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Cooling of Sand
O ne o f the  p ro b lem s to  be  associa ted  w ith  th e  

q u an tity  p ro d u c tio n  o f castings is th e  coo ling  o f  th e  
m o u ld ing  sand . In  th is co n n ec tio n  w e read  w ith  
in terest a  P ap er by M r. W olf M u lh rad  given befo re  
th e  A sso c ia tio n  T ech n iq u e  d e  F onderie . In  i t  the  
A u th o r  s ta tes “ T h is  difficulty  o f  coo ling  is p artia lly  
overcom e by s to rin g  large  m asses o f  sands in 
v o lum inous silos. Y e t th e  resu lts  lo o k ed  fo r  a re  
n o t in v ariab ly  a tta in ed  because o f  the p o o r c o n 
duc tiv ity  o f  the sand ; it is also  a question  o f  evacu
a tin g  n o t on ly  th e  h e a t u n its  co n ta in ed  in th e  sand , 
generally  k n o w n  as th e  ‘ sensib le  h ea t,’ b u t also  the  
ca lo ries  o f  th e  w a te r-v ap o u r se t-up  a t  th e  tim e  o f  
casting  an d  w hich  rem a in s enclosed in  th e  m ass 
o f  th e  sand.

“  F o u n d ry m en  h av e  o ften  sta ted  th a t th e  diffi
cu lties o f  th e  coo ling  o f  used san d  a re  o ften  g rea te r 
in  w in te r th a n  in  sum m er, desp ite  th e  w id e r d if
ference  in  tem p e ra tu re  in  th e  w in te r— w hich w ould  
ap p e a r  p a rad o x ica l. T h is  is, how ever, a  q u ite  n o r
m a l physica l p h en o m en o n — th e  sensib le  h e a t o f  th e  
w a te r-v ap o u r co n ta in ed  in  the  sand  is som etim es 
h ig h er th a n  th a t  o f  regenera ted  sand . N o w , in 
su m m er, th e  a tm o sp h eric  tem p era tu res  be ing  re la 
tively  h igh , th e  a ir  in  th e  fo u n d ry  easily  ab so rbs 
th e  w a te r-v ap o u r g iven  off f ro m  th e  san d  a ll  a lo n g  
its ev acu a tio n  c ircu it. O n th e  o th e r h an d , in  
w in te r th is  a b so rp tio n  is insign ifican t and  the v ap o u r 
h a s  a  ten d en cy  to  co n d en se  o n  th e  ou ts ide  lay e r o f  
sand , because  o f  th e  w ide  d ifference in  tem p era tu re . 
T h e  w etting  o f  th is o u ts id e  lay e r m akes th e  sand 
im p erm eab le  a n d  th e  w a te r-v ap o u r enclosed  in  th e  
cen tre  o f  th e  m ass o f  sand  c a n n o t escape. M o re 
over, it h as  been no ticed  th a t w ith each d ro p  o r

tu rn o v e r  o f  the  sand , a  so rt o f  v apou r-exp lo sion  is 
p ro d u ced  due to  the escaping m oisture .

“  T h e  u sed  san d  a rrives a t  the  sto rag e  silos w ith 
ou t being a ltoge ther freed  fro m  the  v a p o u r w hich 
it ca rried  a t  th e  k n o ck -o u t a n d  i t  is o ften  no ticed  
th a t in  w in te r, d esp ite  a  p ro lo n g ed  p e rio d  in  th e  
silo, th e  sand  leav ing  it  is n o t only  d am p er, bu t a s  
ho t as w hen it  en tered . T he  in tro d u c tio n  o f  
v ap o u r, w hich  is se t u p  there in , is, in  effect, an  
exo therm ic  reac tio n  a n d  th is ad d itio n  o f  ca lo ries 
largely  nullifies th e  losses in th e  silo by rad ia tio n  
and  convec tion .”

T h is  tran s la ted  q u o ta tio n  is th e  basis o f  a n  a rg u 
m en t fo r  th e  use o f  a  system  o f  rap id  coo ling  ra th e r  
th a n  a n  ex tensive c irc u it designed  fo r  th is  p u r 
pose. O ne m eth o d  o f  d o in g  th is is to  utilise a 
stee l-band  co n v ey o r serv ing  the  san d  f ro m  th e  
k n o ck -o u t, a n d  causing  th is to  ru n  o ver a  series 
o f  shallow  tan k s  co n ta in in g  w ater ru n n in g  a t  such 
a  speed th a t it  im p inges on  the  underside  o f  the 
conveyor.

I t  is n o t every  fo u n d ry  th a t en co u n te rs  th is  p ro b 
lem  o f  h o t system  sand . I t  d epends e ith e r o n  th e  
ra tio  o f  san d  to  m e ta l o r  th e  heavy  use o f  co res  
o r th e  like. W here  very  lig h t castings a re  be ing  
m ad e  an d  su b s tan tia l ad d itio n s  o f  new  san d  is 
th e  p rac tice , th en  n o  tro u b le  shou ld  arise , b u t w here  
say, b a th -tu b s  a re  be in g  m a n u fa c tu re d  an d  a  m ass 
o f th e  san d  u sed  is fo r  a  tim e  enclosed  by  liq u id  
m eta l, th en  rea l efforts a re  req u ired  to  co o l th e  
sand. W e h av e  insisted  in th e  p a s t th a t  h o t sand , 
per se, w ill n o t h a rm  th e  resu ltin g  castin g  as th e  
P e rlit p rocess w ell d em o n s tra te s , b u t o u r tran sla ted  
ex cerp t gives th e  b es t c lue  to  th e  d an g er— th a t o f  a. 
re ta in ed  w a te r-v ap o u r con ten t.

E.



26

N O T IC E  
Replies to Box Numbers to be 

addressed to “ Foundry Trade 
Journal,” 49, Wellington Street, 
London, W .C.2.

S IT U A T IO N S  W A N TED

F O U N D R Y  P la n t  D evelopm ent 
E n g in ee r, young  a n d  en erg e tic  

seeks post as  W O RK S E N G IN E E R  or 
s im ila r executive  position . In v es tm en t 
c o n s id e re d —Box 1409, F o u n d r y  T rade  
J o u r n a l .

P U R C H A S IN G  E X E C U T IV E  (42) seeks 
ch an g e . T w enty  y ears’ experience 

a ll fe rro u s  an d  non-ferrous fo u n d ry  raw  
m a te ria ls  and  equ ip m en t. E x ce llen t con
nections a t  h ig h  level in  a ll b ranches  of 
th e  in d u s try .—B ox 1405, F o u n d r y  T r a d e  
J  OURXAL.

Y o u n g  f o u n d r y  t e c h n i c i a n ,
10 y ea rs ' p ra c tic a l an d  techn ica l 

experience, desires position  in  South 
A frica , A u s tra lia  or New Z ealand . Sound 
know ledge of g a tin g  an d  r ise rin g  
tech n iq u es , a llo y in g , m e ltin g  an d  refin ing . 
Cupola p rac tic e . Sand  a n d  m eta l contro l.— 
Box 1406, F o u n d r y  T ra d e  J o u r n a l .

F o u n d r y / g e n e r a l  m a n a g e r  (45),
life  experience, desires  change. 

Twelve y ea rs ’ m a n ag eria l, l ig h t and  heavy 
jo b b in g  g rey  an d  h ig h  d u ty , non-ferrous 
an d  l ig h t  a lloy . Semi and  fu lly  m echanised  
p la n t lay o u t. Sand con tro l an d  M et. 
proven record , le c tu re r F o u n d ry  p rac tice . 
Sales, com m ercial connections, th ree  y e a rs ’ 
co n su ltin g  c ap a c ity  ab road . S a la ry  £1,500- 
£2,000, w ith  p rospects  of D irec to rsh ip . N ot 
a f ra id  of h a rd  w ork.—Box 1414. F o u n d r y  
T r ade  J o u r n a l .

V i t r e o u s  e n a m e l l i n g  a n d
FO U N D R Y  T E C H N O L O G IST  w ith  

good academ ic q u a lifica tio n s  a n d  25 y e a rs ’ 
responsible, p ra c tic a l an d  tech n ica l ex
perience in  m a n u fac tu re  of L ig h t C astin g s  
(B a th s , C isterns, Stoves, P ipes, e tc .) and  
a n  ex p ert know ledgo of a l l  D ry  process 
and  W et process E n am e llin g  on C ast I ro n  
a n d  Sheet M etal, desires position  in a 
tem pora ry , p e rm a n en t or adv iso ry  ca p a 
c ity  A b ility  an d  experience to  g e t resu lts. 
—Box 1415, F o u n d r v  T r a d e  J o u r n a l .

S IT U A T IO N S  V A C A N T

F O U N D R Y  FO R E M A N  requ ired  for 
M alleable F o u n d ry . To control 

foundry  an d  a n c illa ry  d ep artm e n ts . M ust 
have sound experience of jo b b in g  and  
re p e titio n  m ould ing , co rem ak m g  a n d  p ro
d uction  contro l. Good d isc ip lin a rian . E x
cellen t fu tu re  prospects. Accom m odation 
av a ilab le . W rite  w ith  fu ll d e ta ils  o f t r a in 
ing , experience and  p resen t s a la ry  to— 
Box 1357, F o u n d r y  T r a d e  J o u r n a l .

■ \T O R T H -E A S T  COAST S teelfounders 
I n  have vacancy  for Y oung M an w ith 
la b o ra to ry  tra in in g  an d  experience e lectric  
a rc  fu rnace . Good prospects  to  you n g  m an 
of in te llig en ce  and  a b ility .—Apply, g iv in g  
e d u ca tio n a l and  em ploym ent h is to ry , age, 
m arried  or s ing le , and  s a la ry  req u ired , to 
Box 1403, F o u n d r y  T ra d e  J o u r n a l .

F O U N D R Y  S H IF T  FO R E M A N  re 
qu ired  by  N on-ferrous R efiners, B ille t 

a n d  In g o t M an u fac tu re rs , in  B irm in g h am  
a re a . C om m encing s a la ry  £550. A ppli
c an ts  shonld be canab le  of su p erv isin g  all 
lab o u r an d  co n tro llin g  E lec tric . Coal and 
Oil F ired  F u rnaces, F u ll p a rtic u la rs  in 
confidence.—Box 1404, F o u n d r y  T r a d e
J o u r n a l .

FOUNDRY TRADE JOURNAL
S IT U A T IO N S  V A C A N T —Contd.

No n - f e r r o u s  a n d  c a s t  i r o n
M O U L D ER S req u ire d . Good ra te s . 

C an teen , etc .—A pply  S .E .M ., P itse a  S treet, 
S tepney , E .l

E n a m e l  p l a n t  s u p e r i n t e n d e n t
of proved efficiency an d  sk ill req u ired . 

S heet an d  c a s t iron . P rog ress ive  position 
and  exce llen t p rospects. S ta r t in g  sa la ry  
£1,000 fo r r ig h t  m an .—Box 1415, F o u n d r y  
T r ad e  J o u r n a l .

FO U N D R Y  in  S.W . S u b u rb an  London 
req u ires  en erg e tic  you n g  M an (ab o u t 

20 or 30) w ith  m e ta llu rg is t o r techn ica l 
tra in in g  to  ta k e  ch arg e  as FO R EM A N  in 
sm all non-ferrous d e p a r tm e n t, w here  a  wide 
v a rie ty  of a lloys a re  used.—A pply  Box 1399, 
F o u n d r y  T r a d e  J o u r n a l .

F O U N D R Y  FO R E M A N  fo r N on-ferrous 
F o undry  (L ondon  a re a ) , m u s t be 

fu lly  experienced a n d  h ig h ly  sk illed  in 
the  p rod u c tio n  of Bronzo a n d  A lum inium  
C astings to specification , a n d  th e  m ix in g  
of a ll  N on-ferrous a lloys. A pp lican ts  
please s ta te  experience in  d e ta il, a g e  an d  
sa la ry  e x p e c te d —A pply  Box 1392, F o u n d r y  
T r a d e  J o u r n a l .

T i m e  s t u d y  a n d  r a t e f i x i n g
E N G IN E E R  req u ired  fo r m odern 

en g in eerin g  fa c to ry  n e a r  Leeds. F o undry  
experience an  ad v an tag e . An excellen t 
o p p o rtu n ity  fo r a  cap ab le  m an .—A pply, 
g iv in g  fu ll p a r tic u la rs  of age, experience, 
qu a lifica tions , and  s a la ry  req u ired , to  Box 
1384, F o u n d r y  T r a d e  J o u r n a l .

A s s i s t a n t  f o r e m a n ,  to  a c t  a s  c h ie f
In sp ec to r o f c a s tin g s  in  a  m echan ised  

foundry  in M idlands. S ta ff position . P re 
ference given  to  a p p lic a n ts  w ith  p a tte rn -  
m ak in g  or m ach ine  shop experience.— 
R eply , g iv in g  fa ll p a r t ic u la rs  of experience 
an d  s a la ry  req u ired , Box 1380, F o u n d r y  
T r a d e  J o u r n a l .

MA N A G E R  (B rit ish  by  b ir th )  requ ired  
fo r M eta l P ow der P la n t  in  E a s t 

Loudon. C an d id a tes  should  p re fe rab ly , b u t 
n o t necessarily , bo en g in ee rin g  o r m e ta l
lu rg y  g ra d u a te s , w ith  F o u n d ry  M anage
m en t experience. S a la ry  acco rd in g  to 
qua lifica tions. Good prospects . S uper
a n n u a tio n  S ch em e—W rite  fu ll d e ta ils  to 
R ef. S.M.P., , B ox 5431, c /o  C h a r l e s  
B a r k e r  <S; S o n s ,  L t d . ,  31, B udge Row, 
London. E.C.4.

CH A R G E  H A N D  req u ired . Good w ages 
an d  pe rm a n e n t position , req n ired  to  

w ork on floor u n d e r p re sen t F orem an  
sh o rtly  re tir in g . M ust bo capab le  of 
m ou ld ing  a ll  no rm al w ork found in  J o b 
b in g  F o u n d ry . L iv ing  a llow ance  p a id  
e x tra  u n til su itab le  accom m odation  found. 
W rite  in  first in s tan ce  s ta t in g  a g e  and  
experience to—T h o m a s  L a k e  & Co.. L t d . ,  
N ew port F o u n d ry , B arn sta p le . N o rth  
Devon.

Me s s r s .  p e t e r  b r o t h e r h o o d ,
L TD ., E n g in ee rs , P e te rb o ro u g h , re 

q u ire  th e  services of a  F ir s t  C lass 
FO U N D R Y M A N  w ith  a  gen era l techn ica l 
backg round  to  ta k e  ch a rg e  of th e ir  I ro n  
F o undry  under th e  W orks D irec to r. T he 
foundry  is em ployed on h ig h  class p ressure  
c a s tin g s  of a  g en era l en g in ee rin g  ch a rac te r . 
The seloctcd a p p lic a n t would be inv ited  
to  becom e a  p e rm an en t m em ber o f W orks 
S taff w here  a  pension  schem e is in o p e ra 
tion . A C hem ist and  M eta llu rg is t is
em ployed.—A pply  in  w ritin g  t o : D eputy  
W o r k s  D i r e c t o r ,  giv ing  ago , experience 
a n d  s a la ry  expected .

NOVEM BER 29, 1951

S IT U A T IO N S  V A C A N T —Contd.

P LA N T D R A U G H T SM A N  reqn ired  for 
F o u n d ry  P la n t  D evelopm ent Scheme. 

Good o pen ing  fo r r ig h t  young  m a n . P lease  
s ta te  age  a n d  experience. — C o n e y o r e  
F o u n d r y ,  L t d . ,  T ip ton , Staffs.

T V T E T A L L U R G IC A L  C H E M IS T  req u ired  
I t .1 .  fo r M alleab le  F o u n d ry , w ith  ex p eri
ence of m e ltin g  and  an n ea lin g .—Apply, 
s ta t in g  age, p a s t  experience  and  sa la ry  
reqn ired , to  B a g s h a w e  & Co., L t d ., 
D u n stab le  W orks, D unstab le .

O R K S C H E M IS T  requ ired  to  tak e  
c h a rg e  o f la b o ra to ry  a n d  te s t  tiouso. 

C om pletely N on-ferrous Sand a n d  G rav ity  
D ie C astin g s . M ust be app roved  an d  
h ave com plete  know ledge of A .I.D . p ro 
cedure. K now ledgo of rad io logy  an d  th e  
in te rp re ta tio n  of X -ray  p h o to g rap h s  a n  
a ss e t.—Box 1411, F o u n d r y  T ra d e  J o u r n a l .

T h e  B R IT IS H  CAST IR O N  R E S E A R C H  
A SSO CIA TIO N  is e x ten d in g  its  

O p e ra tio n a l R esearch  T eam  an d  inv ites  
ap p lic a tio n s  fo r tw o vacancies from  those 
experienced  in  fo u n d ry  o p era tio n s  a ffec tin g  
p roduction . S a laries  in  acco rdance  w ith  
tra in in g  a n d  experience. A m em orandum  
on tho  a p p o in tm en ts  is  av a ilab le  from , an d  
a p p lic a tio n s  (w hich  w ill bo tre a te d  in  con
fidence) shonld  be m ade to  th e  S e c r e t a r y ,  
Bordesley  H a ll, A lvcchurch, B irm ingham .

V IT R E O U S  E N A M E L L E R . — E x p e ri
enced E n am elle r req u ired  fo r sm all 

F a c to ry  in  Jo h an n e sb u rg , South  A frica . 
Only experienced  m en need ap p ly . Good 
sa la ry  and  exco llen t p rospects  fo r th e  r ig h t  
m an.—A pply  in  th e  first in s tan ce , g iv in g  
fu ll p a r tic u la rs  of expcrienco, age, and  
copies of references, to  B ox 1408, F o u n d r y  
T r a d e  J o u r n a l .

ITtO U N D R Y  M A N A G E M E N T . — Tho
:  S ta n to n  Iro n w o rk s  C om pany, L im ited ,

n ear N o ttin g h am , req u ire s  a n  A SSISTA N T 
F O U N D R Y  M A N A G ER, ag ed  betw een 35 
a n d  45, w ith  sound te ch n ica l a n d  p rac tic a l 
G rey I ro n  F o u n d ry  expcrienco covering  
b o th  floor m o u ld ing  and  m echan ised  p la n t. 
T he  p o s t is su p e ran n u a te d  an d  p rogressive. 
W rite  to  th e  S t a f f in g  O f f ic e r  s ta t in g  ag e , 
w’h e th e r m a rr ied  a n d  fu ll d e ta ils , in  con
fidence, of p resen t post, ed uca tion , te ch 
n ica l t r a in in g  a n d  experience.

S T E E L  F O U N D R Y  A SSISTA N T M AN
A G E R  (Y o rk sh ire  A rea), 30-40 years  

of ag e , req u ired  to  su p erin ten d  p roduc tion  
of a p p ro x im ate ly  3,000 tons per an n u m  of 
jo b b in g  a n d  m ach ine  m oulded castings. 
A p p lic an t m u s t be th o ro u g h ly  p ra c tic a l; 
he w ill bo in ch a rg e  of a il s tag e s  of p ro 
duction  a n d  responsib le  to  th e  D irecto r 
in con tro l of th e  foundry . H ouse w ill bo 

rovided if  necessary , a n d  position  will 
e su p eran n u a ted . A pp lica tions  will be 

tre a te d  w ith  com plete confidence. S ta te  
ag e , tra in in g , p revious experience, posi
tions  held, a n d  sa la ry  re q u ire d —B ox 1391, 
F o u n d r y  T r a d e  J o u r n a l .

B U SIN ESSES  FO R SA LE

F O R  SA LE.—Sm all B ra ss  F o u n d ry , E a s t  
L ancs, d is tr ic t,  good connections, 

con tinuous runs, p len ty  of scope.—Box 1410, 
F o u n d r y  T r a d e  J o u r n a l .

F o r  s a l e  a s  a  g o i n g  c o n c e r n . -
O ld-established  F o u n d ry , 11 m iles 

from  C en tra l London. P ro d u c in g  h igh  
g rad e  B ronze an d  A lum inium  C astings  fo r 
a ll b ran ch es  of en g in eerin g  in d u s try .— 
R eplies to  Box 1395, F o u n d r y  T ra d e  
J o u r n a l .
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Rebuilding o f  N evill’s Foundry
In the past, the maintenance and design requirements 

of R ichard Thom as & Baldwins, Limited, and their 
associates have been largely undertaken by their works 
a t N evill’s foundry, Llanelly, and to a lesser extent at 
their Landore foundries. A re-organisation has taken 
place, in which the old shops o f Nevill’s foundry have 
been moved to a completely new site which has been 
conceived on a larger scale.

The four buildings consist o f foundry, machine-shop, 
construction shop and fettling shop, with a  store and 
sub-station located in the last-nam ed building. W ork
ing to the firm’s own design, the structural steelwork 
was fabricated and erected by T. C. Jones & Company, 
Limited, who also supplied and fixed all glazing, asbes
tos sheets, rainwater goods, and hand- and  electrically- 
operated roller shuttefs. All the buildings are 350 ft. 
long with the m ain stanchions a t 50-ft. centres. The 
fettling shop is a  single-bay building 55 ft. wide. A 
crane gantry covers 250 ft. o f its length, and the 
rem ainder is taken up by the store and sub-station. 
The foundry building, for the production of both 
ferrous and non-ferrous castings, is of the two-bay 
type, one bay being 77 ft. 6 in. wide and the other 
78 ft. 6 in. wide. One bay is provided with a gantry of 
70 ft. span and the other o f 46 ft. span, leaving 25 ft. 
not covered by cranes for the installation of cupolas, 
drying furnaces, and o ther plant. The height o f the 
fettling shop-is 31 ft. to eaves, the foundry having one 
bay 35 ft. high and one bay 43 ft. high.

Constructional Materials
The gantry girders are designed to  carry cranes of 

capacities varying from  5 to 30 tons. A ll roofs are 
o f the north-light type with a lattice-girder spanning 
between the main stanchions, and lean-to trusses be
tween the lattice-girdcrs. The north slopes, which are 
form ed by rakers between the top boom to the lattice- 
girder and the rafters o f the lean-to trusses, are all 
covered w ith 4-in. wired glass in alum inium -alloy 
glazing bars, and the south slopes are covered with 
TrafEord tiles. The foundry and fettling shops have 
curved sheets at the apex, to give adequate ventilation. 
A ll gutters and rainwater pipes are of asbestos, with 
the exception of the bottom  6 ft. of the latter, which 
are in cast iron to withstand rough usage.

Distinctive features of the scheme are the perm a
nent platform s which are provided beneath the roof of 
a ll buildings for cleaning the underside o f the glass. 
These platform s are constructed with open-grid floor
ing, and vertical ladders are fixed to  give easy access.

Forty Years Ago
In our issue of December, 1911, the Editor in his 

leader which extended over five columns, reviewed 
current opinion on physical properties of cast iron. 
Of interest is a paragraph announcing that the Verein 
D eutscher Geissereifachleute (Germ an Foundrym en’s 
Technical Association) were awarding three quite substan
tial prizes for the best answer to  the following question.

Has there been made any decided progress in the 
last twenty years in the construction and running of 
cupola furnaces? ” N ot too bad a subject fo r to-day! 
Amongst the articles printed is one of G erm an origin 
which describes and illustrates an overhead electric 
travelling crane of 30 tons lifting capacity, which has 
suspended from  it a  cab and an auxiliary rotatable 
jib crane of 15 tons capacity. This enables loads to  be 
placed outside the area spanned by the main crane. 
Amongst new companies registered was the Universal 
System of M achine M oulding and  M achinery Com 
pany Limited.

Gillett & Johnston to Re-cast 
A berdeen Bells

The carillon o f  bells in the tower of East and West 
Churches o f St. Nicholas, Aberdeen, is to be renewed 
at a  cost o f £8,060. T he local Council finance 
committee have agreed that the work be undertaken by 
G illett and Johnston o f Croydon. C hurch authorities 
have given the restoration their blessing. It will be 
undertaken w ithout cost to the ratepayers, for 
there is a  special fund out o f  which the outlay-will be 
met. T he existing bells, which were peeled first on the 
occasion of Queen V ictoria’s Jubilee in  1887 and which 
have been the subject o f controversy ever since, will 
be removed, melted down and re-cast. Special m echa
nism will enable the heavy bourdon bell to be tolled 
autom atically a t any pre-set hour. I t is also proposed 
to install mechanism that will ring tunes on a three- 
octave carillon by autom atic means. On special occa
sions the Council may engage the services o f a caril- 
loneur to give recitals.

The original 37 bells were cast in Belgium and on 
several occasions previously the question of replacing 
them has arisen, always being shelved. All a re  now to 
be brought to the Croydon bell-foundry fo r remelting 
and a further 37 will be re-cast, properly tuned and re
installed. The largest o f the 36 carillon (the D -Sharp 
bell) will weigh 27 cwt. 2 qr. 21 lb. and the bourdon 
bell about 90 cwt. A lthough installed in the church 
tower, the bells are the property o f the civic authority, 
a not unusual arrangem ent.

Instituto del Hierro y del Acero
This Spanish organisation,— their Iron and Steel 

Institute—which embraces foundry practice within its 
activities, is holding it's second annual general meeting 
from  December 10 to 15 in M adrid. It has every 
appearance o f being a very interesting occasion, the 
papers are perhaps in general a little on the theoretical 
side but here and there, judging from  the titles, are 
practical interventions. The list is an extremely long 
one and we deplore that, whilst between them France 
and G erm any have no fewer than sixteen papers, this 
country has only one—by Mr. John  Miles of John 
Miles and Partners (London), Limited.

This metallurgical conference is probably unique in as 
much as it opens w ith a religious cerem ony in the 
chapel of the Institu te for Scientific Research. Included 
in the program m e are a  visit to  the Prado M useum, a 
concert and a gala night. A pparently there are no works 
visits. Readers wishing to participate should write to 
the D irector, Instituto del H ierro y del Acero, 
Villanueva, 15, M adrid.

More Long-service Awards
Recently 40 employees of Glenfield & Kennedy, 

Limited, K ilm arnock, received awards and certificates 
in recognition o f their long service with the firm, under 
the presentation scheme inaugurated last October. Mr. 
Hugh Cowan-Douglas, chairm an of the Company, 
presided over a gathering of 200, and gave a rdsumd 
of the service scheme. In  1919 the directors decided 
to  grant allowances (on a non-contributory basis) to 
employees on retira l who had given a t  least 25 years’ 
continuous service. Since then 468 workers had 
received pensions and there were 140 at present on 
the pension list. A m ount paid out was alm ost £9,600 
per annum.
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Cast-iron Crankshafts, w ith Special 
R eference to Acicular and  

Spheroidal-graphite Cast Irons
B y A . B. Everest, Ph.D., F .I.M .

T h e  P aper discusses cast versus fo rg ed  cra n ksh a fts  and  the advantages and  d isadvantages o f  cast iron  
fo r  cranksha fts . A lso  dea lt w ith  are the d eve lo p m en t o f  cast irons w ith  th e  requ ired  m echan ica l 
properties; a lloy cast irons, inc lud ing  acicular cast iron fo r  c ra n ksh a fts  o f  D iese l engines; test data a n d  
service perfo rm a n ce  o f  a lloy an d  special cast-iron cranksha fts; sphero ida l-graphite  cast iron  a n d  its

possib ilities fo r  cranksha fts .

Introduction
C ast c ran k sh a fts  h av e  been  o f  in te rest to  eng i

neers fo r  m an y  years p a s t o n  acco u n t o f  the p ro d u c 
tion  econom ies they  offer o ver th e  co n v en tio n a l 
fo rged  types. C ast-steel c ran k sh a fts  a re  in  fac t used 
fo r  th is  reaso n , b u t th e ir  c o n sid e ra tio n  fa lls  ou ts ide  
the scope o f  th is P ap er. I t  shou ld  be  sa id , how ever, 
th a t d u e  to  the  p o o r fo u n d ry  ch arac te ris tics  o f  c a s t 
steel an d  co n seq u en t n eed  fo r  c loser in spection  o f  
the  c ra n k sh a ft castings, th ey  a re  n o t generally  
favou red  by  th e  fo u n d ry m an  a n d  engineer. C ast 
iro n , on  th e  o th e r h a n d , h as  good  casting  qualities 
a n d  w ill read ily  g ive sound  c ra n k sh a ft castings. 
U n til re cen t years , how ever, cast iro n  w as reg ard ed  
as  a  w eak  a n d  b rittle  m a te ria l a n d  w as rig h tly  co n 
sidered  a s  defic ien t in  th e  m ech an ica l p ropertie s  
req u ired  in  c ran k sh afts , so its use w as res tric ted  to  
on ly  the  lightest du ties, as, fo r exam ple , f o r  som e 
types o f  com pressors.

In  recen t years , g rea t p rogress h a s  been  m ad e  in  
im prov ing  the  q u a lity  a n d  p ro p ertie s  o f  cast iron . 
S im u ltaneously , fo u n d ry  tech n iq u e  h as developed , 
w ith  th e  resu lt th a t by  1937 it  w as rep o rted  by  
W alls ' th a t tru e  cast-iron  c ran k sh afts  h a d  been suc
cessfully  developed  in th e  U .S .A . an d  h a d  w ith 
s to o d  a  search ing  testing  perio d  o f  o v e r th ree  years , 
an d  w ere  th en  being  a d o p ted  in  a  w ide  ran g e  o f  
in te rn a l co m b u s tio n  engines. S ince th a t d a te , fu r th e r 
rap id  strides h av e  been  m a d e  in  cast-iro n  m e ta l
lu rgy , w ith  th e  resu lt th a t new  types a re  now  av a il
ab le  w hich  co m b in e  th e  good  casting  q u a lity  o f  
c a s t iro n  w ith  m echan ica l p ro p ertie s  ap p ro ach in g  
n e a re r to  those  o f  steel. S evera l types o f  h ig h -d u ty  
c a s t iro n  h av e  now  been  ap p lied  to  cast c ran k sh a fts  
since th e  early  d eve lopm en t w o rk  in  th e  m id-1930’s, 
an d  tru e  cast-iron  c ran k sh a fts  a re  now  s tan d a rd  in  
m an y  o f  th e  p e tro l a n d  D iesel engines in  p ro d u c tio n  
in v a rio u s  p a rts  o f the  w o rld 3. Im p etu s w as given 
to  th e  ap p lica tio n  o f  h ig h -d u ty  cast iro n  to  c ra n k 
sh a fts  by  th e  co n d itio n s  in  m an y  in d u s tria l c o u n 
tries d u rin g  th e  second  w o rld  w ar. S upplies o f  
c ra n k sh a ft fo rg ings w ere  in  m an y  cases res tric ted  
a n d  a tten tio n  w as g iven to  th e ir  rep lacem en t by 
cas t-iro n  shafts . I t  is in te restin g  to  re co rd  th a t,

* P a p e r  read  ljefore th e  Congres In te rn a tio n a l des M oteurs  
in  P a ris .

w 'hereas it  w as fe lt  th a t  in  m an y  cases th is use o f  
c a s t iro n  w as on ly  a  w artim e  exped ien t, th e  success 
experienced  in th e  use o f  cast iro n  s tim u la ted  th e  
in te rest o f  eng inee rs to  such  a n  ex ten t th a t fu r th e r  
progress in  th e  use o f  c a s t iro n  fo r  c ran k sh a fts  has 
co n tin u ed  since th e  w ar, even w hen  supplies o f  
steel becam e n o rm a l, a n d  h ig h -d u ty  ca s t iro n  is 
to -day  accep ted  as a  go o d  c ra n k sh a ft m ateria l.

I t  shou ld  be exp lained  th a t th e  te rm  cast iro n  used 
in  th is P a p e r  m eans a m ate ria l co n ta in in g  c a rb o n  in 
th e  n o rm a l ran g e  fo r c as t iro n , th a t  is generally  
betw een  2.7 and  3.5 p e r cen t, (as co m p ared  w ith  
steel w h ich  con ta in s  genera lly  less th a n  1.2 p e r cent, 
o f  ca rb o n ). T h is  d is tinc tion  excludes th e  w ell- 
know n  special a lloy  so  successfully  developed  by 
F o rd  M o to rs  fo r  th e ir  c a s t c ran k sh a fts , an d  w hich 
is, in  fac t, a  m ix tu re  o f  m o lten  iro n  a n d  steel, giving 
a  c a rb o n  c o n te n t ly ing  betw een  th e  tw o  ranges 
m en tio n ed 3. F ro m  th e  m eta llu rg ica l p o in t o f  v iew  
th e  F o rd  alloy  is a  special steel ra th e r  th an  a  cast 
iro n  and  m u s t be considered  in  a  class by itself. A n  
excellen t rev iew  o f  th e  lite ra tu re  av a ilab le  on  th e  
sub ject o f  cast c ran k sh a fts  u p  to  th e  end o f  1947 
has been p re p a re d  by  L ove1, a n d  those  in terested  
a re  specially  reco m m en d ed  to  stu d y  this review  
w hich  gives fu ll d e ta ils  o f  th e  p ro p ertie s  an d  
b eh av io u r o f  th e  v a rio u s  ca s t-c ran k sh a ft m a te ria ls  
ava ilab le  a t  th a t tim e.

In  th is P a p e r  special re fe ren ce  is m ad e  to  tw o o f 
the  m o s t recen tly -developed  types o f  h ig h -d u ty  
c a s t iron . In  th e  first p lace , in fo rm a tio n  is g iven 
o n  th e  ac icu la r ty p e  o f  a lloy  cas t iro n  w hich  has 
been  w idely used fo r  c ran k sh a fts  since its dev e lo p 
m e n t a b o u t 1940, an d , secondly , re fe ren ce  is m ad e  
to  th e  new  sp h ero id a l-g rap h ite  cast iron  w hich  w as 
in tro d u ced  a b o u t tw o years  ago , an d  w h ich  is now  
revo lu tion ising  existing  view s o n  cast-iro n  m e ta l
lurgy. T h e  la tte r  m a te ria l is to o  n ew  fo r ex tensive 
service d a ta  to  be  yet availab le , b u t de ta ils  o f  th e  
new  iro n  a re  g iven in  th is P a p e r , and  a lread y  these 
h av e  proved  o f  in te rest to  engineers fo r  c ran k sh a fts . 
O ne o f  the  m ain  ad v an tag es o f  c a s t c ran k sh a fts  is 
th e  p ro d u c tio n  econom y  they  offer. T h e y  have, 
how ever, a lso  p ro v ed  in service to  h av e  p ro p ertie s  
w hich  fav o u r th e ir c o n tin u ed  use, even w hen  steel 
shafts  a re  availab le . T h e  d ev e lo p m en t o f  h ig h -d u ty
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iro n s  w ith  ever be tte r p ro p ertie s  is fo cusing  a tte n 
tion  on  th e  ca s t sh a ft a n d  lead ing  to  its w ider 
ad o p tio n  in  m an y  types o f  engines.

Production E conom ics
A m o n g  th e  fea tu re s  w hich  m a k e  cast-iro n  c ra n k 

sh a fts  a ttrac tiv e  a re  th e  fo llo w in g : —
(1) S u itab le  g rades o f  cast iro n  can  be c a s t in to  

the  m ost com plex  fo rm s allow ing  designs to  be 
used  w hich  a re  n o t su itab le  fo r  fo rg in g  and  
stam ping . S uch  special fea tu res  as undercu ts, 
an d  shaped  balance-w eights w hich  w ou ld  n o r
m ally  h av e  to  be a ttach ed  as sep a ra te  p ieces to  a 
fo rg ed  sh aft, a llo w  g rea te r scope to  designers 
w hen  cast sh afts  a re  ad o p ted .

(2) C ast-iro n  castings can  b e  p ro d u ced  to  close 
to le ran ce  to  size, w ith  th e  re su lt th a t m ach in ing  
a llow ances a re  very  m u ch  less th a n  fo r  fo rged  
shafts. W ebs an d  o th e r p a rts  w ith  no n -b ea rin g  
services can  be cast sufficiently accu ra te ly  to  be 
p u t in to  service in  th e ir  o rig in a l as-cast s ta te  and  
w ith  n o  m ach in ing .

(3) T h e  w eigh t o f  th e  fin ished  sh a f t can  be 
fu r th e r  reduced  by co rin g  o u t unnecessary  m eta l 
as, fo r  exam ple , in  th e  jo u rn a ls  an d  bearings. 
T h is  p erm its  b e tte r designing, lead ing  to  shafts  
w ith  b e tte r b a lan ce  a n d  stress d is trib u tio n , an d  
reduced  pow er losses, an d  fu r th e r  assists the 
th e  fo u n d ry m a n  in  p ro d u c in g  u n ifo rm  castings 
b y  equa lising  the section  th ickness o f  th e  m eta l 
th ro u g h o u t th e  casting.
A ll these fac to rs  le ad  to  a  co n sid e rab le  econom y  

in m a te ria l a n d  m ach in in g  tim e. A s an  exam ple, 
L ove4 qu o tes  th e  case o f  a c ra n k sh a ft o f  finished 
w eigh t 12,000 lb ., h av in g  to  be  m ach in ed  fro m  a 
b lock  fo rg in g  w eigh ing  36,000 lb ., a s  ag a in s t a  
co rre sp o n d in g  castin g  fo r  th e  sam e  sh a f t w hich  
w eighed on ly  14,000 lb . A gain , an  au tom ob ile  
c ra n k sh a ft w eighed , as a  steel stam p in g , 82 lb . fo r a 
fin ished  c ran k sh a ft w eigh t o f  66 lb . W ith  m in o r 
m od ifica tions to  design, how ever, th e  sam e sh a ft 
w as p ro d u ced  as a  casting  w ith  a  ro u g h  w eigh t o f  
65 lb . to  give a ’fin ished  c ra n k sh a ft w eigh t o f  56 lb . 
T em p le to n 2 q uo tes  s im ila r figures fo r  a  ran g e  o f  
c ran k sh a fts ; fo r  exam ple, a  s ix -th row  D iese l sh a ft 
requ ired  a  ro u g h  steel-fo rg ing  w eighing 2,520 lb . 
fo r  a fin ished  c ra n k sh a ft o f  657 lb ., w hereas th e  
co rresp o n d in g  ca s t-iro n  castin g  w eighed 700 lb . fo r 
a  fin ished w eigh t o f  637 lb . in  h ig h -d u ty  cast iron . 
A t th e  sam e tim e, th e  m ach in in g  tim e w as reduced  
fro m  160 to 80 hou rs . T h e  average  o v e r n ine  types 
o f sh a fts  fo r  D iesel eng ines an d  com presso rs, ra n g 
ing  fro m  tw o- to  six -th row  shafts , w as 255 lb . fo r  
th e  casting , a s  a g a in s t 986 lb . fo r  th e  fo rg ing , w ith  
m ach in in g  tim es reduced  fro m  a n  av e rag e  o f  83 
h o u rs  to  41 ho u rs . T h e  ca s t-iro n  shafts  a re  p u t 
in to  service w ith o u t h ea t- tre a tm en t, w hereas such 
tre a tm en t is a  necessity  fo r steel shafts , a n d  ad d s 
to  th e ir  cost an d  p ro d u c tio n  tim e.

O ther fac to rs  fa v o u r in g  th e  cast c ran k sh a ft m u s t 
also be k ep t in m ind . T h e  tim e  an d  expense 
invo lved  in  the  p ro d u c tio n  o f  fo rg in g  d ies a re  m uch 
g rea te r th a n  th e  tim e an d  cost o f  th e ' p rep a ra tio n  
o f  su itab le  fo u n d ry  p a tte rn s . In  th is co n nec tion , 
d u e  co n sid e ra tio n  'm u s t be  given to  the  n u m b er o f

shafts  req u ired  to  a  g iven design. C learly , the 
sm alle r th e  n u m b er, th e  m o re  th e  ad v an tag e  lies w ith  
th e  cast sh a f t, w h ils t th e  advan tages a re  less obv ious 
in  th e  case o f m ass p ro d u c tio n , w here  th e  co s t o f 
su itab le  d ies can  be sp read  over a  la rg e  n u m b er o f 
fin ished  forg ings o r  stam pings. M odifica tion  o f 
design can  also  be m o re  read ily  m a d e  to  p a tte rn  
eq u ip m en t th a n  to  fo rg in g  d ies, th is ag a in  being a 
fe a tu re  in  fa v o u r o f  th e  ca s t shaft. O th e r signifi
c a n t p ro d u c tio n  fa c to rs  in  fa v o u r  o f  cast-iron  c ra n k 
sh a fts  a re  th a t th e  m ach in ab ility  o f the  cast iro n s  is 
genera lly  b e tte r  th a n  fo r  steel, a llow ing  reduced  
m ach in in g  tim e fo r  a n y  p a rtic u la r o p era tio n . A gain  
m o s t g rades o f  cast iro n , a s  used  fo r c ran k sh afts , do 
n o t req u ire  an y  h ea t- trea tm en t, w hereas h e a t- tre a t
m en t is n o rm a lly  req u ired  fo r  fo rg ed  steel, w ith  
fu r th e r  con seq u en t expense a n d  p ro d u c tio n  delay . 
A gain , h ea t- tre a tm e n t is som etim es acco m p an ied  by 
d is to rtio n  o f  th e  steel sh aft, w hereas d is to rtio n  is 
genera lly  u n k n o w n  in  cast-iro n  c ran k sh a fts  in 
p roduc tion .

Production o f  Cast-iron Crankshafts
T h e  fo u n d ry  p rac tice  fo r  the p ro d u c tio n  o f  cast- 

iro n  c ran k sh a fts  h as  been  developed  to  a  h igh  
degree. D e ta iled  descrip tions o f  th e  fo u n d ry  
m e th o d s  n o w  em ployed  a re  o u t o f  p lace  in  a  P ap e r 
o f  this type , an d  those  in te rested  a re  re fe rre d  to  
th e  several excellen t P a p e rs  o n  th is sub ject. 

T em p le to n 2, fo r  exam ple , describes in  som e detail 
th e  m e th o d s ad o p ted  in  h is fo u n d ry , a n d  the  
m e th o d s described  by  C o n e3 a re  o f  genera l ap p lic a 
bility . A  m o re  recen t p a p e r  by F in la y so n ’ describes 
the m e th o d s developed  fo r  m ed ium  to  large  shafts  
in th e  U .S .A . A  spec ia l fe a tu re  o f this m e th o d , 
w hich  w as evolved by C am p b ell W y an t & C an n o n , 
p ioneers o f cast c ran k sh a fts  in  th e  U .S .A ., is th a t 
th e  shafts  a re  p o u red  in  a  n ea r-h o rizo n ta l position  
an d  im m edia te ly  a f te r  casting , th e  m o u ld s a re  
sw ung  in to  a  v e rtica l position , feed ing  o f  th e  m eta l 
being ensu red  by a la rge  feed e r h ead  a t  th e  end o f  
th e  shaft. N a tu ra lly , th e  a im s o f  a ll th e  special 
m e th o d s  developed  fo r  casting  c ran k sh a fts  is to 
p ro v id e  sou n d  u n ifo rm  castings, since th e  success 
o r fa ilu re  o f  the  ca s t c ra n k sh a ft d epends on  the 
ab ility  o f  th e  fo u n d ry m a n  to  supp ly  re liab le  ca s t
ings, free  fro m  defects. T h e  success w h ich  h a s  been  
a tta in ed  in  this d irec tio n  can  be judged  fro m  the 
w ide a d o p tio n  o f  cast-iron  c ran k sh afts  in  th e  lead ing  
in d u s tria l coun tries to-day.

W ith  new  designs, every  c a re  m u s t be tak en  to  
check  soundness,, a n d  rig id  ru les a re  la id  d o w n  by 
th e  in spec ting  au tho rities . In sp ec tio n  involves th e  
cu ttin g  up o f  p ro to ty p e  castings, and  check ing  the 
q u a lity  o f  the m etal in  v arious p a rts  o f  th e  casting . 
R ad io g rap h ic  inspec tion  o f  selected castings is 
c a rried  o u t a n d  h a rd n ess  surveys a n d  o th e r tests 
a re  app lied . R o u tin e  checks on  th e  ca s t-iro n  c ra n k 
sh a f t castings a re  genera lly  m a d e  o n  tes t co u p o n s 
ca s t a t  p o in ts  a lo n g  th e  leng th  o f  th e  sh aft, o r p e r
h a p s  b e tte r o n  test-p ieces c u t fro m  an  ex tension  
cast a t one  end  o f  th e  shaft. I t  is o f  in te rest to 
n o te  th a t  som e designs o f  cast c ran k sh a fts  have 
n o w  b een  a d o p ted  u n d er th e  rig id  system s o f  in spec
tio n  app lied  by  w orld  w ide inspecting  au th o ritie s , 
and  n ow  a re  accep ted  fo r  v ita l services.
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Field o f A pplication o f Cast-iron Crankshafts
In  G re a t B rita in , cast-iron  c ran k sh a fts  a re  used 

extensively  fo r  p e tro l engines, inc lud ing  such 
engines fo r  ro a d  tran sp o rt, m a rin e  engines and
engines fo r  genera l pu rp o ses as in  ag ricu ltu re . In
th e  D iesel-engine field, cast-iron  c ran k sh a fts  have  
been  used in  sizes up to  10-in. d ia . jo u rn a ls  and  
a re  on  tr ia l in  sizes u p  to  12 and  14 in. d ia . D iesel 
engines a re  in  reg u la r p ro d u c tio n  w ith  cast-iron  
c ran k sh a fts  in  sizes u p  to  2,400 h .p . a n d  m ore .

In  cases w here th e  c ran k sh a fts  a re  adequa te ly  
designed , h ig h -d u ty  ca s t iro n  c a n  freq u en tly  rep lace  
steel w ith o u t m a jo r  m od ifica tion  to  the engine 
design. In  cases w h ere  the d u ty  is m o re  severe,
how ever, i t  m ay  p ro v e  necessary  to  m od ify  th e
design su bstan tia lly , in  o rd e r to  a d o p t cast-iron  
crankshafts . T h is  is p e rh ap s  th e  m a jo r reason  w hy, 
a t  least in  G re a t B rita in , c a s t iro n  h as n o t, so fa r , 
p roved  successfu l fo r  c ran k sh afts  in  D iese l engines 
fo r  ro a d  tra n sp o rt vehicles. O n th e  o th e r h an d , it 
h as been  w idely  ad o p ted  fo r  D iesels in  s ta tio n a ry  
p lan t, m a r in e  serv ice an d  in  som e ag ricu ltu ra l a p p li
ca tions, inc lud ing  trac to rs . C ast-iro n  c ran k sh a fts  
a re  a lso  w idely  used  fo r  gas engines a n d  in  asso 
c ia ted  p lan t, inc lud ing  com presso rs. S om e s tan 
d a rd  types o f  D iesel eng ine, in  w h ich  steel is used 
fo r  th e  c ra n k sh a ft, em ploy  a  cast-iron  en d -sh a ft fo r  
th e  o p e ra tio n  o f  b low er cy linders, p rov id ing  
scavenging  air.

In  th e  U .S .A . w ide use is m ad e  o f  cas t-iro n  c ra n k 
shafts, an d  these in  th e  D iesel-engine field a re , as 
in  G re a t B rita in , genera lly  o f the n ickel-m olyb- 
d en u m  alloy  type, w ith  th e  alloys in  such p ro p o r
tions as to  develop  an  ac icu la r m a trix  in  th e  cast 
iron . S uch  sh afts  a re  p ro d u ced  by o n e  o f  the  
lead ing  fo u n d rie s  fo r  D iese l engines, ran g in g  fro m  
450 to  2,400 h .p ., designed  fo r  locom otives o f  bo th  
th e  passenger a n d  sh un ting  types, m a rin e  engines 
a n d  also  fo r  a  w ide varie ty  o f  s ta tio n a ry  ap p lica 
tions. T h e  shafts  a re  cast in  a ran g e  o f  sizes fro m  
500 to  5,000 lb. rough  w eight, a n d  a n  overall cast 
leng th  o f  6 to  18 ft., an d  u p  to  an d  includ ing

F ig . 1.— Microstructure o f Grey Cast Iron, unetched, 
showing Grapltite Flakes. x 100 diameters.

F ig . 2.— Engineering Grey Cast Iron, etched, showing 
Graphite Flakes and Pearlitic M atrix. x 500 
diameters.

tw elve-throw s. T h e  advan tages o f  p roperly -designed  
alloy  cast-iron  c ran k sh afts  a re  sta ted  to be  h igh  
v ib ra tio n -d am p in g  capacity , low ered  no tch ed  sensi
tiv ity , th e  econom ies in h e ren t in  th e  use o f  p a tte rn s , 
in stead  o f d ies, a n d  easier an d  sim plified m ach in ing , 
as com pared  w ith  fo rged-steel shafts.

H igh-duty Cast Iron for Crankshafts
M any  p ap ers  have  been  w ritten  rev iew ing  th e  

progress m a d e  in recen t years in  th e  m eta llu rgy  o f  
cast iro n  (see, fo r exam ple , R eference  N o . 6). I t  is 
w ell k now n  th a t by the use o f im proved  fo u n d ry  
techn ique and  in  p a rtic u la r ca re fu l c o n tro l over 
m eta l co m p o sitio n  and  th e  use o f  im proved  m elting  
fu rnaces, g re a t strides h av e  been m ad e  in  th e  p ro 
d u c tio n  o f  c as t iro n  o f  im proved  an d  reg u la r 
quality . Special m eta llu rg ica l processes, such  as 
in o cu la tio n  o f  th e  m o lten  m e ta l in  th e  lad le  a n d  
th e  use o f  v arious a lloys, h ave  n ow  p rov ided  g rades 
o f  iro n , w h ich  a re  in  everyday  p ro d u c tio n , w ith  
tensile streng th s u p  to  o r  exceeding 28 to n s p e r 
sq. in . T h e  ach ievem en t o f  these  p ro p e rtie s  d ep en d s 
on  th e  red u c tio n  o f  im purities a n d  h a rm fu l 
e lem ents in  the  iro n  an d  c o n tro l over th e  o th e r  
e lem ents, so as to  give a  p red e te rm in ed  s tru c tu re  in 
th e  m eta l. T h e  firs t a im  o f  m u ch  o f  th is fo u n d ry  
d ev e lopm en t has been  to  co n tro l the  q u an tity  an d  
fo rm  o f  th e  g rap h ite  flakes w h ich  a re  ch a rac te ris tic  
o f  cast iro n  a n d  w hich b reak  u p  th e  c o n tin u ity  o f  
th e  m eta l m a trix  (see F ig . 1) a n d  th u s  de te rm in e  
the  p ro p e rtie s  o f  th e  final casting . C ast iro n  c o n 
sists essentially  o f  a  steel-like m atrix , in te rru p ted  
by  th e  g rap h ite  an d  o th e r  inclusions : th u s th e  c o n 
tro l o f  the  g rap h ite  is th e  first stage in  p ro d u c in g  
a  h ig h -d u ty  ca s t iron . In  th e  second  p lace , th e  
p ropertie s  o f  cast iro n  h ave  been fu r th e r  im proved  
by  alloy ing  th e  iro n  to  refine  th e  m ic ro s tru c tu re  o f  
th e  m eta llic  m atrix . F ig . 2 show s th e  e tched  s tru c 
tu re  o f  a  ty p ica l h ig h -q u a lity  eng ineering  ca s t iro n , 
th e  m a trix  in  th is case  b e in g  o f  the n o rm a l p ea rlitic  
fo rm . Several o f  th e  g rades o f  cast iro n  w hich  h av e  
p ro v ed  successfu l fo r  c a s t c ran k sh a fts  f o r  p e tro l
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Fig. 3.— Acicular Grey Cast Iron, etched, showing  
Graphite Flakes in Acicular M atrix. x 500 
diameters.

Fig. 4.— Spheroidal-graphite Cast Iron, unetched. 
X 100 diameters.

cast irons, it  show s a  low  n o tc h  sensitiv ity  in  fatigue 
tests. T h e  w ear resistance  o f  ac icu la r c a s t iron  is 
excellent. I ts  ha rd n ess is re la tively  h igh , b u t it is 
n o tew o rth y  th a t in  sp ite  o f  th is  h ig h  hard n ess , c a s t
ings in ac icu la r cast iro n  c a n  be  read ily  m ach ined .

Spheroidal-graphite Cast Iron
D u rin g  th e  la s t tw o years , th e  a tten tio n  o f  en g i

neers a n d  m eta llu rg ists  h as  been d raw n  to th e  la test 
deve lopm en t in  cast-iron  m eta llu rg y , w hich  has 
resu lted  in  a  p ro d u c t k n o w n  variously  a s  sphero ida l- 
g rap h ite  cast iro n , n o d u la r cast iro n  o r ductile  cast 
iro n . T yp ica l m ic ro s tru c tu res  in  th is new  p ro d u c t 
a re  show n  in  Figs. 4  a n d  5. F ro m  these  it  w ill be 
seen a t  o n ce  th a t  th e  essential ch arac te ris tic  o f  these 
new  ca s t iro n s is th a t th e  g rap h ite , in s tead  o f  being 
in the co n v en tio n a l flake fo rm , h as n ow  assum ed  
th e  fo rm  o f  c o m p a c t spherica l p artic les. I t  w ill at 
once be obv ious to  th e  en g inee r th a t  such  partic les 
w ill h av e  a  very  m u c h  sm aller de le te rio u s effect in 
b reak in g  u p  th e  m eta llic  m a tr ix  o f  th e  m eta l, a llow 
ing  th e  p ro p ertie s  o f  th e  m e ta llic  m a trix  to  b e  m ore  
fu lly  realised , an d  w ill e lim ina te  th e  in num erab le  
n o tch es w h ich  a c t  as stress ra isers w ith in  the body  
o f  n o rm a l cast iron .

M eta llu rg is ts  w ill recognise th a t th e  fo rm  o f 
g rap h ite  o f  th is new  ty p e  o f  cast iro n  resem bles 
m o re  th a t p ro d u ced  by  th e  leng thy  an n ea lin g  in 
m alleab le  c a s t iro n  p ro d u c tio n  th a n  th a t  in  o rd in a ry  
ca s t iron . I n  th e  new  irons, how ever, th is  fo rm  o f  
g rap h ite  is developed  in  th e  irons a s-cast in  the 
fo u n d ry . A s w ou ld  be  expected  fro m  th e  fo rm  o f 
g rap h ite , th e  m echan ica l p ro p e rtie s  o f  these  new  
cast iro n s a re  o f  a  h ig h  o rd e r , a n d  a p p ro a c h  very  
m u ch  m ore  n ea rly  to  those  o f  th e  steel-like m a trix  

' o f  th e  m eta l. In  T a b le  I , an  a tte m p t has been  
m ad e  to  sum m arise  the  p ro p ertie s  o f  various 
m a te ria ls  o f  in te re s t fo r  c ran k sh a fts , an d  reference  
shou ld  be  m ad e  to  th e  las t co lum n  o f  th is tab le  fo r  
an  in d ica tio n  o f  th e  p ro p ertie s  o f  th e  p earlitic  type 
o f  sp h e ro id a l-g rap h ite  cast iron . I t  w ill be seen 
th a t th e  s tren g th  u n d e r  v a rio u s fo rm s o f  tes t is

C ast-iron C ranksha fts

engines an d  fo r  g enera l ap p lica tio n s, in  sm aller 
D iesel engines a re  o f th is type. M an y  th o u san d s o f  
c ran k sh a fts  h av e  been  m ad e  in  irons w hich  a re  
on ly  slightly  a lloyed , b u t w hich  a re  m ad e  u n d er 
co n tro lled  co n d itions , in c lud ing  in ocu la tion  to  give 
a  fav o u rab le  fo rm  to  th e  g raph ite .

A cicular Cast Iron
E a rly  in  th e  deve lopm en t o f cast iro n  fo r c ra n k 

shafts  in  th e  U .S .A ., a lloy  com position  c o n 
ta in in g  n ickel and  m o ly b d en u m  w ere  ad o p ted , as it  
w as fo u n d  th a t th is a lloy  co m b in a tio n  gave th e  
m o s t fav o u rab le  m dchan ica l p ropertie s . E x p e ri
m en ts w ith  v a ry in g  p ro p o r tio n s  o f n ickel an d  
m o ly b d en u m  show ed  th a t ce rta in  co m b in a tio n s of 
th ese  e lem en ts gave  castings w ith  excep tiona lly  h igh  
s treng th , an d  these castings show ed  an  u n usua l 
m ic ro stru c tu re . F u r th e r  study  estab lished  th a t  these 
h igh  m ech an ica l p ro p ertie s  co u ld  b e  o b ta in e d  a t  w ill 
by using  m o ly b d en u m  in  c o n ju n c tio n  w ith  n ickel, 
the  la tte r  be ing  varied  in  re la tio n  to  th e  cooling  
ra te  o r  section  th ickness o f  th e  casting . T h e  c h a r
ac te ris tic  s tru c tu re  developed  in th ese  n ickel-m olyb- 
d en u m  cas t iro n s  is show n  -in F ig . 3 a n d  h a s  been 
term ed  th e  “ a c icu la r s tru c tu re .” I t  is closely  re la ted  
to  the  s tru c tu re  k now n  to  steel m e ta llu rg is ts  as 
“  ba in ite ,”  a n d  th is type  o f  cast iro n  is n o w  k now n  
as ac icu la r c as t iro n .'

T h e  tensile s tren g th  o f  a c icu la r cast iro n  can  
vary  fro m  25 to  35 to n s p e r sq. in., a n d  can  be 
fu r th e r  im p ro v ed  b y  h ea t- tre a tm en t. I ts  o th e r  
m echan ical p ro p ertie s  a re  co rrespond ing ly  h igh , and  
it is particu la rly  n o tew o rth y  th a t its im p ac t o r  shock  
res istance  is a t  le a s t tw ice th a t o f  th e  best pearlitic  
h ig h -q u a lity  cas t iron . A s sh o w n  in  F ig . 3, th e  
g rap h ite  in  th e  n o rm a l a c ic u la r cast iro n  is in  th e  
flake fo rm  an d  consequen tly  th is iro n  shares the 
g o o d  d am p in g  p ro p ertie s  co m m o n  to  th e  flake 

g rap h ite  irons, an d  in  com m on w ith  all th e  o th e r
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F ig . 5.—Spheroidal-graphite Cast Iron, etched, showing
Pearlitic M atrix in Iron as Cast, x 250  diameters.

ab o u t do u b le  th a t o f  conv en tio n a l cast iro n . T he  
e lastic  m o d u lu s  is h ig h , b u t o f  p a rt ic u la r  in te re s t is 
th e  fa c t th a t lik e  o th e r cast irons, th e  n o tch  sensi
tiv ity  o f  the m ateria l is low  com pared  to  steel, as 
show n b y  th e  re latively  low  red u c tio n  in th e  endur- 
ance-lim it figure, as a re su lt o f  includ ing  a  n o tch  in 
th e  test-piece. T h e  n e t re su lt o f  th is is th a t the 
en d u ran ce  lim it u n d er no tch ed  co nd itions is, fo r 
th e  new  m ateria l, freq u en tly  as h igh  o r  even  g rea te r 
th an  th a t o f  steel as u sed  fo r  c rankshafts .

A s w ould  be  expected  fro m  th e  fo rm  o f  g raph ite , 
the v ib ra tio n -d am p in g  capac ity  o f  the new  cast 
irons lies m idw ay betw een  th a t  o f  steel and  the 
n o rm a l flak e-g rap h ite  types; consequen tly , from  
th is p o in t o f  view , the new  iro n  is p erhaps n o t so 
fa v o u ra b le  fo r  c ran k sh afts . O n the o th e r h an d , th e  
tests w hich  h av e  b een  ca rried  o u t to d a te  show  th a t 
th e  w ear res istance  o f  th e  new  iro n  is very  good 
an d  co m p ares  fav o u rab ly  w ith  the b es t o f  o th er 
types o f  h ig h -d u ty  ca s t iron .

S p h ero id a l-g rap h ite  cast iro n  is m ad e  by  a special 
p rocess  invo lv ing  th e  ad d itio n  o f  sm all am o u n ts  
o f  ce rium , m agnesium  o r  o th e r m etals to  th e  iron . 
T h e re  is now  a n  ex tensive lite ra tu re  on th e  p ro p e r
ties and  ap p lica tions o f this new  m ateria l. T h e  m ag 
nesium  process, w hich  has p roved  th e  m ost suc
cessful a n d  econom ic, w as firs t described  in  a  P ap e r

by G ag n eb in , M illis an d  P illing5 an d  m o re  recen tly  
th e  p resen t A u th o r  h a s  review ed its p ro p ertie s  an d  
ap p lica tio n s.1' N a tu ra lly , in  view  of its h igh 
s treng th , this new  iro n  h as been co nsidered  o f  
in te rest fo r cast c ran k sh afts , and  a  ’ considerab le  
a m o u n t o f  experim en ta l w ork  is in  h an d  in  assessing 
its su itab ility  fo r  th is app lica tion . In  th is  co n n ec
tion , how ever, it m u s t be em phasised  th a t m u ch  o f 
the w o rk  o n  sphe ro id a l-g rap h ite  cast iro n  has been 
carried  o u t o n  th e  m a te ria l in  the an n ea led  co n d i
tion , in  w hich a  sh o r t h igh  te m p e ra tu re  a n n ea l is 
g iven to b reak  dow n th e  pea rlitic  m a trix  to th e  fer- 
ritic  s ta te  a n d  to  deve lop  h igh  ductility . T h e  e lon 
g a tio n  o f  th e  annealed  m a te ria l is o f  th e  o rd e r o f  
10 to  25 p e r  cen t., w hereas th e  e lo n g a tio n  o f  the 
m a te ria l a s-cast is genera lly  n o t in  excess o f  3 per 
cent, un less special co m positions a re  selected. I t  is 
an tic ip a ted  th a t  fo r  ap p lica tions such  as c a s t c ra n k 
shafts  w here  w ear resistance  is v ita l, a tten tio n  will 
be focused  o n  th e  pearlitic  low -ductility  type, as th e  
genera l experience is th a t c a s t iro n s  w ith  m ic ro s tru c 
tu res  in c lud ing  fe rrite  a re  in fe rio r in  th e ir  w ear 
res istance. A n o th e r  fe a tu re  o f  in te res t fo r  th e  
c ra n k sh a ft ap p lica tion  is th a t  th e  new  sphero ida l- 
g rap h ite  c a s t iro n s show  app rec iab ly  g rea te r shock 
res istance  as co m p ared  to  th e  co n v en tiona l types o f 
c a s t iron .

T a b le  I  a ttem p ts  to  su m m arise  som e o f  th e  o u t
s tan d in g  p ro p e rtie s  o f  these new  ca s t iro n s in  co m 
pariso n  w ith  steel. T h is  tab le  is p u t fo rw ard  w ith  
som e diffidence. T h e  d a ta  o n  w hich it is based  a re  
tak en  fro m  w idely-d ispersed  sources, an d  it  is diffi
cu lt to  estab lish  figures deriv ed  fro m  tru ly  c o m p a r
ab le  m eth o d s o f  test. A gain , th e re  are , in  som e 
cases, little  d a ta  ava ilab le  to  give rep resen ta tiv e  
figures, especially  fo r  th e  new er irons. In  th e  case 
o f  the steels, tw o a re  q uo ted , b u t these, o f  course , 
a re  on ly  tw o o u t o f  a la rge  n u m b e r used fo r  c ra n k 
sh afts  a n d  even fo r them , th e  p ropertie s  developed  
w ill d ep en d  on  th e  h ea t- tre a tm e n t em ployed . A tten 
tion  is d raw n  in th e  tab le  to  tw o  sets o f  figures 
w hich  a re  n o t stric tly  c o m p a rab le  w ith  th e  o th e r 
figures q uo ted . I t  is fe lt, how ever, th a t  th e  tab le  
w ill a t  least give som e ind ica tion  o f  the m a n n e r  in 
w hich  th e  new  types o f  c a s t iro n  a re  ap p ro ach in g  
m ore  an d  m o re  to steel in  those  p ro p ertie s  desired  
in c ran k sh afts .

Service Properties o f  Cast-iron Crankshafts
T h e  m echan ica l p ro p e rtie s  o f  som e cast irons 

ava ilab le  fo r  c ra n k sh a ft p ro d u c tio n  h av e  been  given 
in  detail by  L o v e .1 R eference  is m ad e  in  T ab le  I

T a b le  I .— Some Typical Properties of Crankshaft M aterials.

Forged carbon Ni-Cr-M o alloy H igh-du ty  cast A piculnr Spheroidal-
steel quenched steel forged iron  to 20 ton ACICUUU

cast iron. graphite cast
and tem pered. heat- tensile iron

treated . minimum . (Pearlitic).

Tensile strength, tons per sq. i n . ...................................................... 30 58 22 20 40
Yield strength , tons per sq. in ............................................................ 20 50 — — 30
Elongation per cent. ............................  ............................ 25 23 <  1 <  1 •»
Brinell hardness . .  . .  . .  ......................................... 60 269 220 280 260
Modulus of elasticity, lb. per sq. in. x  106  ............................ 29 29.5 18—20 22 25
Modulus of rigidity, lb. per sq. in. x  106 11 11.65 8 .6 “5.6 —
Izod notched-bar im pact value, ft.-lb. 30 60 <  1 1.5 3—5
Endurance lim it unnotched, tons per sq. in ....................... 15.8 29 7.2 12 (1 0 .8 )t
Endurance lim it 0 .05 in. radius groove, tons per sq. in. 8 17.5* 6.0 9 (8 .3 ) t
Reduction of endurance lim it due to groove, per cent. 49 40* 16.7 25 (23)t
V ibration-dam ping capacity ...................................................... Low Low High High M edium

• GO deg. sharp  notch. t  On ferritic  S.G.C.I.
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F i g .  6 .— Rough Crankshaft Casting 
in Acicular Cast Iron fo r  8- 
cylinder Diesel Engine. Overall 
Length, 76 in., diameter o f 
journals (finished), 4.75 in. N ote  
Coring-out o f Journals and 
Bearings and Close Tolerance to 
Finished Form.

speeds o f  the engine. T h is, h ow 
ever, is, in  p a r t , off-set by  th e  
in h eren tly  b e tte r d am p in g  p ro 
perties  o f  cast iro n  an d  the  to ta l 
stress b u ilt u p  o n  reso n an ce  is 
ap p rec iab ly  less fo r  c a s t iron  
th a n  fo r  th e  co rresp o n d in g  steel 
shaft. C a rte r  sum s u p  by po in t- 

[By C ourtesy o i the  N a tio n a l Gas & Oil E n g in e  C om pany, L im ite d  m& o u t th a t fo r  engines up  to
fo u r  cy linders, c as t iro n  lessens

and  below  to  the p ropertie s  o f  th e  special g rades 
o f  cast iro n  u n d er co n sid e ra tio n  in  th is P ap er. 
E xperience  over the  p a s t fifteen years w ith  cast- 
iron  c ran k sh afts  has show ed th a t the b e a r
ing p ro p ertie s  o f  cast iro n  a re  excellen t and  a re  
genera lly  su p e rio r to  those  o f th e  steels, 
especially  w hen  th e  shafts  a re  ru n  in  copper-lead  
bearings. T he  c o m b in a tio n  o f  c a s t iro n  w ith  
such  bearings w ill s tan d  up  to  th e  h ig h es t b earin g  
p ressures n o rm ally  en co u n te red  in  in te rna l-com bus- 
tion  engine design. A n o th e r  o u ts tan d in g  ad v an tag e  
o f  c a s t iro n  is its excellen t resistance  to  w ear, and 
th e  b eh av io u r o f  cast-iro n  c ran k sh a fts , fro m  this 
p o in t o f view , has p roved  up to  th e  fu llest ex p ec ta 
tion. T he  h ig h e r v ib ra tio n -d am p in g  capac ity  o f  
cast iro n  an d  its  co m b in a tio n  o f  o th e r  special p ro 
perties is rep o rted  to  lead  to sm o o th e r ru n n in g  and  
q u ie te r c rankshafts .

C a rte r ,10 speak in g  o f cast-iron  c ran k sh afts  gener
ally , em phasises th a t the low er m o d u lu s o f  e lasticity  
o f  th e  cast irons is an  advan tage , in th a t th e  stress 
developed  fo r  a  g iven deflection , such  as th a t d u e  to  
th e  m isa lignm en t o f  a  m ain  bearing  o r  to  d is to rtio n  
o f  th e  eng ine  f ra m e  in  service is, th e re fo re , less 
th a n  w ould  be the case  in a steel sh a ft u n d e r sim ilar 
circum stances. T h is  has been confirm ed  by tests on  
engines in  w hich  a  m ain  bearing  h as been de lib e r
ate ly  d isp laced , a n d  such tests h av e  show n re m a rk 
ab le  en d u ran ce  fo r  the cast-iron  sh afts  u n d e r these 
adverse  cond itions.

O n th e  o th e r  h an d , C a rte r  p o in ts  o u t th a t th e  low  
m odu lus o f  rig id ity  o f  cast iro n  as co m p ared  w ith 
steel low ers th e  n a tu ra l frequency  o f  v ib ra tio n  in 
cran k sh afts , an d  in som e cases m ay  b ring  critica l 
v ib ra tio n  freq u en c ies  w ith in  the n o rm a l ru n n in g

the  to rs io n a l osc illa tion  p ro b lem , b u t in  engines 
w ith  six o r m o re  cy linders, th e  p ro b lem  is accen
tu a ted  by the low er n a tu ra l freq u en cy  o f  the cast- 
iro n  shaft. T h is  calls fo r  c a re fu l design ing  w here 
cast iron  is u sed  fo r  th e  la rg e r shafts.

A cicular Cast-iron Crankshafts in  Service
A s a lread y  ind ica ted , considerab le  experience  is 

now  av a ilab le  o n  th e  use o f  th e  n ickel-m o lybdenum  
ac icu la r c a s t-iro n  c ran k sh a fts  in  in te rn a l co m b u stio n  
engines. T y p ica l illu s tra tio n s o f such  c ran k sh afts  
accom pany  th is P ap er. T h e  p ro d u c tio n  econom y  in 
using cas t-iro n  c ran k sh a fts  w hich  w as m en tioned  
earlier is u n derlined  by th e  figures show n in T ab le  
I I  w h ich  w ere  p rov id ed  by  a  lead ing  B ritish  D iesel- 
eng ine m ak er. T h is  tab le  show s th e  very  su b s tan tia l 
eco n o m y  in using  ac icu la r cast-iron  c ran k sh a fts  as 
co m p ared  w ith  th e  co n v en tio n a l ty p e  o f  steel fo rg 
ing o r  stam ping . T h e  c ran k sh a ft in  question  is 
illu stra ted  in Fig. 7, w hilst F ig . 6 is o f  a  s im ila r type  
b u t w ith  e ig h t in s tead  o f  six th ro w s a n d  show s well 
the co rin g -o u t o f  the jo u rn a ls  an d  c ra n k  pins.

O n engine test, to rs io n a l v ib ra tio n  d iag ram s on  
th e  type  o f sh a ft illu s tra ted  in  F ig . 7 have  show n 
th a t the steel c ra n k sh a ft developed  a  to rsio n a l sh ea r 
stress o f  9,100 lb. p e r  sq. in ., due  to  the six th  o rd e r  
c ritica l speed, a n d  th is  w as red u ced  to  4 ,250 lb . p e r  
sq. in. in the  cast-iro n  c ran k sh aft.

S a tisfac to ry  fa tig u e  s tren g th  is d em o n s tra ted  by  
ac icu la r cast-iro n  c ra n k sh a fts : fo r  exam ple , one 
m ak e r , w ho h as recen tly  been  study ing  th is m a te ria l 
fo r  a s ix -th row  m a rin e  D iese l c ra n k sh a ft, s ta tes th a t  
tes t-bars c u t fro m  an  ex tension  o f  th e  c ra n k sh a ft 
casting  give a  fa tig u e  s tren g th  o n  th e  p la in  b a r  o f  
15 kg. p e r sq. m m . T h e  use o f a  n o tch  in th e  test- 

b a r  on ly  sligh tly  reduces th is 
figu re  an d  a streng th  o f  14.5 kg. 
p e r sq. m m . is rep o rted . U n d e r  
sim ilar co n d itio n s  o f  test, th e  
values fo r  steel a re  n o rm a lly  o f  
the o rd e r o f  12 kg. p e r  sq. m m .

[By C ourtesy o f the  N a tio n a l Gas & O il E n g in e  C om pany, L im ited

Fig. 7.— Finished Acicular Cast- 
iron Crankshaft fo r 6-cylinder 
Diesel Engine, developing  240 
b.h.p. at 1,500 r.p.m.
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* 1 p e rc en t. Ni, 0 -4  per cent. C.

T a b le  I I I .— A  Comparison of the Properties o f Steel and Acicular Cast 
Iron as Used in  Crankshafts Provided by the Same Maker.

Property. Steel shaft.
Acicular 
cast iron 

shaft.

Yield point, tons per sq. in .........................
Maximum stress, tons per sq. in. . .  
Elongation, j)cr cent, on 2 in. 
lleduction  of area, per cent, on 4 \ /  area 
Brinell hardness num ber ..•
Modulus o f elasticity , lb. p e rsq . in. x  106 
Modulus of rigidity , lb. per sq. in. X 106 
Dam ping capacity, per c e n t :

Surface shear stress, 1 ton p e rsq . in. . .  
Surface shear stress, 2 tons per sq. in . . .  

ltcpeated  im pact te st (Stanton)
(blows to fracture)

Blow' energy 0.20 ft.-lb.
Blow energy 0 .15  ft.-lb.
Blow energy 0 .10  ft.-lb.

20.0
34.5
30.0
62.0 

156
29
11.4

0 .7
1.3

15,645
59,741

1,378,216

11,445
59,015

3,000,000*

* B ar unbroKen and re-tested w ith blow energy of 0 .15  it.-lb ., 
121,576 blows.

T h e  figures in  th is tab le  w ere  o b ta in ed  fro m  21-in. 
d ia . sections a n d  re la te  to  a  sh a f t w hich h as been 
s tan d a rd  fo r  som e tim e  past.

Spheroidal-graphite C ast-iron Crankshafts
T h e  p ro p e rtie s  o f  pearlitic  sp h ero ida l-g raph ite  

c a s t iro n  a re  inc luded  in  T a b le  1. N o  figures are  
im m ediately  ava ilab le  fo r  th e  en d u ran ce  lim it o f 
th is g rade , b u t som e figures have  been  pub lished  fo r  
th e  annea led  fe rritic  g rad e  an d  they have been in 
cluded , as they  g ive a n  ind ica tion  o f  the influence o f 
th e  sphero ida l fo rm  o f  g raph ite , and  em phasise 
th a t, a s  fo r o th e r cast irons, the new  type  h as a  low  
no tch  sensitivity . T he  ac tua l en d u ran ce  lim its o f  the 
pea rlitic  g rad e  w ou ld  be expected  to  be, if any th in g , 
ra th e r  h igher. I n  the m ean tim e, p re lim in a ry  rep o rts  
on  tests ca rried  o u t on c ran k sh afts  a re  d is tinc tly  
encourag ing . I t  is true  th a t th e  new  iro n  h as n o t the

[By C ourtesy  0/  Itu s to n  & H ornsby , L im ited . 
Fig. 9 .— Experim ental Acicular Cast-iron Single-throw  

Crankshaft. W eight as cast 2 tons. Overall length 
8 ft.

F

T a b le  I I .— Curt of Production.of Q-Throto 4J-in. Dia. Journal Diesel 
_____________________  Engine Crankshaft.

Hough
weight,

lb.

Cast in  £ sterli ng.

Material. Form. Hough
form.

Machin
ing and 

finishing.

H eat
tre a t
ment.

Total.

Steel* Forging 649 1 55 10 175
Steel* Stam p — 30 35 10 75

Acicular 
cast iron

ing

Casting 532 13 35 — 48

[By C ourtesy o f W . H . D orm an & C om pany. L im ited  
Fig. 8.— Two-throw Acicular Cast-iron Crankshaft for 

26-It.p.. 1,000-r.p.ni. Diesel Engine.

h igh degree o f dam p in g  capacity  show n by the flake 
g raph ite  types— in fact, the d am p ing  capac ity  is 
nea re r th a t o f  steel th an  o f c a s t iron . T h e  h igher 
m echan ical p ro p ertie s  o f  th e  new  iro n  offer the 
possib ility  o f p ro d u c in g  c ran k sh afts  w ith  p ro p ertie s

T o rsio n  fa tigue  tests o n  un n o tch ed  bars gave 8.5 kg. 
p e r sq. m m ., and  sim ilar tests conduc ted  on  bars 
co n ta in in g  a d rilled  hole , so p o sitioned  as to  give 
m ax im um  co n cen tra tio n  o f  stress, gave 6 kg. p e r sq. 
m m . T h is  last tes t em phasises th a t th e  no tch  sensi
tiv ity  o f  cast iron  is m u ch  less th an  fo r  steel, w ith  the 
resu lt th a t  in  p rac tice  th e re  is ap p rec iab ly  less d an g er 
o f  fa tig u e  fa ilu re  due  to  stress co n cen tra tio n  by 
such  d iscon tinu ities as o il holes. O th e r e a rlie r results 
o n  ac icu la r cast iro n  a re  rep o rted  in the review  by 
Love." In  th e  m ean tim e, ex tensive w o rk  on  the 
influence o f  com plex  stresses on ac icu la r cast-iron  
c ran k sh a fts  has been u n d ertak en  by v arious research  
associa tions in B rita in  and  elsew here. In  particu la r, 
such  research  is in  h an d  a t th e  B ritish  In te rn a l C om 
b u stio n  E ng ine  R esearch  A ssocia tion  an d  the 
In d u s try  R esearch  A ssociation .
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[By C ourtesy  o / tltc Cooper B essem er Corporation
F ig . 10.— Acicitlar Cast-iron Diesel-engine Crankshaft.

Overall length 9ft. 9 in. with l \ - in . diameter Bear
ings. This Shaft is also now on test in Spheroidal-
graphite Cast Iron.

m u ch  n e a re r  to  those o f  steel, w hilst hav in g  th e  fu ll 
p ro d u c tio n  econom ies possib le  w ith  a  read ily  cast 
m etal.

P re lim in ary  w ear tests have been re p o rted ,5 and  
show  th a t the res is tan ce  to  w ear o f  the sphero idal- 
g rap h ite  iro n  u n d e r la b o ra to ry  co nd itions is good. 
V en n erh o lm “ rep o rts  th a t th e  w ear resistance o f 
such ca s t iron  u n d e r lu b rica ted  co nd itions is excel
lent, in  p a r tic u la r  w hen free  fe rrite  is absen t. P re 
lim inary  service tests have  confirm ed  this, and  
repo rts  a re  n ow  co m in g  to h an d  th a t tes t sphero idal- 
g rap h ite  cas t-iro n  c ran k sh a fts  have ru n  fo r  long 
periods o f  tim e w ith  no  m easu rab le  w ear. T he  
C o o p e r B essem er C o rp o ra tio n  rep o rts  th a t they  a re  
ca rry ing  o u t tests on sphe ro id a l-g rap h ite  cast iron  
fo r c ran k sh a fts  (see Fig. 1U). T he  m echanical p ro 
perties a re  as in d ica ted  in T ab le  I , an d  th ey  rep o rt 
th a t th e  im p ac t stren g th  is fro m  th ree to  five tim es 
th a t o f the ac icu la r cast iron . T hey  express con fi
dence in success f o r  th e  new  cast iro n  as a c ra n k 
sh a ft m a te ria l.12 T h ere  seem s no  d o u b t th a t the  
sp h ero id a l-g rap h ite  iron  will be o f g rea t in te rest to 
engine designers, n o t on ly  fo r  c ran k sh afts , b u t fo r 
o th e r item s, inc lud ing  ro c k e r  arm s, p istons, cy linder 
heads, liners, tim ing  gears, etc. T h ese  are , how ever, 
ou tside  th e  scope o f  th e  p resen t Paper. I t is w orth  
reco rd ing  th a t tests have been carried  o u t on 
sp h ero id a l-g rap h ite  cast iron  w ith  a n  ac icu la r 
m atrix , developed  by su itab le  add itions o f  nickel 
a n d  m o lybdenum . P re lim in a ry  ind ica tions show

[By C ourtesy ol the  Cooper B essem er Corporation  
F ig . 11."— Acicular Cast Iron 4-throw Crankshaft fo r V. 
■ Diesel Engine. Length  7 ft. 1 in. Journals 7 i  in.

diameter.

th a t tensile s tren g th  in  th is type o f m a te ria l can  
easily  re a c h  50 to  60 tons p e r  sq . in ., w ith  th e  o th e r 
m echan ica l p ropertie s  p ro p o rtio n a te ly  increased.

C onclusion
T he g ro u n d  covered  by th is P ap e r is extensive, 

b u t the  in d ica tio n s a re  c lea r th a t  cast iro n  is a  good  
c ra n k sh a ft m a te ria l, a n d  th a t th e  deficiencies o f 
the ca s t iro n s p rev iously  k n o w n  a re  being  overcom e 
by the  deve lo p m en t o f  new  g rades w ith  ever be tter 
p ropertie s . I t  h a s  been em phasised  th a t cast c ra n k 
shafts, an d  p a rticu la rly  cast-iron  c ran k sh a fts , offer 
p ro d u c tio n  ad v an tages w hich  h av e  p ro v ed  o f  in 
terest th ro u g h o u t th e  eng ineering  w orld . C ast-iron  
c ran k sh afts  h av e  n ow  been  in  serv ice fo r  15 years , 
a n d  th e re  is no  d o u b t th a t now  th a t  new  g rades o f  
cast iro n  have  been developed  to  th e  stage w here 
they  can  tak e  th e ir p lace  w ith  o th e r h igh -du ly  eng i
neering  m ateria ls , th e ir app lica tio n  will increase.

T he  A u th o r  w ishes to  acknow ledge  help  in  p re 
p a rin g  th is P a p e r  f r o m :— T h e  N a tio n a l G as  & Oil 
E ngine C o m pany ; T he  C o o p er B essem er C o rp o ra 
tion ; C rossley  B ro thers; W . H . D o rm a n  & C o m 
pany , L im ited ; T h e  M id lan d  M o to r  C y linder C o m 
pany , L im ited ; an d  F ia t  G ra d i M o to ri, a n d  those 
firm s as acknow ledged  in the v arious illu strations.

[B y C ourtesy o f Sheep b rid ye  E n y in ee rin y , L im ited
Fig. 12.— Experim ental Single-throw Crankshaft, Cast 

in Spheroidal-graphite Cast Iron.
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Colouring Oxides in V itreous Enam els
B y W. Ball

T h e  m a n u fa c tu rer  o f  a co louring  ox ide  starts w ith  a  com para tive ly  s im p le  specification  to  be m et. I t  
is requ ired  to  g ive the correct co lour w hen  used  in  a particu lar fr it, the  co lour to  be stab le  under the  
various co n d itio n s m e t w ith  in  the enam elling  p la n t, an d  th e  cost is to  be reasonable. In  add itio n , it 
sh o u ld  n o t a ffect adversely  the w o rkab ility , gloss, acid  resistance, o r suspension  o f  the  enam el, an d  o f  
course m u st be u n ifo rm  fro m  batch  to  batch . U n fo r tu n a te ly  it is n o t as easy to  m ee t th is  specification

as m ig h t be supposed .

C olo u rin g  oxides used in  th e  v itreous enam elling  
in d u s try  a re  o f  cou rse  ino rgan ic , an d  a re  p rep a red  
by ca lc in ing  m eta llic  oxides such a s  co b a lt oxide, 
ch ro m e oxide, e tc., w ith  o th e r m a te ria ls  w hich  will 
develop  th e  req u ired  co lour, an d  fo rm  stab le  co m 
p ou n d s likely  to  be affected as little  as possib le by 
the enam el d u rin g  firing. T h e  te rm  “ co lou ring  
ox ide ” is p e rh ap s m islead ing , as the p rep a red  
co lo u r is usually  a  co m p o u n d  such  as a silicate  o r  
a lum ína te  ra th e r  th a n  an  oxide in  th e  chem ical 
sense; ch ro m iu m  oxide, used as a  g reen  is the 
on ly  exam ple w hich com es read ily  to  m ind  o f a 
p u re  oxide being used as a co lo u r fo r ad d itio n  to  
fr it a t th e  m ill.

T o  o b ta in  a stab le  co lo u r the usual a im  is to  
p ro d u ce  a  co m p o u n d  w hich  w ill rem ain  com pletely  
in e rt in  suspension  in  th e  fused enam el. M ost 
m eta ls g ive one defin ite co lo u r w hen  com bined  w ith  
th e  m ate ria ls  usually  considered  su itab le  to  p ro d u ce  
a  stab le  co m p o u n d , on ly  th e  tin t  vary ing  accord ing  
to  the co m p o u n d  fo rm ed . F o r  exam ple, coba lt 
oxide, o r  a  co b a lt salt, calc ined  w ith silica to  p ro 
duce a  c o b a lt silicate  gives a “ ro y a l ”  b lue; w ith 
a lu m in a  to  p ro d u ce  a  coba lt a lum ínate , a  c leaner, 
b rig h te r b lue o f the “ Im peria l ” o r  “  T u rk ish  ” b lue  
shade , described  by  th e  B ritish  S tan d ard s  In s titu 
tion  as “  F ren ch  ” blue. A d d itions o f  sm all p ro 
p o rtio n s o f  o th e r m ate ria ls  a re  m ade  to  v a ry  th e  
tin t. F o r  exam ple, add itions o f an  a lk a li increase 
the p u rp le  tin t o f a c o b a lt silicate, w hile a lu m in a  
decreases it, an d  gives a  g reen e r tin t. C h ro m iu m  is 
unusual in  th a t w hilst th e  p red o m in an t co lo u r o f 
its co m p o u n d s is g reen, it  can  also be used to  
p ro d u ce  to ta lly  d ifferen t co lours. C h ro m iu m  oxide 
calc ined  a lone  p roduces a strong  g reen , w ith  silica 
o r  a lu m in a  a ligh ter g reen, b u t w hen  ca lc ined  in  
sm all p ro p o rtio n s  w ith  tin  ox ide a p in k  can  be 
p roduced , o r  w ith  titan iu m  oxide a  stro n g  yellow.

T h e  g enera l p rin c ip le  fo llow ed  in  th e  m a n u 
fac tu re  is first o f all to  o b ta in  as in tim a te  a  m ix 
tu re  o f th e  m ate ria ls  as possib le , and  th en  to  calc ine 
a t as h igh  a  tem p e ra tu re  as is com patib le  w ith  th e  
tin t an d  streng th  req u ired , w hich v a ry  w ith the 
tem p era tu re  and  firing cycle used. T h is  in tim ate  
m ix tu re  is usually  ob ta in ed  by w et-g rind ing  the 
m a te ria ls  together, th en  dry ing , an d  sifting . In  
som e cases they  can  be p rec ip ita ted  to g e th e r from  
so lu tions. I f  it is fo u n d  o f ad v an tag e  to  in tro d u ce

* P a p e r  p resen ted  a t  th e  A nnual C onference of th e  In s t i tu te  
of V itreous E nam elle rs . S u b sequen tly  p resen ted  to th e  M idland 
Section  of th e  In s t i tu te  an d  also  to  be g iven  before th e  
N o rth e rn  Section  on D ecem ber 12 a t  M ancheste r.

m ateria ls  w hich a re  so lub le  they  a re  usually  d ry- 
m ixed an d  th en  w et-g round  a f te r  th e  first ca lc in a 
tion , d ried , an d  re-fired.

M eth o d  o f  F ir in g
T h e  tem p era tu re  o f  ca lc ina tion  varies acco rd ing  

to  th e  m a te ria ls  used, an d  th e  tin t req u ired , b u t is 
u sually  w ith in  th e  ran g e  o f  1,150 to  1,300 deg. C. 
T he  fired co lo u r sim ilarly  varies fro m  a  'm a te ria l 
w hich is still pow d ery , to  a com pletely -fluxed  m ass. 
C o lo u rs  used in  v itreous enam els h av e  been d e 
veloped fro m  those  used  in  the p o tte ry  in d u stry , 
an d  sim ilarly  the m ethods o f  firing  h av e  altered . 
In  th e  early  d ay s m o s t co lou rs  used in  en am e l w ere 
those o rig inally  m ad e  fo r  use on  p o tte ry , b u t w ith 
the developm ent o f  enam elling , p a rticu la rly  th e  use 
o f  paste l shades, the m an u fac tu re  o f  co lours fo r  use 
in  enam el h a s  becom e a specialised  industry . In  the 
first p lace  the  co lours w ere  fired in  th e  sam e kilns, 
o r  ovens, as th e  p o tte ry , and  the req u ired  te m 
p e ra tu re  w as o b ta in ed  by firing in  an  “ e a r th e n 
w are  biscuit o v e n ” (1,160 to  1,200 deg. C .) o r  a 
“ ch in a  b iscu it o v e n ” (1,280 to  1,350 deg. C.). 
V aria tio n s  o f these tem p era tu res  cou ld  be ob ta in ed  
by p lac ing  th e  co lo u r in  v arious p a r ts  o f th e  oven, 
as the  tem p e ra tu re  w as by n o  m eans u n ifo rm , an d  
ce rta in  p a r ts  w ere kno w n  to be “ h a rd  ” o r  “  easy  ” 
fired. W ith  th e  deve lo p m en t o f  th e  industry , special 
k ilns fo r  firing the co lou rs  a re  now  used, p y ro m eters  
a re  fitted, an d  tim e /te m p e ra tu re  cycles s ta n d a rd 
ised. T he  ac tu a l con stitu en ts  h ave  n o t varied  m uch , 
b u t chem ically -pure  m ate ria ls  a re  th e  s ta rtin g  po in t, 
in stead  o f  th e  c ru d e  ores o rig inally  used. T h e  co m 
positions an d  m ethods o f  p re p a ra tio n  h ave  been 
ad ju s ted  to  su it enam elle rs’ needs, an d  a re  c o n 
stan tly  u n d e r review , b u t th e  ti ta n iu m /c h ro m e  yel
low  is p ro b ab ly  th e  on ly  com plete ly  new  co lo u r 
w idely  used. M o st co lou rs  a re  fired  once , g ro u n d , 
a n d  re-fired. T h e  fired co lo u r is c ru shed , if  neces
sary , a n d  w et-g round  on  e ith e r a  pan -m ill, o r  cy lin 
der, w ashed  to  rem ove an y  so lu b le  sa lts, d ried  and 
sifted.

T o  o b ta in  th e  m ax im u m  stab ility , stren g th , and  
b righ tness o f  co lo u r , d ifferen t bases need  to  be fired  
w ith  d ifferen t m a te ria ls  w hich ac t as co lo u r d e 
velopers an d  stab ilisers, a t  th e  m o s t su itab le  te m 
p e ra tu re  fo r the p a rtic u la r com b in a tio n . F o r  th is 
reason , as w ell as because  o f  th e  la rg e  n u m b e r o f  
shades o f  co lo u r req u ired , th e  co lo u r  as supp lied  to  
th e  enam elle r is o ften  a  m ix tu re  o f  co lou rs  w hich  
h av e  been  fired separa te ly . F o r  in s tance , a  g reen  
m ay  be a  m ix tu re  o f  a b lu e /g re e n , com posed  o f
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cobalt, ch ro m e , and  a lum ina , calc ined  a t 1,300 deg. 
C. an d  a  ti ta n iu m /c h ro m e  yellow  calc ined  a t 1,160 
deg. C. A lth o u g h  these tw o co lou rs have  been d e 
veloped , an d  one m igh t suppose  firm ly  com bined , if 
in  a n  a tte m p t to  o b ta in  a m ore  stab le  co lo u r they  
w ere calc ined  together, again , a t  say 1,150 deg. C ., 
fu r th e r  reac tio n  w ou ld  tak e  p lace , p a rticu la rly  be
tw een  the titan iu m  an d  the coba lt, giving a m uch  
d ir tie r  co lour. In  som e cases, how ever, it  is he lp fu l 
firs t to  p ro d u ce  tw o sep a ra te  co lo u rs , an d  to  re - 
calc ine them  together. A s a  g en era l ru le , the  low er 
the a m o u n t o f m eta llic  base in  the fired  co lo u r  th e  
b rig h te r is th e  tin t, an d  th e  m ore  stab le  th e  oxide. 
F o r  th is reason  it  m ay  be necessary  to  com prom ise  
betw een  m ax im um  stren g th  an d  m ax im u m  stab ility , 
a n d  an  oxide w hich  needs to  be  used as say  4 p e r  
cent, w ill u sually  b e  m o re  stab le  th a n  a  s tro n g er 
oxide used a t 2 p e r  cen t., p e rh ap s w ith  2 p e r  cent, 
opacifier. D ifferen t opacifiers used  as m ill add itions 
along  w ith the ox ide can vary  th e  stab ility  o f  the 
co lo u r no ticeab ly , b o th  so fa r  as stren g th  and  tin t 
a re  concerned . W herever possib le  it  is b e tte r  fo r 
this opacifier to  be calc ined  w ith  the oxide, as a 
co n stitu en t o f th e  fo rm u la , b u t o f  cou rse  th is  in 
creases the to ta l co st o f  th e  m ill ad d itions , p a rtic u 
la rly  in  th e  case  o f  a  jo b b in g  enam eller, because  o f 
th e  co m para tive ly  sm all qu an tity  o f  a p a rtic u la r 
co lo u r req u ired . T h e  enam eller m ay  d o  h is ow n 
co lo u r-m a tch in g  by  m ix ing  stock  co lo u rs  availab le , 
b u t, as i t  is un like ly  th a t h e  know s th e  co m 
p o sitio n  an d  p ro p ertie s  o f  each  oxide, w hilst an  
ap p aren tly  sa tisfac to ry  m a tch in g  is o b ta in ed , th e  re 
sults m ay  n o t be sa tis fac to ry  if bu lk  p ro d u c tio n  
follow s. W herever possib le  it is adv isab le  to  pass 
th e  m atch ing  to  th e  co lo u r m ak er— it is h is jo b , and  
he  shou ld  do  it p ro m p tly  and  accura te ly .

C o lo u r M ak in g
T he  co lo u r m aker, as has been said , tries to  find 

th e  best co m b in a tio n  o f  m ateria ls , and  the best 
m ethod  o f  p rocessing . E ven  th en , how ever, co lo u r 
va ria tio n  in  firing m ay  persist, p a rticu la rly  in 
titan ium -opac ified  enam els, an d  even m o re  so w hen  
lith ium  is a lso  p resen t. I f  it  is n o t possib le to  p ro 
duce  a  single, s tab le  oxide, th e  p ro b lem  m ay  be 
solved by m ix ing  tw o o r  m ore  oxides, w hich  p ro 
duce  th e  sam e co lo u r a t  the n o rm al firing tem p e ra 
tu re  o f  th e  enam el, b u t show  a  d ifferen t v a ria tio n  
w hen the enam el is over-fired . T h e  least difficult 
exam ple  o f  this is p ro b a b ly  a cream . P ro b a b ly  the 
s tan d a rd  oxide, p rev iously  regarded  as stab le , tends 
to  s treng then , an d  go yellow er w ith  ex tra  firing, w hen  
used in  a new  frit. W hen the a p p a re n t lim it o f 
stab ility  p ro d u ced  by v a ria tio n  o f  the  fo rm u la , o r  
processing  o f  th e  ox idé is reached , th e  n ex t step 
is to  p ro d u ce  a n  oxide w hich  w ill ten d  to  w eaken , 
an d  go b ro w n er in  an  over-fired  enam el. A  m ix tu re  
o f  the co rrec t p ro p o rtio n s  o f  these tw o oxides w ill 
then  give a  m uch  m ore  stab le  resu lt th a n  e ith e r 
a lone. In  the  case o f  th e  u sua l cream , the variab les 
a re  co m p ara tiv e ly  sim ple, being o n ly  b righ tness o f 
tin t, yellow ness, b row nness an d  streng th , b u t a grey  
fo r in s tance  is a very  m u ch  m ore  com plica ted  m ix 
tu re  o f  tin ts , a  n e u tra l g rey  base  o ften  being  tin ted

Colouring Oxides iri Vitreous Enamels w ith g reen , b row n , and  blue, all w ith  d ifferent 
reac tio n s if  an y  co m b in a tio n  takes p lace w ith  any 
o f  the f r it  constituen ts, p a rticu la rly  titan ium .

T h e  basic fo rm u la ; o f  th e  range o f  co lo u rs  are 
well know n , th e  difference in  th e  q u a lity  o f  th e  p ro 
ducts o f  d ifferen t co lo u r m ak ers  is m ain ly  a d iffer
ence betw een sk ill in  ad ap tin g  these form ulae to 
su it a  p a rtic u la r  fr it, an d  o f  cou rse  th e  degree  of 
c a re  exercised  in  p ro d u c in g  these co lou rs to  a 
reg u la r an d  consisten t s tan d a rd , as w ell as a tru e  
ap p rec ia tio n  o f  the d ifference betw een  la b o ra to ry  
cond itions and  com m ercia l p ro d u c tio n , even  be
tw een one  p la n t an d  a n o th e r  using  the sam e frit.

T h e  co lo u r p ro b lem  u p p erm o st in  the enam el- 
le r’s m ind  a t  th e  p resen t tim e is h ow  to  p roduce , 
in la rge  q u an tities , enam elled  artic les o f  a  consisten t 
co lo u r, e ith e r shee t o r  cast. O ften  th e  sheet is re 
qu ired  to  m atch  the cast, and  v a rio u s w eights and  
sizes o f cast iro n  to  m a tch  each  o th e r w hen 
assem bled  toge ther. T h e  p resen t s tan d a rd  o f  co lo u r 
m atch ing  expected  is m u ch  h ig h e r th a n  prev iously , 
and  w hereas it  w as co m m o n  p rac tice  to  m atch -up  
sets o f p a rts  to  be assem bled toge ther th is is now  
p ractica lly  ru led  o u t by th e  qu an tities  invo lved , and  
by th e  use o f  co n tin u o u s assem bly  lines. H ow ever, 
firing co n d itio n s and  co n tro l generally  have  been 
considerab ly  im proved , as w ell as th e  stab ility  o f 
oxides, a n d  w ith  co -o p era tio n  betw een  the  enam eller 
and  th e  ox ide m a n u fa c tu re r  it  is possib le  to  m eet 
the requ ired  s tan d a rd  o f co lo u r inspection . A fte r  
a descrip tion  o f  the m eth o d  o f  p re p a ra tio n  o f  the 
oxide, a n d  know ing  the ca re  tak en  to  o b ta in  the 
m ost stab le  co m b in a tio n  o f  m ateria ls , one  m ight 
suppose  th a t the sam e percen tage  o f an  oxide in 
tw o d ifferen t frits , o f  the sam e  opac ity , w ou ld  give 
the sam e co lou r, a n d  th a t  th is co lo u r w ou ld  be  
c o n stan t th ro u g h o u t the firing range o f the enam els, 
p a rticu la rly  w hen  rem em bering  th a t the oxide has 
a lready  been  fired a t  a  fa r  h ig h e r te m p e ra tu re  th an  
th a t reached  in  the  enam elling  muffle. U n fo rtu n a te ly  
this is ra re ly  th e  case. I f  in  fac t th e  ox ide did 
rem ain  as a  sep a ra te  en tity , in  suspension  in  the 
fused  enam el, b u t n o t in  an y  w ay  chem ically  co m 
b ined  w ith  it, th e  ab o v e  w ou ld  be so.

Frit C om positions
F r i t  com positions show  g rea t v a ria tio n s, p a r t ic u 

larly  betw een d iffe ren t types, such as ac id -resistan t 
and  non-acid  resistan t, and  the fr it m ak er h a s  so 
m any  desirab le  p ropertie s  to  consider th a t th e  ques
tion  o f  stab ility  so fa r  as its ac tio n  o n  co lou ring  
oxides is concerned  usually  com es low  o n  his list, 
an d  is o ften  com plete ly  igno red , th e  co lo u r m ak e r 
being left to  solve the p rob lem . H ow ever, even 
w hen  it is ca re fu lly  considered , p rac tic a l co n sid e ra 
tions m ay  m ake it necessary  to  use a fr it  com posi
tion  w hich  does no t he lp  co lo u r stab ility . In  th e  
ea rlie r days o f enam elling , th e  ran g e  o f  fr its  and  
fr it com positions w as sm all, a n d  co m p ara tiv e ly  
sim ple. W hen  w et-process enam elling  w ith  leadless 
enam els sta rted  o n  cast iron , the m ain  d ifference in 
com position  betw een the cast-iron  frit and  the sheet 
w as th a t th e  cast-iro n  fr it  h a d  a low er N a ,0  : B-O, 
ra tio . T h e  in tro d u c tio n  o f  ac id -resis tan t enam els 
on  a p ro d u c tio n  scale com p lica ted  the co lo u r p ro b 
lem , n o t on ly  because  o f  th e  in tro d u c tio n  o f
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titan iu m  in to  the fr it, b u t also  the  considerab ly  in 
creased  N a 20 : BjOa ra tio , an d  reduced  ALO.,,
resu lted  in  a fa r  less stab le  com b in a tio n . E arly
w et-process frits depended  largely  on  fluorides fo r 
opacity , and  this, to g e th e r w ith  th e  ease  w ith  w hich 
h ig h -b o rax  frits  m elt, tended  to  in crease  the p ro 
d u c tio n  o f  frits in  w hich  th e  co m b in a tio n  o f
m ate ria ls  w as n o t com p lete  and  stab le . W hilst it 
was necessary  to  w ell-frit th e  early  ac id -resistan t 
enam els, th e  use o f  h ig h er p ercen tages o f  titan iu m  
oxide, an d  b e tte r know ledge o f the sub jec t, m ade  
possib le the in tro d u c tio n  o f  m ore  op aq u e  enam els, 
using an tim o n y  opacification , an d  th is d iscouraged  
fr itting  to  com p le tion  because o f  the risk  o f  loss, o r 
v a ria tio n , o f opacity . In  ad d itio n  to  being expected  
to rem ain  inert in  suspension  in  a  m o lten  frit, the 
oxide is also expected  to  resist th e  a tta ck  o f th e  
v arious loosely -com bined  elem en ts o f  th e  frit. T h e  
in tro d u c tio n  o f  super-opaque  titan iu m  frits  has em 
phasised  the p rob lem . T h e  enam el itself is usually  
well fr itted , bu t on firing the titan ia  crystallises 
from  th e  enam el and , in  suspension in  the m olten  
flux, is in  a n  ideal con d itio n  to  a ttack  th e  co n sti
tuen ts o f  the oxide. T h e  tendency  to  co lo u r v a ria 
tion  is increased  by th e  fac t tha t, w ith  the exception  
o f  th e  t i ta n iu m /c h ro m e  yellow , titan iu m  as a  ru le  
p roduces very  d ir ty  co lou rs  in  co m b in a tio n  w ith  
m ost m eta llic  oxides. T h is m ay sound  like an  
apology  fo r co lo u r v a ria tio n , bu t it seem s only  
reaso n ab le  th a t, w hilst th e  co lo u r m ak er sho u ld  co n 
tinue  to  m ak e  every  effo rt to  p ro d u ce  oxides w hich 
are  stab le  u n d e r all reaso n ab le  cond itions, th e  
en am e lle r shou ld  app rec ia te  the difficulties. R eg ard 
ing shop  p rac tice , in  th e  first p lace sufficient care  
shou ld  be tak en  to  o b ta in  the m ost su itab le  oxide 
fo r the fr it to  be used. E ven  u n d er th e  best firing 
cond itions , befo re  a co lo u r is standard ised  the oxide 
shou ld  be tested  to  m ake  su re  th a t any  dev ia tion  
from  th e  s tan d a rd , due  to  v a ria tio n  in firing tim e o r 
tem p e ra tu re , o r  “ h ea t in p u t,” likely  to  be m et 
w ith  in  p rac tice  is n o t g rea te r th an  th a t to  be p e r
m itted . I t  is obv ious th a t it is essential to  h av e  a 
fired s tan d a rd  by w hich w ork  processed  shou ld  be 
com pared  regu larly . I t  is also h e lp fu l to  have a 
second  stan d a rd  show ing  the lim it o f  varia tio n  
w hich is to  be  p erm itted . A ll such s tan d a rd s  shou ld  
be in dup lica te , a t least, d a ted , and  signed by  a 
responsib le  person . T h e  v a ria tio n  p erm itted  is a 
m a tte r o f  o p in ion , b u t should  be rig id ly  adhered  
to. V a ria tio n  fro m  th e  tru e  s tan d a rd  shou ld  be 
allow ed in  on ly  one  d irec tion , th a t caused  by slight 
overfiring , w hich  m ay  be  justified  as being caused 
by  an  a ttem p t to  rem ove such  defects as sligh t blis
tering , o r  w aviness, to  keep  dow n re-processing  
costs. T h e  fired piece show ing the perm itted  v a ria 
tion  from  th e  tru e  s tan d a rd  shou ld  accord ing ly  be 
h a rd e r  fired  th a n  th e  tru e  s tan d a rd . I f  on ly  one 
s tan d a rd  is kep t, ostensib ly  because no  v a ria tio n  is 
to be allow ed, slight v a ria tions on e ith e r side o f the 
s tan d a rd  m ay  be passed, e ith e r acc iden ta lly , o r 
o therw ise, an d  th e  to ta l v a ria tio n  in  assem bly  m ay  
be doub led . M ethods o f  testing  th e  s tab ility  o f  the 
oxide in the fr it to  be used vary  fro m  p lan t to  
p lan t, and  it is adv isab le  to  devise a  m ethod  w hich 
w ill show  the  v a ria tio n  likely  to  be m e t w ith  u n d er 
a p a rtic u la r  set o f  cond itions. F o r  in stance , using a

con tin u o u s fu rn ace , a  co m p ara tiv e  tr ia l o f  enam el 
once fired an d  a sim ilar p iece re-fired  w ith o u t re 
coating  m ay be used, o r  tw o  castings o f  d ifferen t 
w eigh t fired  toge ther. T h e  test a d o p ted  sh o u ld  only  
be as severe as is likely  to  be  m e t w ith  in  p ro d u c 
tion , as one ox ide m ay  b e  stab le  u n d e r reaso n ab le  
v a ria tions o f cond itions, b u t co llap se  u n d e r ex trem e 
cond itions; w hereas a n o th e r m ay  give tro u b le  due 
to  v a ria tio n  u n d e r slightly  d iffe ren t cond itions , b u t 
be little  w orse u n d er ex trem e cond itions.

C olour Control
.G o o d  shop  c o n tro l is o f  cou rse  th e  m o s t im p o r

ta n t fa c to r in  m a in ta in in g  co lo u r s tan d ard s. V a r ia 
tio n  in  th e  g rind ing  o f  the enam el can  no ticeab ly  
affect the co lou r, p a rticu la rly  th e  s treng th ; u sually  
the  finer the g rind ing  th e  ligh ter th e  co lo u r  p ro 
duced . T h e  size o f m ill used affects th e  stren g th  
o f th e  co lou r, even  th o u g h  the  enam el is g ro u n d  to  
the sam e fineness by  th e  screen  test. U n til  recen tly  
it w as u sua l f o r  co lo u r  p ro d u ced  to  be p rogressively  
s tronger as the  size o f m ill increased , b u t w ith  som e 
enam els and  oxides, th is  tendency  m ay  be  reversed. 
S im ilarly , the w a te r c o n te n t shou ld  be standard ised . 
T h e  o pac ity  p ro d u ced  by the clay  ad d ition  m ay  
seem  a m in o r fac to r, b u t p ro d u c tio n  tests have  
show n th a t a change o f clay , used a t 5 p e r  cen t., 
m ay  be sufficient to  m ak e  a no ticeab le  d ifference 
in co lour. A ny  v a ria tio n  in th e  opacity  o f  th e  fr it 
fro m  ba tch  to  ba tch  w ill no t on ly  cause a  v a ria tio n  
in streng th , b u t m ay  also  cau se  a v a ria tio n  in  tin t, 
as the  d ifference in  opacity  is usually  associated  
w ith  a d ifference in  th e  degree o f  com p le tion  o f 
co m b in a tio n  o f  th e  m a te ria ls  d u rin g  fritting . E ach  
m ill charge  shou ld  be  tested  and  ap p ro v ed  fo r 
co lo u r  befo re  em pty ing . I f  an y  co rrec tio n  is needed  
i t  is best to  g rind  th e  ad d itio n  w ith  a  sm all qu an tity  
o f  the  enam el in a  sm all m ill a n d  th en  ad d  th is to 
th e  large m ill. T h is  n o t on ly  avo ids overg rind ing  
th e  w hole ch a rg e  bu t also enables th e  ad d itio n  to  
be th o ro u g h ly  m illed in. V a ria tio n s  in fusing  tim e 
and  tem p era tu res  m ay  be due  to  fau lty  fu rn ace  c o n 
tro l, b u t in  som e cases v a ria tio n  in “  h e a t in p u t ”  is 
unavo idab le . F o r  instance , in  th e  case o f la rge  sink 
un its  fired in  a  box  m uffle, th e  edges n ea re s t th e  
wall, a re  b o u n d  to  receive m o re  h e a t w h en  the 
tim e o f firing  heavy-gauge m eta l is lim ited  by  p ro 
d u c tio n  requ irem en ts. V a ria tio n  o f  co lo u r d u e  to  
d iffering  th ickness o f  co a ting  is n o t co m m o n  using  
o p aq u e  shee t-iron  enam els, b u t m ay  be  a n  im p o r
ta n t fa c to r  w ith  less-opaque cast-iron  enam els. 
W here  a m o ttle  is used, th e  size, type, a n d  q u an tity  
o f  the m o ttle  has a very  im p o rta n t bearing  on  the 
finished co lo u r effect.

M atching C om ponents
T h e  p ro b lem  o f p ro d u c in g  cast- an d  sheet-iron  

pa rts  to  m a tch  exactly  em phasises th e  im p o rtan ce  
o f  stab ility  o f the oxide, particu la rly  if  bo th  
ac id -resis tan t an d  no n -ac id -res is tan t enam els a re  to  
be used. I t is essen tia l th a t the enam els used a re  o f 
sim ilar opacity , an d  fo r th is  reaso n  in  p lan ts  
w here a  su p er-o p aq u e  sheet-iron  enam el is used , an d  
a cas t-iro n  en am e l o f  s im ila r op ac ity  is n o t av a il
able, th e  designer is usually  w ell advised  if  he
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specifies a co n tra s t betw een sheet an d  cast parts. 
W here  enam els o f  sim ilar o p ac ity  c a n  be  used , if 
sufficient ca re  is ta k e n  in  th e  first p lace  to  o b ta in  an  
exac t m atch in g  betw een  th e  enam els used, an d  the 
m o s t su itab le  oxide fo r  each  f r it, little  tro u b le  
shou ld  be experienced  in  p ro d u c tio n , g iven good 
shop  con tro l.

T h e  type  o f  ligh t in  w hich  co lours a re  in 
spected  is o f  im p o rtan ce . W hereas tw o batches o f  
enam el using th e  sam e frit an d  oxide m ay  show  a 
ce rta in  v a ria tio n  in  day ligh t, a n d  a  s im ila r, b u t 
p ro b ab ly  reduced  v a ria tio n  in  n o rm al artific ial light, 
the  tin t o f  tw o e n a m e ls  show ing  a v a ria tio n  in  tin t 
in  d ay ligh t m ay  show  th e  opposite  v a ria tio n  in  
artific ial ligh t if  oxides o f  d ifferen t com positions 
a re  used. F o r  exam p le , a n  enam el using grey  oxide 
A  m ay  a p p ea r b ro w n er th a n  en am e l using grey

Colouring Oxides in  Vitreous Enamels

British and Foreign Steel Prices
We are indebted to D arby & Company, G uildhall 

Buildings, Navigation Street, Birmingham, 2, for the 
comparison below of the prices of coke and of iron and 
steel products in this country and abroad. The table 
gives the price at which foreign engineers buy iron 
and steel in their own hom e markets, but the figures 
have been converted into British currency and British 
weights. Prices in the home m arket o f any country 
may, of course, be very different from the export prices. 
All the prices shown are net, per 2,240 lb., delivered 
to a typical consuming point, and including a fair 
average rail carriage, bu t in countries like Am erica and 
South Africa, especially, there will be some prices 
appreciably higher and a  few lower than those shown. 
Prices are for basis sizes and qualities and have been 
calculated at current official rates o f exchange.

Foundry
coke.

Cast-
iron

scrap.

Foundry 
ptg- ’ 

iron.

Re
rolling 
billets, 

2\ in. sq.

Mer
chant
bars,

l in .d ia .

M.S. 
niâtes, 
*1 in. 
thick.

£  3 . (1. £ s. d. £  s. d. £ s. d. £ s. d. £ s. d.
Gt. B ritain (i 2 S 7 8 8 11 2 0 21 11 0 27 11 0 27 9 0
Belgium . . 12 11 0 25 18 0 28 17 0 28 7 G 31 7 0 35 5 3
Germany . . — — 20 10 5 26 4 3 29 19 0 80 19 6
U.S.A. .. 7 IS 0 18 11 0 20 18 0 23 8 0 31 1 0 31 1 6
Canada 10 15 G — 10 1G 0 — 35 0 0 37 6 0
S. Africa . . 3 3 0 . — 11 2 0 22 13 0 30 11 G 33 7 G

In the case o f G reat Britain, the first four prices 
are delivered to Black C ountry stations, and bars and 
plates to the M idland area. The figures are fo r D urham  
coke, heavy cupola scrap, pig-iron of 1.5 percen t, m ini
mum phosphorus, untested billets, and ordinary mild- 
steel bars and plates. Some prices for billets for deli
very in Belgium are very much higher than the prices 
shown, depending to some extent on the ultim ate desti
nation of the rolled product. The price given can be 
regarded as the bottom  price at which semis are being 
delivered. It has not been possible to secure prices 
o f foundry coke and cast-iron scrap fo r Germany. F or 
the United States and C anada, figures have been calcu
lated for delivery to substantial consuming points in 
the Eastern area. In the case of South Africa, an 
average delivered price is difficult to determine because 
o f the location of the consuming points, the probable 
weight to be attached to each district, and also the 
long rail hauls; fo r these reasons figures will vary 
considerably.

oxide B in  day ligh t, b u t b lu e r in  a rtific ia l light. In  
th e  case o f  tw o enam els th is fa u lt can  usually  be 
overcom e by the  co lo u r m aker, b u t in  th e  case o f 
ba ths, fo r  in stance , w here  an  enam el is req u ired  to  
m atch  a  p o tte ry  glaze, in  w hich th e  com position  
o f the co lo u r is o ften  to ta lly  d ifferent, it m ay  be 
necessary  to  com prom ise  betw een an  exac t m a tch 
ing in  day ligh t a n d  in  a rtific ia l light.

C onclusion
S um m ing  up, the co lo u r m ak er m ust do h is best 

to p rov ide  an  ox ide w hich  w ill give u n ifo rm  results 
under th e  vary ing  co n d itio n s existing  in th e  enam el
ling p lan t, an d  realise th a t w ith  the best w ill in  the 
w orld  th e  enam elle r c an  on ly  m in im ise  these  v a ria 
tions. S im ilarly , th e  en am e lle r shou ld  ap p rec ia te  
th e  co lo u r m ak ers’ p rob lem s an d  co -o p era te  to 
o b ta in  th e  best poss ib le  results.

France’s Scrap Situation
Considerable satisfaction is felt in French steel 

circles over the substantial drop in French exports 
of scrap, as revealed in figures published fo r the first 
eight months of 1951. D uring this period exports fell 
to 127,850 tons, compared with 235,456 tons in the cor
responding period of last year, and though exports of 
scrap to France's overseas possessions have increased 
six-fold, they are still a small fraction of the total. 
W hen scrap dealers were ordered to declare their stocks 
this year (figures were subsequently published in an 
O.E.E.C. report) it became evident that France's days 
as an exporter o f scrap in world m arkets were over. 
France is already heavily behind on deliveries, and it 
is expected that scrap will shortly disappear as an item 
in her trade agreements. Increasingly dependent on 
supplies o f scrap for her expanded steel production, 
French industry views with alarm  the prospect of more 
plant standing idle for w ant o f supplies.

Some criticism has been levelled at the functioning 
of the tiwo organisations within the scrap industry on 
which the task o f assuring supplies to  the French steel 
industry mainly devolves. They failed to prevent both 
a  large outflow of scrap during 1950 and a sharp in
crease in prices, now roughly double the prices fixed 
for the trade by the Governm ent. N aturally  the 
im pact of high world prices, forced up by the urgent 
needs of rearm am ent, m ust take most o f the blame, but 
efforts to stabilise domestic prices have been consistently 
upset by the existence of a m arginal free m arket. This 
has called the tune with its abnorm ally high prices paid 
for scrap. It appears, also, that the Governm ent, having 
an adverse balance of payments, has not been averse 
to getting these high prices for scrap. Any advan
tages accruing from this course o f action are surely 
offset, the industry argues, by the long-term effect of 
a scrap shortage on The nation’s ability to m aintain 
exports.

A freight fam ine in the shipping industry has further 
aggravated the shortage, as obsolete vessels due for 
scrapping, an im portant source of supply, are being 
retained beyond their time. It is felt that with the 
attraction o f high world prices, only firm Governm ent 
action can ensure an adequate supply of scrap for 
French steel industry, and this today means all that 
France can get. ________________

T h e  F u l m e r  R e s e a r c h  In s t it u t e  of Stoke Poges, 
Bucks, announce that Sir David Brunt, M.A.. Sc.D., 
F.R.S., has been appointed to the board o f directors.
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Scum m ing o f Enam els
A t  the A n n u a l M ee tin g  o f  the In s titu te  o f  V itreous E nam ellers in  O ctober, M r . H . La itliw a ite , cha irm an  
o f  the su b -co m m ittee  o f  th e  In s titu te  a p p o in ted  to  en q u ire  in to  scu m m in g  o f  v itreous enam els, p resen ted  
a n u m b er  o f  in terim  findings. T h e , su b -co m m ittee  m em b ers  w ere n o t una n im o u s in the ir v iew s and  a 
special session a t the C on ference  was held  w ith  a v ie w  to  exp la in ing  the position  and  co llecting  fu r th e r  
evidence  a n d  experiences fr o m  th e  enam ellers assem b led . W ha t fo llo w s  is a  report o f  the d iscussion

w hich to o k  place, w ith  M r . S. H a llsw orth  in  the Chair.

M r . H . L a it h w a it e  (cha irm an  o f th e  Scum m ing 
o f  E nam els  sub-com m ittee  o f  th e  In s titu te  o f 
V itreous E nam ellers) p resen ting  the in terim  s ta te 
m en t*  said  it w as n o t a  final d o cu m en t in any  sense. 
M em bers o f the  sub-com m ittee  had  fe lt it  w ould 
be a  good  th ing  to  p resen t to  the A n n u a l C o n 
ference  o f the In s titu te  som e o f  th e  in fo rm atio n  
o b ta in ed  an d  som e exp lana tions. I t w as hoped  
th a t as th e  re su lt o f  p resen tin g  th e  in te rim  findings, 
the sub-com m ittee  w ould  gain som e fu r th e r ideas; 
any  offers o f  p rac tica l evidence w ould  b e  w elcom e, 
since th e  sub-com m ittee  w ere very keen  to  bu ild  
up  a  fa c tu a l sta tem en t covering  th e  sub jec t, w hich 
w as a  w ide one, and  th e  ex perim en ta l w ork  an tic i
pated  w as likely  to  ex tend  over a  considerab le  
period . I t  w as on ly  fa ir  to  m ake  it c lea r th a t  to  
som e ex ten t the sta tem en ts enum era ted  w ere  pushed  
fo rw a rd  befo re  they w ere fully  m atu red . T h e re  
w ere  various reasons fo r  th a t. O ne m em ber o f 
th e  sub-com m ittee , M r. S. E . A . R yder, felt th a t 
th e  tim e w as n o t q u ite  r ip e  fo r  p resen ting  a n  in terim  
rep o rt. W h ile  agreeing  w ith  m uch  o f  th e  w ork  
w hich  had  been done  and  the facts w hich h ad  been 
estab lished , he differed on a nu m b er o f  points.

Points o f  V arying Opinion
M en tio n in g  som e o f  those  p o in ts  specifically, 

M r. L a ith w a ite  said  th a t in th e  first p lace  M r. R yder 
fe lt th a t th e  defin ition  o f  scum m ing  as given in  th e  
re p o r t w as ra th e r  too  n arrow . A sk ing  fo r  fu r th e r 
o p in ions on  th a t, h e  said  th ere  shou ld  b e  n o  m is
u n d ers tan d in g  as  to  w h a t they  w ere  ta lk in g  ab o u t. 
Secondly , in  th e  las t p a rag rap h  o f  th e  in te rim  s ta te 
m en t it w as said th a t “ there  is som e evidence to  
suggest th a t S O . is m ost active in  causing  scum m ing  
in  th e  p resence o f  h igh co n cen tra tio n s o f  w ate r 
v ap o u r.” T h a t had  been adduced  by one  experi
m en ta l w orker, b u t it w ou ld  ap p e a r  to  conflic t w ith 
w o rk  w hich  h a d  been d o n e  in  the  p a s t an d  published  
in p a r t by R yder an d  C u lsh aw .f W hilst th a t 
m ig h t n o t seem  to be  o f  g re a t p rac tica l significance 
to  th e  o rd in a ry  enam eller, th e  sub -co m m ittee  w ere 
anx ious to  h av e  defin ite scientific ex p lan a tio n s as 
to  the fac to rs  responsib le  fo r  th e  defect. A n o th e r 
m a tte r  w hich w as being  discussed a t som e length  
by the  sub -com m ittee  w as th e  th eo ry  o r  th e  sug
gestion  se t ou t in th e  section  o f  th e  pub lished  s ta te 
m en t headed  “ (a) Su lphates in E nam el S lu rry ,” co n 
cern ing  th e  effect o f  calcium , su lp h a te  a n d  w ater 
ha rd n ess on  scum m ing tendencies. M r. L aith -

* S um m ary  of th e  Sub-com m ittee’s in te rim  find ings on th is  
su b jec t p r in ted  in  th e  J o u r n a l  on N ovem ber 1.

t  “  F u rn ace  A tm ospheres in  V itreous E n am e llin g ,”  F o u n d r y  
T ra d e  J o u r n a l , N ovem ber 3, 1949.

w aite  em phasised  th a t th ere  w as qu ite  a lo t o f 
in fo rm a tio n  to  su p p o rt th e  s ta tem en t th a t h a rd  
w ate r accen tu a ted  scum m ing. T h e re  w as ro o m  fo r 
d isag reem en t as to  w h eth er o r  n o t th e  ex p lana tion  
given in  the re p o r t w as the rig h t one.

Influence o f  the Frit on Scum m ing
T u rn in g  to  th e  ch ie f fea tu res  o f  th e  sub -co m m it

tee ’s  w ork , M r. L a ith w a ite  said th e  first im p o rtan t 
fa c to r w as th e  f r it  itself. T h a t w as, o f course , 
essentially  a  m a tte r  fo r  the m an u fa c tu re r o f  th e  fr it; 
b u t it  w as tru e  to  say th a t f r i t  co m positions as such  
could  h av e  a  very pow erfu l effect on  scum m ing 
tendencies. S om e o f th e  ideas o f  th e  sub -co m m it
tee o n  th e  sub jec t w ere  set o u t, and  fu r th e r  ex p e ri
m en ta l w ork  w as proceed ing . B roadly  speak ing , 
th e  sub-com m ittee  fe lt th a t h igh-so lub ility  frits  
w ith  low  B20 3 c o n te n t generally  led to  m ore  scum 
m ing. T hose  co n d itio n s m ean t th a t, in  th e  m ill, 
th a t type o f  f r i t  w ou ld  lead  to  a  rela tively  h ig h  co n 
cen tra tio n  o f sod ium  sa lts leached  o u t in  th e  m ill 
liq u o r, a n d  it  w o u ld  seem; th a t it w as th a t  soda  in 
th e  m ill liq u o r w hich  h a d  a n  im p o rtan t effect. I t  
m ust com e m ain ly  fro m  the  frit; it m igh t a lso  com e 
fro m  o th e r m ill ad d itions , b u t genera lly  to  a  very 
m u ch  sm aller ex ten t. Som e years  ago, m u ch  experi
m en ta l w ork  show ed th a t su lp h a te  accrued  in  v a ry 
ing  am o u n ts  in  p rac tica lly  every raw  m ate ria l the 
enam elle r used; th a t know ledge h ad  been in co r
porated .

Colouring O xides
A m o n g  the w orst o ffenders years ago w ere c e r 

ta in  types o f  co lo u rin g  oxides, and  he believed th a t 
th e  type  o f  tro u b le  w as very m uch  less freq u en t 
today  th an  it w as 10 o r 12 years ago . N ev e rth e 
less, th e re  had  been  w ell-au then tica ted  cases p laced 
be fo re  th e  su b -co m m ittee  in w hich a  change  o f 
oxide, o th e r th ings rem ain ing  en tire ly  th e  sam e, h ad  
led  to  an  e lim ina tion  o f  scum m ing  troub les . I n  one 
case a t  least it w as k now n  th a t th e  su lp h a te  co n ten t 
o f  the fr it in question  w as app rec iab ly  d ifferent.

W ater Hardness
R eference  w as m ade  to  the effect o f  ha rd n ess  in 

w ater, p a rticu la rly  th e  p e rm an en t ha rd n ess  w hich 
w as caused  by su lphates, as opposed  to  tem p o ra ry  
hardness. I t  shou ld  be m ade c lea r in  th e  re p o r t th a t 
th e  so lu tion  o f  th a t p a rticu la r p rob lem  w as n o t to  
use a  base-exchange w ater-so ftener. T h e  p o in t w as 
to  rem ove th e  salts from  the w a te r as fa r  as possib le, 
an d  the  best w ay  to  do  th a t w as to  use the type  o f 
w a te r so ften er w hich  he  knew  as “ de-ion ising .”  T h ere  
w ere  p ro p rie ta ry  p ro d u c ts  availab le , b u t th e  m ain  
idea  w as to  pass the  w a te r th ro u g h  su itab le  eq u ip 
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m en t to  rem ove the ca lc ium  o r  m agnesium  salts and  
th en  th ro u g h  an o th e r w hich rem o v ed  the  an-ions. 
T h o se  w ho h ad  used d istilled  o r  condensa te  w ater 
h ad  in  effect used de-ionised  w ater. In  several cases 
it h ad  been  b ro u g h t to  the sub -com m ittee ’s notice 
th a t by th a t m eans an  im provem en t h ad  been 
ob ta ined .

D rying o f  the Biscuit Enam el
M r. L a ith w a ite  said it  seem ed very  c lea r th a t it 

w as easy fo r  th e  b iscu it enam el to  ab so rb  su lphur- 
ox ide gases d u ring  d ry ing . I t  w as very  difficult to  
a sce rta in  q u an tita tiv e  d a ta  u n d e r p ro d u c tio n  co n d i
tions, an d  m u ch  easier u n d e r la b o ra to ry  cond itions; 
b u t, u n fo rtu n a te ly , it h ap p en ed  som etim es th a t re 
sults o b ta in ed  u n d er lab o ra to ry  cond itions, in d ica t
ing  p erhaps th a t a ce rta in  co n cen tra tio n  o f  SCL 
w ould  have  an  effect, co u ld  n o t be app lied  d irectly  to  
p rac tice , since u n d er p ro d u c tio n  cond itions the 
am o u n ts  o f  SO- p resen t w ere  very  m uch  sm aller, 
b u t w ould  still give m o re  tro u b le  th a n  h ad  been 
experienced  in  la b o ra to ry  conditions.

T h e  a b so rp tio n  o f  SO - d u ring  d ry ing  w ould  seem  
to lead  to  th e  fo rm a tio n  o f  su lpha tes  a t  th e  surface  
o f  th e  b iscuit, a n d  it w as very largely  sod ium  su l
p h a te  w hich  w as responsib le  fo r the troub le . 
W hethe r ca lc ium  su lp h a te  as such w as also re sp o n 
sib le  w as n o t estab lished . S od ium  su lp h a te  c e r
ta in ly  occu rred  in p rac tica lly  every  scum m ing  d e 
posit w hich had  been analysed.

Furnace A tm ospheres
F ina lly , an d  m ost im p o rtan t, M r. L a ithw aite  cam e 

to  the effect o f fusing a n d  o f  fu rnace  a tm ospheres 
o n  scum m ing. M ost enam ellers, he  said , h a d  ex
p erien ced  fu rnace  tro u b le  a t one tim e o r an o th e r. 
T h e  sub -com m ittee  fe lt th a t in  m ost cases th e  fu r 
nace  a tm o sp h ere  w as im p o rtan t, an d  h e  suggested 
th a t it w as necessary  alw ays fo r  th e  enam elle r to  
e n su re  first th a t the fu rn ace  w as satisfac to ry . N ev er
theless, it  w as im p o rta n t n o t to  overlook  the  o th e r 
aspects o f  th e  p rocess w here  su lp h u r cam e in to  the 
p ic tu re , because  even w ith a  fu rn ace  a tm o sp h ere  
w hich w as in  every  w ay n o rm a l o r  s tan d ard , certa in  
types o f  enam el w ould  show  scum m ing , w hich could  
be  m in im ised  by a tten tio n  to  those o th e r aspects.

Controversial M atters
M r . S. E. A. R yder  em phasised  th a t  the in terim  

sta tem en t w as rushed  in o rd e r th a t it co u ld  be p re 
sen ted  to  the C onference , an d  th e  sub-com m ittee  
had n o t had an  o p p o rtu n ity  to  iron  o u t co n tro v e r
s ia l po in ts w hich had  arisen . H e  cou ld  n o t agree 
w ith  e ith e r the g enera l to n e  o f  th e  rep o rt o r  w ith 
m an y  o f  th e  details . H e  th o u g h t th e  rep o rt w ould  
give th e  general im pression  th a t th e  principal source  
o f  scum m ing w as in th e  enam el slu rry , b u t he w as 
qu ite  ce rta in  th a t  th e  co n d itio n  o f  th e  d ry e r and 
fu rn ace  a tm ospheres  fa r  ou tw eighed , in  im p o rtan ce , 
any  o th e r fac to r.

Causes o f D efect
E la b o ra tin g  one o r  tw o o f  the po in ts, h e  said

Scumming o f Enamels— Discussion th a t o u r p resen t know ledge ind ica ted  th a t su lp h u r 
com p o u n d s w ere th e  only  definitely  know n cause 
o f  scum m ing. O ther th ings such as w a te r-v ap o u r 
h ad  been suggested , b u t th ere  w as n o  p ro o f  so 
fa r  th a t an y th in g  else b u t th e  su lp h u r com p o u n d s 
co u ld  cause  th e  troub le . F ro m  th a t p o in t o f view , 
he com m en ted  on  th e  re fe ren ce  in  th e  re p o r t to  the 
effect o f w a te r-v ap o u r in  enhanc ing  th e  effects o f  
th e  su lp h u r oxides. A s h ad  been  s ta te d  in  th e  pap er 
by  C u lshaw  a n d  h im se lf tw o  years ago , th e ir  experi
m en ts h a d  show n  th a t w a te r-v ap o u r in  e ith e r large 
o r  sm all am o u n ts  h a d  n o  effect on th e  a m o u n t o f 
scum m ing  p ro d u ced  by su lp h u r oxides in the muffle. 
F u r th e r  w o rk  they  h ad  d o n e  since h ad  confirm ed  
th a t view . H e  ca lled  a tten tio n  to  a n  experim en t 
described  in  the re p o r t  suggesting  th a t w ate r-v ap o u r 
fro m  th e  a tm o sp h ere  o f  a  la b o ra to ry  m uffle  derived  
fro m  the c lay  in  th e  b iscu it enam el h ad  h a d  an  
effect o n  scum m ing. A cco rd in g  to  th is experim en t, 
f r it g ro u n d  w ith  w a te r  on ly  a n d  fu sed  in  an  a tm o 
sphere  co n ta in in g  su lp h u r oxides w as free  from  
scum m ing  w hereas n o rm al enam el slu rry  scum m ed 
w hen fired  u n d e r sim ila r cond itions. I t  w as sug 
gested  th a t th e  w a te r-v ap o u r given off by th e  clay  
in the  second  case w as responsib le  fo r  th e  tro u b le , 
b u t it  m ust be po in ted  o u t th a t th e re  w ere  o th e r 
ex p lan a tio n s w hich ap p ea red  to  be  m uch  m ore  
likely  th a n  th is one. F o r  in stance , the  slu rry  co n 
ta in ing  c lay  an d  elec tro ly tes was p ro b ab ly  m ore  
a lkaline  th an  th e  suspension  o f  p u re  f r it  and  w ater. 
T h e  suggested  effect o f  w ate r-v ap o u r, i t  w as sta ted , 
was b o rn e  o u t by the com m on  experience th a t 
scum m ing  w as m o re  p rev a len t in  w in ter because 
du ring  th e  d am p  w in te r m on ths th e re  w ou ld  be 
m o re  w a te r-v ap o u r in th e  fu rn ace  a tm o sp h ere . M r. 
R yder p o in ted  o u t th a t he  co u ld  n o t ag ree  w ith  this 
suggestion , an d  th o u g h t th a t  the  a m o u n t o f  w ate r- 
v a p o u r in  th e  a tm o sp h e re  h ad  been confused  w ith 
rela tive  hum idity . T h e  re la tive  h u m id ity  w as ce r
ta in ly  h ig h e r in the w in ter, b u t the a m o u n t o f 
w a te r-v ap o u r ca rr ied  by w arm  su m m er a ir  w as 
considerab ly  g rea te r th a n  th a t in  cold w in te r a ir, 
an d  th e  am o u n t o f w a te r-v ap o u r in  th e  m uffle a tm o 
sphere  w ou ld  be g rea te r in the su m m er th a n  the 
w inter. Scum m ing  w as m o re  p rev a len t in w in te r 
th a n  in  su m m er because o f  th e  h ig h er relative  
hu m id ity  in th e  w in te r cau sin g  m o is tu re  to  separa te  
o u t o n  enam elled  surfaces an d  d eve lop  scum m ing  
w hich w ou ld  n o t o therw ise  b e  ap p a ren t.

Difficulty o f Shop T esting
H e also  w ished to  p o in t o u t th e  d an g e r o f  d ra w 

ing  conclusions fro m  resu lts  o b ta in ed  in  th e  en am e l
ling shop . T h e re  w ere so m an y  fac to rs  op e ra tin g  
th a t it  w as im possib le  to  s o r t  them  o u t an d  d raw  
c o rrec t conclusions. I t  w as realised th a t sm all- 
scale  la b o ra to ry  experim en ts h a d  d raw b ack s , bu t 
on  th e  lab o ra to ry  scale it  w as possib le  to  con tro l 
the v arious fac to rs  opera ting .

M r. R y d er expressed  d isap p o in tm en t th a t n o th in g  
h a d  ap p ea red  concern ing  w o rk  by th e  sub-com m it- 
tee on  th e  effect o f  f r it  co m position . In  th e  case 
o f  w h ite  fr its  it w as k now n  th a t the  titan iu m  fr its  
w ere  v irtua lly  free  fro m  scum m ing tro u b le  and  this 
w as a line o f  w ork  w hich the sub -com m ittee , he  
w as sure, w o u ld  pursue. D ea lin g  w ith  th a t  p a r t o f
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th e  re p o r t o n  the so lub ility  p ro d u c t o f  calc ium  su l
p h a te , h e  fe lt th a t th is w ou ld  be p a rticu la rly  m is
lead ing  to  the p rac tica l enam eller. T h e  su pposi
tions h e re  a p p ea red  to  be based on th e  idea th a t u n 
d issociated  ca lc ium  su lphate  and  n o t ca lc ium  o r  
su lphate  ions w as responsib le  fo r  scum m ing , b u t 
th e re  w as n o  su p p o rtin g  evidence. In  fac t, it w as 
generally  ag reed  th a t scum m ing w as d u e  to  su lp h u r 
co m p o u n d s  an d  any  effect w h ich  calc ium  su lpha te  
h a d  on  scum m ing  o n e  w ou ld  expec t to b e  due  to  
th e  su lp h a te  ion. I t  w as sta ted  in th e  rep o rt th a t 
a t  w orks “ B ” six tim es as m uch  SO., in  th e  fo rm  
o f po tassium  a lu m  as w as p ro v id ed  by the  w ate r 
ha rd n ess o f  w orks “A ” cou ld  be to le ra ted  w ith o u t 
scum m ing  tro u b le  arising , an d  h e  w as o f  the 
o p in io n  th a t  th e  so lub ility  p ro d u c t o f  ca lc ium  sul
p h a te  w as n o t  th e  reason fo r this. In  a n  earlier 
d ra f t  re p o r t c ircu la ted  to  the sub -com m ittee  it  w as 
s ta ted  th a t  w orks “A ” besides hav ing  a  m uch  h a rd e r 
w a te r than  w orks “  B ” also  used fuel w ith a m uch 
h igher su lp h u r co n ten t, n am ely  2.0 as ag a in s t 0.8 
p e r cen t., and  this ex tra  su lp h u r in  the  fu e l w as 
p ro b ab ly  th e  reason  fo r the g rea te r scum m ing 
tro u b le  a t  “  A .”

M r. L a ith w a ite  m en tio n ed  in  h is rem ark s th a t 
a  w ater so ften e r w o rk in g  on the n o rm al base-ex
change  p rincip le , w ou ld  no t rem ove su lpha te  ions 
fro m  th e  w ater, an d  th is p o in t needed  em phasising  
in  connec tion  w ith  this p a r t  o f th e  rep o rt. Som e 
o th e r po in ts o f  the re p o r t  w ith  w hich  he  d id  n o t 
ag ree  h a d  been c lea red  u p  by M r. L a ith w a ite  in  his 
in tro d u c to ry  rem ark s , a n d  M r. R y d e r h a d  no  d o u b t 
th a t  a t  th e  m eeting  o f  th e  sub -com m ittee  in  the near 
fu tu re , th e  delegates w ou ld  get d ow n  to  th o se  po in ts 
and  obviously  they  w ould  need considerab ly  m ore 
ex p erim en ta l ev idence in o rd e r  to  su p p o rt a  nu m b er 
o f  them .

Conversion o f  Insolubles
A  M em b e r  sa id  th e  rep o rt seem ed to  h av e  estab 

lished  th a t su lp h u r w as a  cause o f  scum m ing. I t 
h a d  also  estab lished  in  effect th a t th e  h y d ra tio n  o f 
su lp h a te  w as a cau se  o f scum m ing ; an d  th a t  w as 
cum ulative . H e  suggested th a t  th e  best w ay in 
w hich  to  tack le  th a t p rob lem  w as th a t th e  soluble 
su lpha te , i.e., th a t w h ich  co u ld  be  h y d ra ted , should  
be ren d e red  inso lub le , so th a t i t  co u ld  n o t be 
hyd ra ted . H e  could  su p p o rt the co n ten tio n  th a t 
th is  p ro ced u re  d id  in  fa c t c u re  very  bad  scum m ing, 
a t  least tem porarily . A gain , in connection  w ith 
firing, scum m ing  m igh t be  avo ided  by converting  
th e  so lub le  su lp h u r to  in so lub le  su lphu r.

M r . L a it h w a it e  said  the use  o f  b a riu m  ch lo ride  
to  p rec ip ita te  the su lp h a te  a f te r  so lu tio n  w ould  
seem  to w o rk  in  som e cases, b u t n o t in o thers. H e  
w as n o t p repared  a t  the p resen t stage to  go beyond 
th a t. C om m en tin g  o n  a  p rev ious s ta tem en t 
th a t very o ften  scum m ing  w as m o re  p ronounced  
w ith  a n  acid -resisting  type  o f  enam el, h e  said  th a t 
a t  first s igh t th a t w ou ld  a p p ea r to  be som eth ing  o f 
an  anom aly . T h e  rea l po in t, how ever, w as th a t w ith 
acid-resisting  enam els, using  titan ia , th e  s lu rry  w as 
m o re  alkaline , a n d  th e  im p o rta n t fa c to r w as the 
free  a lkali a n d  n o t necessarily  th e  to ta l co n cen tra 
tio n , since in  ce rta in  types o f  enam els th ere  w as a 
very  h igh co n ten t o f  bo ric  oxide in th e  liquor; th a t

h a d  a  buffering  effect w hich  reduced  the  p en e tra 
tion  o f the free  alkali.

M r . J. H . G ray  said, assum ing  th a t  su lpha tes  
w ere th e  cau se  o f  scum m ing, h e  considered  
i t  shou ld  be em phasised  qu ite  strong ly  th a t the 
p re lim in a ry  sources o f  th e  tro u b le  w ere in  d ry ing  
a n d  in fusing . H e  sa id  th a t  because h e  fe lt th a t 
scum m ing w as caused  by a su lp h a te  film  on  the 
su rface  o f th e  enam el, w hich h y d ra ted  a f te r  a  tim e, 
w hereas th e  very  sm all percen tag e  o f  su lp h a te  w hich  
m ight be in the f r it  o r  the  m ill ad d itio n  w as d is tr i
b u ted  th ro u g h  th e  th ickness o f  th e  enam el, a n d  n o t 
o n  the su rface .

M r . L a it h w a it e  said  he had  sta ted  th a t fu s ing  
seem ed to be the “ nigger in  the w oodp ile .” B ut 
i t  w as n o t q u ite  tru e  to  say th a t th e  su lp h a te  in the  
liq u o r w as d is trib u ted  even ly  th ro u g h  th e  b iscu it o f  
th e  enam el. W h a t h ap p en ed  w as th a t, on  d ry ing  
the biscuit, th e  alkalies, the elec tro ly tes, co n cen 
tra ted  a t  th e  su rface , an d  th e re fo re  there  w as a 
very  m u ch  h igher co n cen tra tio n  o f  soda  and  a n y 
th ing  else th a t w as so lub le  a t  th e  su rface , th an  o ccu r
red  th ro u g h o u t the m ass. H ence , if the  su rface  layer 
o f  the b iscu it enam el, in w h ich  SO - h ad  been 
abso rbed  d u rin g  dry ing , w as rem oved , the p o r
tio n  fro m  w hich th e  very  th in  shav ing  had  been 
taken  w ould  fire perfectly . T h a t reference  re 
ca lled  to  his m ind  a  p o in t m en tioned  by M r. R yder 
an d  in  regard  to  w hich  th e re  h a d  been  so m e  m is
un d ers tan d in g ; it w as tha t, u n d e r th e  sam e c o n 
d itions, th e  f r it gave n o  scum m ing, b u t th e  s lu rry  
d id . H e  em phasised  th a t th a t  f r it  w as n o t  g ro u n d  
w ith  w a te r o r  an y th in g  else; it w as g radually  hea ted  
un til it m elted. W ith o u t the so lub le  salt, from  
w herever it w as ex trac ted , the SO - co n cen tra tio n  
u n d e r th e  m uffle co n d itions ob ta in in g  w as n o t suffi
c ien t to give scum m ing.

D r . D . K . B. N ik l e w s k i  said  th a t  h is w orks 
w ere n o t very  fa r  fro m  a la rge  gasw orks, an d  on  a 
foggy d ay  th ere  w as ra th e r  bad  scum m ing  o f  the  
enam el; it a ro se  m ain ly  from  SO-, due  to  the 
fog. Secondly , he re fe rred  to  a  d r ie r  in  w hich  
th e  co m b u stio n  gases w ere blow n stra ig h t on to 
som e o f  th e  w are. I t  w as found  th a t a ll th e  w are  
w hich w en t n ea r th e  b low ers w as scum m ed , bu t 
th a t in th e  m idd le  o f  th e  d rie r w as no t. By a lte rin g  
th e  d is trib u tio n  o f  the  gases th ro u g h  th e  d rie r , th e  
scum m ing tro u b le  w as cured .

Black Enam el
D iscussing the  com position  o f  the enam el, he 

said  a  b lack  enam el w ou ld  scum  m o re  easily  th an  
any  o ther. H e  h ad  tried  increasing  a n d  reducing  
the b lack  ox ide w hich  co lo u red  th e  enam el, an d  
w hen  it w as increased  to  9 per cen t, scum m ing  
w as very  p ro n o u n ced . T h a t re su lt ind ica ted  th a t 
th e  b lack -ox ide  co n ten t h ad  to  be  k ep t a s  low  as 
possible.

R eferrin g  to  the use o f  b ariu m  c a rb o n a te  in a 
frit, h e  said  th a t  a  la rg e  a m o u n t o f  it w ou ld  m ake  
the  f r it m ore  suscep tib le  to  scum m ing. N o t on ly  
w ere  so lub le  su lphates in  th e  s lu rry  responsib le  fo r  
th e  scum m ing , b u t a lso , su lph ides fo rm ed  d u rin g  
th e  m o lten  stage. D ry-p rocess b lack  enam els also  
scum m ed severely , a n d  they  h a d  no  slu rry . T h e re  
w ere tw o  types o f  scum , th e  first be ing  so lu b le  on
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th e  su rface  and  rem o v ab le  by w ashing , and  even 
by to u ch in g  th e  su rface  w ith a  w et finger. T he 
o th e r type , w hich w as n o t rem ovab le , h e  believed 
to  be d u e  to  ab so rp tio n  o f su lp h u r d u rin g  firing 
process! T h is  su lp h u r fo rm ed  su lphates o f barium , 
ca lc ium  o r  sod ium . W hen  the w are  first cam e from  
th e  fu rn ace  an d  w as still w arm , it  d id  n o t show  
scum , b u t it  ap p ea red  o n  touch ing  the su rface  w ith 
a  w et finger.

M icro-exam ination
M r . L a it h w a it e  re fe rred  to  som e recen t w ork  

in  w hich an. en d eav o u it w as m ad e  to  iden tify  som e 
o f th e  scum  chem ically  an d  by o th e r  m eans. I t 
h a d  n o t y e t been  ca rried  fa r  enough  to  en ab le  co n 
clusions to  be d raw n , b u t som e in te resting  o b se r
va tio n s h a d  been m ade. W hen  a specim en o f  black 
enam el w as tak en  fro m  th e  fu rn ace  it h ad  in  every 
w ay th e  no rm al ap p ea ran ce— high gloss, an d  so 
on. W hen  exam ined  u n d e r th e  m icro scope  i t  still 
ap p ea red  to  be q u ite  no rm al. B ut w hen  the enam el 
su rface  w as w etted , th e  scum  app eared . T h e  su r
face  w as th en  w ashed  an d  exam ined  aga in  a t 
v a rious m agn ifica tions, and  pho to -m ic ro g rap h s w ere 
taken . T h e  su rface  exh ib ited  a  p a tte rn  w hich  a t 
first s igh t lo o k ed  lik e  f r it partic les w ith  little  c h a n 
nels betw een them . H e  d id  n o t c laim  th a t they  
w ere  fr it partic les, b u t the p a tte rn  d id  su p p o rt 
strongly  the idea  h e  had  advanced  th a t the so lub le  
salts in th e  liq u o r w ere ab so rb in g  S 0 2 a n d  fo rm in g  
su lpha te , an d  d u rin g  firing  th e  th in  channe ls  w ere 
leached  o u t, leav ing  islands.

Possible Effects o f Barium Chloride
M r. A . H . S y m o n d s , em phasising  the im p o rtan ce  

o f  th e  effect o f  th e  p ick -u p  o f  su lpha tes  o n  th e  b is
cuit, sa id  th a t if the w are  w ere fired im m edia te ly  
a f te r  sp ray  d ry ing , i t  w o u ld  be  righ t, b u t if  i t  w ere 
le f t fo r  long  it w ould  scum .

A  m a tte r  w hich m ig h t w ith  advan tage  be  investi
ga ted , h e  co n tin u ed , w as w h eth er th e  s ta te  o f  the 
b iscu it h ad  any  effect o n  th e  w ay in  w h ich  su lp h a te  
w as p icked  up. I t  m ig h t b e  th a t th e  p a rtic u 
la r  cond itions o f  sp ray ing , as in d ry  sp ray 
ing, w ou ld  expose  a  g rea te r su rface  a re a  to  gases 
co n ta in in g  sm all a m o u n ts  o f su lp h u r th an  w ould  
o th e r co nd itions o f  spraying.

M r. Sym onds asked if  th e  sub-com m ittee  considered  
th a t scum m ing  w as m o re  p rev a len t on ac id -resisting  
enam els th a n  on non -acid -resisting  enam els. T h a t 
m igh t be tru e  o f  cast-iro n  enam els, b u t in  th e  case 
o f  sheet-iron  enam els he felt th a t th e  non-acid  
resisting  enam els such as th e  an tim o n y  an d  z ircon  
opacified  w ere f a r  m o re  p ro n e  to  scum m ing  th a n  
e ith e r ac id -resisting  enam els an tim o n y  opacified  
o r  super-opaque  titan iu m  enam els. W ith  reg a rd  to  
th e  p rev ious rem ark s a b o u t th e  effectiveness o r 
o therw ise  o f  th e  use o f b a riu m  ch lo rid e  in th e  m ill 
ad d itio n , he  suggested  th a t  the  v a riab le  effects 
m igh t be  d u e  to  th e  fac t th a t w hile  the barium  
ch lo ride  in  the m ill l iq u o r  w as effective in  p rec ip i
ta tin g  su lphates w hich  m ig h t be p resen t d u e  to  frit, 
clay , ox ide  etc., b a riu m  ch lo rid e  in  so lu tion  cou ld  
n o t be effective w hen  enam el b iscu it w as being

Scumming o f Enamels— Discussion d ried  o r  fired  in  an  a tm o sp h ere  o f  su lp h u ro u s gases, 
an d  w ould  th e re fo re  h av e  n o  useful effect a t  this 
stage.

M r . L a it h w a it e  said the p o in t m ad e  by M r. 
Sym onds a b o u t de lay ing  the firin g  o f th e  biscuit 
a n d  the  lim ita tions o f  b ariu m  ch lo ride  w as a  useful 
lead . T h e  sub-com m ittee , he co n tin u ed , h ad  no  
ex p erim en ta l ev idence o f  th e  effect o f  th e  con d itio n  
o f  th e  biscuit on  su lphate  ab so rp tion .

W ith  regard  to  the inc idence o f  scum m ing  o n  soft 
enam els as opposed  to the ac id -resisting  enam els, 
M r. L a ithw aite  said  th a t w hen  he  w as speak ing  o f  
acid -resisting  enam els h e  h a d  h ad  in  m ind  th e  m ore  
o r less s tra ig h tfo rw a rd  in tro d u c tio n  o f  ti tan iu m  to 
a n  o ld er type  o f  enam el to  im p a rt ac id  resistance. 
S cum m ing  w as usually  said  to  b e  associa ted  w ith 
the h ig h er a lk a lin ity  o f th e  s lu rry ; b u t th e  p rob lem  
w as n o t so  sim ple. T h e  z irco n  enam els re fe rred  to  
by M r. S ym onds w ere ra th e r  o u t o f  th e  o rd in a ry  in  
th e ir com position . H e  believed th a t one o f  th e  
m ost significant fac to rs w ith  reg ard  to  th e  titan iu m  
enam els w as th a t, u n d e r g iven cond itions , on ly  a 
frac tio n  o f th e  sa lts  w ere ab so rb ed  as com pared  
w ith th e  old an tim o n y  enam els.

Early Experiences
M r . W . B a l l  said  th e  supposition  th a t th e  h igh 

Na'20 / B 20 :, ra tio  in  the m ill liq u o r increased  th e  
tendency  to  scum, m ig h t n o t be q u ite  th e  easy ex 
p la n a tio n  th a t it  ap p ea red  to  be a t  first sight. S cum 
m ing  w as m o s t serious a t th e  m o m en t o n  p o p u la r 
acid -resisting  b lack  enam els. In  th e  past, scum m ing  
w as som eth ing  w hich  h ad  occurred  on  red  enam els. 
I t  w as caused  by th e  fa c t th a t  th e  ox ide  co n ta in ed  
a cad m iu m  su lph ide , a n d  th is w as a case w here  one 
cou ld  defin itely  expect scum m ing. F rits  in  those 
days w ere co m para tive ly  in so lub le; the a m o u n t o f 
so lub le  salts in  th e  liq u o r w as very  sm all co m p ared  
w ith  the a m o u n t today , d u e  very largely  to  th e  fa c t 
th a t in  those  days very  m u ch  m o re  a tten tio n  w as 
p a id , p a rticu la rly  w ith  th a t ty p e  o f en am e l, to  f r it
ting  to com pletion . C o st d id  n o t m a tte r ; a  good  
enam el o n ly  w as req u ired . I t  w as n o t  a  question  
o f w h eth er th ere  w as a  h igh  N a , 0 / B 20 3 Tatio in 
the m ill liq u o r; it w as a  questio n  o f  how  little  
so lub le  sa lt th e re  was.

A  second  se rious cau se  o f  scum m ing , w hen  the 
very  so ft non-ac id -res isting  b lack  enam el w as first 
in tro d u ced , w as th a t th e  liq u o r h ad  a n  excep tionally  
h igh c o n te n t o f  B20 3 as  co m p ared  w ith  N a .,0 ; and  
th e  tendency  to  scum m ing , h e  believed, w as ju s t as 
g rea t as w ith  the  ac id-resisting ; very  little  o f  th a t 
type o f  en am e l w as used now . W as it n o t possib le, 
he asked , th a t th e  question  w as n o t so m u ch  w h a t 
w as in  the m ill liq u o r as how  m u ch  th e re  w as.

Chromates Blamed
P u ttin g  fo rw ard  h is  ideas g a thered  over a  p e rio d  

o f  years o f  experience  ra th e r  th an  fro m  d irec t 
lab o ra to ry  experim en ts, M r. Ball said  th a t, w hilst 
enam ellers w ere  satisfied th a t  su lpha tes  w ere  th e  
p rim ary  cau se  o f  scum m irig, a t  th e  sam e tim e  th e  
tendency  to  scum m ing  co u ld  be  very  m u ch  in 
creased  by  o th e r so lu b le  sa lts  in  th e  m ill liq u o r, an d  
the m o s t serious w ere th e  ch ro m ates . B lacks nearly
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alw ays scum m ed  m o re  th a n  any  o th e r co lo u r, ap a rt 
fro m  the fa c t th a t scum  show ed m o re  on  blacks. 
H e  suggested th a t th e  first th in g  to  d o  w as to  take 
the  po tassium  d ich ro m a te  o u t o f  th e  s ta n d a rd  fr it, 
because  it  in tro d u ced  a n  unnecessary  com plica tion . 
H e  d id  n o t k now  how  m u ch  c h ro m a te  w ou ld  be 
found  in th e  m ill liq u o rs  e ither from  the  f r it  o r 
fro m  th e 'o x id e ; th ere  w as very little  su lp h a te  fro m  
the  ox ide, a n d  indeed  th e re  shou ld  n o t be. I f  th e  
com position  o f  the f r it  o r  o f the e lec tro ly tes o r  the 
m ill liq u o r  w ere  such th a t ch ro m âtes  w ere  fo rm ed  
no  m a tte r  h o w  sm all th e  quan tities, in  th e  mill 
liq u o r, h e  w as q u ite  su re  th e  tendency  to  scum m ing  
w ould  increase very considerab ly .

Sulphur Content
M r . L a it h w a it e  w as a t  variance  w ith  M r. Ball 

co n ce rn in g  th e  s ta tem en t th a t  it w as th e  qu an tity  
o f su lp h a te  in the liq u o r w hich m atte red  m ost fo r 
in  m an y  cases, w ith th e  so ft non-acid -resisting  
enam els, the  to ta l co n cen tra tio n  o f su lp h a te  in the 
liq u o r w as very m uch  h igher th an  in  a n o th e r  type 
w hich show ed scum m ing. So th a t p e rh ap s  th ere  
w as ro o m  fo r bo th  po in ts  o f  view , an d  n e ith e r w as 
a  fu ll exp lana tion .

E xpressing  in te rest in  M r. BalLs rem ark s co n 
cern in g  ch rom âtes , he said  th e  sub -com m ittee  h ad  
fo u n d  qua lita tive ly  th a t th e  ch ro m a te  fac to r 
ap p ea red  to be significant. T h ey  h ad  discussed 
th e  m a tte r  in fo rm ally , and  a t  ‘least one  o th e r  m em 
b er h ad  con firm ed  h is  (M r. L a ith w a ite ’s) observa
tion , b u t they  had  n o t discussed w hy it should  
cause  scum m ing. So fa r  th e  ex p lan a tio n  w as n o t 
fo rth co m in g , a lth o u g h  h e  endorsed  th a t ch ro m a te  
d id  increase  th e  scum m ing  tendency. U nless h e  w as 
m istaken , h e  co n tin u ed , th e  ch ro m ate  effect d id  n o t 
ap p ea r on ly  in  b lack  enam els, b u t also in o th er 
co lou rs , an d  th a t should  no t be overlooked . H e  
recalled  D r. N ik lew sk i’s p o in t th a t b lack  show ed it 
f a r  m o re  th a n  d id  o th e r  colours.

M r . J. A . C l a r k e  said  he  fe lt th e  in te rim  findings 
w ere  useful to  th e  co n feren ce  as a  basis fo r  fu tu re  
w ork , w hich no  d o u b t w ould  tak e  a  long  tim e, and  
a lso  to  s tim u la te  d iscussion so th a t th e  sub -co m m it
tee  m igh t have som e gu idance  fo r th e  fu tu re . H e 
believed the objects had  been  achieved, an d  the 
sub -com m ittee  could  go fo rw ard  w ith  confidence  to  
a rrive  a t  a  n e a re r so lu tion  o f the p rob lem .

F o r  p rac tica l enam ellers, the o b jec t w as to  
find a  fu n d am en ta l ex p lan a tio n  o f  scum m ing. H e 
agreed  w ith  M r. R y d er th a t sh o p  tests w ere no t 
a lw ays conv incing , in view  o f  the m an y  variab les; 
fo r  th a t reason  they  co u ld  n o t be ad m itted  as fu n 
d am en ta l w ork. Such w o rk  shou ld  be d o n e  in  the 
lab o ra to ry , w here  co n d itio n s could  be  closely  c o n 
tro lled . H ow ever, som e o f  th e  th ings tha t cou ld  be 
d o n e  in th e  la b o ra to ry  cou ld  no t be rep ro d u ced  in 
the shop . H e  h ad  fo u n d  th a t by rep lac ing  tap  
w ater, w hich w as re latively  h a rd , w ith  condensed  
steam , w hich  w as in  effect d istilled  w ater, th e  scum 
m ing  w as d ras tica lly  reduced . T h ere  w as still a 
slight residual scum m ing how ever.

R ecalling  a  p o in t m ad e  earlie r , th a t, by rendering  
the su lp h a te  in so lub le  by m eans o f  ba riu m  ch lo ride , 
one cou ld  rem ove the su lphate  in th e  m ill liq u o r,

h e  sa id  enam ellers d id  n o t rem ove an y  a lk a lin e  salt 
w hich m igh t reac t w ith  th e  su lp h u r in th e  fu rnace  
gases. H e  believed i t  w as agreed  th a t sod ium  su l
pha te  w as a  big offender; w hether calc ium  su lpha te  
w as o r w as n o t w as still a  m o o t po in t. A s a  tria l, 
how ever, h e  h ad  used b ariu m  fluoride, on  the 
assum ption  th a t the b a riu m  w ould  p rec ip ita te  th e  
su lpha te  as b arium  su lphate , and  the fluoride w ould  
p rec ip ita te  th e  ca lc ium  as ca lc ium  fluoride. T he 
idea  w as th a t calc ium  fluoride, be ing  insoluble, 
w ou ld  rem a in  m o re  o r  less evenly  d is tribu ted  
th ro u g h o u t th e  b iscu it in stead  o f  co n cen tra tin g  in 
th e  su rface  lay e r d u rin g  dry ing . It w as a  pu rely  
em pirical assum p tion , b u t the  ad d itio n  had  helped  
very m ateria lly  to reduce scum m ing.

M r . S. E . A. R y d e r , com m en ting  on M r. 
Sym onds’ p o in t th a t  titan iu m  enam els d id  n o t scum , 
said  they  cou ld  be m ad e  to  scum  in a  lab o ra to ry  
m uffle if sufficient su lp h u r oxides w as in tro d u ced ; 
b u t th e  a m o u n t o f  su lp h u r oxide req u ired  w as m ore  
th an  w ould  be m e t w ith  in  n o rm a l p ractice . H e 
could  confirm  M r. C la rk e ’s p o in t th a t  b arium  
ch lo ride  p rec ip ita ted  su lp h a te  in th e  slu rry  a n d  m ill 
liq u o r, and  if  th e  scum m ing  w ere being effected by 
the su lpha te  in the liq u o r, b arium  fluoride  had  a 
good  effect, b u t if  the scum m ing  w ere d u e  to  sul
p h u r ox ides in th e  m uffle a tm osphere , then  barium  
salts h a d  no  effect. T h ere  w as no d o u b t th a t  su l
p h u r p icked up  a t th e  v arious stages o f  the en am e l
ling process h ad  a n  ad d itiv e  effect. T h ere fo re , if  
so lub le  su lpha te  w ere rem oved  by th e  add ition  o f 
b ariu m  ch lo ride  a t  an  early  stage  a  la rg er a m o u n t 
o f  co n tam in a tio n  o f  the m uffle a tm o sp h ere  could  
be to le ra ted  w ith o u t scum m ing  appearing . T here  
w as no  d o u b t, how ever, th a t su lp h u r ox ide in  the 
muffle a tm o sp h ere  w as the over-rid ing  co n sid e ra 
tion  in respect o f  scum m ing.

C om m en ting  on  th e  rem ark s o f D r. N icklew ski 
a n d  o thers, concern ing  th e  possib le  effect o f  ch ro - 
m ates, M r. R yder sta ted  th a t various experim en ts he 
h a d  d o n e  and  m icro scop ic  ex am in a tio n  o f  scum 
m ing  deposits  ra th e r  suggested th a t th e  m echan ism  
o f  scum m ing o f  b lack  enam els w as d ifferen t fro m  
th a t o f  w h ite  frits. W h e th e r th a t w as because 
there  w as ch ro m a te  in  th e  b lack  bu t no t in the 
w hite, he  d id  n o t know , b u t it w as w o rth  investiga t
ing. O bviously  the  com position  o f  th e  f r it  w as m ost 
im p o rtan t. I t w as n o t possib le  com plete ly  to  do  
aw ay w ith su lp h u r in the d rie rs  and  muffles and  
m ill liq u o r, an d  th e  ideal so lu tion  w ould  be to  find 
a fr it th a t w ould  n o t be affected w hen no rm al 
am o u n ts  w ere p resen t.

C onclusion
T h e  C h a ir m a n , a t  th e  c o n c lu s io n  o f  th e  d i s c u s 

s io n , s a id  it h a d  b e en  v e ry  v a lu a b le , a n d  ’h e  fe lt 
c e r ta in  th a t  th e  fin a l r e p o r t  o f  th e  su b -c o m m itte e , 
w h ic h  w o u ld  b e  th e  re su lt  o f  a  c o n s id e ra b le  a m o u n t  
o f  f u r th e r  w o rk ,  w o u ld  b e  w ell w o r th  p u b lis h in g .

M r . W. S. G r a in g e r , p ro p o s in g  th e  th an k s  o f  the 
In s titu te  to  M r. L aithw aite  an d  h is fellow  m em 
bers o f  th e  sub -com m ittee  fo r  th e ir  w ork , said  the 
elusive p rob lem  o f  scum m ing  w as one  o f g rea t co n 
cern  to  th e  industry , a n d  all m u s t b e  very  g ra te fu l 
to  th e  m em bers o f  the sub -com m ittee  fo r  th e ir w ork .
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Notes from the Branches
IVest R iding o f Yorkshire

T h e  open ing  m eeting  o f  th e  session o f  the W est 
R id ing  o f  Y o rk sh ire  b ran ch  o f  th e  In s titu te  o f  
B ritish  F o u n d ry m e n  w as held  a t B rad fo rd  T ech n i
ca l C ollege, w hen  th e  recen tly -elected  p residen t, 
M r. R . L . S im pson , gave h is  in au g u ra l address, 
in  th e  co u rse  o f  w hich  he  said  th a t th is  w as a  
u n iq u e  occasion , in  th a t th e  new  p re s id en t w as a  
p a tte rn m ak e r by tra in ing  an d  long experience. T h is 
in itse lf w as, p e rh ap s , an  in d ica tio n  o f  th e  co m 
m endab le  tendency  o f th e  fo u n d ry  in dustry  to  b e 
com e increasing ly  d em o cra tic  in  its o u tlo o k  and  
a ttitu d e  tow ards its sister c ra ft, and  th e  w illing
ness to  accep t adv ice  a n d  assistance  o f  th e  o th er 
cra ftsm en  in g rapp ling  w ith  its varied  p rob lem s.
It w as indeed  g ra tify ing  to  realise th a t fou n d ry m en  
a n d  p a tte rn m ak e rs  h ad  co m e  to  recogn ise  th a t  fu ll 
co -o p e ra tio n  in  a ll d irec tions w as n o t on ly  a d v a n 
tageous, b u t essential, in th e  c rea tio n  and  m a in 
tenance  o f  a  w ell-o rgan ised  un it.

R ecent A dvances
T h e  p a s t few  y ea rs  had  w itnessed a  considerab le  

advance  in  the deve lopm en t o f  the fo u n d ry  in 
d u stry  a n d  m u ch  p ro g ress  h a d  tak en  p lace  in  the 
fields o f  m echan isa tion , resea rch , d ev e lopm en t o f 
p la n t a n d  eq u ipm en t, w o rk sh o p  am en ities an d  
tra in in g  facilities. A ll o f  these h ad  been in s tru 
m en ta l in  s tepp ing -up  p ro d u c tio n  an d  a id in g  the 
accom plishm en t o f  the p ost-w ar recovery  p ro 
g ram m e. M an y  obstac les h a d , o f  course , been 
encoun te red , p a rticu la rly  in  th e  sphere  o f  raw  
m ateria ls , b u t these difficulties h ad  been g reatly  m iti
gated  by th e  ad m irab le  w ork  o f  research  and  la b o ra 
tory  staffs w ho h ad  fo rew arn ed  users o f  th e  effects 
o f  m any  deficiencies an d  p rov ided  th em  w ith  
rem edies.

W h erev er th e  top ica l sub jec t o r g rea te r p ro d u c 
tiv ity  in any  in d u s try  w as d iscussed , th e  advan tages 
o f  im p ro v ed  an d  increased  m ech an isa tio n  w ere  in 
evitab ly  p u t fo rw ard  as m ain  fac to rs  in  the so lu tion  
o f the p rob lem . T h e  fo u n d ry  in d u s try  h ad  d e m o n 
stra ted  its  aw areness o f  th is aspect an d , p a rt ic u 
larly  in  the  la rg er concerns, m echan isa tion  w as 
being increased  in  an  effo rt to  offset th e  sho rtage  
o f  skilled m ou lders, by elim inating  fa tigue , inc reas
ing m a n /h o u r  p ro d u c tio n  a n d , a t  th e  sam e tim e 
reducing  costs and  m in im ising  th e  effects o f  the 
c o n s tan t flu c tu a tio n  o f m ateria ls  charges. M any  
found ries , b o th  la rg e  a n d  sm all, h a d  conscien tiously  
end eav o u red  to  c a rry  o u t th e  p rov isions o f th e  
“ G a rre t t  R e p o rt,”  p a rticu la rly  in regard  to such 
item s as b rig h te r p a in tw o rk , ad d itio n a l w ash ing  
facilities, b e tte r  ligh ting  an d  v en tila tion , etc.

Other Attractions
I t  w as hoped  the p rov ision  o f  these  an d  o th er 

am en ities  w ou ld  en co u rag e  th e  m uch -needed  in 
flux o f  young  c ra ftsm en . H e  em phasised  th e  im 
po rtan ce  o f  the skilled  m ou lder, fo r  it m ust n o t be 
im ag ined  fo r  o n e  m om en t th a t  any  m easure  o f 
m echan isa tion , n o  m a tte r  how  g rea t o r  how  p e r 
fect, w ou ld  e lim inate  th e  n eed  fo r th e  c ra ftsm an .

I t  w as, therefo re , essen tia l th a t in tensive  effo rts be 
m ad e  to  en co u rag e  the rec ru itm e n t o f  app ren tices  
an d  to  fo s te r th e ir  p rogress a n d  p e rm an en t p lace  in 
the industry .

H e  suggested  th a t  m em bers o f  the W est R id ing  
b ran ch  m ade  a  special fe a tu re  o f  inv iting  parties  
o f schoo lboys to  v isit w orks w ith  a  v iew  to  c o n 
vincing them  o f th e  im p o rtan ce  o f  th e  fo u n d ry  in 
d u stry , th e  advan tages o f  m o d ern  am en ities an d  the 
persona l benefits to  be derived  from  serv ing  in 
the in d u s try , p rov ing  to  them, th a t fo u n d ry w o rk  
w as n o t a s  o b jec tionab le  as they  m ig h t h ave  been 
led to  believe and  th a t in  fac t it co m p ared  very 
fav o u rab ly  w ith  o th e r b ran ch es o f th e  eng ineering  
industry .

Presentation to M r. A . S. W orcester
A fte r  M r . B l a k is t o n  an d  M r . A n d e r s o n  h a d  

expressed th e  th an k s  o f  th e  m eeting , M r . S im p s o n  
presen ted  to  M r . A . S. W o r c e s t e r  th e  M erito r io u s  
Service M edal o f  th e  In s titu te  an d  read  the  fo llow 
ing c ita tion .

“  M r. A . S. W orces te r w as elected  a  m em ber 
o f  th e  In s titu te  in  1914. H e  h a s  been  p res id en t 
o f  th e  W est R id ing  o f  Y o rk sh ire  b ra n c h  on  th ree  
occasions, in 1931-2, 1932-3, an d  1938-9, and  
h as been  a  m em b er o f  the C o u n c il o f  th e  In s ti
tu te  a t  least since 1930. M r. W orces te r’s m ain  
ac tiv ity  h a s  been o n  th e  ed u ca tio n a l side. H e  has 
served  on the E d u ca tio n a l C om m ittee  c o n tin u 
ously since 1935 a n d  has rep re sen ted  the  In s ti
tu te  o n  the advisory  co m m ittee  fo r  th e  C ity  an d  
G u ild s  E x am in a tio n s  in  F o u n d ry  P rac tice  an d  
P a tte rn m a k in g  since 1934. M r. W o rces te r w as 
also an  ac tive m em ber o f  th e  In te rn a tio n a l 
D ic tio n a ry  C om m ittee  betw een 1936 an d  1939 and  
served as a  m em ber o f the T echn ical C ouncil an d  
its C as t Iro n  S ub-com m ittee  from  1932-36.”
W hen  M r . W o r c e s t e r  h a d  m ad e  su itab le  

acknow ledgem ent, M r . S im p s o n  asked  M r . C o l 
w e l l  to  read  his P a p e r on  “ T h e  T ra in in g  o f  
A ppren tices  fo r  th e  F o u n d ry .”

London— A nnual Dinner
T he annual dinner-dance of the London branch of 

the Institute of British Foundrym en, the largest ever 
held by the branch, took place at the Café Royal, Re
gent Street, London, last Thursday. Mr. L. G. Beres- 
ford, the branch-president, with Mrs. Beresford, received 
the guests, who numbered over 250. Amongst them 
were Mr. Colin Gresty, president of the Institute; Dr. 
C. J. Dadswell, the senior vice-president; Mr. Tom 
Makemson, M.B.E., Dr. Ballay (Paris), Dr. G alletto 
(Italy), Mr. R. L. Handley. Mr. F. H ooper, Mr. J. 
Bcrthelier (Belgium), and D r. W aehlert (Germany), many 
of whom were accompanied by their ladies. An excellent 
cabaret was provided by Eric Ross and his Eight 
G rosvenor Girls. The function, which was organised 
by Mr. A. R. Parkes, with Mr. L. A. S. H arbourne acting 
as M.C., was an outstanding success.

Gold Bracelet Found
There is at present in the offices o f this J o u r n a l  a 

plain gold bracelet which must have been lost by a guest 
a t the recent dinner-dance of the London branch of 
the Institute of British Foundrym en, held a t the Cafd 
Royal. Will the owner please apply to the Editorial 
D epartm ent o f  the J o u r n a l , 49, W ellington Street, 
London, W.C.2.
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Training o f Apprentices*
B y J . Coltvell

I t  used to be generally  accep ted  by the  ou ts ider 
th a t th e  fo u n d ry  ap p ren tice ’s m a in  requ irem en ts  
w ere “ P len ty  o f  b raw n  and  no b ra in .” N ow adays, 
how ever, due  to en ligh tened  leade rsh ip  and  the 
w ork  o f th e  In s titu te  o f B ritish  F o u n d ry m en , th is 
fa llacy  has becom e obso lete , and  it is now  a p p re 
ciated  th a t fo r  the ap p ren tice  to -day  th e re  is a 
h igh  s ta n d a rd  to  be reached  in  his daily  w o rk  an d  
in  h is tech n ica l tra in ing . T h e  tra in ing  o f  th e  
app ren tice  m u s t be a  stud ied  techn ique and  no t 
a h a p h a z a rd  duty . H e  m u st n o t be accep ted  m erely  
fo r filling th e  personne l gap, o r  because h e  is cheap  
labou r. H e  m u st be accepted  fro m  th e  p o in t o f 
view th a t h e  is to  ca rry  on th e  tra d e  an d  m a in 
ta in  and  advance  th e  trad itio n s o f  the fo u n d ry  
in d u s try  in th e  years to  com e.

T h e  p o in t arises, “  W here does he s ta rt?  ” H e  
m u st com m ence w here  th e  fo u n d ry m an  com m ences, 
w ith  a p a tte rn . H e  sh o u ld  spend  a t least a m on th  
in the  p a tte rn sh o p , finding o u t w hy a p a tte rn  is 
m ade, w h a t it is fo r and  w hy it is m ade  a p a r 
ticu la r w ay. I t  shou ld  be im pressed up o n  h im  th e  
necessity  fo r a jo b  to  be p lan n ed  to  detail a t the 
beginning. H e  m ust u n d ers tan d  co reboxes, th e  
ad v an tag e  o f  jo in ts , dow el p ins, d raw b ack s and  
loose pieces. A bove all, he m u s t see fo r h im self 
w h a t pa tience , skill, and  tim e a re  p u t in to  m ak ing  
the fo u n d ry m a n ’s task  as easy as possib le, and  
th a t a  p a tte rn  o r  co reb o x  a re  n o t m ad e  to  be 
h am m ered  b eyond  recogn ition  in  th e  found ry .

Background Training
H e  shou ld  then  h ave  a  sh o r t p e riod  o f tra in ing  

in th e  fe ttlin g  shop , so th a t h e  can  alw ays have  in  
h is m in d ’s ey e  a p ic tu re  o f  th e  req u irem en ts  o f the 
finished artic le . H e  could  be ins truc ted  in the 
m ethods o f  c lean ing  castings in the sand -b last o r 
H y d ro b la s t, an d  learn  th e  resu lts o f  b ad  venting , 
c rush ing , p o o r jo in ting  o f d rag  and  cope, cores 
lifting  in  the m ou ld  an d  m an y  o th e r usefu l po in ts 
w hich w ould  help h im  considerab ly  in  h is ow n 
tra in in g  as a  m ou lder.

F ro m  th e  fe ttling  shop , the app ren tice  shou ld  go 
to  the  co re  shop . In  m any  core  shops to -day  the 
ap p ren tices’ bench  is m ade up  o f  a  p la te  on  top  o f 
w ooden  b locks o r  o ld  core-boxes. H is  too ls a re  
sca tte red  fa r  an d  w ide, and  h is  san d  seem s to  be 
everyw here  excep t on  h is bench. O n e  o f  th e  first 
th ings an  app ren tice  m ust le a rn  a re  tid iness and  
m ethod . I t  w ould  be to  ad v an ta g e  if th e  core- 
m ak ing  bench  be h igh enough  so as n o t to  cause 
unnecessary  s toop ing , w ith  a  level m etal p la te  on 
w hich to  w ork. T h e re  should  be a shelf fo r core- 
boxes u n d e r  th e  bench , and  a sm all rack  fo r tools, 
sprigs, e tc ., w ith in  reach . T he  bench shou ld  be 
near th e  d ry ing  stove. T h e  bench co re -m ak ing  by 
an  app ren tice  shou ld  alw ays be  u n d e r p ro p e r super

* Paper presented to  th e  W est Hiding o f Yorkshire branch of th e  
In s titu te  o f B ritish Foundrym en, w ith Mr. It. L . Simpson in th e  Chair.

vision, so th a t any  m in o r fau lts  a n d  w asted  effort 
in w ork  cou ld  be p o in ted  o u t befo re  they  becom e 
hab its. H e c a n  be ta u g h t th e  m ethods and  reasons 
fo r venting , the co rrec t m ethod  o f  using too ls, the 
im p o rtan ce  o f jo in in g  cores w ith o u t c losing th e  
v en t holes, an d  th e  reasons fo r using  d ifferen t sands 
fo r d iffe ren t cores. A fte r  a b o u t tw elve m o n th s on 
various types o f  sm all cores, he shou ld  be allow ed 
to  w ork  w ith  one  o f  th e  co re-m akers o n  la rger 
cores.

M oulding Training
T he next step  in the app ren tice  tra in in g  should  

be to  th e  m ou ld ing  floo r w here sm all rep e titio n  
castings a re  m ade. H e  shou ld  be ta u g h t th e  a r t  o f 
cond ition ing  the sand , co rrec t m eth o d s o f  ram m ing  
the m ou ld , d raw ing  o f th e  p a tte rn  an d , if  n eces
sary , the in sertion  o f  cores. T h e  size o f  gates and  
ru n n ers , the m eth o d s o f  releasing  gases, the p la n 
n ing  o f  m oulds so as to  u tilise  existing  floo r space, 
a n d  fo r casting  should  be im p o rtan t p a rts  o f  the 
tra in ing . A ny  lab ou r-sav ing  m ethods o f  m ak ing  
m oulds shou ld  also  be incu lca ted .

F ro m  th e  sm all-castings section  to  th e  m ed ium - 
size castings is only  a sh o r t step , in theo ry , yet 
on ly  those w ho un d ers tan d  th e  w ork  really  know  
how  im p o rtan t m u s t be  the co rrec t tra in in g  in  th is 
section . F ro m  a p la te  p a tte rn  to  a  loose  p a tte rn ; 
from  a s tra ig h tfo rw ard  d raw  to  loose-pieces and  
d raw -backs; fro m  ram m in g  sand  in  a  sm all box- 
p art, to  lifte rs an d  s treng then ing  iro n s an d  chap le ts , 
s tep-by-step  advances m u s t be m ade.

T he  large-castings sections o f  th e  fo u n d ry  are  
usually  m an n ed  by m en  w ork ing  in  tw os, th rees, o r  
team s, an d  th e  ap p ren tic e ’s la s t y e a r  o f  tra in in g  
shou ld  be sp en t here . T h e  m ethods o f p rod u c in g  
large castings, w h eth er rep e titio n  o r  singly, should  
be p a r t  o f  the tra in in g  T he  m ak in g  o f  these ca s t
ings is a  g rea t responsib ility  an d  in  m ost fo u n d ry  
d ep artm en ts  on ly  those  w ith years o f  experience 
and  p roved  re liab ility  have been allow ed to  m ake  
such m oulds. T o  rely, how ever, on  the selected few  
is a g rea t m istake , and  o thers  shou ld  be tra in ed  to  
be ab le  to  accep t responsib ility  fo r  th is ty p e  o f  w ork . 
T he know ledge a  y o u th  gains d u rin g  th is period  
is d ep en d en t upon  th e  ty p e  an d  size o f  th e  fo u n d ry , 
b u t he  shou ld , if possib le, becom e co n v e rsan t w ith 
the sk in -d ry ing  an d  fu ll-d ry ing  o f  m ou lds, the 
m ethods o f  “  co rin g -u p  ” to  ensure  th e  r ig h t th ick 
nesses o f  th e  casting , an d  th e  m o s t efficient w ays o f  
venting . H e  w ou ld  le a rn  th e  “ p o u rin g  ” m ethods 
and  m eans o f  easing  th e  m ou ld  a t th e  r ig h t tim e 
and  in  the co rrec t p laces.

I f  the fo u n d ry  h as a  n o n -fe rro u s  fo u n d ry  
a ttach ed  to  th e  m a in  w orks, o r  h as a n o n -fe rro u s  
section , it w ou ld  be a n  ad v an tag e  if  th e  ap p ren tice  
cou ld  h av e  a w o rk in g  know ledge 'o f  th is ty p e  o f 
w ork. H e  w ou ld  gain  va lu ab le  experience  in  th e  
d ifferen t m eth o d s o f  m elting.
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Supervision
D u rin g  the w ho le  course  o f  appren ticesh ip , th e  

b oy  shou ld  be  p ro p e rly  superv ised , b u t a t  the  sam e 
tim e he  m u s t be allow ed to  gain  confidence in  h is 
w ork  an d  be ab le  to  ta lk  to  th e  fo u n d ry  m an ag e r 
w henever he  needs h is h e lp  an d  gu idance . T oo  
m an y  fo u n d ry  m an ag e rs  h av e  an c ien t an d  obso lete  
m eth o d s o f do ing  a  jo b , and  the y o ungste r w ith 
h is “  m odern  ” ideas gets no w h ere  in  m ak ing  sug 
gestions. T h e  tendency  to  rid icu le  fa ilu re  an d  give 
no enco u rag em en t in  success gives th e  young  fo u n - 
d ry m an  a fru s tra ted  a ttitu d e  very  quick ly , and  
th ere  is n o  g rea te r eneijny to  th e  progressive  a p p re n 
tice th a n  lack  o f  in terest.

E very  boy is an  ind iv idualis t, w ith  a d ifferen t 
op in ion  an d  tem p eram en t fro m  his fellow s. W here 
one m igh t respond  a f te r  being severely rep roved , 
the o th e r, w ith  app lied  psychology , m ay  give o f  his 
best. I t  is a ' p ro fo u n d  ax iom  th a t  “  boys w ill be 
boys,” an d  th o u g h  one can n o t cu rb  th e  fu ll ex u b er
ance o f  th e  boy it m ust be im pressed  on  his m ind , 
th e  d angers  o f p rac tica l jokes an d  carelessness. N o t 
on ly  h is ow n, b u t the safe ty  o f  o th e rs  is o f  th e  
u tm o st im p o rtan ce  in  th e  fo u n d ry , an d  tid iness and  
alertness go h a n d  in  h an d  in  p rev en tin g  acciden ts. 
A  boy sh o u ld  no t be allow ed to  becom e th e  e rrand  
boy.

T echnical Training
T he o p p o rtu n itie s  fo r study ing  a re  b e tte r to-day  

th an  ever they  h av e  been , evening  classes, technical 
colleges and  schools, p u b lic  lib ra ries , a n d  th e  m an y  
tra d e  societies offer w ide scope fo r  th e  m o d ern  
studen t. F o u n d ry  app ren tices now adays h av e  a 
g rea t o p p o rtu n ity  fo r  edu ca tio n a l advan cem en t and  
the h o n o u rs  to  be gained  a re  fu lly  recognised  
th ro u g h o u t th e  field o f  industry . M any  firm s a re  
fo r tu n a te  in  being ab le  to  send th e ir  app ren tices to  
school one d ay  a  w eek. O thers encou rage  th em  to 
go in  th e  evening. W hatever m ay  be th e  c ircu m 
stances, a rran g em en ts  should  be m ade  fo r  a  fu ll 
re p o r t o f  the  s tu d e n t’s p rogress to  be  m ad e  to  the 
fo u n d ry  m anager a t  reg u la r in tervals. I t  is he lp fu l 
to  th e  s tuden t, if , on  passing  exam ina tions h e  is 
rew arded  w ith  a  sm all g if t o f books or tools. T his 
encourages h im  to  study  h a rd e r , an d  th e  fru its  o f 
h is study ing  m ay  som e d ay  be recognised  in th e  
industry . V isits m ay  be m ade  by the ap p ren tice  to  
o th e r found ries; thus , the jo b b in g -fo u n d ry  a p p re n 
tice  could  v isit th e  m echan ised  fo u n d ry , an d  vice  
versa, an d  a m ore  com prehensive  know ledge o f  
the trad e  cou ld  be o b ta in ed . E very  fo u n d ry  has 
som eth ing  d ifferen t to  teach.

D ISC U SSIO N
M r . J o h n s o n  asked  w hy  M r. C olw ell specified 

only  one  m o n th  in  th e  p a tte rn sh o p  as h e  fe lt th a t 
a  com prehensive  know ledge o f  p a tte rn m ak in g  w as 
essential. T h e  ab ility  to  re a d  d raw ings a n d  the 
su p rem e im p o rtan ce  o f  d im ensions w ou ld  co m b a t 
th e  ru le -o f-thum b  m eth o d  w h ich  w as som etim es 
encoun tered .

M r . C o l w e l l  in  re p ly , s a id  th e  re a s o n  h e  d id

n o t em phasise  p a tte rn sh o p  p rac tice  w as m u ch  the 
sam e as fo r  non -em phasis on  m eta llu rgy . H e  fe lt 
th a t the s tu d en t shou ld  lea rn  such m a tte rs  a t  h is 
techn ica l college. Possib ly , if he w as allow ed  a 
ce rta in  a m o u n t o f  tim e to  g rasp  th e  fu n d am en ta ls  
o f  p a tte rn m ak in g , h e  m ig h t by his ow n read in g  be 
ab le  to  en large  h is know ledge a t th e  schoo ls and  
techn ica l colleges. T h a t w as w hy h e  allow ed  one  
m o n th . P ersonally , h is experience w as th a t an  
a p p e tite  fo r  study  h as to  be  c rea ted  a n d  th en  he 
believed th e  boy w ould  try  to  find  o u t m o re  from  
his ow n  study . T h e  read in g  o f  d raw ings cou ld  be 
left to  th e  techn ica l college.

M r . B l a k is t o n  sa id  h e  fe lt th e re  w as n o  p o in t 
in  p u ttin g  a  fo u n d ry  ap p ren tic e  in  th e  p a tte rn sh o p  
to  le a rn  a b o u t w oods. H e  shou ld  be  p laced th ere  
a t  a  la te r  p e rio d  o f  h is tra in in g , p re fe rab ly  stu d y 
ing  p a tte rn  check ing  an d  finishing. T h e  know ledge 
gained  w ould  b ear a  d ire c t re la tio n  to  h is ab ility  
a s  a  m ou lder. H e  w ou ld  k n o w  th e  tim e  necessary  
to  m ake  a  good  p a tte rn , th e re fo re  h e  w ou ld  re 
spect th e  p a tte rn  w hen  it a rrived  in  th e  fo und ry . 
Secondly , if  a  p a tte rn  w as go ing  bad ly  o u t o f  shape, 
h e  w ou ld  have  som e know ledge to  m ak e  rec tifica
tion  w ith o u t re tu rn in g  it  to  th e  p a tte rn sh o p . T he  
o th e r p o in t o f check ing  w ou ld  assist h im  in read ing  
draw ings. T h e re  w as once  a  tim e  in  in d u s try  w hen  
a  p a tte rn m a k e r w as given a  ro u g h  pencil sketch , and  
he  h ad  to  c rea te  the m ou ld  by v arious m eans w hich 
w as p a r t  o f  his c ra f t a n d  th a t o f  a  m ou lder. T h e re  
w ere still som e co u n trie s  w here  a  m o u ld e r could  
n o t w o rk  to  a  p a tte rn , b u t o n ly  to  a  sk e tch  o r  a 
view o f  th e  o b jec t he  had  to  p roduce .

Suiting Individual N eeds
M r . C o l w e l l  th o u g h t th a t th e re  w as m o re  in 

co rem ak in g  th an  m et th e  eye, as it w as am az in g  the 
m istakes young  people  cou ld  m ake. T h e  p o in t w as 
th a t these m istakes m u s t be co rrec ted  in  th e  early  
stages and  one o f  the th ings an  ap p ren tice  m u s t learn  
a t  th e  beg inn ing  w as discip line an d , if  h e  le a rn t that, 
then  h e  w ou ld  m ake  p rogress in  h is fu tu re  tra in ing .

A  m e m b e r  said  a m o n th ’s tra in in g  in  th e  p a tte rn - 
shop  w as o u t o f  a ll p ro p o r tio n  an d , a lso , it  w as a t 
th e  w rong  tim e in  h is tra in in g ; h e  shou ld  n o t en te r 
in itially . T h e  lads w ho  w en t in to  the shop  as p a t
te rn m ak ers  w ou ld  stay  there ; they  w ou ld  n o t go 
in to  the fo und ry . I f  they  h a d  tw o years  in  the 
fo u n d ry  a n d  th en  12 m o n th s in  the p a tte rn sh o p , they 
w ould  be m o re  sa tisfac to ry . I t  w as rid icu lous to 
p u t them  in as p a tte rn  checkers . In  the cu rricu lu m  
o f  th e  ap p ren tice  there  certa in ly  sh o u ld  be som e 
know ledge o f  how  m eta ls w ere  m elted  an d  behaved , 
an d  so fo rth , a n d  a t  leas t tw o m on ths sho u ld  be 
spen t w ith  th e  cu p o la  opera to r.

M r . C o l w e l l  p o in ted  o u t th a t m u ch  depended  
u p o n  the ty p e  o f fo u n d ry  in  w hich one  w orked . H e  
personally  w as h op ing  one  day  a  lad  w ou ld  becom e 
a m ou ld er, b u t he m ig h t th ro u g h  his ow n in itia tive 
becom e p a r t  o f  th e  executive staff an d , if  so , a  m ore  
g en era l tra in in g  w ou ld  be invaluab le . S om e firm s 
co u ld  g e t app ren tices qu ite  easily ; som e cou ld  not. 
Som e cou ld  give a  boy  a day  off to  go to  school. 
I t w ou ld  be  in teresting  if  the m eeting  cou ld  h ea r 
fro m  a fo u n d ry  m an ag e r how  he  tra in ed  h is a p p re n 
tices.
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O th er V iews
M r . S im p s o n  said  th e  m eth o d  a t his w orks fo r 

the tra in ing  o f  an  app ren tice  w as to  s ta r t the boy 
in  the la b o ra to ry  fo r  a  p e rio d  o f six m on ths. H e 
then  w en t in to  th e  sm all fo u n d ry  fo r  a  fu r th e r p e riod  
on  sm all w ork  by h im self w ith  th e  help  o f  the fo re 
m an . F ro m  th ere  he passed  to  the large found ry . 
A fte r  a  p e riod  there  he  re tu rn ed  to  the lab o ra to ry  
fo r a  fu r th e r  p eriod , an d  th en  he  eventua lly  arrived  
a t th e  p a tte rn sh o p . H e  cou ld  affirm  th a t h is firm 
h a d  tra in ed  go o d  app ren tices an d  they w ere  capable  
now  o f  tak ing  executive positions.

M r . A n d e r s o n  re fe rred  to  the type  o f  you th  
availab le . O ne m igh t be a ro u g h  boy w ho  was 
q u ite  co n ten t to  stay  on  th e  fo u n d ry  floo r an d  b e  a 
good  c ra ftsm an . O nce you ths w ere o b ta in ed , the 
lines the lec tu re r suggested  fo r  tra in in g  w ere very 
efficient.

M r . S im p s o n  said he cou ld  still get boys fro m  th e  
secondary  school in to  h is  fo u n d ry . I t  cou ld  be 
d o n e , an d  w ith  b e tte r am enities ava ilab le  the 
industry  w ou ld  get m ore.

M r . B l a k is t o n  sa id  h e  k n e w  o f  c a se s  w h e re  
p ro p e r ly - t r a in e d  a p p re n tic e s  w h e n  th e y  w e re  21 yrs. 
c o u ld  b e a t  a n d  e a rn  a s  m u c h  m o n e y  a s  th e  o ld e r  
h ig h ly -sk ille d  c ra f ts m e n  o n  p ie c e -w o rk .

M r . J o h n s o n  said  if  all boys w ere  to beoom e 
executives th e  in d u s try  w ou ld  b e  top -heavy  w ith 
no  skilled m en  to  ca rry  on  the daily  w ork . A p p re n 
tices w ere o f d ifferen t n a tu res , a n d  th ough  given 
th e  sam e tra in in g  cou ld  n o t em erge to  th e  sam e 
p a tte rn . O ne o r tw o w o u ld  be  cap ab le  o f  executive 
p ositions, and  th e  re s t w o u ld  becom e skilled 
c ra f tsm en  and  tak e  a p ride  in th e ir  w ork .

V ote  o f  Thanks
M r . N ea t h  in  p ro p o s in g  a  vo te  o f  th an k s  said 

M r. C olw ell h ad  th ro w n  d ow n  a challenge. T he  
success o f  th e  m eeting  w as d u e  to  th e  fac t th a t h is 
challenge h a d  been  re sponded  to , som e in  su p p o rt 
a n d  som e against. A ll o f  w hich justified  the p u r
p o se  fo r  w hich  it  w as g iven a n d  th e  ob jec ts o f th e  
In s titu te . I t  d id  ap p e a r  th e re  shou ld  be a g rea t 
deal o f flexibility . T h e  in d u s try  needed  skilled 
m ou lders, a n d  fu tu re  executives. E v ery b o d y  had  
h ea rd  critic ism s o f  th is n ew  edu ca tio n a l system  
w hich h ad  been  th ru s t u p o n  us, w hereby  a t the 
ten d e r age  o f 11 a ch ild ’s fu tu re  w as decided. T h is  
h ad  som eth ing  to  d o  w ith  th is question  o f  a p p re n 
ticeship . N o  o n e  could  decide w h a t so rt o f  a  m an  
h e  w as go ing  to  m ake. I f  he  w as a  bo y  o f  s trong  
ideas he shou ld  be  helped  along. A s each  year 
cam e  a long , som e d iffe ren t aspect w ou ld  c ro p  up  
w ith  th e  system  o f  tra in in g , a n d  th e  system  should  
h ave  sufficient flexibility  to  tak e  th a t, so th a t a t 
th e  end  o f  th e  perio d  o n e  h a d  p a rtly  segregated  the 
various g ro u p s o f  ap p ren tices  som ew here in  the 
d irec tio n  w here  it w ou ld  be best fo r them  to  finish 
up. T h o se  g roups com prised  the c ra ftsm an  w ho 
w ou ld  never be  an y th in g  else, o thers  co u ld  be 
b ro u g h t a long  on  the  executive side.

M r . J o h n s o n  seconded  an d  M r . C o l w e l l  
su itab ly  acknow ledged  th e  com plim en t.

Publications R eceived
“ At the Turn of the Century.'’ Issued by the General 

Electric Company, Limited, M agnet House, Kings- 
way, London, W.C.2.

By contrasting the manufactures o f about 50 years 
ago with current output, the editor o f this pam phlet 
certainly arouses the reader’s interest. The tramway 
car, the the  engine, the telephone, generating machinery, 
electric irons and stoves are all illustrated. In the last 
case, the elderly one, sold in 1902, is unbelievably 
ornate. As for the decorated electric-light switch of 
50 years ago, in certain rooms it would still look quite 
nice. It is ornam ental but not blatantly so, which 
makes it a little more presentable than those now 
going out of fashion. I t is difficult to visualise a better 
method of showing progress than by exhibiting these 
very striking contrasts.

Northern Aluminium Company’s Foundry and Forge
at H andsworth, Birmingham. Published by the 
N orthern Aluminium Company, Limited, Banbury, 
Oxford.

This is a  well-illustrated 16-page booklet and tells 
much of the history and developm ent of the company, 
especially the Handsworth works. In the introduction 
it is stated that during the post-war reorganisation 
" T h e  aims were to cut internal transport costs . . .  .; 
yet a photograph of the main gravity-die foundry shows 
stacks of castings resting on the floor. Surely this is 
case for the installation of stillages and fork-lift 
trucks, as roller paths or the like would not be quite 
suitable. The core-shop and piston foundry, on the 
other hand, have a very good appearance. T he reviewer 
was pleased to read of the efforts made in the direction 
of ventilation, for a die-casting shop, with its rows of 
open-topped liquid metal holding furnaces, can be 
quite uncom fortable during a heat wave. This, together 
with the provision o f baths and canteens well illustrates 
the efforts the management have made to make the 
foundry “ a good place to work in.” The forge is 
equally up-to-date.
Journal of Research and Development, Vol. 4, N o. 2.

Published by the British C ast Iron Research 
Association, "Alvechurch, Birmingham.

This contains four Papers, two on m alleable, and 
one each on basic refractories and the fluidity of cast 
iron. T he first m alleable Paper by M r. P. H. Shotton 
deals with the composition and quality o f blackheart 
malleable, whilst the second by Dr. K. Roesch describes 
the production of a high-grade w hiteheart iron by 
secondary annealing and the use of a low -sulphur, low- 
silicon com position carrying higher manganese. The 
third Paper, Basic Refractories, by Mr. C. S. Hcdley, 
is a  well-balanced statem ent on the present position 
o f those materials vis-ci-vis with cupola and ladle 
practice. In the latter, patching is still a  problem  to 
be solved. The Paper on the fluidity of molten cast 
iron details the results o f a  research undertaken in the 
laboratories o f the B.C.I.R.A. by M r. E. R. Evans. 
N ot only has a fresh type of test-spiral been devised
but a new form ula—C.E.F. =  TC  +  ^  (C.E.F. being

the carbon equivalent fluidity) has been put forward. 
The influence of many elements cn fluidity were deter
mined. The illustrations fo r this Paper are clear, but 
Figs. 7, 8 and 12 to 14 have been insufficiently reduced 
for reproduction and are ugly. The whole is a very im
portant and useful piece o f work. This bulletin is avail
able to all members, and any ironfoundry can become a 
m ember free of charge by signing on a dotted line. 
Interested firms should write to Alvechurch.



664 FOUN DRY TRADE JO URN AL DECEM BER 6, 1951

Im ports and Exports o f  Iron and Steel in  O ctober
The following tables, based on Board of T rade 

returns, give figures of im ports and exports o f iron and 
steel in October. Figures for the same month in  1950

Total Exports o f Iron and Steel (tons)

Destination.

Monti
Octol

ended 
er 31.

Ten mon 
Octol

ths ended 
er 31.

1950. 1951. 1950. 1951.

Channel Islands 1,002 870 7,345 7,434
G ibraltar 02 87 1,445 705
Malta and Gozo 307 327 3,000 2,748
Cyprus 800 418 7,000 4,088
Sierra Leone 450 424 3,820 4,399
Gold Coast M 05 1,400 20,418 15,353
Nigeria 4,081 4.901 48,988 45,139
Union o f South Africa 18,310 11,105 151,749 112,126
N orthern Rhodesia . . 1,822 2,074 23,995 14,136
Southern Rhodesia . . 4,335 3,423 59,308 32,321

British E ast Africa . . 8,909 5,000 83,393 63,020
M auritius 050 029 7,393 5,628
Bahrein, K uw ait,Q atar

and Truci&l O m an. . 871 244 6,346 0,051
Ind ia  . . 0,282 7,473 83,573 74,978
Pakistan 8,449 7,034 84,310 64,248
Malaya 5,443 5,585 64,60S 01,711
C eylon............................ 2,430 2,398 29,074 22,687
N orth Borneo 320 120 4,691 3,999
Hongkong 0,425 2,304 40,907 43,897
Australia 00,070 25,820 359,829 272,934
New Zealand 10,510 11,080 148,413 8S.229
Canada 28,835 24,402 174,190 225,545
British W est Indies . . 5,070 5,565 51,846 55,102
British Guiana 735 309 6.295 4,486
Anglo-Egyptian Sudan 1,903 1,300 15,044 8,406
Other Commonwealth 1,134 1,130 13,601 9,976
Irish  Republic 10,932 3,453 82,233 68,552
Soviet Union 9 — 538 2.258
Finland 0,740 0,243 00,758 34,143
Sweden . . 11,525 12,013 75.877 95,804
Norway 7,190 5,980 72,198 51,855
Iceland 227 141 3,034 2,250
Denm ark 6,900 0,307 95,147 05,301
Poland 157 3 1,438 602
Germany 140 103 828 1,040
Netherlands 0,280 7,583 05,497 73,108
Belgium 1,055 973 11,191 9,819
France 2,198 290 21,033 4.068
Switzerland 918 711 9,154 9,367
Portugal 938 399 17,215 11,082
S p a i n ............................ 312 388 0,382 3,608
I t a l y ............................ 1,819 1,503 10,856 28,591
Austria 22 18 894 385
H ungary 1 — 330 23
Yugoslavia 176 183 11,130 7,340
Greece 394 133 0,589 2,203
Turkey 527 031 7,953 5,121
Indonesia 248 2,159 10,006 8,483
Netherlands A n tille s .. 023 1,288 7,300 7.822
Belgian Congo 354 81 1,572 1,841
Angola 39 50 1,948 1,749
Portuguese E . Africa 540 453 4,006 3.503
Canary Islands 200 36 1,947 1,541
S y r i a ............................ 400 1,313 1,643 5,753
Lebanon 2,514 1,707 10,085 11,591
Israel ............................ 2,354 2,261 19.703 20,404
E gypt 4,014 1,753 49,823 35,203
M orocco......................... 1,345 28 3,842 1.308
Saudi Arabia 82 404 2.178 1.327
I r a q ............................ 1,700 2,073 29,321 22,182
I r a n ............................ 0,800 15 85,943 58,089
Burma 1,573 2,194 10.520 12,2S4
Thailand 1,780 633 7,488 13,113
C h in a ............................ 1,170 1 4,383 4,613
Philippine Islands 661 287 8,014 2,907
U.S. A.............................. 11,809 4,348 34,219 127.011
C u b a ............................ 379 539 1,920 3.480
Colombia 931 562 5,854 7,137
Venezuela 2,025 3,743 27,007 30.565
Ecuador 492 1,018 3,244 2,603
P e r u ............................ 862 1,005 10,061 10,373
C h i l e ............................ 1,148 017 13,781 6,891
Brazil 2,519 1.437 27,123 18,635
Uruguay 1,438 712 8,031 9,852
Argentina 4,654 3,479 54,605 37,311
Other foreign 1,920 896 10,576 14,921

Total 301,782 210,419 2,526,191 2,221.798

* The ligures for 1 9 5 1  a re  no t completely comparable w ith  those for 
previous years.

are given for the purposes o f comparison and totals 
for the first 10 months of this year and of 1950 are also 
included.

Total Im ports o f Iron and Steel (tons)

From
M onth
Octob

ended 
er 31.

Ten mon 
Octol

ths ended 
er 31.

1950. 1951. 1950. 1951.

In d ia
Canada
Other Commonwealth 

and Irish  Republic 
Sweden 
Norway 
Germany 
Netherlands 
Belgium 
Luxemburg 
France 
Austria
U.S.A..............................
Other foreign

T otal . .

3,070

138
1,480
4,518
2,182
2,221
3,800
2,624

20,118
03

5,005
137

5,438

304
2,181
4,027

13,920
7,900

20,117
7,873

23,668
99

7,737
2,102

22,930
32,730

1,411
10,888
42,187
05,182
41,132
81,771
35,738

247,752
3,349

56,154
0,115

12
41,046

1,575
18,048
42,708
30,474
04,299

148,490
72,159

211,234
19,112
39,237

0,554

51,902 95,882 647,339 695,548

I r o n  a n d  s te e l  s c r a p  a n d  w a s te ,  f i t  o n ly  f o r  t h e  r e c o v e r y  o f  m e ta l  
_____________________1 117,088 I 13,917 I 1,789,829 | 513,016

Exports o f Iron and Steel by Product (tons)

M onth ended Ten m onths ended
Product. Octob ;r 31. October 31.

1950. 1951. 1950. 1951.

Pig-iron 5,215 591 20,141 15,282
Ferro-alloys, etc.—

Ferro-tungsten 92 — 972 372
Spiegeleiscn, ferro

manganese 517 54 2,122 877
All o ther descrip

tions 142 99 1,294 895
Ingots, blooms, billets,

and slabs 519 12 5,415
3,070

5,172
7,528Iron bars and rods . . 397 411

Sheet and tinp la te
bars, wire rods 

B right steel bars
3,950 365 15,008 11,171
4,505 1,752 30,681 20,394

Alloy steel bars and
rods 1,208 1,086 12,091 13,099

Other steel bars and
rods 30,013 11,461 213,286 147,995

Angles, shapes, and
18,101sections 12,602 120,340 134,577

Castings and forgings 787 1,585 6,811 10,340
Girders, beams, joists,

and pillars (rolled)* 8,171 1,419 50,929 31,997
Hoop and strip 14,271 7,403 98,702 64,431

1,708Iron  plate 239 . 28 
10,174

2,182
Tinplate 18,894 205,742 190,174
Tinned sheets 120 148 2,382 2,054
Tcrneplates, decorated

120tinplates 55 707 1,430
Other steel plate (min.

37,423 278.070|  in. thick) 19,319 221,550
Galvanised sheets 9,820 4,288 97,658 45,913
Black sheets . . 13,440 13,044 117,563 127,844
Other coated plate . . 828 441 10,319 7,156
Cast-iron pipes up  to

0 in. dia. 6,326 0,869 03,535 68,140
Do., over 0 in. dia. . . 6,442 6,101 07.290 58,465
W rought-iron tubes . . 28,316 31,140 285,005 329,257
Railway m aterial 25,739 14,690 257,519 182,807
W i r e ............................ 11,004 4,909 09,035 49,550
Cable and rope 3,074 2,451 28,008 24,412
Wire nails, etc. 4,001 1,809 21,153 22,285
Other nails, tacks, etc. 390 386 4,170 3,462
R ivets and washers . . 670 801 0,838 0,410
Wood screws 500 430 3,345 3,397
Bolts, nuts, and m etal

screws 2,077 2,677 25,929 23,762
B a t h s ............................ 1,410 1,511 11,703 12,229
Anchors, e tc .................. 819 604 7,022 7,680
Chains, etc. 1,074 992 8,097 9,379
Springs .................... 460 717 6,920 5,418
Holloware 6,866 1,400 56,671 14,728

T o t a l , in c lu d in g  o th e r  m a n u f a c tu r e s  n o t  l i s te d  a b o v e
' 301,782 I 210,419 | 2,520,191 j 2,221,793
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P ig-iron  and Steel P roduction
Statistical Sum m ary o f September Returns

The following particulars of pig-iron and steel p ro 
duced in G reat Britain have been extracted from  the 
Statistical Bulletin for October, issued by the British 
Iron and Steel Federation. Table I summarises activi
ties during the previous six m onths; Table II gives the

production of steel -ingots and castings in September, 
T able III gives deliveries of finished steel, and Table IV 
the production of pig-iron and ferro-alloys in Septem
ber. (References applicable are given a t the foot of 
column 2.)

T a b le  I .—General Summary of Pig-iron and Steel Production. {Weekly Average in  Thousands of Tons.)

Period. Iron-ore
output.

Im ported
ore

consumed.

Coke 
receipts by 
blast-fur

nace owners.

O utput of 
pig-iron 

and ferro
alloys.

Scrap 
used in 
stcol- 

making.

Steel (inc 1. alloy).

Imports.*
O utput of 
ingots and 
castings.

Deliveries 
of finished 

steel'.
Stocks.3

1949 . .  . . . . 258 169 199 183 188 17 299 233 1,071
1950 ............................ 249 174 197 185 197 9 313 239 997
1951— April 279 149 201 179 195 6 323 261 800

May1 287 159 204 182 180 7 305 242 762
.June 315 159 204 183 182 7 308 262 737
Ju ly 299 162 202 182 153 9 256 226 706
August1 280 176 203 181 147 8 266 190 713
Septem ber .. 303 184 207 190 175 10 303 252 659

T a b l e  I I . —  Weekly Average Production o f Steel Ingots and Castings in  September, 1051. {'Thousands of Tons.)

D istrict.
Open-1lenrth.

Bessemer. Electric. All other.
Tc tal. Total 

ingots and 
castings.Acid. Basic. Ingots. Castings.

Derby, Leics., N otts., N orthants and Essex 
Lancs, (excl. N.W . Coast), Denbigh, F lints., and

2.4 11.6 (basic) 1.4 0 .2 14.9 0 .7 15.0

Cheshire
Yorkshire (excl. N .E . Coast and Sheffield)

i- 1.4 
J

18.8 — 1.9 0 .5 21.6 1.0 22.6

Lincolnshire 27.9 — — 0 .2 27.9 0 .2 28.1
N orth-E ast Coast . .  ............................ 1.7 56.2 _ 1.2 0 .5 57.7 1.9 59.6
Scotland 4.2 34.3 _ . 1.4 O.S 38.8 1.9 40.7
Staffs., Shrops., W orcs. and W arwick — 16.0 _ 0 .9 0 .7 16.1 1.5 17.6
8. W ales and Monmouthshire 8 .2 55.2 O.O(basic) 0 .9 0 .1 69.9 0 .5 70.4
Sheffield (including small quantity  in Manchester) 9.3 99 9 — 8 .8 0 .6 38.8 2.1 40 .9
N orth-W est C o a s t ......................................... 0 .3 1.8 4 .9  (acid) 0 .4 — 7.2 0 .2 7.4

Total ............................ .25,1 234.8 22.5 16.9 3.6 292.9 10.0 302.9

A ugust, 19511 18.7 213.1 19.4 12.5 2 .7 258.7 7.7 266.4
September, 1950 ...................................................... 25.6 261.9 20.0 15.2 3.5 317.4 8 .8 326.2
T a b l e  I I I . — Weekly Average Deliveries of Non-alloy and Alloy Finished 

Steel. (Thousands of Tons.)
T a b l e  IV .— Weekly Average Production o f Pig-iron and Ferro-alloys 

during September, 1951 . (Thousands of Tons.)

Product. 1949. 1950.
1950. 19 51.

Sept. August. Sept.

Non-alloy steel: 
Ingots, blooms, 

billets and slabs4 4 .5 3 .6 3.4 3.4 4 .5
H eavy rails, sleep

ers, etc. 9.8 11.3 10.6 7.1 10.6
Plates & in . thick 

and over 39.2 40.0 42.7 33.8 43.0
Other heavy prod. 37.5 40.2 43.1 34.2 40 .8
Light rolled prod. 46.4 47.6 52.4 36.8 49.3
Hot-rolled s tr ip  . . 17.1 19.4 21.9 15.9 21.6
W ire rods 15.4 16.3 17.8 13.5 16.5
Cold-rolled s trip 4 .9 5.5 6.1 4 .7 6.8
B right steel bars . . 5 .6 0.2 7.2 5.3 6.3
Sheets, coated and 

uncoated 27.6 30.5 32.1 29.6 36.9
Tin , terne and 

blackplatc 13.7 14.3 14.4 10.3 15.5
Tubes, pipes and 

fittings 18.5 20.0 20.2 16.3 23.2
Mild wire 12.0 12.6 14.4 9.2 V l.Z
H ard wire 3.2 3 .5 3.8 2 .6 3 .5
Tyres, wheels and 

axles 4 .1 3 .5 3 .9 2 .5 4 .5
Steel forgings (excl. 

drop  forgings) . . 2 .4 2 .2 2.2 1.9 2 .3
Steel castings 3.6 3Í5 z'.S 3.9 2 .5

Total 265.5 280.2 299.5 231.0 300.1
Alloy steel 10.4 10.6 11.8 9.7 1.2.4

Total deliveries from 
U .K . prod.» 275.9 290.8 311.3 240.7 312.5

A dd  im ported finished 
steel 9.5 3 .8 4.2 3.8 7.3

285.4 294.6 315.5 244.5 319.8
Deduct in tra-industry  

conversion* 52.8 55.6 60.0 54.5 67.6

Total ne t deliveries . . 232.6 239.0 255.5 190.0 252.2

D istrict.
F u r

naces
in

blast.

Hem a
tite . Basic. Foun

dry. Forge. Ferro
alloys. Total.

Derby, Leics., 
N otts., Nor- 
than ts  and
Essex 24 16.8 23.4 1.6 41.8

Lancs (excl. 
N.W. Coast), 
Denbigh,Flints., 
and Cheshire .. - 0 8.0 0 .7 8 .7

Y orkshire (incl. 
Sheffield, excl. 
N .E . Coast) . .  

Lincolnshire
„

15 21.3 21.3
N orth-E ast Coast 23 8 .2 36.6 0.1 _ 1.4 46.3
Scotland 9 0 .7 12.9 2 .8 _ _ 16.4
Stairs., Shrops., 

W orcs., and 
W arwick 9 9.2 1.5 10.7

S. Wales and 
M onmouthshire 8 3.2 24.9 28.1

N orth-W est Coast 8 15.1 — 0.1 — 1.0 16.2

Total 102 27.2 129.7 27.9 1.6 3.1 189.5*

August, 19511 . . 100 23.2 125.4 27.2 1.4 3 .7 180.9
September, 1950 101 27.7 126.0 28.8 1.3 2 .9 186.8

1 Five weeks, all tables. 
f W eekly average of calendar month.
* Stocks a t the end of the years and months shown.
* O ther than  fo r conversion in to  any form of finished steel listed 

above.
6 Includes finished steel produced in  the U .K . from  im ported ingots 

and semi-finished steel.
* M aterial for conversion in to  o ther products also listed  in th is table.
7 Including 100 tons of direct castings.
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Personal
M r . J. W. M u r f in , of the hardening shop, has retired 

after 40 years’ service w ith Rolls-Royce, Limited, 
Derby. His colleagues presented him with a wallet of 
notes.

M r . J o s e p h  C la r k , office m anager o f  John  Spencer 
& Sons (1928), Limited, engineers, of Newburn- 
on-Tyne, has retired after 50 years’ service with the 
company.

M r. H. S la d e , chief rate fixer with the Brush Electri
cal Engineering Company, Limited, Loughborough, is 
giving up the engineering industry, and has now left 
the company.

T h e  d ir e c t o r s  of Lion Foundry Company, Limited, 
K irkintilloch, announce /.that, as from  N ovem ber 23, 
M r . D. C. M il l e r , their works manager, has been co 
opted to the board.

S ir B en  L o c k s p e is e r , f .r .s ., secretary to the 
Comm ittee for Scientific and Industrial Research, has 
been appointed president o f the Engineering Section of 
the British Association.

T h e  S en io r  R e p r e s e n t a t iv e  of Thomas Green & 
Son, Limited lawn mower and road-roller m anufac
turers, etc., o f  Leeds, M r . W. R o b e r t so n , has retired 
after 55 years’ association with the company.

A t  t h e  autum n general meeting of the Iron and Steel 
Institute in London recently C a p t . H. L e ig h t o n  D a v ie s  
was nominated to be the next president of the institute. 
He joined the institute in 1918 and has served on the 
council for the past 20 years.

A f t e r  50 years with the W allsend Slipway & Engin
eering Com pany, Limited, M r . A n d r e w  S p r o t , the 
secretary, is due to retire in January on reaching the 
age of 65. H e will be succeeded by M r . F. G. 
A p p l e t o n  who is at present assistant secretary.

F o u n d e r  of H attersley & Ridge, Limited, saw and 
tool m anufacturers, etc., of Sheffield, which has now 
merged with the Neepsend Steel & Tool C orporation, 
Limited, M r . A. H a t t e r s l e y  has left this week for 
South Africa, taking his wife and two children. He is 
joning a firm near Johannesburg.

M r . W a lt er  H a c k e tt , jo in t managing director of 
Accles & Pollock, Limited, presented prizes valued at 
£400 to employees, on  N ovem ber 27, fo r successes in  a 
material-saving campaign. The campaign, in which 
every departm ent took part, began last July when the 
firm was particularly short of steel, and so enthusiastic 
was the response and so intelligent and resourceful the 
many suggestions tha t a committee is now being formed 
to investigate means of continuing the campaign in a 
more perm anent form.

On t h e  e v e  of completing his one thousandth job, 
M ajor E. C. Peckham, chairm an and managing director 
of M etalock (Britain), Limited, has left London for a 
two weeks’ visit to New Y ork and Canada to report 
on progress to  the head office in Long Island City, New 
York, and the Canadian office in N iagara Falls, Ontario, 
M ajor Peckham  has already travelled m ore than 30,000 
miles this year on business trips to ten countries, and 
has opened agencies in India, Pakistan, France, P ortu
gal, the Iberian Peninsula, and  A ustralia. Subsidiary 
companies have already been formed in H olland, Italy, 
Norway, South and East Africa. I t is only four years 
since M ajor Peckham first brought this cold-repair pro
cess to this country from  Canada, and opened his 
London office. Then M ajor Peckham had a staff of one 
— now there is a large administrative staff and fifty 
trained M etalock operators, who are sent daily to  any 
part of the world to repair shipping and industrial 
m achinery on the spot. A new branch of M etalock 
is opening in  A ustralia, and will be known as M etalock 
of Australia (Pty.), Limited, 63, Perth  Street, Prahran, 
Melbourne.

Obituary
M r. J. W. L a k e , w elfare officer of the Consett Iron 

Company, Limited, has died suddenly a t the age of 65. 
He was due to retire a t the end o f the year.

M r . G il b e r t  H a ll , assistant m anager of Jones’ 
Sewing M achine Company, Limited, G uide Bridge, near 
M anchester, died on Novem ber 17, a t the age o f 42.

M a jo r  G e o f f r e y  P h il l ip s , who was fo r m any years 
associated with various collcries in Yorkshire and with 
the M idland Institute of M ining Engineers, died 
suddenly on Novem ber 18.

M r . G. W. P. B e s w ic k , c .b .e ., j .p ., who died re
cently a t the age of 67, was form erly a director of Bes- 
wick’s Lime W orks, Limited, which was taken over by 
the Staveley Coal & Iron  Company in 1947.

T h e  d ea t h  has occurred at the M anor Hospital, W al
sall. of Mr. H. E. H ind, of Walsall, chairm an and m an
aging director of the Triplex Foundry, Limited, grate 
manufacturers, Tipton. H e was due to  retire on N ovem 
ber 30.

T h e  d e a t h  occurred last week of M r . A r c h ib a l d  
M a cnab , a mem ber of the Scottish branch of the Insti
tute of British Foundrym en, who was form erly with the 
Aluminium Castings Com pany, Limited, G reenock, and 
the Renfrew Foundries Limited, Glasgow, in his forty- 
eighth year. Mr. M acnab was well known in the light- 
alloy industry in Scotland.

F o r  m an y  y ea r s  chief draughtsm an of the Furness 
Shipbuilding Company, Limited, H averton Hill-on-Tees, 
Billingham (Co. Durham), M r . J o h n  G o l d s b r o u g h , 
who joined the company in 1918, has died at the-age 
of 65. He was a mem ber o f the Institution of N aval 
Architects and of the N orth  East Coast Institution of 
Engineers and Shipbuilders.

J o in t  m an a g in g  d ir e c t o r  of Ransome & M aries 
Bearing Company, Limited, N ewark (Notts), since 1941, 
M r . J o h n  A. R oss died on N ovem ber 26. He joined the 
company as secretary in 1924 after practising as a 
chartered accountant with Wilson Stirling & Company, 
Glasgow. In 1936 he relinquished the secretaryship on 
being appointed joint general m anager and in the 
following year he joined the board.

M r . F r a n c is  F r a se r , who was secretary of the 
British Thom son-H ouston Com pany, Limited, Rugby, 
for 40 years, and had been a director o f the company 
for 27 years before his retirem ent in 1941, died on 
N ovem ber 21. Born in Scotland in 1863, he began his 
career with a comm ercial and shipping concern and 
later joined a solicitor’s office in Edinburgh. A fter a 
period of training he went to  the U nited States and in 
1890 joined the Edison G eneral Electric Com pany in 
Denver. H e returned to England in 1901 to  become 
secretary to the British Thom son-H ouston Company, 
being appointed a director in 1914.

T h e  d e a t h  occurred on N ovem ber 26 a t his hom e in 
Bridge of W eir, Renfrewshire, of Emeritus Prof. A l e x . 
L. M el la n b y , D.Sc., LL.D., w ho for 31 years occupied 
the C hair of Civil and M echanical Engineering a t the 
Royal Technical College, Glasgow. He was 80 years 
of age. Prof. M ellanby retired in 1936, when w orld
wide tribute was paid to his eminence in mechanical 
science. He was made Prof. o f M echanical Engineer
ing a t the Glasgow College in 1905. W ith the passing 
of the years his duties increased in Glasgow, until ulti
mately he was in full charge of the entire D epartm ent 
of Civil and M echanical Engineering and Applied 
Mechanics. Glasgow U niversity conferred the degree 
of LL.D. on him in June, 1936. H e was a member of 
the Council o f the Institution o f M echanical Engineers 
and a  representative of the Institution of the Joint Com 
mittee fo r N ational Certificates in M echanical Engineer
ing in Scotland.
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Û. Icmg f e l t  need
A  M O U LD IN G  PLA STER T H A T  W IL L  A N SW ER  

T H E  F O U N D R Y M A N ’ S M O S T  E X A C T I N G  
R E Q U I R E M E N T S  F O R  E F F E C T I V E  A N D  
EC O N O M IC A L  PR EPA RA TIO N  O F PA TTERN  
PLA TES, L O O S E  PA TTERN S, ODD-SIDES, ETC.

PLASTIC STONE
Easy to  m ix and handle •  W hen  m ixed possesses su itab le  
flow ab lllty  to  give accu ra te  d e ta ils  o f  th e  sand m ould •  
O n se ttin g  Is exceptionally hard  and has a good w earing 
surface •  Expansion co-efficient Is on ly  *00136 Inch per 
Inch •  N o risk  o f cracking u n d e r norm al foundry  
tr e a tm e n t. •  E xceptional s to rag e  life

Illu stration  o f  ‘ S T O U T ’ pattern by 
courtesy o f  The W atford  Foundry Co. Ltd.

Sam ples ond fu rth er p articu la rs from  Sole m anufacturers:

F & M. SUPPLIES LTD., 4B R O A D  S T .P L A C E , L O N D O N , E .C .2. L O N d o n W a ll  7212.

M an u factu rers a ls o  o f  P ar tin g  P o w d er , C o r e  C o m p o u n d s, C o re  G u m , e t c .

Introducinq
the Sennox

SAND DRIER

@ Complete absence of large rotat
ing parts.

® Extrem e sim plicity, handled by 
unskilled labour.

®  High thermal efficiency using 
any heating m edium .

6  Compact and occupies very little 
floor space.

0  Continuous in operation with low 
maintenance costs.

O  Delivers cooled, d ry  sand up to 
100 ft. away from  wet material 
intake.

L E N N O X  F O U N D R Y  CO. LTD.
G LE N VI L L E  G R O V E ,  L O N D O N ,  S . E . 8  Tel. T I D  240I



668 FOUNDRY TRADE JOURNAL DECEM BER 6, 1951

N ew s in Brief
T h e  l a t e s t  foundry productivity team to visit the 

United States was from  H olland. Baron van Krayen- 
hoff acted as leader.

A  n e w  b l o c k , providing 49 shower baths and 400 
heated lockers, has been completed at the D erby works 
of International Combustion, Limited.

I f  t h e  w r it e r  of the anonym ous letter signed 
“ Rabbit ” will forward us his name in confidence, the 
Editor will be pleased to publish his contribution under 
his nom  de plume.

O n  h is  a p p o in t m e n t  as Lord-in-W aiting, Lord Lloyd 
has resigned from  the Board of Horseley Bridge "& 
Thom as Piggott, Limited, constructional engineers and 
founders of Tipton, Staffs.

St e e l  pr o d u c t io n  in riie Sheffield area during October 
averaged 42,500 tons a week, compared with 46,200 
tons a week in October, 1950. The weekly average in 
Septem ber was 40,900 tons.

A n e w  a b lu tio n  b lo c k  was opened recently at the 
works of F. Parram ore & Sons (1924), Limited, iron- 
founders, of Chapeltown, near Sheffield, providing faci
lities fo r all the com pany’s 250 workers.

A p r o d u c t io n  r e c o r d  was established recently a t the 
billet mill at the steelworks of Samuel Fox & Company, 
Limited, Stocksbridge, near Sheffield, when 4,810 tons 
of ingots were produced in a 15-shift week.

T o s t im u l a t e  in t e r e s t  in the com pany’s activities, 
fortnightly lectures are being arranged by the Consett 
Iron Com pany, Limited, to give men in one part o f the 
plant an insight into the work o f other sections.

A n  in fo r m a l  m e e t in g  of members in the Yorkshire 
area of the Association of Bronze and Brass Founders 
will be held at the G reat N orthern H otel, Leeds, 1, on 
December 14, commencing with luncheon at 12.30 p.m.

A 15,000 s q . f t . FACTORY a t Carfin Industrial Estate 
(Lanarkshire) has been taken over by the G lacier M etal 
Company, Limited, W embley (Mddx). Production is 
expected to begin in February. M ost o f the 60 people 
to be employed will be recruited locally.

A  PRIVATE EXHIBITION HALL AND CINEMA has been 
equipped by Babcock & Wilcox, Limited, a t Salisbury 
Square House, Salisbury Square, London, E.C.4, to p ro 
vide facilities a t a central point in London and con
venient to the head office in  Farringdon Street.

T h e  p r ic e  o f  sc r a p  ir o n  in Sweden has been increased 
by 40 per cent., in the hope of stimulating collection. 
In  the meantim e merchants, desperate fo r supplies, have 
gone as fa r afield as Portugal to make purchases. It is 
estimated that 60 per cent, of Sweden’s anticipated p ro 
duction of 1,500,000 tons of castings this year is based 
on scrap.

O r d e r s  fo r four 10,000-ton vessels, three f o r  foreign 
owners and the fourth  for U .K. owners, have been 
secured by Wm. Pickersgill & Sons, Limited, Sunder
land. Three of the vessels will be engined by the 
N orth-Eastern M arine Engineering Company (1938), 
Limited, W allsend-on-Tyne, and the fourth  by H arland 
& Wolff, Limited, Belfast.

W annest congratulations are offered to Mr. T. 
M akem son, m .b .e ., on his completion o f 25 years as 
secretary o f the Institute o f British Foundrym en. It 
was on December 1, 1926, that he took up his duties, 
and twelve days later, with Mr. V. C. Faulkner he 
travelled to Belgium to be present a t the inaugural 
meeting o f the International Comm ittee o f Foundry 
Technical Associations. T he late Mr. Paul Ropsy p re 
sided and Mr. M akem son was elected honorary secre
tary—a position he still holds.

An e x t e n s io n  of the engineering departm ents of the 
universities and a developm ent of w ork at university 
level in the technical colleges w ould be needed to cure 
England of a com parative weakness in technological 
education, Lord Simon of W ythenshawe, chairm an of 
the Council of M anchester University, to ld  members of 
the court of governors on November 21.

A  U n it e d  St a t e s  G o v e r n m e n t  o r d e r , to  take 
effect on February 1, virtually reserves machine-tool 
production fo r military and defence-supporting needs. 
Because the scarcity of m achine tools is slowing up the 
defence industries, the order will place a ban on re
tooling by m anufacturers of m otor-cars, refrigerators, 
washing-machines, and o ther non-essential consumer 
goods.

D is c u s s in g  the post-war developm ent of a m otor 
and tractor industry in Poland in the 6-Year Plan, Mr. 
Tokarski, Polish M inister of Heavy Industry, said that 
two large m otor-car factories will be pu t into operation 
a t the end of this year. They will only be engaged on 
assembly work until next year, full production no t being 
expected until 1953. The factories will be situated at 
Zervan and Lublin.

D e s p it e  a drop of 28,000 tons in the Tees im ports 
of scrap, the to tal im ports into the river in September, 
am ounting to 277,942 tons, shovVed an increase of 
18,500 tons com pared w ith September, 1950. This wa's 
principally due to a 35,000-ton rise in the arrivals of 
foreign ore. September exports recorded the lowest 
monthly total since August, 1949, the shrinkage being 
most m arked in coastwise shipments of coal and over
seas exports o f m anufactured iron and steel.

T h r e e  m o t o r - d r iv e n  a ir  c o m p r e s s o r s , with a 
stand-by fourth, will supply each of the tw o extensive 
pneumatic schemes to be carried out a t Pleasley and 
Sutton collieries, in Area N o. 6 of the East M idlands 
Divisional Board, by the W estinghouse Brake & Signal 
Company, Limited. The company has also secured 
orders for equipm ent at W aunlwyd and Ffaldau col
lieries, in the South-W estern Divisional Coal B oard’s 
area.

T h e  E n g in e e r in g  C e n t r e , 351, Sauchiehall Street, 
Glasgow, C.2, has now opened a catalogue library which 
contains the literature of m ore than 3,000 firms, and also 
a complete set of British S tandard Specifications. F re
quent additions supplied by firms and constant super
vision by the technical staff of the Centre ensure that 
the library contains only the most recent publications. 
M anufacturers o f foundry plant who have not yet in
cluded the Centre on their mailing lists fo r publicity 
m atter are invited to do so.

K e it h  B la c k m a n , L im it e d , of M ill Mead Road, T o t
tenham , London, N.17, announce tha t their chief 
London representative, Mr. J. C. Campbell, retired last 
month after 50 years’ service. During this time he has 
represented the com pany both in Edinburgh and G las
gow. and has been chief London representative for the 
past 14 years. His successor is Mr. D. J. Auld, who 
has been with the company since 1914, and a represen
tative for the past 27 years, including service in M an
chester. His new appointm ent commenced on Decem
ber 1.

Blanaced Cores in Production Moulding.—The A uthor 
of the article under this title published in last week’s 
issue has pointed out that an additional safeguard could 
be added to make the core-setting foolproof. F or this, 
one corner should be cut off on each of the rectangular 
core-prints and an equivalent piece placed in the core
boxes in correct relative position. W ithout this it is 
possible to set the core wrongly, so having the boss in 
the core directly underneath the plain part o f the 
casting.
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Available in sizes up to 108 
C.F.M . displacement— one, 
two or three stages. 
Working pressures from 
25— 350 Ib./sq. in.
We shall be pleased to send 
full particulars or arrange for 

. a representative to call.

IM PERVIOUS T O  DUST.—Sealed crankcase and efficient 
air filters.
DELIVER C O O L  DRY AIR.—Efficient inter- and after
coolers cool air BEFORE entering air receiver.
PROVED RELIABILITY.—Simple construction, generous 
working parts. Bullows Patent Valve Gear.

A  LIGHT ■ COMPACT ■ SILENT - FREE FROM VIBRATION

W E  A L S O  M AKE A  C O M P L E T E  R A N G E  O F  SPR A Y P A IN T IN G  E Q U IP M E N T

ALFRED BULLOWS & SONS LTD ' LONG ST - WALSALL- STAFFS ■ T E L : 5401

DEPOTS AT— 13 SOUTH MOLTON ST., LO N D O N , W . l .  - T E L . M AYFAIR 2313 
55a ERIDGE STREET, M AN CHESTER, 3 - TEL . BLACKFR IA RS 5670
BU LLO W S HO USE, 9 BURGH Q U A Y , D U BLIN , EIRE - T EL . DUB. 21152 
105 W H ITEFIELD  RO AD. G LA SG O W  S .W .I . - T E L . G O VA N  2668

GUARD  REMOVED 
TO  SHO W  CO O LER

DESIGNED FOR FOUNDRY NEEDS
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Raw Material Markets
Iron and Steel

A big im provem ent is needed in the supply of all 
grades o f foundry pig-iron to relieve existing production 
difficulties. Some units are receiving barely sufficient 
iron to keep their plants in operation and frequent stop
pages are reported. Shortage of scrap is a further 
handicap to foundrymen. Any im provem ent in ou t
puts a t the blast furnaces is received by the steelmakers, 
who are in urgent need o f supplies to offset the short
age of scrap. The supply of sufficient and suitable 
quantities o f coke not only adversely affects production 
of pig-iron from  the furnaces in blast, but is apparently 
the prim ary reason why new furnaces cannot be blown 
in.

O utputs of the low- find medium-phosphorus irons 
are fairly well maintained, but are quite inadequate to 
cover the needs of the engineering and speciality foun
dries. H em atite producers are sending any tonnages 
they can spare to the foundries, but these quantities are 
small. Refined-iron makers are short of their base 
materials—hem atite and scrap—and this has consider
ably curtailed production. Scotch foundry iron, when 
available, is readily accepted by the foundries, many 
of which would take supplies of foreign irons of suit
able analyses if these could be obtained. Some relief 
is expected to be given to the light and jobbing foun
dries and some of the engineering foundries by the 
blowing-in o f another furnace in the D erbyshire area 
for the production of the high-phosphorus grade.

Foundry coke supplies are  coming forw ard regularly, 
deliveries being sufficient to  m eet current requirements, 
bu t users’ stocks are low. Ganister, limestone, and 
firebricks are available as required, while foundries need
ing ferro-alloys can generally obtain the supplies needed 
for their mixtures.

M any re-rollers are working short time and some 
are even closed for want of steel semis. There is an 
acute shortage of the small sizes of sections, bars, and 
strip. Efforts continue to be made to  procure Con
tinental steel semis, but the tonnages reaching the re
rollers are only small. The sheet re-rollers are also in 
need of larger tonnages o f sheet bars. W ith the dearth 
of prim e material, there is a  heavy call fo r all arisings 
of defectives and crops.

Non-ferrous Metals
On the tin  m arket yesterday (Wednesday) the cash 

price fell to  £930 and three months to £910— the lowest 
levels seen for some considerable time. The back
w ardation stood a t £20, compared w ith £15 on W ednes
day of last week.

W arrant stocks are, however, slow to improve. On 
the falling m arket consumers, as usual, have rather held 
off in the United Kingdom, and on the C ontinent buying 
has declined in volume.

London M etal Exchange official tin quotations were 
as follow : —

Cash—Thursday, £960 to  £970; Friday, £950 to £955; 
M onday, £945 to £950; Tuesday, £937 10s. to  £942 10s.; 
W ednesday, £925 to £930.

Three M onths—Thursday, £943 to £946; Friday, £932 
10s. to £937 10s.; M onday, £922 10s. to  £925; Tuesday, 
£915 to 920; Wednesday. £907 10s. to £910.

In the U nited States the R .F.C. price rem ains a t 103 
cents (£824), but there is an outcry from users w ho are 
not getting anything like as much metal as they want. 
Here, with a free m arket operating, the trade is fully 
supplied. Stocks in America are running down and the 
Longhorn smelter is reported to be on short time owing 
to reduced stocks of concentrates.

A  state of deadlock continues in the negotiations be
tween the Bolivian producers and the adm inistrator of 
the Reconstruction Finance C orporation. P robably the 
Bolivians have stiffened in their attitude in holding out 
for a minim um basis price of $1.50 per lb. for concen
trates, for the Americans have allowed their stocks to 
deteriorate to an unduly low level, and have, therefore, 
it  would appear, rather played into the hands of poten
tial suppliers.

Although the figures o f  consum ption of copper in the 
U K  have no t yet been published, it is believed that 
O ctober was a busy month with consum ption of both 
virgin and secondary metal a t a high level. Consider
ing the great difficulties tha t exist in regard to supplies 
generally, the details o f usage o f copper this year are 
rem arkably good. I t  is, of course, a  fact tha t our con
sum ption this year has so fa r  exceeded last year’s figure 
by a handsome margin.

In  zinc, however, we have fallen behind. W hat is to 
happen next year rem ains to be seen, but it is too much 
to expect that the trade will again be able to draw on 
reserves to make up for the shortfall in the supplies o f 
virgin copper and zinc. Lead looks pretty com fortable 
both as to prim ary and secondary tonnage. The ou t
look fo r scrap copper and brass is no t promising.

Natural Gas in  Alberta
Potential M arkets fo r  Appliances

A  long-term m arket fo r gas ranges, refrigerators, 
radiant and water heaters, gas furnaces, etc., is 
envisaged in a report by the T rade Comm issioner at 
A lberta to the Board of Trade. The dem and fo r these 
appliances will stem largely from  the growing use of 
natural gas.

T he trend in the use o f natural gas is and has 
been upw ard a t a  substantial rate, and over the past 
decade there has been a very rapid increase in the total 
consum ption of gas. D uring the last few years, as 
the econom y of A lberta has been expanding and popu
lation has been increasing, there has been a  large 
dem and for gas appliances. According to  the two 
general utilities, N orthw estern Utilities, Limited, 
Edm onton, and Canadian W estern N atural G as Com 
pany, Limited, Calgary, additional new customers have 
been made a t the rate o f some 7,000 to 9,000 per 
annum.

There are, however, many firms in the field and 
com petition is keen, i f  U nited K ingdom  m anufacturers 
are hoping to break into the m arket it is essential that 
they design and style their appliances to m eet C ana
dian tastes. Illustrated leaflets relating to' appliances 
at present on the m arket can be seen a t the Commercial 
Relations and Export D epartm ent of the Board of 
Trade, Tham es H ouse N orth, M illbank, London, 
S.W .l.

Once exportation of natural gas is perm itted by the 
A lberta Governm ent there should be an  increased 
m arket for appliances in British Colum bia and possibly 
Saskatchewan and M anitoba. If  exportation to the 
U nited States is also perm itted, the States o f W ashing
ton, Oregon, Idaho, and  M ontana m ay bo concerned.

C u s t o m s  a n d  E x c is e  a u th o r i tie s  h a v e  rev iew ed  th e  
c o n d itio n s  u n d e r  w h ic h  ta x - fre e  d isp e n s in g  p a c k s  o f  
p r o p r ie ta r y  o r  b ra n d e d  p r e p a ra t io n s  o f  o ffic ia l d ru g s  o r  
m e d ic in e s  m a y  b e  su p p lie d  to  w o rk s ’ f irs t-a id  ro o m s, 
a n d  th e y  h a v e  d e c id e d  th a t ,  w h e re  a  f a c to ry  c la im s  
e n ti t le m e n t to  re ce iv e  su p p lie s  ta x - fre e , o rd e rs  m u s t  be  
a u th e n t ic a te d  b y  th e  d o c to r  a n d  th e  d ru g s  m u s t  be  
co n s ig n e d  to  h im .
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DOLOMITE B R IC K

ELECTRIC FURNACES G .R .  ‘  3 4 1  * dolom ite 
b rick s  are  u sed  e x te n s iv e ly  in  w alls  and 
bottom s o f  b a s ic  e lec tric  a rc  fu rn aces. 
P ro v e d  the m o st eco n om ic  b asic  brick  ava il
ab le . C o m p le te  a b sen ce  o f  ch rom ic  oxide 
m akes * 3 4 1  * m o st su ited  fo r  p rod u ction  o f  
c h ro m iu m -fre e  a llo ys . A n y  size fu rn a ce  can 
b e  lin e d  fro m  stan d ard  sto ck  s izes.

\ . . .  . o f t ' ’s u B s i o iH t i  50 \

BASIC BESSEMER CONVERTERS G .R .  ‘ 3 4 1 ’ 
b rick s , d en se  an d  b u rn t to  v itrificatio n  at 
h ig h  tem peratu res  are  su p er io r to ram m ed 
tarred  d o lom ite  o r  * green  ’  tarred  blocks in  
the lo w e r w all p osition s. In  add ition  to 
g iv in g  m u ch  lo n g e r  and u n ifo rm  life  to  the 
c o n verter th e  e ffic ien cy  o f  the process is 
g re a tly  im p ro v ed . H ig h ly  resistan t to 
ch em ical e rosion  an d  m echan ical attrition .

D E S U L P H U R IS IN G  L A D L E S
G .R .  * 3 4 1  * b rick s  p ro v id e  the 
p erfec t lin in g  and so lve  com -

Î)letely  the re fra c to ry  p rob - 
em s con n ected  w ith  su lp hu r 

rem o va l b y  the sod iu m - 
carbon ate  p ro cess . G iv e  a life  
8 to  10  tim es lo n g e r th an  fire 
b rick  w ith o u t p atch in g  or 
atten tion . A  p erfe c t chem ical 
(basic) m ed iu m  w h ich  in 
add ition  to  lo n g e r lin in g  life  
in creases effic ien cy o f  process.

[OtNct

TEMPERA™**

The widespread and successful use of the 
G.R. ‘ 341 * dolomite brick in Basic 

Electric Furnaces, Bessemer Converters and 
Desulphurising Ladles is one of the major 
achievements in refractories. G.R. * 341 the 
result of many years research and experimenta
tion, is manufactured entirely from British 
Dolomite and is treated to ensure resistance to 
atmospheric moisture. Like all G.R. Basic 
Bricks, * 341 * is made in one of the most 
modern plants, embodying all the features of 
improved brickmaldng technique and possess
ing valuable characteristics developed by years 
of experience. Full information and advice on 
the selection and application of refractories wili 
be given on request.

GENERAL REFRACTORIES LTD
112
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PIG-IRON
Foundry Iron.—No. 3 I r o n ,  C la s s  2 Middlesbrough, 

¿11 10s.; Birmingham, £11 4s. 6d.
Low-phosphorus Iron.—Over 0.10 to 0.76 per cent. P, 

£13 0s. 6d., delivered Birmingham. Staffordshire blast
furnace low-phosphorus foundry iron (0.10 to 0.50 per cent. 
P, up to 3 per cent. Si), d /d  within 60 miles of Stafford, 
£13 12s. 3d.

Scotoh Iron.—No. 3 foundry, £13 Is., d/d Grange
mouth.

Cylinder and Relined Irons.—North Zone, £15 7 s .; 
South Zone, £15 9s. 6d.

Refined Malleable.—P, 0.10 per cent. max.—North Zone, 
£16 17s.; South Zone, £15 19s. 6d.

Cold Blast.—South Staffs, £17 5s. 6d.
Hematite.—Si up to 2 /  per cent., S. & P. over 0.03 to 0.05 

per oent. :—N.-E. Coast and N.-W. Coast of England, 
£12 17s.; Scotland (Scotch iron), £13 3s. 6d. ; Sheffield, 
£13 13s. 6 d .; Birmingham, £14 0s. 6d.; Walos (Welsh iron), 
£13 3s. 6d.

Splegeleisen.—20 per cent. Mn, £22.
Basic Pig-iron.—£11 15s. 6d. all districts.

FERRO-ALLOYS
(Per ton unless otherwise stated, delivered.)

Ferro-sllicon (6-ton lots).—40/55 per cent., £40 15s., 
basis 45% Si, scale 15s. 6d. per u n i t ; 70/84 per cent., £56 
2s. 6d., basis 75% Si, scale 16s. per unit.

Silicon Briquettes (5-ton lots and over).—21b. Si, 
£48 5 s .; lib . Si, £49 6s.

Ferro-vanadlum.—60/60 per cent., 15s. per lb. of V.
Ferro-molybdenum.—65/75 per cent., carbon-free, 9s. 6d. 

per lb. of Mo.
Ferro-tltanlum.—20/25 per cent., carbon-free, £175 ; ditto, 

oopper-free, £190.
Ferro-tungsten.—80/86 per cent., 33s. per lb. of W.
Tungsten Metal Powder.—98/99 per cent., 35s. per lb. 

of W.
Ferro-chrome (6-ton lots).—4/6 per cent C, £74, basis 60% 

Cr, scale 24s. 6d. per u n i t ; 6/8 per cent. C, £70, basis 60% Cr, 
soale 23s. 3d. per u n i t ; max. 2 per cent. C, Is. 8 /d . per lb. 
C r ; max. 1 per cent. C, Is. 8Jd. per lb. C r; max. 0.15 per 
oent. C, Is. 9 /d . per lb. C r.; max. 0.10 per cent. C, Is. 9Jd. 
per lb. Cr.

Chromium Briquettes (6-ton lots and over).—1 lb. Cr, 
£78 9s.

Cobalt.—98/99 per cent., 17s. 6d. per lb.
Metalllo Chromium.—98/99 per cent., 6s. to  6s. 3d. per lb.
Ferro-manganese (blast-furnace). — 78 per cent., 

£40 8s. 9d.
Manganese Briquettes- (5-ton lots and over).—21b. Mn, 

£60 6s. 6d.
Metallic Manganese.—96/98 per cent., carbon-free, 

£216 per ton.
SEMI-FINISHED STEEL

R e-rolling Billets, Blooms, and Slabs.—B a s ic  : Soft, u .t., 
£21 11s. 6d.; tested, 0 -08 to 0.25 per cent. C (100-ton lots), 
£22 Is. 6 d .; hard (0.42 to 0.60 per cent. Cl, £23 19s.; silico- 
manganese, £29 15s.; free-cutting, £24 15s. 6d. S iem en s 
M a r t in  A c id  : Up to 0.25 per cent. C , £27 16s.; case- 
hardening, £28 4 s .: silico-manganese, £30 16s. 6d.

Billets, Blooms, and Slabs for Forging and Stamping.—
Basic, soft, up to 0.25 per cent. C, £25 15s.; basio, hard, 
over 0.41 up to 0.60 per cent. C, £26 15s.; acid, up to 
0.25 per cent. C, £28 4s.

Sheet and Tinplate Bars.—£21 16s.

FINISHED STEEL
Heavy Plates and Sections.—Ship plates (N.-E. Coast), 

£25 6s. 6d .; boiler plates (N.-E. Coast), £26 14s.; ohequer 
plates (N.-E. Coast), £26 15s. 6 d .; heavy joists, seotions, and 
bars (angle basis), N.-E. Coast, £23 15s. 6d.

Small Bars, Sheets, etc.—Rounds and squares, under 3 in., 
untested, £27 11s.; flats, 6 in. wide and under, £27 Us.; 
hoop and strip, £28 6s.; black sheets, 17/20 g., £35 15s. 6d.; 
galvanised corrugated sheets, 17/20 g., £49 18s. 6d.

Alloy Steel Bars.—1-in. dia. and up : Nickel, £44 17s. 3d.; 
nickel-chrome, £65 2s. 9 d .; nickel-chrome-molybdenum, 
£72 10s. 3d. .

Tinplates.—52s. 1/d. per basis box.

NON-FERROUS METALS
Copper.—Electrolytic, £227; high-grade fire-refined, 

£226 10s.; fire-refined of not less than 99.7 per cent., £226 ; 
ditto, 99.2 per cent., £225 10s.; black hot-rolled wire 
rods, £236 12s. 6d.

Tin.—Cash, £925 to £930; three months, £907 10s. to 
£910 ; settlement, £927 10s.

Zinc.—G.O.B. (foreign) (duty paid), £190; ditto 
(domestic), £190 ; “ Prime W estern,” £190 ; eleotrolytio, 
£194 ; not less than 99.99 per cent., £196.

Lead.—Good soft pig-lead (foreign) (duty paid), £176; 
ditto (Empire and domestic), £175 ; “ English,” £176 10».

Zinc Sheets, etc.—Sheets, 16g. and thicker, all English 
destinations, £210 10s.; rolled zino (boiler plates), all English 
destinations, £208 10s.; zino oxide (Red Seal), d/d buyers’ 
premises, £205.

Other Metals.—Aluminium, ingots, £124; antimony, 
English, 99 per cent., £365; quicksilver, ex warehouse, 
£73 10s. to £73 15s. ; nickel, £454.

Brass.—Solid-drawn tubes, 25d. per lb . ; rods, drawn, 
3 2 /d .; sheets to 10 w.g., 3 0 /d .; wire, 31£d., rolled metal, 
28£d.

Copper Tubes, etc.—Solid-drawn tubes, 26d. per lb.; 
wire, 254s. per cwt. basis; 20 s.w.g., 281s. per owt.

Gunmetal.—Ingots to BS. 1400—LG2—1 (85/5/5/6), 
£245 to £280; BS. 1400—LG3—1 (86/7/6/2), £260 to £300 : 
BS. 1400—G l—1 (88/10/2), £330 to £360; Admiralty GM 
(88/10/2), virgin quality, £330 to  £360 per ton, delivered.

Phosphor-bronze Ingots.—P.B1, £340 to £370; L.P.B1, 
£295 to  £315 per ton.

Phosphor Bronze.—Strip, 38fd. per lb.; Bheets to 10 w.g., 
41d .; wire, 43 jd . ; rods, 38d .; tubes, 37d .; chill oast 
b a rs : solids 4s., cored 4s. Id. (C. C ldbtoed & Son, 
L im ite d .)

Nickel Silver, etc.—Ingots for raising, 2s. 7£d. per lb. (7%) 
to 3s. 7/d. (30% ); rolled metal, 3 in. to 9 in. wide X 
.056, 3s. l jd .  (7%) to 4s. 1/d. (30% ); to 12 in. wide x  
.056, 3s. 2J. to 4s. l j d . ; to 25 in. wide X .056, 3s. 4d. 
to 4s. fl./d. Spoon and fork metal, unsheared, 2s. 10/ d. to 
3s. 10/d. Wire, 10g., in coils, 3s. 7 |d . (10%) to 4s. 7 /d . 
(30%). Special quality turning rod, 10%, 3s. 6Jd. 
15°/.. 3s. l l / d . ;  18%. 4s. 3£d. All prices are net.


