromium pig-iron, and this applies also 
where larger quantities of chromium are required. 
H u rs t61 has published some interesting figures in 
connection with chromium additions in various 
forms. Excessive loss was encountered when 
ferro-chrome was used in the cupola, and experi
ments using chrome pig-irons of varying 
chromium content showed th a t the smallest losses 
were obtained with an 8 per cent, chromium pig. 
I t  is emphasised, however, th a t variations may 
be expected under differing cupola conditions.

A d d in g  M o ly b d e n u m , V a n a d iu m  and C o p p e r

Additions of molybdenum may be made as 
ferro-molybdenum containing 55 to 65 per cent, 
metallic molybdenum. The crushed alloy may 
be added a t the  spout as in the case of nickel.

I t  is recommended th a t no addition be made 
until a reasonable amount of metal is in the 
ladle, otherwise trouble may ensue due to the 
ferro-molybdenum sticking to the bottom. 
Molybdenum pig is not readily available, but an 
alternative for air-furnace or rotary-furnaoe 
work is calcium molybdate. If  used, ample time 
must be allowed for solution—about two hours 
for safety.

There is little  to say concerning vanadium. 
I t  may be added in the ladle as ferro-vanadium, 
or alternatively vanadium pig-irons are available. 
Losses must be taken into consideration in ladle 
additions.

In  the case of copper, there is the advantage 
tha t scrap copper in any form may be used, 
either as a ladle addition, as p a rt of the cupola 
charge or ju st prior to tapping in other types 
of furnace. The copper passes into solution 
easily, and the only precaution necessary is to 
s tir  the ladle well, as w ith fairly large additions 
there may be a tendency to segregation a t the 
bottom of the ladle. Oxidation losses need not be 
considered.

T e c h n iq u e  fo r  N i-R e s is t and N ic ro s ila l

Austenitic cast irons of the Ni-resist and 
Nicrosilal type may be made either in the cupola 
or the crucible furnace. In  the  production of 
Ni-resist, the charge is made up of a suitable 
base iron to which a Ni-Ou-Cr pig is added. 
Monel metal may also be used together with a 
chromium pig. Ladle additions should be 
avoided. M elting losses are experienced with 
the silicon and manganese, and in the case of 
crucible melting carbon also.

The foundry technique requires close atten
tion, as the metal has little  life and should be 
poured as hot and as quickly as possible. 
Feeder heads should be on the most generous 
lines, and it is recommended th a t the cross- 
sectional area of the feeders should exceed the 
heaviest section of the casting. The question of 
dry-sand or green-sand moulds for these irons is 
uncertain, as good results have been obtained 
with both. I t  is im portant to note th a t where 
chaplets are required, these should be of 
austenitic iron or Monel metal.

H a n d lin g  N i-te n s y l

Ni-tensvl is usually produced in the cupola. 
The base iron recommended is a low total-carbon 
iron of 2.5 to 3 per c e n t.; silicon, 0.5 to 0.8 
per cent., and in particu lar low phosphorus—0.2 
per cent, maximum. The charge may consist 
almost entirely  of steel, avoiding too light 
material. In  the ro tary  furnace the charge must 
consist of refined pig-iron in the main, in order 
to obtain the required carbon. Inoculation



should be carried out in the ladle or the bath 
ju s t prior to pouring. The metal is compara
tively “ dead ” due to possessing a short freezing 
range, and should be ¡poured as soon after in
oculation as practicable. Runners, etc., should 
be on the same generous lines as in the case of 
the austenitic irons. As regards the moulding, 
steel-foundry technique is advised, as the con
traction is strong and tearing may occur. For 
the same reason the castings should be released 
as soon as possible, and core grids, etc., removed 
or broken.

W ith regard to Ni-hard, the introduction of 
the alloy additions and the foundry technique 
follow the practice outlined for low alloy addi
tions and normal white-iron practice.

C on clu sion
Sufficient has been said in the space available 

to indicate the salient features of alloy irons 
and their production. I t  must not be thought 
for one moment th a t alloy cast irons are to be 
regarded as rendering all other irons obsolete; 
far from it. Normal grey cast iron will always 
satisfy a very large percentage of all ordinary 
requirements. Likewise, i t  is not claimed tha t 
high strength is not obtainable by other methods, 
but i t  is claimed th a t alloy irons possess decided 
advantages as regards uniform ity of structure in 
differing sections, coupled with greater freedom 
from porosity, i.e., a finer all-round grain. The 
special irons are a different proposition, and 
cannot be duplicated by alternative methods of 
manufacture.

For a Paper of this description, i t  is neces
sary to quote extensively from the work of many 
investigators, and the author would like to offer 
his debt to the many gentlemen whose Papers 
have been abstracted. Acknowledgment is also 
due to the Copper Development Association, the 
Climax Molybdenum Corporation and the 
American Vanadium Corporation, whose publica
tions have been freely abstracted in their re
spective sections. Valuable assistance has been 
given to the author by the Bureau of Inform a
tion on Nickel in connection with the special 
irons, and for the loan of lantern slides. Slides 
have also been made by Mr. Forrest, and the 
authorities of the Bradford Technical College.
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D IS C U S S IO N

The P r e s i d e n t  (Mr. A. S. Worcester) said th a t 
Mr. MacColl had obviously gone to a great deal 
of trouble to frame the Paper in such a way 
th a t i t  brought down alloy irons to the ir com
mon uses, described in  a manner the average 
foundryman m ight reasonably understand.

M r .  W. 6 .  T h o r n t o n  (Bradford—Past-Presi- 
dent) asked whether i t  was possible to  produce a 
test bar purely from pearlite. He had been 
rather surprised the lecturer had not mentioned 
anything as to the wearing qualities of iron 
containing molybdenum, and any information on 
th a t point would be appreciated.

M r .  M a c C o l l  said it was obviously impossible 
to produce a pearlitic test bar free from 
graphite. In  regard to the wearing resistance 
of molybdenum, it  did im part certain  im portant 
properties in th a t direction. There was a good 
deal of technical inform ation on th a t m atter 
available.

W e a r in g  P ro p e rtie s
M r .  A. W. W a l k e r  (Huddersfield—Past- 

President) said th a t whilst the speaker’s review 
of what could be done with these alloys was 
extremely interesting and inform ative in regard 
to special work, i t  had to be remembered th a t 
the facilities for using these irons as they should 
be used hardly existed in the average everyday 
foundry. Commenting on methods of applica
tion of the alloys, Mr. W alker felt one could 
not be sure of getting a positive value by adding 
a t  the spout. In  regard to the observations 
on wearing properties of a cast iron, i t  must 
be kept in mind th a t Brinell hardness was not 
a sure guide as to wearing property. H e was 
unaware th a t the addition of nickel necessarily 
increased heat resistance of any iron, though 
with the addition of chromium it  m ight have 
some such effect. W hilst Mr. MacColl had
given some valuable and useful data, yet the 
average foundryman must not expect to become 
an alloy expert merely because he was adding 
something a t  the spout. F u rth e r information

as to estim ating molybdenum would be 
welcome.

M r .  M a c C o l l  replied th a t there were 
acknowledged experts who refused to agree th a t 
one could add alloys successfully a t the ladle. 
On the other hand, the general consensus of 
opinion inclined to the idea th a t i t  could be 
done. I t  was not claimed th a t nickel in small 
quantity  induced heat resistance, bu t did so 
when the iron became austenitic. Chromium 
did, of course, induce heat resistance.

F u n c tio n  o f G ra p h ite

M r .  H. F o r r e s t  (Bradford—Past-President), 
speaking on the spout addition of alloys, said 
his personal experience of adding nickel a t the 
spout was th a t the nickel content analysed out as 
calculated, but the addition must be made with 
care. The nickel should not be dumped into 
the metal, stream as it  comes from the tap  hole, 
but should be added carefully whilst the ladle 
was filling. In  regard to  the addition of 
molybdenum, Mr. F orrest said it  was as well 
to remember th a t this alloy was very powdery, 
and there was the possibility th a t if added a t 
the spout a certain amount of i t  m ight be 
carried away. On the  point as to wearing 
qualities, i t  seemed to  him th a t th is was not 
a m atte r they could ascribe to any particular 
element or any particu lar addition. The 
addition of alloys must be regulated to suit 
various types of m etal structure. The for
m ation of graphite had a very big bearing, 
and the absence of ferrite  was essential. In  
reference to estim ating molybdenum, as raised 
by Mr. Walker, Mr. Forrest said a method had 
been worked out by two members of the West 
Yorkshire Branch of the Institu te , which had 
been adopted by the B ritish Cast Iron Research 
Association and by a number of leading 
analysts, and in  his (Mr. F orrest’s) opinion it  
gave a better approxim ation of estim ating 
molybdenum than  anything else he knew.

M r .  W a l k e r  said he was, of course, glad to 
realise th a t members of the Branch were con
tribu ting  to the development of the industry in 
the way mentioned by Mr. Forrest, bu t for 
ordinary foundry practice purposes i t  was as 
well to remember th a t the average foundryman 
had not quite the same sense of detailed care 
as an analyst in adding to  the ladle.

The P r e s i d e n t  (Mr. Worcester) said i t  was 
quite true, and im portant to remember, th a t the 
addition of “ a handful of dope ” in the form 
of alloys, must not be expected to be a cure-all 
for general foundry problems. The basis of 
alloy additions was th a t i t  m ust not be done 
with low carbon irons, or trouble would result.

Closing the discussion, the C h a i r m a n  said he



fe lt M r. M acC oll’s P a p  e r  w ould be re g a rd e d  as 
a rea lly  conoise co lla tio n  of a lloy  d a ta .

V o te  o f Th an ks

M e. S. W . W ise  (B ra d fo rd , H on . S e c re ta ry ), 
p roposing  a vote of th a n k s  to  M r. M acC oll, sa id  
M r. M acColl h a d  condensed a m ass of fa c ts  to  
an a lm ost u n b e liev ab le  e x te n t  to  g e t h is su b jec t 
in to  one P a p e r .

Mr . W. R i l e y  (Harrogate) seconded.
Mb. M acC oll, in response, said one of the 

greatest values of preparing a Paper for submis
sion to a technical audience was the extent to 
which one’s own knowledge was widened by the 
research involved. The preparation of a Paper 
brought its own reward in tha t way, but he was 
grateful also for the observations made by mem
bers during the discussion.
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