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M IN U TES OF P R O C E E D IN G S

GENERAL MEETING
8 January 1953

A G e n e r a l  M e e t i n g  of the In s titu te  of Metals was held in 
the U niversity, Edgbaston, Birm ingham , on Thursday, 8 
January  1953. The Chair was taken by Mr. J . W. T h o m a s , 
Chairman of the M etallurgical Engineering Committee.

Before the meeting members paid a  visit to  the Aitchison 
Laboratories, by  invitation of Professor A. J . M u r p h y .

I n f o r m a l  D is c u s s io n  o n  “  B o l l s  a n d  T h e i r  M a i n t e n a n c e  
i n  t h e  N o n - F e r r o u s  M e t a l s  I n d u s t r y  ”

The discussion w a s  opened b y  Mr. W. H . B o w m a n , Mr. 
S. G. T e m p l e , and Mr. L. S. D. S m i t h . Numerous contri
butions were m ade, a sum m ary of which is published in the 
Bulletin, 1951-53, vol. 1, pp. 199-202 (May 1953).

A t the conclusion of the meeting, votes of thanks were 
passed to  th e  U niversity authorities for permission to use the 
Chemistry Lecture Theatre for the meeting, and to  Professor
A. J . M urphy for his invitation to  members to  visit the 
Aitchison Laboratories.

ANNUAL GENERAL MEETING
T h e  F o r t y - F i f t h  A n n u a l  G e n e r a l  M e e t i n g  of the 
In s titu te  of Metals was held in London from Monday to 
Thursday, 23-26 March 1953.

Monday, 23 March
M a y  L e c t u r e

The Forty-T hird  Slay Lecture was delivered by Sir 
C h r i s t o p h e r  H i n t o n , M.A., M .I.C.E., M.I.Mech.E., D eputy 
Controller of Atomic Energy (Production), M inistry of Supply, 
on “ The Present and F u ture Metallurgical Requirem ents of 
the Chemical Engineer,” in the Lecture Theatre o f the Royal 
Institu tion , Albemarle Street, London, W .I., a t 6.0 p.m. The 
President, D r. C. J .  S m i t h e l l s , M.C., occupied the Chair.

A t the conclusion, D r. N. P . I n g l i s , M .Eng., Member of 
Council, proposed a  hearty  vote of thanks to  Sir Christopher 
H inton for his lecture, which is prin ted  on pp. 465-470 of this 
volume of the Journal.

In  the evening, the Council entertained Sir Christopher 
H inton to  dinner a t the U nited Service Club, Pall Mall, S .W .l.

Tuesday, 24 March
The meeting was resumed a t  the P ark  Lane H otel, Piccadilly, 

W .l, a t  10.30 a.m . The retiring President, D r. C. J . 
S m it h  e l l s , M.C., occupied the Chair a t  the opening of the 
meeting.

The Chairman welcomed members and visitors attending 
the meeting from overseas.

The m inutes of the previous General Meetings, held in 
London on 19 Novem ber 1952 and in Birmingham on 8 
January  1953, were taken as read and signed by the Chairman.

E l e c t io n s  o f  O r d i n a r y  M e m b e r s , J u n io r  M e m b e r s , 
a n d  St u d e n t  M e m b e r s

The S e c r e t a r y  (Lieut.-Colonel S. C. G u i l l a n , T.D.) 
announced th a t since the Annual A utum n Meeting held in 
Oxford in Septem ber 1952, a to tal of 215 Ordinary Members,

Jun ior Members, and S tudent Members had been elected on 
12 October, 19 November, 12 December, and 31 December 
1952, and 15 January , 13 F ebruary , 25 February, and 23 
March 1953, the lists o f whoso names are printed in the 
Bulletin, 1951-53, vol. 1, pp. 129, 136, 142, 173, 183, 184, and 
194.

R e p o r t  o f  C o u n c il  f o r  t h e  Y e a r  E n d e d  
31 D e c e m b e r  1952

The C h a ir m a n  moved, Professor H u g h  F o r d  seconded, 
and there was carried unanim ously, a  m otion for the adoption 
of the R eport o f Council for the Y ear Ended 31 December 
1952, which is prin ted  on pp. 315-324 of th is volume of the 
Journal.

R e p o r t  o f  t h e  H o n o r a r y  T r e a s u r e r  f o r  t h e  
F i n a n c i a l  Y e a r  E n d e d  30 J u n e  1952

In  the absence of th e  H onorary Treasurer, Mr. E . A. 
B o l t o n , M .S c . (Member of Council), presented the R eport of 
the H onorary T reasurer and the accounts for the financial 
year ended 30 June  1952, and moved their adoption. Mr.
A. B. G r a h a m  (Vice-President) seconded the motion, which 
was carried unanimously.

The R eport and accounts are prin ted  in this volume of the 
Journal, pp. 325-328.

R f. - E i .e c t i o n  o f  A u d it o r s

I t  was proposed, seconded, and carried unanimously th a t 
Messrs. Poppleton and  Appleby be re-elected auditors to  the 
In s titu te  for the year 1953U54.

E l e c t i o n  o f  O f f i c e r s  f o r  1953-54
The S e c r e t a r y  announced th a t the following officers had 

been elected to  fill vacancies on the Council for the year 
1953-54 :

President :
Professor F . C. T h o m p s o n , D.M et., M.Sc.

Vice-Presidents:
Major C. J .  P . B a l l , D.S.O., M.C.

Professor G. V. R a y n o r , M.A., D .Phil., D.Sc.

Ordinary Members of Council:
W . A. B a k e r , B.Sc.

J .  C. CoLQunouN, M.B.E.
E. R . G a d d  

The Hon. J o h n  G r im s t o n , M.P.

S e n i o r  V i c e - P r e s i d e n t  f o r  1953-54
The S e c r e t a r y  announced th a t  the Council had elected Dr. 

S. F . D o r e y ,  C.B.E., F .R .S ., to  be Senior Vice-President for 
1953-54, and th a t he would bo its next nominee for the 
Presidency,

V o t e  o f  T h a n k s  t o  R e t i r i n g  O f f ic e r s

Professor A. J . M u r p h y ,  M.Sc. (Past-President) proposed, 
D r. E . G. W e s t  seconded, and there was carried with acclama
tion a hearty  vote of thanks to  the foliowing retiring officers 
for their services on the Council : Sir A rthur Smout, J .P .,
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Past-President; Professor H . O’Neill, D.Sc., M.Met., Vice- 
President; and Mr. E. A. Bolton, M.Se., Mr. C. H . Davy, and 
Professor A. G. Quarrell, D.Sc., Ph.D ., A.R.C.S., D .I.C., 
Ordinary Members of Council.

I n d u c t i o n  o f  T im  N e w  P r e s i d e n t

The Ch a ir m a n  (Dr. C . J . Smithells, M.C.) then introduced 
the new President, Professor F . C. T h o m p s o n , D.M et., 
M.Sc., and inducted him into the Chair.

V o t e  o f  T h a n k s  t o  t h e  R e t i r i n g  P r e s i d e n t

D r. L. B. P f e i l , F.R .S. (Member of Council) proposed, 
Professor H . O ’N e i l l , D.Sc., M.Met., seconded, and there was 
carried w ith acclamation a  hearty  vote of thanks to the 
retiring President, Dr. C. J .  Smithells, M.C. D r. Smithells 
briefly responded.

P r e s i d e n t i a l  A d d r e s s

Professor F . C . T h o m p s o n , D.M et., M.Sc., then  delivered 
his Presidential Address, which is p rin ted  on pp. 401-405 of 
th is volume of th e  Journal.

A vote of thanks to  the Pi'esident for his Address was moved 
by Dr. J .  W . G u t ii b e r t s o n ,  seconded b y  Dr. I v o r  J e n k i n s  
(Member o f Council), and carried with acclamation.

I n s t i t u t e  o f  M e t a l s  ( P l a t i n u m ) M e d a l

The S e c r e t a r y  announced th a t the Institu te  of Metals 
(Platinum) Medal for 1953 had been awarded to  Professor 
G e o r g  M a .s i n g , Dr.phil., D r.Ing.e.h ., of the In s titu t fü r 
allgemeine M etallkunde, U niversität Göttingen, Ln recognition 
o f his outstanding contributions in the field of metallography.

Professor Masing was unable to be present a t  the meeting 
to  receive the medal.

R o s e n h a in  M e d a l

The S e c r e t a r y  announced th a t the Rosenliain Medal for 
1953 had been aw arded to  D r. Ch a r l e s  E r i c  R a n s l e y , of the 
Research Laboratories, The B ritish Aluminium Co., L td ., 
Gerrards Cross, in recognit ion of his outst anding experimental 
and theoretical work on gas—m etal equilibria. The President 
then presented the medal to D r. Ransley.

W. H . A. R o b e r t s o n  M e d a l

The S e c r e t a r y  announced th a t the W . H. A. Robertson 
Medal for 1952 had been aw arded to  Mr. J o h n  F r a n c is  
W a i g h t , of the West- Midlands Gas Board, for his paper on 
“  Gas Equipm ent for the Thermal T reatm ent of Non-Ferrous 
Metals and Alloys ” (Journal, 1951-52, vol. 80, pp. 269-285). 
The President then presented the medal to Mr. W aight.

S t u d e n t s ’ E s s a y  P r i z e s

The S e c r e t a r y  announced th a t as a  result of the 1952 
S tudents’ Essay Competition, prizes had been aw arded to 
Mr. R . D. S t a c e y , of the U niversity o f Birm ingham , for an 
essay on “ Some E xperim ental Evidence for Dislocations ” 
and to  Mi-, G. T h o m a s , B.Sc., o f Cambridge U niversity, for an 
essay on “  M artensitic Transform ations in Non-Ferrous 
Metals and Alloys ” . The President then presented the prizes.

D i s c u s s io n  o f  P a p e r s

The meeting was resumed in the afternoon a t  the P ark  Lane 
H otel, when the President, Professor F . C. T h o m p s o n , D.Met., 
M.Sc., occupied the Chair.

A jo in t discussion was held on the following tw o papers, 
which had previously been published in the Jo u rn a l:

“ The Effect o f Certain Solute Elem ents on th e  Recrvstal- 
lization o f Copper,” by V. A. Phillips, A.R.S.M., B.Sc., D .Eng.,
A.I.M ., and A rthur Phillips, D .Eng.

“ Segregation of Iron and Phosphorus a t  the Grain Bound
aries in 70 : 30 Brass During Grain Growth,” by H . M. 
Miekk-oja, Sc.D.

Young's Modulus of Alloys
A discussion then took place on the them e “ Y oung’s 

Modulus of Alloys ” , based on the following papers published 
in the Journal :

“ A S tudy of Some Factore Influencing the Young’s Modulus 
of Solid Solutions ” , by A. D. N . Sm ith, B.A.

“ The Young’s Modulus, Poisson’s Ratio, and R igidity 
Modulus of Some Aluminium Alloys ” , by N. Dudziński, 
Dipl.Ing.

A t the conclusion of each discussion a  vote of thanks to the 
authors was proposed by the Chairman and carried with 
acclamation.

D i n n e r  a n d  D a n c e

In  the evening a  dinner and dance was held a t  the P ark  
Lane H otel.

Wednesday, 25 March
A t the resumed meeting, a t  10.30 a.m . a t the P a rk  Lane 

H otel, Piccadilly, W .l, two concurrent scientific sessions were 
held : (i) an  all-day Symposium on “ The Control of Quality 
in the Production of W rought Non-Ferrous Metals and 
Alloys ” . P a r t I. : “ The Control o f Quality in Melting and 
Casting ”  and (ii) discussions on other papers previously 
published in the Journal.

S y m p o s iu m  o n  “  T h e  C o n t r o l  o f  Q u a l it y  i n  t h e  P r o d u c 
t io n  o f  W r o u g h t  N o n - F e r r o u s  M e t a l s  a n d  A lloy-s  ” . 
P a r t  I . : “  T h e  C o n t r o l  o f  Q u a l it y  i n  M e l t in g  
a n d  C a s t in g  ” .

A t the morning session the Chair was taken  by the President, 
Professor F . C. T h o m p s o n , D.M et., M.Sc.

Mr. N. I . B o n d -W il l ia m s , B .S c . (Member of Council) as 
rapporteur, introduced the following six papers (see this 
volume, pp. 329-400) which had been contributed to  the 
Symposium.

In  the afternoon, the Chair was taken  by Mr. W. J .  T h o m a s , 
Chairman of the Metallurgical Engineering Committee.

There was an all-day discussion, a  report of which is printed 
on pp. 701 -712 of this volume of the Journal.

“ The Principles of Technical Control in Metallurgical 
M anufacture ” , by A. R. E. Singer, B.Sc., Ph.D .

“ The Control of Quality in the Production of Brass Ingots 
and B ille ts” , by Maurice Cook, D.Sc., Ph.D ., F .I.M ., and 
0. L. M. Cowley, B.Sc., A.I.M.

“ The Control of Quality in Melting and Casting Copper and 
High-Conductivity Copper-Base Alloys ” , b y  J .  Sykes, E.I.M .

“ The Control of Quality' in the Casting of Zinc and  Zinc 
Alloy Rolling Slabs and Extrusion Billets ” , by  C. W. Roberts,
B.Sc., A.I.M., and B. W alters, M.A.

“  The Control o f Quality in the Melting and  Casting of 
Aluminium Alloys for W orking ” , by R. T. Staples and H. J . 
H urst.

“  The Control of Quality in  Melting and Casting Magnesium 
Alloy's for H o t W orking ” , by R. G. Wilkinson, B.Sc., and 
S. B. H irst, B.Sc.Tech.

A t the conclusion of the Symposium, a vote of thanks to  
the authors was proposed by the Chairman and  carried w ith 
acclamation.

D is c u s s io n  o f  O t h e r  S c i e n t i f i c  P a p e r s

A t the morning session, the Chair was taken  by D r. L. B. 
P f e i l , F.R .S. (Member of Council).

Discussions took place based on tw o groups of papers.
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Corrosion of Alloys

“ The Effect of Cold W ork on the M icrostructurc and 
Corrosion-Resistance of A lum inium -5%  Magnesium Alloys 
Containing 0-1%  Zinc ” , by P . Brenner, Dr. Ing., and G. J . 
Metcalfe, M.Sc.Tech.

“ Atmospheric Corrosion and Strcss-Corrosion of AIu- 
minium-Copper-M agnesium and  Alum inium -M agnesium - 
Silicon Alloys in the Fully  H eat-Treated Condition ” , by 
G. J .  Metcalfe. M.Sc.Tech.

“ Interciystalline Corrosion in Cast Zinc-Aluminium 
Alloy8 ” , by C. W. R oberts, B.So., A.I.M.

High-Temperature Oxidation of Alloys
“ The High-Temporature Oxidation of Some Cobalt-Base 

and  Niekel-Basc Alloys ” , by A. Preecc, M.So., F .I.M ., and 
G. Lucas, Ph.D .

“ H igk-Temperaturc Oxidation Characteristics of a  Group 
o f O xidation-Resistant Copper-Base Alloys ” , by  J .  P . 
Dennison, Ph.D ., B.Sc., and A. Preece, M.Sc., F.I.M .

A t the conclusion of each discussion a vote o f thanks to  the 
authors was proposed by  the Chairman and  carried w ith 
acclamation.

A t the afternoon session, the Chair was taken bv Mr. G. L. 
B a i l e y , C.B.E., M.Sc. (Vice-President).

Creep and Plastic Deformation
A general discussion took place based on the following 16 

papers which had previously been published in the Journal :
“ The Effect of Grain-Size on the S tructural Changes 

Produced in Aluminium by  Slow Deform ation ” , by W. A. 
Rachinger, M.Sc.

“ Stress-Recovery in Aluminium ” , by W. A. Wood, D.Se., 
and J .  W. Suiter, B.Sc.

“ Creep Processes in Coarse-Grained Aluminium ” , bv  
D. McLean, B.Sc.

“ Electron-Microscopic Studies of Slip in Aluminium 
D uring Creep ” , by J .  T rotter.

“  Boundary Slip in Bicrystals of Tin ” , by K . E. P u ttick ,
B.Sc., and R . King, B.Sc.

“ X -R ay Diffraction Studies in Relation to  Creep ” , by
G. D. Grcenough, Ph.D ., (Mrs.) Catherine M. Batem an, B.Sc., 
and (Mrs.) E dna M. Sm ith, B.A.

“ Relative Grain Translations in  the Plastic Flow of Alu
minium ” , by W. A. Rachinger, M.Sc.

“ The Recovery of Polycrystalline Aluminium ” , by  J .  A. 
Ramsey, M.Sc.

“ The Creep/Time Relationship under Constant Tensile 
Stress ” , by S. B hattacharya, B.Sc., Ph.D ., W. K. A. Congreve,
B.A.Sc., Ph.D ., and F. C. Thompson, D.Met., M.Sc.

“ The Tcmperature-Dcpendencc of Transient and Secondary 
Creep of an Aluminium Alloy to British S tandard 2L42 a t 
Tem peratures Between 20° and 250° C. and a t  Constant 
S tre ss” , by A. E . Johnson, D.Sc., M.Sc.Tech., M.I.Mech.E., 
and N. E. Frost, B.Sc., A.M.I.Mecli.E.

“ Crystal Slip in Aluminium During Creep ” , by  D. McLean,
B.Sc.

“ Plastic Deformation of Coarse-Grained Aluminium ” , by 
(Mrs.) V. M. Uric, B.Sc., and H. L. W ain, B.Met.E.

“ Deformation of Magnesium a t  Various R ates and Tem
peratures ” , by J .  W. Suiter, B.Sc., and W. A. Wood, D.Sc.

“ The Sub-Grain S tructure in Aluminium Deformed a t 
E levated Tem peratures ” , by  J .  A. Ramsey, M.Sc.

“ Crystal Fragm entation in Aluminium During Creep ” , by 
D. McLean, B.Sc.

“ Grain-Boundary Slip D uring Creep of Aluminium ” , bv 
D. McLean, B.Sc.

A t the conclusion of the discussion, a  vote of thanks to  the 
authors was proposed by the Chairman and carried w ith 
acclamation.

C o n v e r s a z io n e  a n d  E x h i b i t i o n

In  the evening a conversazione and exhibition was held a t 
the In s titu te ’s H eadquarters, 4 Grosvenor Gardens, London, 
S.W .l.

Thursday, 26 March
I n f o r m a l  D i s c u s s io n  o n  “  L i q u i d  M e t a l s  ”

The meeting was resumed a t  10.0 a.m . a t  the P ark  Lane 
H otel, Piccadilly, W .l, when the President, Professor F . C. 
T h o m p s o n , D.M et., M.Sc., occupied the Chair.

An Inform al discussion took place on “ Liquid Metals ” , 
introduced b y  Dr. V. K o n d ic  and D r. B. R . T. F r o s t , w h ic h  
concluded a t  12.30 p.m .

V i s i t s  t o  W o r k s  a n d  L a b o r a t o r ie s

Visits were paid to  the following works and laboratories : 
The B ritish Xon-Ferrous Metals Research Association, 

E uston Street, London, N .W .l.
Hoover, L td ., Greenford.
The Pyrene Co., L td ., Brentford.
Vickers-Armstrongs, L td ., Woybridge.

The m eeting then concluded.

ANNUAL AUTUMN MEETING
T h e  F o r t y - F i f t h  A n n u a l  A u t u m n  M e e t i n g  of the 

In s titu te  o f Metals was hold in Southport from Monday to 
Friday, 21-25 Septem ber 1953.

Monday, 21 September
A General Meeting was held a t  the Town H all, Lord Street, 

Southport, a t  6.30 p.m ., the Chair being taken by the Presi
dent, Professor F . C. T h o m p s o n , D.Met., M.Sc.

The Chairman welcomed members, ladies, and delegates 
attending the meeting from overseas.

The m inutes of the previous general Meeting, held in 
London from 23 to  26 March 1953, were taken as read and 
signed by  the Chairman.

E l e c t i o n s  o f  O r d i n a r y  M e m b e r s , J u n i o r  M e m b e r s , 
a n d  S t u d e n t  M e m b e r s

The S e c r e t a r y  (Lieut.-Colonel S. C. G u i l l a n ,  T.D.) 
announced th a t  since the last General Meeting held in London 
in March 1953, a to ta l of 188 Ordinary Members, Jun ior 
Members, and S tudent Members had been elected on 14 April, 
30 April, 19 May, 12 June, 30 Juno, 24 August, and 8  Septem 
ber 1953, lists of whose names are prin ted  in the Bulletin, 
1951-53, vol. 1, pp. 207,213, 222, and 223, and 1953-54, vol. 2, 
pp. 12 and 13.

E l e c t i o n  o f  O f f i c e r s  f o r  1954-55
The S e c r e t a r y  announced th a t the following members 

would retire from the Council a t  the 1954 Annual General 
Meeting, as required by the Articles of Association :

President :
Professor F . C. T h o m p s o n , D.M et., M.Sc.

Past-Presidenl :
H . S. T a s k e r , B.A.

Vice-Presidents :
A. B. G r a h a m  

P . V. H u n t e r , C.B.E.

Ordinary Member o f Council :
L. B. P f e i l , O .B.E., D.Sc., A.R.S.M., F.R .S.

He sta ted  th a t, in accordance w ith the Articles of Associa
tion, Professor F . C. T h o m p s o n , D.M et., M.Sc., would fill the
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vacancy as Past-President and th a t, in accordance w ith 
Article 22, the Council had nom inated the following members 
to  fill the other vacancies :

As President:
S. F . D o r e y , C.B.E., D.Sc., F.R.S.

A s  V ice-P residents:
M a u r ic e  C o o k , D.Sc., Ph.D.

L. B. P ff.il , O .B.E., D.Sc., A.R.S.M., F.R .S.
Major P . L i t i i e r l a n d  T e e d , A.R.S.M.

A s Ordinary Members of Council:
R . D, H a m e r , B.Sc., D ipl.I n g .

G. P. T i n k e r , M.Sc.

He rem inded members of their rights, under Article 22, to 
m ake o ther nominations, if desired, before the conclusion of 
t he meeting.

S e n i o r  V i c e -P r e s i d e n t  f o r  1954-55
The S e c r e t a r y  announced th a t , in accordance w ith Article 

42, the Council had  elected D r. M a u r ic e  C o o k  as Senior Vice- 
President for 1954-55, and th a t he would be their nominee for 
the Presidency in 1955-5C.

A u t u m n  L e c t u r e

The Chairm an introduced Dr. M a u r ic e  C o o k , who 
delivered the Tw enty-Fourth A utum n Lecture on “ The Hew 
Metal T itanium  ” . A t the conclusion of the lecture, a  hearty  
vote of thanks to  Dr. Cook was proposed by Mr. G. L. B a i l e y ,
C.B.E., M.Sc. (Vice-President) and carried w ith acclamation. 
The lecture was printed in the Journal, 1953-54, 82, 93-106.

Tuesday, 22 September
W e l c o m e  t o  S o u t h p o r t

The meeting was resumed a t  9.30 a.m . in the Town Hall, 
Southport, when the Chair was taken by Lieut.-C'ommander
G . K. R y l a n d s , O .B.E., J .P ., R .H. (retd.), Chairman of the 
Reception Committee.

His W orship the Mayor of Southport (Alderman W i l l ia m  
T a t t e r s a l l , J .P .) ,an d  Lieut.-Commander R y l a n d s  welcomed 
members and  their ladies to  Southport on behalf of the Town 
and the Reception Committee, respectively. Mr. W. B. 
W r a g g e ,  B.Sc. (President of the M anchester Metallurgical 
Society) also welcomed members and ladies on behalf of the 
host Societies—the M anchester Metallurgical Society and the 
Liverpool Metallurgical Society. The President, Professor 
F . C. T h o m p s o n , D.M et., M.Sc., replied.

The meeting was then  briefly adjourned until 9.50 a.m. 
when two concurrent- scientific sessions took place.

D is c u s s io n  o f  P a p e r s

At Session A, Dr. C. J . S m i t h e l l s , M.C. (Past-President) 
occupied th e  Chair, and a  general discussion was held based 
on the following group o f papers published in the Journa l:

Stretcher-Strain Markings
“ Some Observations on the Occurrence of S tretcher-Strain 

Markings in an  Aluminium-M agnesium Alloy ” , bv R. 
Chadwick, M.A., F .R .I.C ., F .I.M ., and W. H . L. Hooper, B.Sc., 
A.I.M.

“ The Influence of Composition on the Incidence of Strain 
Markings in Aluminium Allovs ” , by W. H . L. Hooper, B.Sc.,
A.I.M.

“ The Stepped Stress/Strain Curve of Some Aluminium 
Alloys ” , by X. K rupnik, D .I.C., and H. Ford, D.Sc., Ph.D.

“ Discontinuous Flow and Strain-Ageing in a  6 % Tin 
Phosphor-Bronze ” , by X. H . Polakowski, D ipl.Ing., Ph.D .

“ Yield-Point Phenomena and  Stretcher-Strain Markings in 
Aluminium-M agnesiuni Alloys ” , by V. A. Phillips, A.R.S.M.,
D .Eng., B.Sc., A .I.M ., A. J .  Swain, M.A., and R . Eborall, M.A.

“ Some Methods of Measuring Surface Topography as 
Applied to  Stretcher-Strain Markings on Metal Sheet ” , by 
W. H . L. Hooper, B.Sc., A .I.M ., and J . Holden, Ph.D .

“ Effect of Composition and H eat-T reatm ent on Yield- 
Point Phenomena in  Aluminium Alloys ” , by V. A. Phillips,
A.R.S.M., D .Eng., B.Sc., A.I.M.

The following paper was then discussed :
“ Priming Paints for L ight Alloys ” , by J .  G. Rigg, Ph.D ., 

and E . W. Skerrey, B.Sc., A.I.M.

A t the conclusion of each discussion a vote of thanks to  the 
authors was proposed by the Chairman and carried w ith 
acclamation.

A t Session B, the Chair was taken by  Mr. G. L. B a i l e y ,
C.B.E., M.Sc. (Vice-President) and two groups of papers were 
discussed :

Oxidation and Sulphidation of Copper
“ The Oxidation of Copper in the Tem perature Range 

200°-800° C.” , by R . F . Tylecote, M.A., M.Sc., P h.D ., F.I.M .
“ Growth of Sulphide Film s on Copper ” , by T. P . H oar, 

M.A., Ph.D ., F .I.M ., and  A. J .  P. Tucker, M.A., Ph.D .

Diffusion and the Kirkendall Effect
“ Micrographic Aspects of the Diffusion of Zinc and Alu

minium in Copper ” , by H . Buckle, D r.Ing., and J .  Blin.
“  The Form ation of In tracrystalline Voids in Solution- 

T reated M agnesium-Aluminium Alloys ” , by E . Lardner,
B.Sc., A.I.M.

A t the conclusion of each discussion a vote of thanks to the 
authors was proposed by  the Chairman and carried w ith 
acclamation.

V i s i t s

In  the afternoon, visits were paid by members to  the works 
o f: A utom atic Telephone and Electric Co., L td ., Liverpool; 
British Insulated Callender’s Cables, L td ., and British Copper 
Refiners, L td ., P rescot; The English Electric Co., L td ., 
Liverpool; Fibreglass, L td ., St. H elens; The Manganese 
Bronze and Brass Co., L td ., B irkenhead; D. X apier and 
Son, L td ., Liverpool; and Pilkington B rothers, L td ., St. 
Helens. O ther members and ladies paid visits to  the works of 
Horrockses Crewdson Spinning and M anufacturing Co., L td ., 
P reston ; Liverpool C athedral; and  Speke H all, Liverpool.

C i v ic  R e c e p t io n

In  the evening, members and ladies were the guests of t-lie 
Mayor and Corporation of Southport a t  a  Civic Reception in  
the Town Hall.

Wednesday, 23 September

V is i t s

Members and ladies paid all-day visits to  places d is tan t 
from Southport, as follows :

(i) The Lancashire Steel Corporation, L td ., Irlam , and 
R ylands Brothers, L td ., W arrington.

(ii) Ministry of Supply, Division of Atomic Energy (Produc
tion), Metallurgical Laboratories, Culcheth, and The B ritish 
Aluminium Co., L td ., W arrington.

(iii) John  Summers and  Sons, L td ., Shotton.
(iv) Metropolitan-Vickers Electrical Co., L td ., Trafford 

Park , and Magnesium E lektron, L td ., Clifton Junction.
(v) R ichard Johnson and  Xephew, L td . ,  Manchester, and 

L c y la n d  Motors, L td ., Leyland.
(vi) T hornton Research Centre, The Shell Petroleum  Co., 

L td ., Thomton-le-Moors, and the Stanlow Refinery of th e  
Shell Refining and M arketing Co., L td .
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(vii) The City of Chester and  Lever Brothers, L td ., P o rt 

Sunlight.

B a n q u e t

In  th e  evening, members and their ladies were the guests 
of the Reception Committee a t  a  B anquet and Dance a t  the 
Prince of Wales H otel, Southport.

Thursday, 24 September
The meeting was resumed in the Town Hall, Southport, a t 

9.45 a.m ., when two concurrent scientific sessions were held.

I n f o r m a l  D is c u s s io n  o n  “  D a m p i n g  Ca p a c it y  ”

The President, Professor F . C. T h o m p s o n , D.M et., M.Se., 
took the Chair a t  Session A. An informal discussion took 
place on “ Damping Capacity ” , which was opened by Dr. 
K. M. E n t w i s t l e , who gave a survey of the work on the 
subject.

D is c u s s io n  o f  P a p e r s

A t Session B the Chair was taken by Dr. L. B. P f e i l ,
O.B.E., A.R.S.M ., F .R .S . (Member of Council), and d is
cussions took place on two groups of papers published in the 
Journal.

Structure of Nickel Alloys
“ The Constitution of Nickel-Rich Alloys of the N ickel- 

Titanium -Alum im um  System ” , by A. Taylor, Ph.D ., 
F .In s t.P ., and R. W. Floyd, B.Sc., A.I.M.

“ A Stud}’ of O rder-D isorder and Precipitation Phenomena 
in Nickel-Chromium Alloys ” , by A. Taylor, Ph.D ., F .In st.P ., 
and K . G. H inton, B.Sc.

“ The Constitution of Nickel-Rich Alloys of the N ickel- 
Chromium-Aluminium Svstem ” , by A. Taylor. Ph.D ., 
F .In s t.P ., and R, W. Floyd, B.Sc., A.I.M.

Properties of Chromium and Its  Alloys
“ The Properties o f Cast Chromium Alloys a t  Elevated 

Temperatures. I .—The Molting and Casting of Chromium- 
Rich Alloys. I I .—Some Properties of Certain B inary Chrom
ium-Rich Alloys. I I I .—The Creep Properties o f Ternary 
and More Complex Chromium-Base Alloys ” , by  A. H . Sully, 
M .S e .,P h .D .,F .In st.P .,F .I.M ., E. A. Brandes, B.Sc., A.R.C.S., 
F .I.M ., and A. G. Provan, B.Sc., A.R.T.C., A .R.I.C.

“ The Effect o f Tem perature and  P u rity  on the D uctility  
and O ther Properties of Chromium ” , by A. H . Sully, M.Se., 
Ph.D ., F .In s t.P ., F .I.M ., E. A. Brandes, B.Sc., A.R.C.S., 
F .I.M ., and K . W. Mitchell, B.Sc.(Eng-), W h.Sch., A.M.I. 
Mech.E.

In  each case a vote of thanks to  the authors was proposed 
by the Chairman and carried w ith acclamation.

V o t e s  o f  T h a n k s

A t 12.10 p.m . the President, Professor F. C. T h o m p s o n ,
D.M et., M.Se., took the Chair a t  a  General Meeting.

Dr. S. F. D o r e y , C.B.E., F .R .S ., Senior Vice-President, 
moved :

“ T hat the best thanks of the In s titu te  of Metals be, and 
are hereby, extended to  :

(i) The Presidents and Councils of the M anchester M etallur
gical Society and th e  Liverpool M etallurgical Society for their 
kind invitation to the In s titu te  to  hold this A utum n Meeting 
in Southport.

(ii) The Chairman, Lieut.-Commander G. K . Rylands,
O .B.E., R .N . (Retd.), J .P . ,  th e  H onorary Secretary, Mr. S. V. 
Radcliffe, and the members of the Reception Committee, for 
the excellent arrangem ents made for this meeting.

(Hi) The companies and individuals who so generously 
subscribed to  the H ospitality  Fund in connection w ith this 
meeting.

(iv) His Worship the Mayor of Southport (Alderman 
William Tattersall, A.M.I.Mech.E., J .P .)  for his welcome and 
for his hospitality.

(v) The Corporation of Southport for kindly placing ac
commodation for th is meeting a t the disposal of the Institu te  
and for their hospitality.

(vi) The Directors o f the following establishments and com
panies for their invitations to  members and guests to  visit 
their works and laboratories and for their hospitality : 
Autom atic Telephone and  Electric Co., L td ., Liverpool; The 
British Aluminium Co., L td ., W arrington; British Insulated 
Callender’s Cables, L td ., and British Copper Refiners, L td ., 
Prescot ; Division of Atomic Energy (Production), Minist ry  
of Supply, Culcheth ; The English Electric Co., L td ., Liverpool; 
Fibrcglass L td ., St. H elens; Horroekses Crewdson Spinning 
and M anufacturing Co., L td ., P reston; IV. and R. Jacob 
and Co. (Liverpool), L td ., A intree; R ichard Johnson and 
Newphew, L td ., M anchester; The Lancashire Steel Corpora
tion, L td ., Irlam  ; A rthur H . Lee and Sons, L td ., Birkenhead ; 
Lever Brothers, Port- Sunlight, L td ., P o rt Sunlight; Leyland 
Motors L td ., Leyland; Magnesium E lektron, L td ., Clifton 
Ju nc tion ; Manganese Bronze and Brass Co., L td ., B irken
head ; M etropolitan-Vickers E lectrical Co., L td ., Trafford 
P a rk ; D. N apier and  Son, L td ., Liverpool; Pilkington 
Brothers, L td ., St. Helens ; Rylands Brothers, L td ., W arring
ton ; The Shell Petroleum  Co., L td ., Thornton-le-Moors ; The 
Shell Refining and M arketing Co., L td ., Stanlow ; John  
Summers and Sons, L td ., Shotton; and Williams, Harvey 
and Co., L td ., Bootle.

(vii) All others who have contributed in any w ay to  the 
success of th is meeting.”

Dr. L. B. P f e i l , O.B.E., A.R.S.M ., F .R .S ., Member of 
Council, seconded the motion, which was pu t to  the meeting 
by the President and carried w ith acclamation.

Mr. H . J .  M i l l e r , M.Se. (President of the Liverpool 
Metallurgical Society) replied on behalf of the hosts.

The business m eeting then  term inated.

V i s i t s

In  the afternoon members visited the works of : British 
Insulated  Callender’s Cables, L td ., and British Copper 
Refiners, L td ., P rescot; The Manganese Bronze and  Brass 
Co., L td ., B irkenhead; and Williams, H arvey and Co., L td ., 
Bootle. O ther members and ladies visited the tapestry  
works of A rthur H. Lee and Sons, L td ., Birkenhead, the 
biscuit factory o f W. and R . Jacob and Co. (Liverpool), L td ., 
Aintree, and Knowsley H all, Prescot.

Friday, 25 September
T o u r  i n  N o r t h  W a l e s

A party  of members and ladies took p a rt in an  all-day tour 
in N orth  Wales.

The meeting then  concluded.

R e c e p t i o n  C o m m it t e e

The arrangem ents for the meeting were made w ith the 
assistance and advice of a Reception Committee constituted 
as follows :

Lieut.-Commander G. K . R y l a n d s , Chairman (Rylands 
Brothers, L td ., W arrington).

Dr. W. E. A l k in s  (Thomas Bolton and Sons, L td ., Stoke- 
on-Trent).

Mr. H . A l l i s o n  (Metropolitan-Vickers Electrical Co., 
L td ., M anchester; President, M anchester Metallurgical 
Society, 1952-53).

Dr. S. F . B a r c l a y  (M ather and P la tt, L td ., Manchester).
Mr. E . B o w y e r  (British Insulated  Callender’s Cables, 

L td ., Prescot).
Mr. C. F. B r e r e t o n  (Richard Johnson and Nephew, 
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GENERAL MEETING 
27 November 1953

A G e n e r a l  M e e t i n g  of the In s titu te  of Metals was held, 
jo intly  w ith th e  In s titu tion  of M etallurgists, a t  the  Royal 
Ins titu tion , Albemarle Street, London, W .l, on F riday, 27 
N ovem ber 1953, from 10.30 a.m . to  4.30 p.m . The Chair 
was taken by the President of the In s titu te  of Metals, Professor
F . C. T h o m p s o n , D.M et., M.Sc.

I n f o r m a l  D i s c u s s io n  o n  “  T h e  T r a i n i n g  o f  
M e t a l l u r g is t s  f o r  I n d u s t r y  ”

An informal discussion was held, which was opened a t the 
morning session by  Professor A. G. Q u a r r e l l , D.Sc., Ph.D ., 
A.R.C.S., D .I.C ., Professor of Metallurgy, U niversity  of 
Sheffield, and a t  the afternoon session by Mr. J a m e s  M i t c h e l l ,
C.B.E., D irector of Stew arts and Lloyds, L td ., Corby, and 
President of the Iron  and Steel In s titu te . A condensed 
account o f the discussion is prin ted  in the Bulletin, 1953-54, 
vol. 2, pp. 88-89 (March 1954).



Some F ric tio n  Effects in  W ire  D raw ing

D isc u ss io n

B y  G. D . S. M a c L e l la n  

(Journal, th is vol., p. 1.)

Mr. H . G. B a r o n ,* M.Sc., L .I.M . (M em ber): D r. Mac
Lellan m aintains th a t the variation  of the coefficient of 
friction w ith interfacial pressure can be neglected. No doubt 
th is is frequently true, b u t I  feel th a t  i t  is no t a  safe generaliza
tion. Some recent experiments by Lueg and Treptow  f  
provide fu rther evidence on this point. The graph shown in 
Fig. A is based on da ta  from their Table I I I  for the drawing of

and Thompson § th a t the initial pressure, ra ther than  the 
mean pressure, together w ith o ther factors govern the depth 
of th e  lubricating film, and hence the coefficient of friction, 
and these curves support th is view.

Dr. MacLellan’s explanation of the in tercept a t  zero reduc
tion of area in reduction-of-area/drawing-tension curves, is 
very convincing. Some tim e ago I  was interested in the rather 
academic question of elastic draw ing, as a possible method 
of measuring the coefficient o f friction. This idea was quickly 
dropped, b u t some calculations made a t  the tim e m ay be of 
interest. The draw ing force under elastic conditions was 
estim ated by an analysis which followed the usual lines 
except th a t the elastic stra in  condition :

was introduced instead of a plastic stress condition. The 
reduction and  expansion zones of the die m ay conveniently 
be neglected, since the work of elastic deformation, some of 
which can bo recovered in the expansion zone, is extrem ely 
small. The draw ing load is then duo to  friction in the parallel 
extension, and is given by :

I O jK r-  0) A 2m E[ 1 e *n — l ).

NUMBER OF DRAWS

F ig . A .'—The Effect of the Interfacial Pressure and Die Angle on 
the Coefficient of Friction. (Based on data by Lueg and 
Treptow.)

paten ted  medium-carbon steel wire through tungsten  carbide 
dies, using a soap lubricant and pulverized soap “ lubricant- 
carrier ” . The wire was draw n down in successive reductions 
of about 30% until i t  finally broke. In  this graph the coeffi
cient of friction has been calculated from Sachs’s equation, 
and  the mean interfacial pressure on was calculated from 
Lewis’s basic equation as given by MacLellan.J The initial 
pressure Y 1 is the interfacial pressure when plastic flow begins, 
and is taken  to  equal the yield stress.

Mr. K . H . Treptow has informed me th a t the length of the 
parallel in these dies was one-fifth o f the wire d iam eter or 
less. The effect of th is parallel length has been neglected, 
b u t in spite o f this and o ther possible sources of error, certain 
trends are clear. I t  will be seen th a t the coefficient of 
friction increases w ith increasing die angle and increasing 
initial pressure. The effect of pressure is masked in the 
first five draws by variations in the die angle, and the slight 
fall in the coefficient of friction between the first and second 
draw  is probably due to  an im provem ent in the surface 
finish of the wire. I t  was suggested in  the paper by  Baron

where 1/m is Poisson’s ratio , E  is Young’s modulus, D l is the 
initial and final d iam eter o f the w ire, and D2 is the diam eter 
in the parallel zone. The o ther symbols follow the au thor’s 
notation.

I t  is evident th a t the phrase “ effective die angle ” , used 
by Baron and  Thompson, should have been explained more 
fully. The method of measurem ent is illustrated in Fig. B,

F ig . B.- -Iliustrating the Method Used to Measure the 
Effective Die Anglo a.

in which R 1 and If2 are the initial and final radii of the wire 
and a  is the effective die angle. W ith m ost of the dies the 
approxim ation was appreciably b e tte r th an  th a t shown in 
the diagram , and little  would have been gained by using the 
more accurate method suggested by D r. MacLellan.

He has found th a t our experimental values§ of the additional 
drag caused by parallel extensions is less than  the theoretical 
value. Consideration of various possible reasons for this 
difference has led me to  the unfortunate conclusion th a t the 
operative length of parallel in these experim ents m ay have 
been somewhat sm aller than  the apparent lengths shown in 
our Figs. 8 and 9 (pp. 425 and 427 of our paper). In  view of 
the method of polishing dies, i t  seems possible th a t the 
apparently  parallel extensions m ay in fact have been slightly 
double-concave in profile. A t the ex it side, an increase in 
d iam eter of the order of 0-00005 in. would allow the wire to  
break contact w ith the die. This change in d iam eter would

* A rm am ent Research Establishm ent, Woolwich, 
f  W. Lueg and K . H. Treptow, Stahl v . Eisen, 1952,72,399. 
x G. D. S. MacLellan, J . Iron Steel Inst., 1948, 158, 347.
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§ H . G. Baron and  F . C. Thompson, J . Inst. Metals, 1950- 
51, 78, 415.
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be too small to  be m easured by our impression technique, in 
fact i t  is even too small to be m easured by the profilometer 
described by W ithers.* A fter considerable wear one m ay be 
certain  th a t the full “  p a ra lle l” length is operativo, b u t the 
dies we used were in  new condition. This possible source of 
error in  new dies having parallel extensions will no t affect our 
experim ental results or have o ther repercussions, bu t it  is 
clearly a  m atte r th a t should be borne in m ind in any future 
work.

In  the paper by B aron and  Thompson the values of ft for 
castor oil obtained from back-pull experim ents were no t given, 
because of some lack of reproducibility, which perhaps 
am ounts to  ¿0 -015  in the derived coefficient. However, 
these results acquire an  added interest in view of Dr. Mae- 
Lellan’s work w ith th is lubricant. The coefficients o f friction 
which were considered to  be the most reliable range from 
0 067 to  0-107, the sm allest figure being obtained w ith  a  3-0° 
die angle. The mean value was 0-084, and I  prefer th is to 
the value 0-12 given for those experim ents in D r. MacLellan’s 
Table I I I  (p. 11). The other results in which the reduction 
of area was small or the die angle large gave values of ¡i

between 0-11 and  0-18. I t  w-as pointed  ou t th a t under these 
conditions the derived coefficients of friction are probably 
inaccurate owing to  the complicating effect of redundant 
strains. In  addition, there was some difficulty in estim ating 
the effective die angle w ith the smallest reduction of area.

The A u t ii o r  (in reply) : The recently published data  
quoted b y  Mr. Baron provide strong support for the view 
th a t in some circum stances interfacial pressure does have a 
considerable influence on the m agnitude of /x, b u t the fact 
th a t th e  results he quotes lead to  values of n of an order of 
m agnitude larger th an  those h itherto  considered from p u b 
lished work, pu ts them  in a  new category.

The value of 0-12 which I  gave in  m y Table I I I  (p. 11) for 
the coefficient o f friction w ith  castor oil was derived from 
Fig. 16 (p. 443) of Baron and Thompson’s paper, and represents 
a mean value for the three larger reductions, for which the 
die angle was nearly constant. The corresponding values 
for n  which I  derive from curves 1 and 2 of the ir Fig. 18 
(p. 444) are 0-071 and 0-084, th a t  for curve 3 being somewhat 
higher and not accurately determ inable from the data .

D iscussion

T he Viscosity o f M etals a n d  Alloys t
Dr. E . W. F e l l . î  M.Sc., F .R .I.C ., F.I.M . (Member) : W ith 

regard to  the different m ethods used by  the authors of these 
two papers, the outer-rotating-eylinder m ethod is m uch to  be 
preferred to  the oscillating-pendulum m ethod on theoretical 
grounds, for the determ ination of the true  viscosity o f the 
liquid metal. In  th is connection, i t  is well to  recall the defini
tion of the true  viscosity of a  liquid, which m ay be expressed in 
m athem atical language approxim ately as follows : F o r a liquid 
in motion, the shear stress S  a t  any point of a  plane situated  
between two layers of liquid  moving in  the same direction 
though w ith different velocities (as in  lam inar motion), is 
equal to  the product of the viscosity of the liquid ij and  the 
velocity gradient a t the point taken  in a direction norm al to  
the plane, or :

My preference for the outer-rotating-eylinder m ethod is 
based on the fact th a t equation (1) of the paper by Professor 
Jones and Dr. B artle tt, from which these authors determ ine 
th e  viscosity y, is based on equation (a) above. In  the 
oscillating-pendulum m ethod, on the other hand, there is no 
such exact m athem atical equation representing the flow of 
the liquid, and containing explicitly its  viscosity y, and  th a t is 
due to  the complicated, and  m athem atically  in tractable, m otion 
of the liquid  resulting from the reversals of the pendulum .

There is a  fu rther point of im portance in  support of the 
outer-rotating-eylinder m ethod, which becomes evident from 
a study of the  position o f the experim ental points p lo tted  on 
the graphs reproduced in the tw o papers. The values 
p lo tted  to  represent viscosity a t  specific tem peratures, e.g. 
in Fig. 3 (p. 19) (pure tin), F ig. 4 (p. 20) (“ Crown ” pure 
zinc), Fig. 6  (p. 21) (aluminium), of the paper by Dr. Yao and 
Dr. Kondic, show considerable “  scattering ” , o r deviation 
from the assumed position of the smooth curve. Occasionally, 
for the zinc and th e  alum inium, the difference between two 
points p lo tted  for the same tem perature am ounts to  as much 
as a th ird  of a centipoise according to  the ordinate axis. In  
comparison, there is very little  “  scattering ”  of the values for 
the viscosity of high-purity  alum inium , p lo tted  as a  mean

value in Fig. 3 (p. 147) of the paper by Professor Jones and 
Dr. B artle tt. Moreover, the viscosity is p lo tted  to  a  scale 
tw ice as large as th a t in  the paper by D r. Yao and D r. Kondic.

W ith  reference to  Fig. 2 (p. 147) of the paper by Professor 
Jones and D r. B artle tt, illustrating  the relation between 
angular displacem ent 0 and speed expressed by 1 /i for con
ditions described by them  as non-slip and slip, I  am  of the 
opinion th a t  the non-linear character o f the  broken-line 
curve for w ater, a ttribu ted  by  the authors to  slip, m ay be due 
ra th e r to  an  alteration  of conditions a t  th e  solid/liquid in te r
face as a  result of the application of w-ax to  the surface of the 
graphite cylinder, thereby  affecting the  m otion of th e  w ater. 
I  th ink  i t  very desirable to  draw  atten tion  to  the generally 
acknowledged assum ption th a t slip of a liquid  past the 
surface of a  solid occurs only w ith “  perfect ” liquids, i.e. 
those having zero viscosity. In  practice, the liquid m etal in 
im mediate contact w ith  the surface of the outer ro tating  solid 
cylinder would have no velocity relative to  th e  surface of 
th a t cylinder (i.e. the liquid m etal does no t slip) by the 
boundary-layer theory of fluid dynamics. In  consequence, 
I  am unable to  accept the authors’ conclusion, on p. 147, 
th a t the complete form of the curve “ can be of use in de te r
mining w hether o r no t there is slip between molten alum inium 
and the graphite-cylinder wall ” .

Professor J o n e s  and D r. B a r t l e t t  (in rep ly): We agree 
w ith D r. Fell th a t the non-linear character of the broken-line 
curve in Fig. 2 (p. 147) of our paper is due to  an alteration  of 
the conditions a t  the solid/liquid interface, such as would 
establish surface tension or “ w ettability  ” . I f  the liquid wets 
the surface of the solid container, then  there will be no motion 
of the liquid relative to  the solid, i.e., a  condition of non-slip. 
How'ever, when the liquid does no t w et the surface of the solid, 
slip betv-een them  m ay occur. I t  is upon this basis th a t we 
carried ou t the experim ent upon a  waxed (i.e. non-u-otted) 
surface and, in  our opinion, the broken-line curve shows 
definitely th a t there v'as a small am ount of slip w ith the waxed 
surface. W hichever point of view is accepted, non-slip be
tween the m olten alum inium  and graphite container prevailed, 
a  condition essential for accurate operation of the viscometer.

* R . M. J .  W ithers, J . Iron Steel In s t., 1950, 164, 63. and  W. L. B artle tt (this vol., p. 145).
t  Jo in t discussion on the papers b y  T. P. Yao and V. % Lecturer in Metallurgy, Technical College, Bradford. 

K ondic (J. Inst. Metals, th is vol., p. 17) and W. R . D. Jones
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D iscu ssion

C reep an d  P lastic  D efo rm ation  *
Dr. N. P. A l l e n ,f  M.Met., F.I.M . (M em ber): Several of 

the papers under discussion originate in the observation made 
a t the National Physical Laboratory, and reported in the 
names of Wood and Tapsell,^ th a t deform ation taking place 
by creep a t high tem perature results in  less general disturbance 
of the lattice structure than  equal deformation taking place 
rapidly, or a t  low tem perature.

Of the two explanations, th a t which a ttribu tes  the final 
struc tu re  to  slip by the process of m igration of dislocations, 
followed by polygonization, appears to  be gaining ground. 
The work of Mr. McLean, showing how little  of the deformation 
is to be a ttr ib u ted  to  grain-boim dary movem ent, and how 
much m ay be attribu tab le  to  very m inute slip, is of great 
im portance. D r. Wood and  his collaborators have demon
stra ted  very completely how the sub-grain size is affected by 
tem perature and rate  of deform ation, and th e ir work is a 
perm anent addition to  knowledge of the mechanism of defor
m ation a t high tem perature, b u t they  have apparently  been 
misled into assuming th a t where slip cannot be seen it  does 
no t exist.

The sub-crystal form ation is largely the consequence of 
the inhomogeneity of the deformation of an  aggregate of 
crystals. S ir Geoffrey Taylor’s view th a t each crystal under
goes the deform ation of the mass as a  whole by the use of 
five modes of slip is clearly incorreet.§ The crystals acquire 
the necessary degree of freedom to  accommodate themselves 
to the ir neighbours by using different, modes of slip in different 
parts, as Calnan and Burns || showed, and Mrs. LJrie and Mr. 
W ain have now confirmed. I t  follows th a t different parts  
ro ta te  during deformation in different directions, and these 
varying rotations lead ultim ately to  the sub-structure. Calnan 
and  Clews If have also shown how these rotations lead to  
deform ation textures.

The stresses are also unevenly d istribu ted  about the sample, 
and  m ust be higher in those parts  whore complex modes of 
deform ation or excessive local deform ation are called for. 
Slip, grain  ro tation , and grain-boundary movem ent all occur, 
and  if  the specimen is no t to  crack, the stresses m ust be so 
d is tribu ted  th a t the m etal can move harm oniously as a whole. 
One of the interesting aspects of Mr. McLean’s papers is the 
dem onstration th a t each of the processes is dependent upon 
the rest. A yield in one place is followed by associated move
m ents elsewhere, and i t  would no t be unreasonable to  th ink 
th a t the whole pace is set by the rate o f stress relaxation in 
the most highly stressed p a r t s ; using dislocation theory, one 
might say th a t i t  is controlled by the ra te  of diffusion away of 
dislocations from the points a t  which they  are m ost closely 
crowded together.

These considerations are im portan t to  investigators who 
try  to  derive fundam ental laws from the study  of creep curves. 
The division of the creep process into a  prim ary  stage (slip), 
followed by a  second stage (grain-boundary movement), 
obviously has to  go overboard and w ith  i t  such equations as 
the A ndrade equation which assume a  sharp distinction 
between the processes occurring in these stages. The Andrade 
equation appears ju s t as one of a num ber of moderately

* Jo in t discussion on the following papers published in the 
Journal : S. B hattacharva, W. K. A. Congreve, and F. C. 
Thompson (this vol., p. 83); G. B. Greenough, C. M. Batem an, 
and E. M. Sm ith (1951-52, 80, 545); A. E. Johnson and N. E. 
Frost (this vol., p. 93); I). McLean (1951-52, 80, 507; this
vol., pp. 133, 287, 293); K . E . P u ttick  and R. King (1951-52, 
80, 537); W. A. Rachinger (1951-52, 80, 415; this vol., 
p. 33); J .  A. Ramsey (this vol., pp. 61, 215); J .  T ro tter 
(1951-52, 80, 521); V. M. U rie and H . L. W ain (this vol., 
p. 153); W. A. Wood and J .  Suiter (1951-52, 80, 501; this 
vol., p. 181).

successful equations, and I  incline to  the view th a t for the 
purpose o f predicting behaviour the simple equation 
a =  A SH 1 is probably as useful, and as full of pitfalls, as any. 
I  have considerable sym pathy w ith the exhaustion theory 
of the prim ary stage, inasmuch as there are undoubtedly 
places in  th e  m etal where the activation  energy necessary to 
s ta r t plastic deformation is low, and these account for the 
rapid initial creep, b u t I  prefer i t  in the form recently advo
cated by Cottrell,** in which the num ber of regions having a  
given activation energy is assumed to  rise w ith the value of 
the activation energy. We have, however, no idea of the form 
of the N /E  curve, and we might as well adm it it.

As regards steady-rate creep, I  have some liking for the 
K auzm ann theory, for we are undoubtedly concerned w ith 
the surm ounting by therm al fluctuations of an  energy barrier 
to  movement, and th is ba rrie r is made less by  the application 
of s tre ss ; bu t I  look w ith a jaundiced eye upon any  a ttem pt 
to  claim th a t the equation predicts behaviour over a wide 
range of stresses and tem perature. The stress r  in the 
equation :

V  =  2kT /h  exp (AS/If) exp (— Q /RT) sinh (A lr /k T )
refers to  stress acting a t  the point in the m etal where the 
prim ary-creep process occurs, and this is different a t  every 
point of the m etal. The activation energy Q is no t independent 
of the tem perature. I t  is prim arily  dependent on the in ter
atom ic forces, and  these in  m ost industrial motals are largely 
made up of ion-ion reactions which are strongly dependent 
upon the exact distance between the ions, and increase 
rapidly as the tem perature falls. The effect o f this is seen in 
the elastic constants, which fall considerably as the tem perature 
rises, often quite rapidly  in the tem perature range in which 
creep begins to  be im portant.

D r. K, W. Andrews,f f  B.Sc., F.I.M . (Member) and Mr. 
M. G. GEMMlLL,tt B.Sc., A .I.M .: We shall confine our rem arks 
to  the papers by D r. B hattacharya, Dr. Congreve, and 
Professor Thompson, and by D r. Johnson and Mr. Frost. 
Although these deal e ither w ith  pure m etals or w ith non- 
ferrous alloys, and our own experience has been w ith ferrous 
m aterials, we are gratified to  find ourselves in general agree
m ent w ith the conclusions reached, especially in regard to 
the best way of representing the creep/tim e relationship a t 
constant stress.

Some years ago the late D r. Jay , working in th is laboratory, 
concluded th a t the m ost satisfactory relationship for represent
ing the variation of creep strain  w ith tim e would be given by 
« (strain) cc s/t. A ndrade’s law was certainly no t found to 
apply in  as m any cases, whereas the V t relationship applied to 
a considerable num ber of creep curves obtained from commer
cial steels and alloys. I t  was la te r decided, however, th a t  a 
more general power law should be used, and i t  was shown 
th a t this gave a  satisfactory creep/tim e relationship, over a t 
least p a r t of the range for 107 ou t o f 126 creep curves examined. 
The general power law <r =  at'“, where m  <  1, does of course 
correspond to  a creep rate  which varies as a  power o f (1 U)

f  Superintendent, M etallurgy Division, National Physical 
Laboratory, Teddington, Middlesex.

|  W. A. Wood and H . J .  Tapsell, Nature, 1946, 158, 415.
§ (Sir) G. I. Taylor. ,/. Inst. Metals, 1938, 62, 307.
(I E . A. Calnan and B. D. B um s, ibid., 1950, 77, 445.

E . A. Calnan and C. J .  B. Clews, Phil. M ag., 1950, [vii], 
41, 1085.

** A. H . Cottrell, J . Mechanics Physics Solids, 1952, 1, 53. 
f t  Research and Development D epartm ent, The U nited 

Steel Companies, L td ., R otherham  .Yorks.
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and which is thus infinite initially, when e =  0  and t =  0 . 
We have found th is law to bo quite generally applicable.

Several a ttem pts have been made to  represent the second 
and th ird  stages of creep, and our a tten tion  was given for 
some tim e to a formula discussed by  de Lacombe * :

e =  e„ +  oi”‘ +  ht"
where e0 =  instantaneous extension on loading, a and  6 are 
constants, and 1 >  m  >  0 and  n >  1. This empirical formula 
has the advantage th a t i t  can be fitted to technical creep 
curves, which i t  can represent to a sufficient degree of accuracy. 
By means of the m ethods described by de Lacombe, i t  is 
possible to  apply i t  to find, from the actual experim ental 
results :

(1) An exact value o f <r0.
(2) The four constants, a, b, m, and n.
(3) The tim e to  m inim um  creep ra te  (i.e. where the 

deceleration duo to the second term  is exactly  balanced 
by the acceleration duo to  the th ird  term )—a  function 
of a, b, 7ii, and ?i only.

(4) The minimum creep ra te  itself.
If, however, the tes t has no t been carried on for a sufficient 

length of time, the possible errors in  6 and m are likely to be

attem pts to  represent the creep curves analytically, from the 
point of view of the m anufacturer and user o f commercial 
alloys, since i t  would he most valuable if  some reliable formula 
were available for interpolation between stresses and tem pera
tures for which creep curves had actually been determined. 
In  certain  cases extrapolation to longer tim es and/or lower 
stresses, could also be safely carried out.

We should also like to comment briefly on the suggestion 
by Dr. B hattacharya, Dr. Congreve, and Professor Thompson 
on p. 89, th a t the mechanism of creep is no t dissim ilar in the 
prim ary and secondary stages. This m ay bo true, particularly  
w ith the m aterials, stresses, and tem peratures they employed, 
and  perhaps generally w ith m any o ther m aterials. Our 
experience would, however, lead us to  support the view th a t 
if  the to ta l creep stra in  is separated into two parts  by the use 
of some such formula as th a t given above, certain  character
istic properties can sometimes bo associated w ith one or 
o ther of these fractions of the to ta l creep strain . Thus, in 
certain cases, if  the term s ar>d are subtracted from the 
to ta l creep strain , there rem ains a  residual creep stra in  which 
we call “  quasi-viscous creep ” , the term  atm representing 
“ transien t creep ” . I t  is no t necessary to  postulate th a t 
e ither of these p a rts  of the creep strain  is definitely associated 
w ith a single type of slip process or movem ent along in ter-

P lG . B.—Extreme Types of Creep Curve.

LOG TIME. HOURS
Eio. A.—Results for a Lead-1% Tin Alloy Extruded a t 200° C. and 

Tested under Constant Stress Conditions a t 300 lb./in.-.

uncertain. Thus, we have recently obtained some accurate 
da ta  from a series of tes ts on a  widely used commercial steel. 
This gives exceedingly good plots on the simple power law 
for the greater p a r t of th e  creep curve a t  lower stresses and 
tem peratures, b u t a t  higher stresses and tem peratures the 
second term  becomes appreciable w ithin the range of testing 
tim e.

These la te r results have enabled us to  consider the effect 
o f stress and  tem perature. The constants a and 6 can both 
bo represented in term s of fractional powers of the stress, so 
th a t  we support the views o f D r. B hattacharya, D r. Congreve, 
and  Professor Thompson, th a t  the stress is involved in  a 
m anner sim ilar to  th a t suggested by  the  N utting  and Scott- 
B lair relationship. The variation  of th e  constant a, w ith  
tem perature a t  constant stress appears to  be adequately 
represented by  an expression of the form : 

a =  const. X exp{— Q /RT)
Q, the activation energy, has values between 21 ,200  and 
34,000 cal./g.-atoin., varying somewhat w ith the stress. 
The values obtained appear to  be of the righ t order. A 
sim ilar variation has been described by  H azle tt and Parker, f

We should like to  emphasize the im portance of these

crystalline boundaries. I t  has, however, been found th a t 
e ither o f these components derived in  th is w ay m ay show its  
own peculiar dependence upon, say, a  particular alloying 
elem ent or some o ther variable. Thus, i t  was noted in a  study  
of the effect of phosphorus in a  series o f \%  molybdenum 
steels under low deform ation conditions, th a t  the transien t 
creep, b u t not the quasi-viscous creep, was directly  influenced 
by the phosphorus content. In  o ther types o f steel both 
transien t and  quasi-viscous creep m ay depend on th e  relative 
proportions of transform ed austenite and prim ary  ferrite  
present in  the specimen, after heat-treatm ent before testing.

Dr. L. M. T. HorKnr,+ B.Sc., A.R.S.M., A.I.M. (M em ber): 
D r. B hattacharya, D r. Congreve, and Professor Thompson 
express the belief th a t the power equation is universally a good 
representation of experim entally determ ined creep curves. 
However, i t  can be seen in  Fig. A th a t  the power equation 
does no t provide a  good fit of creep curves for long periods of 
tim e. The results shown were obtained from a  lead-1%  tin  
alloy extruded a t  200° C. and  tested under constant stress 
conditions a t  300 lb ./in .2. T ertiary  creep was no t reached a t 
the longest tim e of test. The upper curve shows the creep 
curve p lo tted  directly, which is fa r from  a stra igh t line. The

* J .  de Lacombe, Rev. M H., 1939, 36, 178; 1942, 39. 105, 
152, 171.

f  T. H . H azlett and E . R . Parker, Trans. Amer. Inst. M in .

Met. Eng. (in J . Metals), 1953, 197, 318.
+ M etallurgy Division, N ational Physical Laboratory, 

Teddington, Middlesex.
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next curve shows the plot o f the creep strains only, as suggested 
by B hattaeharya el al., i.e. to ta l s tra in  minus instantaneous 
extension. A  stra igh t lino is obtained for short times, bu t 
the creep strains for long tim es are greater than  those predicted 
by the power equation. Subtracting from the to tal extension 
values greater than  th a t  of the instantaneous extension 
actually  observed, does no t produce better stra igh t lines. 
The lower portions o f the lines now curve downwards, while 
for long tim es they  still curve upwards. Thus, even before 
te rtia ry  creep begins, i t  would be dangerous to  use the power 
equation for extrapolation purposes.

In  m any tests the period of secondary creep extends over 
a m ajor portion of the creep curve. Two extrem e types of 
creep curve fall w ithin th is category, as shown in Pig. B. 
Considering secondary creep as represented by the straight- 
line equation a =  m t -(- c, we have :

log o — log (i - f  +  log m

In  the curve of typo A , c is small or zero and m  is large, so 
th a t the  logarithm ic equation becomes a  straigh t line of slope 
45°. In  a curve of type B, c is large and m  is small, so th a t 
log a is constant for small values of t, i.e. the plot is a  horizontal 
line. As t increases, the horizontal line bends upwards and 
eventually approaches the stra igh t lino of slope 45°. Thus, 
although the usual creep curve lies somewhere between these 
two extrem es it  would seem th a t there is no modified relation
ship between strain  and tim e for short times, as claimed by 
the authors in th e ir Pig. 13 (p. 89). I t  seems more likely 
th a t the two intersecting stra igh t lines in Fig. 13 are parts 
of smooth curves and  in  fact the figure could easily be so 
drawn,

B hattaeharya el al. consider th a t the parallelism of their 
plots of log a and  log at against log t shows th a t the power 
equation is a  true  representation of creep curves. However, 
during secondary creep, these lines can be parallel only in 
special cases. D uring secondary creep the ra te  o f creep is 
constant, so th a t  a  stra igh t line of slope 45° is obtained, for 
all values of t, when log at is p lo tted  against log t. This straigh t 
line can bo parallel w ith the plot of log a against log t only 
when t is large compared w ith  c/m, as explained earlier. In  
the paper none of the plots of log at against log t has a slope 
of 45°, showing th a t secondary creep was no t reached in  the 
au thors’ longest tim es of test. Thus, th e ir stra igh t lines 
m ust either ab rup tly  change th e ir slope when secondary 
creep begins, which is unlikely, or the lines are no t stra igh t 
bu t gentle curves.

Mr. R . C. G ifk ins,*  B.Sc., A.I.M. (Member), and  Mr. J .  W. 
K e l l y ,* B.Sc. : We consider Mr. McLean’s paper on “ Creep 
Processes in Coarse-Grained A lum inium ” (Vol. 80, p. 507) a  sig
nificant contribution to  knowledge of creep. The discussion of 
some of th e  points raised is perhaps best postponed un til our 
own work on this subject is completed. However, there are 
a  few comments we should like to  m ake now.

The white-line patterns brought ou t by  stopping-down the 
illum ination and do-focusing have interested us, since i t  was 
by th is technique th a t W ilms j  first obtained metallographie 
evidence of the cell sub-structure. We find th a t several 
d istinct pa tterns m ay be obtained corresponding to  focus 
above or below the Gaussian plane.

Prom  multiple-beam interference fringes obtained w ith 
specimens showing th e  various patterns, we find tha t:

(i) Most white-line patterns obtained inside focus corre
spond to ridges of up to  2 ¡i height and of about 0-05 mm. 
lateral extension.

(ii) W hite lines outside focus often correspond to  com
parable troughs.

* Baillieu Laboratory, U niversity o f Melbourne, Australia,
t  G. R . Wilms and  W. A. W o o d ,,J. Inst. Metals, 1949, 75, 

693.
% L. J .  Griffin, Phil. Mag., 1951, [vii], 42, 775.
§ M. Berek, Optik, 1949, 5, 1, 144, and 329.

(iii) P a tte rn s white outside focus and black inside or vice 
versa occur; these correspond to  ridges or troughs of about 
0-15 n vertical extension or to  the line of intersection of 
slightly inclined areas.

(iv) Sometimes black and white lines, sim ilar to  diffraction 
fringes, are seen ; again black and white interchange on 
moving through focus. These correspond to  a  sinusoida 
topography sim ilar in size to (iii).

P a tte rn s (iii) and (iv) show a greater degree of correspon
dence to  cell boundaries revealed by deep etching or anodic 
filming than  do (i) and  (ii). The change in focus necessary 
to  observe all the patterns is about ± 6 -8  p., and they  have 
been observed a t  as little  as 2%  extension.

The types of p a tte rn  are illustrated by  Pigs. C, E , and 
F  (Plate XCVII). Figs. C and E  show an area on a  specimen 
deformed 14% a t 200° C., inside and outside focus, respect
ively; white lines o f types (i) and  (ii) and reversible lines of 
type (iii) can be seen. Pig. D (Plate XCVII) is the multiple- 
beam interferogram  from the same area, and illustrates the 
surface features associated w ith the patterns. Pig. F  shows 
examples o f types (iii) and (iv) on a specimen deformed 12% 
a t 325° C., repolished and extended a fu rther 3% .
_ We had  ascribed all these patterns to  diffraction effects 

sim ilar to those observed by  Griffin,J using the same micro
scopical technique, on beryl crystals, although his suggestion 
of system atic irregularities along the edges o f small steps did 
no t seem likely w ith alum inium. R ecently our attention  
was draw n to  work by Berek,§ who used diffraction theory 
to  calculate the in tensity  d istribution  o f the image of a  line 
discontinuity ad jacent to  the tru e  image plane, and i t  appears 
to  us th a t a t  least some o f the patterns observed w ith alum in
ium  m ay be due to  sim ilar diffraction effects a t  changes in 
curvature. A lthough the patterns listed under (i) and (ii) 
above m ay be due to  the geometrical effect suggested by 
Mr. Lomer (p. 511 of Mr. McLean’s paper), this explanation is 
no t so convincing when such large radii of curvature are 
involved.

The diffraction origin o f the patterns is strongly indicated 
also by evidence obtained w ith zinc deformed a t  elevated 
tem perature. The cell boundaries under narrow-pencil 
illum ination and out-of-focus conditions are always of types
(iii) or (iv); examples of these have been published.|| 
U sually a t  a  given focal setting all those boundaries a t  the 
bottom s o f valleys formed by cells appear white, whilst those 
a t  the crests appear black.

The fact th a t the out-of-focus markings can indicate either 
ridges or troughs would appear to  strengthen the polygonization 
hypothesis of cell formation. This is also supported by 
fu rther evidence of the banded nature of cells like those Mr. 
McLean noted, which we have found, using the anodie-film 
technique, on specimens deformed a t  various rates and 
tem peratures up  to  300° C. A t 300° C. the banded nature 
of the cells is no t apparent on deep etching, probably because 
of the rapid m igration of cell boundaries which we find often 
occurs under stress. Our observations on cell boundaries 
suggest th a t they  do no t differ greatly  from ordinary grain 
boundaries between grains of similar orientation.

Finally, we have been unable, using the phase-contrast 
microscope, to  detect fine slip in  specimens deformed 1-0% 
or more a t  300° C. This confirms and  extends to lower strains 
the eleetron-microscope observations o f G arrod, Suiter, and 
Wood.^f Wc have confirmed its  presence, however, on a 
specimen deformed 2-7% a t  200° C., b u t find th a t soaking the 
specimen, unstressed, a t  200° C. for 48 hr. causes a  distinct 
dim inution of the fine slip. I t  m ay be th a t th is therm al 
polishing (or oxide film form ation), explains, a t  least in  part, 
Mr. McLean’s failure to  detect fine slip a t  la ter stages of the 
tes t and  its  apparent absence in  tests a t  higher tem peratures.

|1 J .  A. Ram sey, .J. Inst. Metals, 1951-52, 80, 167.
R . C. Gifkins, Australasian Eng., 1952, (May), 63.

H R . I. Garrod, J .  W. Suiter, and W. A. Wood, Phil. Mag., 
1952, [viij, 43, 677.
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Mr. A. P . M i o d o w n i k ,*  B .S c . ,  L.I.M . (Student Member): 

The wealth of experim ental da ta  now available on creep 
m arks a  stage in th e  study o f this subject which has already 
been passed in th a t o f age-hardening. Bearing in  m ind the 
conflicting argum ents which have raged and are still raging 
on the u ltim ate mechanism of age-hardening, i t  is instructive 
to  compare certain aspects of the two fields of research, in 
order th a t unnecessary conflict as regards creep m ay be 
avoided.

Although a t  first sight no t closely related, the two subjects 
exhibit several basic similarities. Changes on ageing consist 
essentially o f the constraint of excess solute ions in enforced 
solid solution being relieved by clustering, rearrangem ent, 
and lattice change. The final equilibrium condition is not 
a tta ined  un til a  series of interdependent processes have taken 
place, there being a  wide variation in the rates of reaction for 
the various stages, particularly  in relation to  tem perature. 
I t  is generally adm itted  th a t precipitation of any  kind, even 
under equilibrium conditions, is preceded by pre-precipitation 
phenomena, which become, however, progressively more 
transien t as the conditions of precipitation approach equili
brium. The processes occurring during the creep of alum in
ium, as envisaged by Mr. McLean, show a  striking resemblance 
to  those occurring during ageing, if  the term  “ solute atom s ” 
is replaced by “ dislocations ” , Thus, the restra in t in the 
initial condition is thought to  be due to  an enforced excess 
of dislocations in  the lattice, and  relief is obtained by  clustering 
o f dislocations (the polygonization process), followed b y  a 
gradual rearrangem ent of the dislocation boundaries which 
leads to  a  type of boundary w ith the properties and character
istics of a  conventional grain boundary.

The value of the comparison lies in the acceptance in the 
field of creep of the concept already enunciated for precipitates, 
namely th a t  the equilibrium condition is always preceded by 
some transien t stages, and th a t th e  tem perature will largely 
control the rate  of reaction of each stage. The controversy 
between the school o f thought which adheres to  direct 
fragm entation of grains into cells, and th a t which upholds the 
alternative theory of polygonization, can then be resolved 
sim ply into a  question of the rate o f polygonization.

While th is concept is adm ittedly  an oversimplification of the 
problem, i t  would bo interesting and instructive to  obtain 
some values of the ra te  o f polygonization, although owing to 
the m arked heterogeneity of such a  process, the experim ental 
difficulties are very great and, to  the best o f my knowledge, 
no such values are available a t  present in the literature.

Mr. E . C. W. PEBRYMAN.f M.A., A.I.M. (Member) : 
L uring  a  study of the recrystallization characteristics of 
super-purity  alum inium and super-purity-base alum inium - 
magnesium alloys, I  have also investigated the recovery 
process and found sim ilar sub-grain structures to those 
shown by Mr. Ramsey in  connection w ith  his first paper. I  
have no t observed any sub-structure in the as-cold-worked 
m aterial, bu t find th a t there  is a tendency for the sub-structure 
after annealing to  become finer as the am ount of cold work 
increases from 20 to  80%. For example, a fter annealing a t 
375° C. super-purity  alum inium  cold 'worked 20% gave sub
grains approxim ately 30 n  in size, whereas after 60% cold 
work the grains measured about 10 p. Like the author, I  
found th a t these sub-structures, once formed, did no t change 
in size or shape w ith longer annealing tim es, and, moreover, 
formed in certain  grains and certain  regions o f grains more 
readily than  in others (see Fig. G, P late XCVII).

The equi-axed type of sub-structure, sim ilar to  th a t illus
tra ted  in Fig. 8 (Plate V III) of the paper, forms in  very short 
tim es; for example, w ith 50% cold work such sub-structures 
were observed in  specimens annealed for only 10 sec. a t 
375° C. X -ray exam ination of these equi-axed sub-structures

* Research D em onstrator, B attersea College of Technology, 
London.

f  Aluminium Laboratories, L td ., K ingston, Ont., Canada.
1 P . A. Beck, Trans. Amer. h ist. Alin. Met. Eng., 1952, 

194, 979.

by an oscillating-beam m ethod sim ilar to th a t used by Mr. 
R am sey showed th a t a fter short annealing tim es discrete 
spots from the sub-grains are obtained, superimposed on an 
intense diffuse background. W ith longer annealing tim e3 
th e  in tensity  of the background decreases. I t  would thus 
seem th a t the polygonized areas become more strain-free 
as the annealing tim e increases. F u rth e r support for this 
was obtained by carrying ou t micro-hardness tests on the 
polygonized areas. The hardness of areas showing an equi- 
axed sub-structure decreased slightly w ith annealing tim e, 
b u t they  were always much harder (approx. 25 D .P.N .) than  
the fully recrystallized areas (18 D .P.N .). I t  thus appears 
th a t these sub-structures are no t completely strain-free; 
fu rther evidence for this is found in the observation th a t slip 
proceeds far more readily in the fully recrystallized grains 
than  in the polygonized areas (see Fig. H , P late XCVII).

Growth of new grains takes place w ithin the recovered 
areas and, in view of the observations mentioned above, i t  
appears th a t the driving force for this grow th is the remaining 
s tra in  energy. I t  is no t necessary to  assume, as Beck f  has 
recently done, th a t  the driving force for growth is the increased 
surface energy due to th e  small size of the sub-grains.

I t  has often been suggested th a t these sub-grains or polygons 
m ay ac t as the nuclei for recrystallization. In  the specimens 
examined, I  never observed recrystallization nuclei w ithin 
these polygonized areas, b u t observed them  w ithin the 
unrecovered areas. Fig. G shows recrystallization nuclei w ith 
in a grain which showed no signs of recovery, while the neigh
bouring grain had s ta rted  to  recover. H as Mr. Ram sey been 
able to  identify recrystallization nuclei w ith the sub-grains 
in the recovered areas ?

Is ho convinced th a t the recovered structures of the equi- 
axed type are formed by a diffusion of dislocations such as 
th a t described by Cahn? I t  is possible th a t the much 
sm aller sub-grains, approxim ately 2 p  in size, which have been 
observed in cold-worked m aterials by Heidenreich§ and by 
H irsch and  Keljar,l| are unstable a t  higher tem peratures and 
thus grow until an equilibrium  size is reached ? In  view of 
this suggestion i t  would be instructive to  investigate the 
recovery of m aterial which had been cold worked a t  very low 
tem perature.

Dr. W. A. R achinger, |̂ M.Sc. (Junior M em ber): Dr. 
Greenough, Mrs. Batem an, and Mrs. Sm ith have shown th a t 
a  solid-solution alum inium -silver alloy breaks down, during 
slow deformation a t  an elevated tem perature, into a  sub
structure of small, relatively perfect crystal blocks. This they 
a ttrib u te  to  a polygonization process activated by both stress 
and tem perature, dislocation movem ent being unim paired by 
the presence of the silver atom s, which are of approxim ately 
the same size as the alum inium atom . On the o ther hand, a 
two-phase alloy did no t exhibit a sub-structure after deform a
tion, the in terpre tation  being th a t the dislocation move
m ents necessary for polygonization are inhibited by  the 
presence of precipitate particles.

I t  is of in terest to  compare these results w ith the findings 
of a  similar investigation on alum inium-magnesium alloys 
carried ou t a t  the Baillieu Laboratory, U niversity of Mel
bourne. The results and  the ir in terpretation  followed the 
same general trends as those described b y  the authors, 
although some minor differences existed.

Solid-solution alloy's (1% magnesium), deformed slowly' a t  
various tem peratures, developed a sub-structure whose size 
was the same as th a t observed in  high-purity' alum inium 
deformed under sim ilar conditions. The cells formed in  the 
alloy had, however, no t achieved the same degree of internal 
perfection as those formed in  pure aluminium. This was 
evidenced by a slight blurring of the X -ray reflections from 
an in ternal section of the alloy test-piece. A pparently m any

§ R . D. Heidenreich, Bell System Tech. J . ,  1951, 30, (4), 
867.

|| P. B. Hirsch and J . X. Kellar, Acta Cryst., 1952, 5, 162.
Aeronautical Research Laboratories, Melbourne, 

Australia.
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of the dislocations were unable to  take p a r t in the poly- 
gonization process and  rem ained in the in terior of the cells, 
thus causing m inor disorientations. I t  seems likely th a t  the 
large magnesium solute atom s inhibited dislocation movement.

The structure of the deformed two-phase alloys (10% 
magnesium) is also of interest. I t  was found th a t , for a 
given strain , the in ternal disorientations suffered by the 
grains decreased w ith increasing tem perature of deformation. 
Coll form ation was no t observed, provided th a t  the alloys 
were strain-free before the high-tom perature deformation. 
Here the in terpre tation  was the same as th a t o f the authors, 
namely th a t  the precip itate particles ac t as effective disloca
tion traps. If, however, the alloy was deformed a t  room 
tem perature (—5%  elongation), a  cell struc tu re  was developed 
during subsequent creep a t  an  elevated tem perature, and the 
size of these cells was found to  be much smaller than  those 
formed in pure aluminium deformed under the same condi
tions. I t  would appear th a t, of the large num ber of disloca
tions produced by the initial cold working, some are able to 
take p a rt in a polygonization process whose ex ten t is lim ited 
by the presence of precipitate particles.

Dr. Greenough and his collaborators also found th a t the 
deform ation sub-structure of high-purity alum inium, as re 
vealed by X-ray-diffraction methods, was the same a t  the 
surface as in  the in terio r of tes t specimens. These results 
presum ably apply to  specimens whose final elongation was 
of the order of 10%. W ith heavier deformations (~ 50%  
elongation) slight structu ral differences can he observed. 
The cells in the surface grains were found to  be less perfect 
than  those in the interior, as dem onstrated by a slight blurring 
of their X -ray reflections. I t  is no t surprising th a t such an 
effect exists, since recent work * has shown th a t during the 
slow deformation of alum inium a t  elevated tem peratures the 
surface gram s deform to  a much greater extent than  those in 
the interior.

The cells formed in  the surface grains o f alum inium - 
magnésium solid-solution alloys were found to  be less perfect 
than  those in  the interior. H ere the effect was more m arked, 
being readily observable a t  10% elongation. I f  more dislo
cations are produced in the surface grains and  consequently 
more are trapped  by  th e  solute atom s, this feature m ay readily 
he explained.

In  his paper on “ G rain-Boundary Slip D uring Creep of A lu
m in ium ” (p. 293) Mr. McLean has shown th a t, during creep, 
the stra in  due to  grain-boundary slip bears a  linear relation 
to  th a t due to  crystal slip. H e has furtherm ore derived a  
theoretical relationship betw een these two quantities (equa
tion (3), p. 298) and has shown th a t th is is num erically in 
agreem ent w ith his experim ental results. However, in  view 
of the assumptions made and the mode of derivation of 
equation (3), th is agreem ent m igh t appear fortuitous.

Briefly the assumptions are :
(a) G rain-boundary slip is due entirely  to  polygonization,

i.e. lattice rotation in the neighbourhood of the grain boundary, 
as indicated in Fig. 9 (p. 298).

(b) The extension o f the individual crystals arises wholly from 
polygonization movements. This means : (i) th a t all the 
dislocations rem ain w ithin the crystal, u ltim ately  forming a 
polygonized array  and giving rise to  the observed tilts  between 
sub-crystals, and (ii) th a t the dislocations move only through 
distances of the order of d, the  sub-grain size.

I t  is to  be noted th a t in  an earlier paper,f i t  was no t the 
to ta l extension due to  crystal slip, b u t only the “ missing 
creep ” which was identified w ith polygonization. Mr. 
McLean found th a t  th is “  missing creep ”  accounted for 
approxim ately one-half of the to ta l extension. I f  th is is 
the case for the present experim ents, whose conditions were 
not widely different from th e  earlier ones, the values of 
■p/E shown in the last column of Table I  (p. 299) should be 
increased by a  factor of about two.

If, moreover, two slip directions are considered, as in Mr. 
McLean’s earlier papers,j: equation (2 ) (p. 298) would read 
E  S i Qf w hilst the mean value of p, as given by equation (1) 
(p. 298), would rem ain unchanged. Equation (3) would then 
be replaced by d — 2p/E . Thus, for purposes of comparison 
w ith the values of d, the quantities in the last column of 
Table I  should be increased by a factor o f 3 o r 4. The com
parison still shows the quantities involved to  be of the same 
order of m agnitude, b u t the ir agreem ent can hardly he con
sidered as evidence of the correctness of assumption (a).

Thus, although the linear relationship between the total 
elongation and the  elongation due to grain-boundary slip is 
well founded, it  is uncertain  w hether this feature is due to 
the physical processes which Mr. McLean envisages.

A fu rther objection to  the proposed mechanism of grain- 
boundary slip is th a t i t  does no t necessarily im ply a  wholesale 
movem ent o f one grain past another, bu t requires only 
localized movements a t  the boundary to  accommodate 
shears in  the neighbouring deformation band. Thus, m arker 
lines draw n on the surface would be expected to  show deflec
tions near a  grain  boundary even in th e  absence of boundary 
m igration. This is no t generally the case.§

An obvious difficulty arises on consideration of the case in 
which no deformation banding occurs,|| the grains retaining 
their in ternal perfection throughout the deformation. On 
Mr. McLean’s hypothesis, grain-boundary slip would necessi
ta te  large grain  rotations o f approxim ately 1° for each 1% 
elongation. X -ray  diffraction evidence shows th a t the ro ta 
tions are m uch smaller than  this. I t  seems more likely th a t 
the grain-boundary slip arises from translatory  movements. 
System atic movements o f th is type are necessary if boundary 
slip is to contribute to  the deformation. Observed differences 
in  the la teral displacem ent of the longitudinal and tran s
verse m arker lines* would tend to  suggest th a t th is is the 
case.

The existence of a  linear relationship between the grain- 
boundary displacem ents, as m easured on the surface, and the 
to ta l elongation, is said to suggest th a t “ the surface m easure
m ents do no t seriously m isrepresent the grain-boundary 
movements throughout the m etal ” (p. 298). In  view of the 
recent work on this subject * I  feel th a t, although the am ount 
o f grain-boundary slip is linearly related to  the to ta l elonga
tion , the factor o f proportionality  will be dependent on the 
distance below the surface. Considerations such as this 
suggest the v ita l need for new experim ental techniques 
which will allow investigations o f the interior of a plastically 
deforming metal.

Dr. J o h n s o x  and Mr. F r o s t  {in reply) : We entirely agree 
w ith D r. Allen’s rem ark th a t the division of the creep process 
into prim ary and secondary stages has to be abandoned, and 
w ith i t  any  equation which assumes a  sharp distinction be
tween processes occurring in these stages. On the o ther hand, 
equations which indicate the simultaneous progress o f a num 
ber of processes throughout the whole creep tes t are certainly 
rational in form. The w riters and Mr. A. Graham, of the 
N ational Gas-Turbine Establishm ent, among others, are 
attem pting to  develop th is type of equation on a sound 
experim ental basis.

W ith regard to  the view expressed by D r. Allen th a t equa
tions of the type a =  A SH ’1 are as likely as any reasonably to 
predict behaviour, we would point to  the suggestion made on 
p. 106 of our paper th a t such an equation is valid for a  limited 
tem perature range. F u rth e r da ta  in our possession indicate 
th a t a t  a  specific tem perature the creep strain  m ay be well 
represented over considerable periods of tim e by  a  generalized 
version of the above equation, viz. a  =  SA/S*!*. This 
equation, o f course, fulfils the condition mentioned above of 
representing several co-existing processes throughout the 
whole creep period concerned. The constants in such an

* W. A. Racliinger, J . Inst. Metals, this vol., p. 33. 
f  J . Inst. Metals, 1951-52, 80, 507. 
x ibid., 1951-52, 80, 507 ; this vol., p. 287.

§ See e.g. W. A. Rachinger, ibid., th is vol., P late  V, Fig. 2. 
[j W. A. Wood, G. R. Wilms, and W. A. Rachinger, ibid., 

1951, 79, 159.
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equation can be determ ined from m oderately short tests over 
a reasonably wide stress range.

However, the use of such equations m ust obviously be re
stricted on two counts. They give no inform ation concerning 
actual fracture, and for very  long life periods they  give no 
account of therm al deterioration of the material. N everthe
less, as D r. Andrews has emphasized, their usefulness in 
restricted  fields should no t be under-estimated.

In  view of the rem arks of Dr. Allen quoted above, we were 
somewhat surprised th a t he should express sym pathy w ith 
the  exhaustion theory of creep, although he does express a  
preference for i t  in the form advocated by Cottrell. Our paper 
has shown th a t, for the particu lar m aterial tested, the ex
haustion theory as expressed by  M ott and N abarro is very 
inadequate to  represent the results obtained. A dm ittedly, as 
Dr. Allen points out, there are places in the m etal where the 
activation energy is low-, and accordingly some mechanism of 
the exhaustion type is likely to  be operative, bu t i t  appears 
th a t  this m ust be allied in th e  theory  w ith some o ther co
existing mechanism. The modification of the M ott and 
N abarro equation given by  Cottrell involves the Orowan as
sum ption of a  work-hardening relation, the shortcomings 
o f which were discussed in our paper (p. 97). We do not, 
therefore, regard i t  as a satisfactory means of relating the 
exhaustion theory  to  our experim ental results.

D r. Allen’s preference for the K auzm ann theory of secondary 
flow, as against the Nowick and Feltham  theories, is in a  sense 
somewhat invidious, since all three theories are based on the 
E yring rate-process theory, used in conjunction w ith an ex
pression of statistical probability  of occurrence o f the basic- 
flow operation, and they  v irtually  say the same thing in dif
ferent words (whether the units of operation are term ed units 
of flow or dislocations), and yield similar numerical results in 
any  specific case.

Dr. Allen m ay be perfectly correct in his rem ark th a t the 
activation  energy would be expected to vary  in a  m anner no t 
dissimilar from th a t  of the elastic moduli with tem perature. 
However, this consideration does not affect the validity  of our 
in terpretation  of Fig. 6 (p. 100) of our paper. A t 20°, 100°, 
150°, 200°, and 250° C., 2L42 alloy has the approxim ate 
moduli 10-5,10T, 9-8, 9-4, and S-9 X 106 lb ./in .2, respectively. 
Obviously in the range up to  200° C. these values cannot be 
said to  be dropping a t  all rapidly, and accordingly, as indicated 
in Fig. 6 , the K auzm ann equation (other things being equal) 
would, on Dr. Allen’s criterion, be expected to  apply reason
ab ly  w ithin this range. This is not, however, to  say th a t 
causes o ther than  the deviation of the value of Q do no t con
tribu te  to  the failure of the equation to  represent th e  results 
beyond 200° C.

W ith regard to  the stress r ,  i t  seems possible th a t while, as 
D r. Allen suggests, t varies from point to  point in the m etal, 
the  K auzm ann relation m ight reasonably hold w ith an effective 
statistically  averaged value of t.

However, th e  above rem arks should no t be taken as ad 
vocacy on our p a rt o f the K auzm ann theory  of secondary 
creep. Our general view- is precisely th a t  expressed in the 
opening paragraph of our reply.

F inally, w-e wish to  emphasize a point which appears to  have 
been largely overlooked by contributors to  the discussion, i.e. 
the existence and  quite appreciable m agnitude of purely an 
elastic and recoverable creep strain . In  the tests described in 
the paper, this anelastic stra in  represented the whole of the 
creep a t  20° C. and was still of the order o f 20-30%  a t 150° C. 
Accordingly, such anelastic strain  cannot be neglected in 
fram ing any theoretically based equation to  represent the 
creep field. Any such equations to  be tru ly  general m ust 
apply bo th  to  the loaded and unloaded sta te  and m ust accord
ingly tre a t anelastic strain  as a  separate en tity . In  this con
nection the efforts of Yu. N. R abotnov * are  to  be applauded.

In  the m ajority  of practical cases o f creep, where strains are 
o f a relatively low- order and prim ary creep persists for long

periods, the recoverable portion m ay remain a comparatively 
large proportion of the to ta l creep. The reason why this as
pect of creep has been largely overlooked by  physicists in 
framing their equations is probably th a t the m ajority  of their 
tests have used stresses and  tem peratures giving large strains 
in short times (i.e. the opposite to  practical requirem ents) 
and under these conditions the recoverable creep is relatively 
unim portant.

D r. B h a t t a c h a b y a , D r. Co n g r e v e , and  Professor T h o m p 
s o n  {in reply) : I t  is gratifying to  find th a t  D r. Andrews and 
Mr. Gemmill are in general agreem ent w ith the conclusions 
which we have reached. I t  is im plicit in our paper, however, 
th a t the power-law- equation has been shown to apply specific
ally only to  cases where phase changes are excluded. In  the 
case of the steels, and in certain non-ferrous alloys as well, 
structural changes m ay go on simultaneously, and  as a result 
creep relationships distinctly more complicated th an  th a t 
which we have proposed are required to express the results 
w ith any degree of exactitude. In  the steels, for instance, 
spheroidization of the carbide and, no t impossibly, even 
changes in the ferritic m atrix  m ay complicate m atters con
siderably. I t  is possibly for this reason th a t Dr. Andrews 
and Mr. Gemmill prefer equations containing more term s than 
are required by  the simple power law, and  w hy in certain 
cases they  find residual strains. We w-ould emphasize th a t no 
equation can be o ther th an  merely empirical which does no t 
satisfy ordinary dimensional requirem ents. O n 'th is  ground, 
therefore, we should regard bo th  the equation of de Lacombe, 
for instance, and their own equation for secondary creep as 
being merely empirical in nature  and possessing no real 
physical meaning. As to  Dr. H opkin’s rem arks concerning 
the parallelism of the plots of log a and log at against log t, 
we m ust point ou t th a t he has suggested an equation for 
secondary creep which we should no t accept in the case of a 
pure metal. I t  is no t surprising, therefore, th a t he reaches 
conclusions no t altogether consistent w ith our own.

Mr. D. M cL e a n  {in reply) : My experience w ith the white- 
line patte rns is similar to  th a t of Mr. Gifkins and Mr. Kelly, 
except th a t I  have ascribed those listed under (i) and  (ii) to  
the occurrence of large slip bands. Some examples in their Figs. 
C and E  (P late X CV II) seem to  bo due to  th is ; certain  of the 
w-hite lines bordering the “ prom inent ”  slip bands running 
from bottom  left to top righ t change from one side of the slip 
band to  the o ther as the specimen is moved through focus. 
This is the effect th a t optical theory  predicts a t  a  step in the 
surface.

Another factor may affect the image of a  stepped surface. 
I  understand th a t all objectives give a  small phase-contrast 
effect, a t  least when stopped-down, since the optical p a th  
along the axis m ay differ in length from one near the peri
m eter. This m ight sometimes complicate the in terpretation  
of appearances such as are shown in Figs. C and E.

In  reply to  D r. Kachinger, the extension associated w ith 
polygonization was no t intended to  be identified only w ith the 
“ missing creep ”  in m y earlier paper,f although th is im 
pression m ay have been given in the short resume in the 
Introduction. According to  a la te r definition I  the extension 
associated w ith polygonization is correctly explained as being 
the whole of th a t p a rt o f the extension due to  deform ation of 
the crystals, as distinct from th a t p a rt due to  sliding of the 
crystals over each other. I f  this is accepted, i t  eliminates D r. 
Rachinger’s first factor of 2 .

Dr. Racbinger suggests th a t a  second factor of 2 should be 
included when two slip directions operate, since the relation 
derived between extension and angle of disorientation is 
E  =  6/2 for one slip direction and E — 6 for two directions, i.e. 
the  extension is twice as large for the same disorientation in  the 
la tte r  case. The inclusion of this second factor leads, as Dr. 
Raehinger points out, to  the relation between grain-boundary

* Yu. N. R abotnov, Vestn. Moskov. Univ., 1948, (10), 81. £ D. McLean, ibid., this vol., p. 291 (1st column),
f  D. McLeau, J . Inst. Metals, 1951—52, 80, 507.
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displacement and extension p  — dE (d is the sub-crystal dia
meter) for one slip direction and  p =  d E /2 for two slip direc
tions, i.e. for a  given extension the grain-boundary displace
m ent is halved if  there are two slip directions. This, however, 
seems a little  questionable. Consider the two slip directions 
to  operate, no t simultaneously, b u t consecutively. Dr. 
Rachingcr’s formula then  becomes equivalent to  assuming 
th a t slip in a second direction produces an increment of ex
tension bu t no t of grain-boundary displacement. According 
to  th e  model I  depicted,* th a t is so only in the special case 
where the second slip direction is parallel to  the grain 
boundary. In  o ther cases Dr. Racliinger’s factor will be less 
than  2. My formula makes the alternative assumption th a t 
slip in a  second direction produces an  increment of extension 
and a proportionate increm ent of grain-boundary displace
m ent, thus m aintaining the relation p  =  dE. This in tu rn  
is true only when the two slip directions make the same angle 
w ith the boundary. The correct conclusion to  be drawn from 
the model in Fig. 9 * appears to  be as sta ted  in  the same page, 
namely th a t a  multiplying factor should he introduced to  take 
into account the fact th a t slip bands are no t necessarily normal 
to  grain boundaries (consequently, th a t polygonization bands 
are not necessarily parallel to  grain boundaries). In  Dr. 
R achinger’s argum ent this factor is 2, in mine 1, b u t as its 
average value is in the region of un ity , is i t  w orth considering 
in  detail before the p  =  dE  relation has been tested much 
more widely?

I  agree w ith Dr. Rachinger th a t, in so fa r as the results and 
the model in Fig. 9 of m y paper im ply th a t grain-boundary 
displacem ent o ther th an  th a t associated w ith  polygonization 
does no t occur, both are unexpected and  difficult to  account 
for. I  also agree th a t in the case where the grains do no t 
break down into sub-crystals this model predicts th a t relative 
grain rotation takes ])lace. I f  the am ount predicted is con
sistently greater than  th a t found, th is would be evidence th a t 
the model does no t apply under such conditions.

Dr. Rachinger’s last point about the degree to which the 
surface movements are typical of those occurring in the interior 
is a  most im portan t bu t difficult one. The difficulty lies in 
establishing a reliable standard. On the one hand, surface 
measurements are open to  the objection th a t the surface m ay 
deform differently from the in terio r; while on the o ther 
hand the alternative procedure of deducing the am ount of 
grain deformation from measurements of grain shapes as 
they  appear on sections is open to the objection th a t grain- 
boundary m igration occurs during creep and  will produce 
some modification of shape ap a rt from, or in addition to, th a t 
due to  grain deformation. However, a t  200° C., the tem pera
ture a t  which some of Dr. Rachinger’s f  and all m y tests were 
made, there is good agreem ent between our results where the 
o ther conditions were similar. F o r an aluminium specimen 
containing 10 grains/m m . strained a t  a  ra te  o f 0-1% /hr., Dr. 
Rachinger found from measurements on a section th a t grain 
deform ation contributed 8 8 / 100 ths of the to ta l extension, 
while under v irtually  identical conditions m y result from sur
face measurem ents was th a t  86 / 100 ths was contributed by 
grain deformation. Since under these conditions the two 
different m ethods of measurement agree, they  probably m ea
sure the same thing. A t higher tem peratures and a  similar 
ra te  of stra in  and grain-size, Dr. Rachinger found th a t the 
surface and interior appeared to  behave differently. Pos

sibly under these and o ther different conditions one or both  of 
the tendencies referred to  above become significant.

In  connection w ith the discussion on finding formula; to  
fit creep curves, two types of formula; are involved. The 
controversy in some of the papers and  contributions to the 
discussion is concerned w ith the typo of formulae produced by 
fitting curves to  experim ental data . Such formulae cannot 
safely be extrapolated  b u t enable interpolations to  be made 
between experim ental results. To be useful in this way they 
m ust be accurate, and making them  accurate will probably 
lim it their field of application. Consequently, to  prove or 
disprove the applicability of such formulae to  conditions other 
than  those to  which they  were originally fitted is to  assess their 
value for something which they  were no t designed to  do. 
There is also the typo of formula deduced by supposing a  par
ticular mechanism of creep. From  such formula; one cannot 
as y e t reasonably dem and g reat accuracy, bu t one is entitled 
to  expect them  to  be approxim ately substantiated  whenever, 
or if ever, the supposed mechanism is dominant.

Mr. J .  A. R a m s e y  (in reply) : As regards Mr. Perrym an’s 
first question, m y own work on the subject began as an a t
tem pt to  discover possible structu ral changes during recovery, 
and, if any such changes occurred, to determ ine w hether they 
could be related to  the predisposition of the deformed struc
ture, a t  least in  parts, to  form recrystallization nuclei. There
fore, when the existence of the recovery effect was established, 
I  w ent to  some trouble to  find out, both by X -ray diffraction 
and  microscopically, w hether individual sub-grains became 
active and grew rapid ly  a t  th e  expense of their neighbours,
i.e. acted as recrystallization nuclei. As far as I  could dis
cover, this did not occur; generally the nucleus developed 
w ith an orientation quite different from the range of orienta
tion occurring in the grains under observation.

The second question is ra th e r more difficult to  answer. 
Deformation occurs by slip on a variety  of system s of planes, 
though a single system evidently predom inates in a  num ber 
of grains. One would not expect, therefore, to  find the same 
stra igh t boundaries, and the simple dislocation movements 
suggested, as are obtained w ith annealed ben t single crystals. 
F urther, I  feel th a t the boundaries observed in deformed polv- 
erystals after heating are, a t least in pa rt, delineated during 
the deformation a t  room tem perature as more or less sharp 
curvatures in the lattice, similar to the main boundaries of 
deformation bands. I t  would certainly be of g rea t interest, 
as Mr. Perrym an suggests, to  study  the deformation structure 
produced a t very low tem peratures, in order to  eliminate 
therm al effects as far as possible, and the subsequent recovery 
of such structures.

Lastly, I  would like to  comment on Mr. P errym an’s in ter
pretation  of the results of his microhardness measurements 
and  the effect of straining after recovery. I t  would seem th a t 
the higher hardness of the recovered zone might be due to  the 
impression covering a num ber of sub-grains tilted  w ith respect 
to  each other.

I t  has been suggested J th a t the absence of slip in the sub
structure m ight be due to  the fac t th a t the small diam eter of 
the sub-grains forces the dislocations to  behave non-dynamie- 
ally,§ thus producing widespread slip which m ay n o t be visible 
even w ith phase-eontrast illumination a t  a  magnification of 
200  times.

* D. McLean, J . Inst. Metals, this vol., p. 298 (Fig. 9). 
t  W. A. Rachinger, ibid., this vol., p. 33.

Í  R . C. Gifkins, private communication, 
g X. F . M ott, Phil. Mag., 1953, [vii], 44, 742.
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Professor G. V. R a y n o r , |  M.A., D.Sc. (V ice-President): I t  
is perhaps appropriate th a t I  should consider the paper by 
Mr. Dudzinski first, because I  was to  a  slight ex ten t associated 
w ith this investigation in  its  early days, and because of the 
interesting way in which the results can be related to  the 
constitution of the alloys. W hen I first became aware o f the 
work, the effects on Young’s modulus of silicon, beryllium , 
cobalt, manganese, and nickel had  been examined, and  the 
question arose as to  w hat fu rther solute m etals to  try . I t  
seemed, on the basis of results then  available, th a t the 
effect of a  given solute m etal on the Young’s modulus of 
aluminium could be in terpre ted  in term s of two main factors : 
firstly, the m agnitude of th e  modulus of the interm etallic 
compound or o ther hard  particles in  the alloy, and  secondly, 
the percentage of alum inium in  the compound. Thus, in 
comparing two alloys w ith  the same am ount of interm etallic 
compound present, the one w ith  the higher modulus will be 
th a t for which the compound has the higher modulus. I t  is 
also fairly clear th a t if  we are dealing w ith the effect o f a 
compound A  which contains a high proportion of alum inium , 
a  given solute percentage will provide more interm etallic 
compound, and hence a higher Young’s modulus, than  in 
the case of a compound B , of equal Young’s modulus to  A , 
b u t of lower alum inium content. Wo know so little  of the 
Y oung’s modulus of compounds th a t it  was necessary to  con
sider the m agnitude of the  heat o f form ation of a  compound 
as a rough indication of the m agnitude of its  modulus, on the 
general grounds th a t the stronger the bonding, the stiffer 
would be the structure . This takes no account of structure, 
and th a t of course, is the weakness of the concept. These 
general considerations were dealt w ith  during the discussion 
of Mr. Dudzinski’s earlier paper,j: so I  will no t dwell on them  
here.

One of the m ost interesting features of the present paper is 
the work on the alum inium -m anganese-chrom iutn alloys. I  
believe th a t I  am  righ t in saying th a t th is was undertaken as 
a result of m y suggestion some years ago th a t if  alum inium - 
m anganesc-ckrom ium alloys containing a ratio  of 4 manganese 
atom s to  1 chrom ium atom  were to  be annealed below 590° C., 
the increase in Y oung's modulus would exceed th a t expected 
from the additive effects o f manganese and  chromium, because 
of the precipitation of a  phase of composition approxim ating 
to (CrMn)Al13. Table I I  (p. 52) shows th a t th is increase does 
in  fact occur, under precisely the conditions laid  down, and 
th is is quite gratifying. I  also com m itted myself to  saying th a t 
no im provem ent over the additive effects of manganese and 
nickel was to  be expected in  the alum inium -m anganese-nickel 
system , since the ternary  compound formed, NijMnnA],.,,,, 
contained a sm aller proportion of alum inium than  MnAI0. 
Tahle IV  (p. 53) confirms th is in  the m ain ; th e  relatively low 
values of the modulus in alloys rich in manganese bu t poor 
in nickel m ay be due essentially to  th is reduction in the 
alum inium content of the compound. I  th ink  we can also 
give a  reason for the relatively high values obtained a t  low 
manganese and  high nickel, because i t  is j ust in th is composition 
region th a t a  m etastable te rnary  phase appears, the alum inium 
content of which is unknown bu t probably relatively high. 
This phase does no t belong to  the equilibrium  diagram , bu t 
is of rem arkable persistence, and  disappears only a fter very 
long annealing. I t  would alm ost certainly be present under 

v the conditions employed. W ith regard to  the alum inium - 
chrom ium -silicon alloys, no predictions were m ade, bu t I  
th ink  i t  is possible to  understand tho effects referred to  on 
p. 52. In  th is te rnary  system , according to  the composition,

there m ay be deposited as p rim ary crystals e ither a(AlCrSi), 
which has a  ra tio  of alum inium  atom s to  solute atom s of 
approxim ately 3 : 2, or p(AlCrSi) which is very poor in a lu 
minium. In  either case the ternary  compound contains 
much less alum inium  than  CrAl7, and the decrease below the 
calculated additive value is to  be expected.

T urning to  the binary  alloys, the  observation th a t chromium 
is more effective than  manganese, while copper is much less 
effective th an  nickel, again confirms earlier predictions, which 
were, however, incorrect w ith  regard to  iron. This is much 
more effective than  i t  should be according to  the composition 
and heat of form ation of FeAl3. I  am afraid th a t I  m istrust 
Mr. Dudzinski’s explanation of this. Tho reported breakdown 
of FeAl3 into F e2Al- and  Fc2A15 takes place below 600° C., 
so th a t I  do no t see how secondary crystals of Fe,A l, can 
exist in the m icrostructure of Fig. 5 (Plato V II). I  should add 
here th a t a t  B irm ingham  we have recently obtained diffrac
tion  patterns from crystals of FeAl3 ex tracted  from slowly 
cooled alloys, from alloys chill cast and  annealed for long 
tim es above the suspected transform ation, and from alloys 
chill cast and annealed for long tim es below the suspected 
transform ation. These were all identical, and we doubt very 
much w hether tho reported  decomposition does indeed take 
place under e ither our conditions or those of Mr. Dudzinski.

As the au thor states, tho results for titan ium , vanadium , 
molybdenum, and silver are relatively easy to  understand in 
term s of the compounds formed, b u t i t  m ust bo adm itted  th a t 
the low value of the increm ent for tungsten is a  little  su r
prising, in  view of the high proportion of aluminium in WA112. 
This fact, and the fact th a t CaAlj, in sp ite of its high heat of 
form ation, depresses the Young’s modulus of alum inium, 
definitely show th a t the early  in terpre tation  was seriously 
incomplete.

W here one general type of interm etallic compound of 
relatively complex crystal struc tu re  is under consideration, 
the correlation w ith  heat o f form ation and alloy constitution 
is no t unsatisfactory, b u t i t  is apparen t th a t we cannot carry 
these considerations over to  include all cases. W hat is now 
required, as a  com plem entary research to  th is very valuable 
piece of work, is a  full-scale investigation of the relationship 
of Young’s modulus to  heat of form ation and to  crystal 
structure for a wide range of interm ediate phases. I t  m ight 
then  be possible to  develop a  real theory, b u t in  the meantim e 
one m ust congratulate Mr. Dudzinski on having, as he says, 
provided enough inform ation on which to  base the develop
m ent o f a commercial alloy of considerably enhanced elastic 
properties.

The work described by Mr. Sm ith is of g rea t in terest in 
quite another way. H ere we are concerned w ith the effect on 
Y oung’s modulus of a  foreign atom  in solid solution, and Mr. 
Sm ith has set out clearly the factors which are  likely to  prove 
im portant, and proceeds to  make a check by calculating the 
p a r t o f the variation  which m ay be expected to  be due to 
atomic-size differences, the rem aining p a rt being regarded as 
due to  electronic factors. I t  appears to  be a little  indefinite 
as to  w hether the effect due to  electronic factors is proportional 
to  (solute valency)2, or to  the electron concentration. I t  is 
a  p ity  th a t  the accuracy atta inab le  does no t perm it a choice 
between these a lternatives; I  do no t criticize the au thor on 
th is  poin t, because he has probably squeezed th e  last ounce of 
accuracy out of th is method. W hat I  m ust criticize, however, 
is his choice of the apparent atom ic d iam eters as a basis for 
the calculation of th e  atom ic size effect. I t  is well known th a t 
the lattice distortion produced by m etals o f th e  B sub-groups

* Jo in t discussion on the papers by A. D. N. Sm ith (J. f  Professor of Metal Physics, Birm ingham  U niversity.
Inst. Metals, 1951-52, 80, 477), and N . Dudzinski (this vol., X J • Inst. Metals, 1948, 74, pp. 686 , 697 (discussion),
p. 49).
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in copper and silver depends intim ately on the valency of the 
solute. An analysis of lattice spacings indicates very strongly 
th a t the distortion produced is the resu ltan t of the atomic 
size-effect, which m ay lead to  expansion or contraction 
according to  w hether the introduced atom  is larger or smaller 
than  th a t of the solvent, and a valency effect such th a t an 
expansion is produced if  the solute has a  valency higher 
than  th a t of the solvent. I t  is for th is reason th a t ger
manium expands the lattice of copper, in spite of its  much 
smaller atom ic size. Now, the apparent atom ic diam eter 
which Mr. Sm ith has used is obtained, essentially, by  ex tra 
polating the lattice-spacing/eom position curve to  100%  of 
solute, and therefore includes the whole of the distortion due 
to  valency, and i t  m ay well be th a t p a rt of the effect of valency 
on the Young’s modulus has therefore been included in trying 
to  make allowance for the size-effect. I  feel th a t i t  would 
have been far b e tte r to  take the closest distances of approach 
in the crystals of the elements for assessing the size-effect. L et 
us see w hat happens if  we do this. I f  we consider the atom ic 
diam eters of zinc and cadmium to be the closest distances of 
approach in  the respective crystals, and take, for the complex 
gallium structure and the  partially  ionized indium structure, 
the atom ic diam eters o f 2-595 and 2-926 A . deduced from 
o ther work, we find th a t Z  in Table I I  (p. 480 of the paper) 
works out as follows (assuming the same proportionality factor 
in equation (3) as the a u th o r ) :

In Cu
Zn
10

Ga
1

In  Ag

C<1
6

In
1

Hence the quantity  X - Z  becomes :
In  Cu

Zn Ga
27 81

or a ratio o f 1 : 3

In  Ag

Cd In
21 64

or again a  ratio o f  I : 3

This means tha t, when plotted in term s of electron .- atom  
ratio , the curves of the valency contribution to  the decrease 
in Young’s modulus against electron concentration do not 
superimpose, as in Fig. 5 (p. 481), bu t lie apart, the curve 
for gallium in copper having twice the slope of th a t for 
zinc in  copper, and th a t for indium in silver having twice 
the slope of th a t for cadmium in silver. This is a relationship 
of exactly  the same type as th a t shown by  the lattice d isto r
tion due to valency. I  make no claim th a t this is a  correct 
interpretation, bu t i t  indicates th a t there m ay be alternative 
interpretations. In  particular, the use of apparent atom ic 
diam eters may be misleading. I  m ust adm it th a t tin  and 
germanium do no t work out nicely on the analysis I  have 
suggested, and this m ay be connected w-ith the marked 
shrinkage of the ion as we pass along each period from copper 
to  germanium, or from silver to  tin . This is a  factor which 
has no t been taken into account explicitly in  the present 
paper, bu t which should be considered. We know th a t the 
elastic constants are in tim ately  connected w ith  the degree 
to  which the ions overlap, and th is factor m ay be im portant. 
In spite of the difficulties o f in terpretation , this paper has 
made a .v e ry  useful.contribution; and  in  view of these diffi
culties, I  would heartily  support the au thor’s suggestion th a t 
fu rther work should be carried out on single crystals, ra ther 
than  on polycrystalline aggregates.

Mr. G. Bradfield * : A t the N ational Physical Laboratory 
much information has been collected on elastic constants of 
alloys. The effect of preferred orientation, which is liable to  
cause serious errors in elasticity m easurem ent, has been studied 
and details of means of correcting for or avoiding these errors

by measuring three elastic constants instead of one, have 
been published.f

I  shall confine m y rem arks on the paper by Mr. Sm ith to 
comments concerning the techniques employed and the 
au thor’s recommendation for future work of high accuracy.

The accuracy of the bending-mode-vibration method used 
in the above investigation is low. The longitudinal and 
torsional vibration methods which we employ can give errors 
five to  ten tim es smaller, bu t i t  is the errors arising from the 
effect of preferred orientation which are most serious, since 
they can frequently am ount to  several per cent, for degrees of 
preferred orientation which are difficult to  assess by X-rays.

I t  is to  be noted th a t the values of dE/dC  deduced for the 
Cu-Zn system from Fig. 1 (p. 479 of the paper) and given in 
Tabic I I  (p. 480) as 37 units, would be 55 units if the first four 
alloy points were used and the final one ignored. 55  units is 
much nearer to the K oster and Rauscher figure and  much 
nearer the value measured a t  the N .P.L. Such a slope may 
therefore be in error by 50%, when obtained by these means.

I t  should bo pointed out th a t the value of the modulus 
shown for silver is high by well over 11% .

Finally, I  feel th a t the statem ent (p. 481) th a t “ the most 
profitable line of a ttack  for work of high accuracy would seem 
to be to  use single crystals ” needs some qualification. A 
standard  deviation of ± 1 /5 % , i.e. 0-2%, for a stra igh t line 
representing a  plot of AN/AG for an  alloy series can be achieved 
on polycrystalline m aterials carefully made and measured by 
existing techniques. Thus, although the single-crystal method 
is highly desirable for o ther reasons, e.g. because i t  gives all 
the elastic constants, it is not essential for reasons of accuracy, 
and i t  is dangerous to  assume th a t the available techniques 
for making alloy single crystals will a t present produce 
w hat is required.

Mr. J .  L u m s d e n ,{  B.Sc., A .R.I.C. (M ember): Mr. Smith 
has discussed the relation between the Young’s modulus of 
alloys and their electron : atom ratio. I  should like to  make 
a plea for an alternative approach, through proxim ate rather 
than u ltim ate causes.

As lias been shown by  D ruyvesteyn and Meijering,§ the 
entropy of an  alloy can be calculated from its  elastic constants. 
For solid solutions of zinc in copper they  found poor agreement 
w ith the entropy calculated from o ther therm odynam ic data  
then available. From  la ter vapour-pressure m easurem ents,1! 
I  have calculated the partial molal entropy of the zinc,]f and 
find it  to be in excellent agreem ent w ith Mr. Sm ith’s figures for 
Young’s modulus. On many alloys it  is difficult to  measure 
the free energy over a sufficiently large tem perature range to 
give an accurate value of the en tro p y ; a knowledge of elastic 
constants should be useful for deriving the complete therm o
dynamic properties.

A free-energy equation contains two term s, heat content 
and entropy, which can be related, respectively, to  the 
interatom ic energies and the rates a t  which th e  interatom ic 
forces vary  w ith distance. I  suggest th a t atom istic explana
tions should be directed a t  these interatom ic energies and 
forces, ra th er than  a t  particular equilibrium properties such 
as phase boundaries. For instance, from the therm odynam ic 
viewpoint, the course of a solidus line has significance only in 
conjunction w ith the course of the corresponding liquidus. 
These two boundaries are determ ined by the condition th a t 
the therm odynam ic potential of each component is the same 
in both  phases; th e ir initial courses are determ ined by  the 
heat of fusion of the solvent and the ratio  between the activ ity  
coefficients of the solute in  the liquid and solid alloys. I t  is 
difficult to see how the slope of a solidus line, b y  itself, can 
have any fundam ental theoretical significance.

In  general, the variation w ith  composition of therm odynam ic

* Physics Division, National Physical Laboratory, Tedding- 
ton, Middlesex.

t  G. Bradfield and H . Pursey, Phil. Mag., 1953, [vii], 44, 
437.

i  Research D epartm ent, Im perial Smelting Corporation, 
L td ., Avonmouth.

§ M. J .  D ruyvesteyn and J .  L. Meijering, Physica, 1941, 8 , 
1059.

|| A. W. H erbenar, C. A. Siebert, and O. S. Duffendack, 
Trans. Amer. Inst. M in. Met. Eng., 1950, 188, 323.

*/\ J .  Lumsden, “ Thermodynamics of Alloys ” (Inst. Metals 
Monograph and Rep. .Scries, No. II ) , 1952, p. 257.
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properties can be deduced only for dilute solutions. If, 
however, the atom s are of equal size and no directional forces 
are operative, simple statistical mechanics predicts th a t the 
deviation from linearity  of the energy and  compressibility 
should be represented by a  sym m etrical function, which, to 
a  first approxim ation, is proportional to  the product of the 
atom ic fractions. This theoretical prediction is fulfilled for 
alloys o f gold and silver, which have practically equal atom ic 
volumes and also the same valency. The measurements on 
the gold-silver system prove i t  unjustifiable to  assume th a t 
the variation w ith composition of the energy or elastic 
constants of alloys can be completely accounted for as the sum 
of effects a ttribu tab le  to  differences between th e  atomic 
volumes and valencies of the components.

In  liquids, the atom ic arrangem ent is already so irregular 
th a t no special difficulty arises in  accommodating an atom  of 
different size. W hen the interatom ic energies and forces 
are intrinsically the same in the solid and liquid states, the 
effect of relative atom ic sizes should be represented by the 
ex ten t to  which the heat o r entropy of formation of a solid alloy 
from its solid components exceeds th a t o f the corresponding 
liquid alloy from its liquid components.*

The terminology customarily used in discussing the e lec tron : 
atom ratio  of alloys ra ther glosses over the fact th a t the solute 
is a  different m etal from the solvent. A satisfactory form ula
tion for solid solutions of zinc in  copper would include the 
properties of face-centred cubic zinc. I t  m ay be pointed out 
th a t the alum inium -zinc phase diagram clearly suggests a 
melting point for face-centred cubic zinc no t much below 
350° C .; analogy w ith the gold-platinuin system  supports 
this extrapolation. The molal free energy of transform ation 
of the stable hexagonal zinc to  the face-centred cubic form is 
therefore probably about 200  cal.

D r. P. It. MoBKAL.f B.Sc. (M em ber): The da ta  presented 
by Mr. Dudziński should m ake i t  possible to  design new and 
useful aluminium alloys.

T a b l e  A.

A lloying E lem ent Second Phase

Position 
in  

Table I  
(P- 51)

Symbol Crystal
S tructu re

L attice
Con

s tan t,
1 .

Solid 
Solu
bility , 
%% a t  
20° C.

C rysta
S tructu re Form ula

1 Cr Body-centred
cubic

2-88 0*01 Monoclinic • GrAl,
3 Mn Complex (  ?) 0*05 O rthorhom bic M nAl,
4 V Body-centred 

cubic
3-01 0*37 ” YA17

5 Mo „  „ 3-14 0*2 p MoAl.
6 F e „  „ 2-S6 0*03 Orthorhom bic FeAlj

10 W ”  >» 3-1G 1-7 ? \VAl,i
2 Ti Close-packed

hexagonal
0*03 Tetragonal TiAlj

1
Be "  ” 0*05 Close-packed

hexagonal
Be

8 Co »i if 0*02 Monoclinic
14 Mg n ii 1-1 Face-centred 

cubic (  ?)
MgjAlj

9 Ni Face-centred
cubic

3-51 0*05 O rthorhom bic N iAlj
12 Cu 1» »1 3-G1 0*1 Tetragonal CuAJj
13 Ag 4-08 0*5 H exagonal Ag,Al
15 Sr 5-6G 0*3 Body-centred

te tragonal
SrAJ,

1G Ca ii n 6*07 0*7 CaAl4

* Some authors consider th is  phase to  be orthorhom bic.

The high clastic properties are explained in one case as 
being due to  the presence of CrA!-, which contains a large 
proportion o f aluminium atom s. The effect o f titanium  is 
a ttribu ted  to  the high elastic modulus of TiAl3, and the lim ited 
effect o f CaAl4 to  the low modulus value of calcium itself.

The effect of the addition elements seems to  show fairly good

* J .  Lumsden, loc. cit., p . 343.
t  K aiser Aluminum and Chemical Corporation, Spokane 

W ash., U.S.A.

correlation when other factors listed in Table A, are taken into 
consideration. The basic data , the order of effect of the 
alloying elements, are taken  from Table I  (p. 51) of the paper.

This correlation seems to  indicate th a t the solid solubility 
of the alloying elements for a given crystal structure, as well 
as the crystal structure of the second phase, m ay be significant.

Mr. J .  T. R ich a rd s ,! ' B.S. (M em ber): We have conducted 
tensile tests on alum inium -beryllium  alloys containing 35-40% 
beryllium and have obtained .E-modulus values ranging from 
20 to  23 X 10s lb ./in .2. These values compare favourably 
w ith  a calculated value of 22  x  10° lb ./in .2 for an alloy con
taining 37-5% beryllium, based upon E-m oduli of 10 X 10s 
lb ./in .2 for aluminium and 42 x  10s lb ./in .2 for beryllium.

As a  result, the increm ent in ¿/-modulus for 1 w t.-%  of 
added elem ent becomes approxim ately 0-307 X 106 lb ./in .2. 
Comparison of th is value w ith the figures of 0-188 X 10® 
lb ./in .2, listed by Mr. Dudzinski in Table I  (p. 51), suggests 
e ither a  non-linear relationship or a  broken modulus/composi
tion curve in the case of beryllium additions.

D r. A. N. T urner,§ B.Sc., A.R.S.M., A.I.M. (M em ber):
I  should like to  discuss the practical utilization of the informa
tion contained in Mr. Dudzinski’s paper. Mr. Dudzinski 
believes th a t i t  should be possible to develop an alloy having 
elastic properties approxim ately 2 0 % higher than  those 
alum inium alloys a t present in use. We have, in  fact, 
carried out work on the production by conventional means of 
alloys of high Young’s modulus on a  pilot-plant scale and 
have succeeded in producing 36-in.-wide sheet, 0-080 and 
0-036 in. thick, which goes some way towards fulfilling this 
promise. I  would like, however, to  m ake a  few observations 
on the difficulties encountered.

F irst, i t  m ay be said th a t, in  general, the type of alloy 
suggested as a  result o f Mr. Dudzinski’s vrork suffers from two 
disadvantages during casting by the semi-continuous process. 
These are segregation and axial cracking. Segregation is 
most pronounced and difficult to  control in  those alloys con
taining hyper-eutectic silicon. P rim ary silicon is lighter than 
the m aterial from which i t  crystallizes, and consequently 
rises to  the surface of the molten pool during casting, leading 
to  the build-up of a  silicon-rich semi-solid crust, which periodi
cally breaks away, leading to  gross inhomogeneity in the 
ingot. O ther elements, e.g. manganese, m ay also segregate 
as primaries, bu t so long as they are more dense than  the 
m elt, they  tend  to  sink and cause less difficulty during casting 
or subsequent working. Axial cracking tends to  increase 
w ith the brittleness o f the as-cast alloy, and i t  is necessary to  
balance carefully the operating conditions and the composi
tion, in  order to  cast an alloy successfully a t  all.

The alloys are no t easy to  roll, hot rolling in  particular 
causing some difficulty. Ingots m ust be scalped before 
breaking down and again after breaking down, before ho t • 
rolling is continued. The greatest difficulty is surface crazing, 
which m ay lead to  the general break-up of the ingot. There 
are indications th a t this phenomenon is connected w ith the 
presence of coarse prim ary interm etallic constituents a t  the 
surface, and th a t a  great im provem ent in  rolling character
istics m ay be obtained by cladding the ingot w ith a th in  layer 
of commereial-purity aluminium before rolling.

Another difficulty in the fabrication of these m aterials is 
th a t even if  the alloy has been successfully cast and rolled, i t  
does no t follow th a t the properties obtained are those expected. 
For example, an alloy prepared to  contain approxim ately 
silicon 10, manganese 2-4, nickel 2-35, cobalt 0-18, and copper
2-0%, which according to  the results given in Mr. Dudzinski’s 
paper should have given a  modulus of a little  over 12 x  106 
lb ./in .2, actually gave a value in the sheet form of about 
10-6 X 10® lb ./in .2, notw ithstanding the fact th a t in the as-cast 
condition the modulus was very much th a t calculated. The 
reason for th is discrepancy is not difficult to see when the micro- 
structure of the alloy is examined. Fig. A (Plate XCVIII)

!  Development Engineer, The Beryllium Corporation. 
Reading, Pa., U.S.A.

§ Aluminium Laboratories L td ., B anbury.
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for example, illustrates the presence of a  large manganese- 
bearing prim ary particle in the rolled sheet. I t  may be seen 
th a t the particle has not been deformed nor reduced appreci
ably in size, b u t is surrounded by  a series of cracks separating 
it  completely from the m atrix . The volume occupied by this 
constituent, therefore, acts as a void, and the modulus of the 
m aterial, far from being increased by the presence of m angan
ese, is actually decreased in proportion to  the cross-sectional 
area of the constituent involved. This separation of the 
prim ary constituents from the m atrix  occurs during ho t 
rolling. There appear to  be two possible solutions to  this 
difficulty ; either to  produce alloys in which the constituents 
do no t appear as large brittle  primaries, or alternatively to  
devise methods of deformation which do no t lead to  the 
separation of the constituent from the m atrix. How practic
able these two methods m ay bo is largely a  m atte r for con
jecture. However, "we have d istinct liopes th a t i t  m ay be 
possible to  evolve a method of producing an alloy w ith a 
Young’s modulus of elasticity of a t  least 12 x  10° lb ./in .2 w ith 
acceptable other mechanical properties, by the normal methods 
of fabrication in  general use today.

Mr. D odzin sk i (in reply) : Professor R aynor has discussed 
the effect o f the heat of form ation o f interm etallic compounds 
on the elastic properties of alloys. I t  m ay be useful to  say a 
few words about the detrim ental effect of calcium. Express
ing the heat of formation of the compound in  cal./g. of the 
alloying elem ent, i t  is found th a t the values increase in the 
following order : CuAL <  Co2A19 <  FeAl3 <  NiAL, <  CaAl4, 
and the corresponding increments of E  referred to 1 w t.%  o f the 
alloying clement are : Cu 0-08, Co 0-185, Fe 0-23, N i 0-165, 
C'a 0-3 lb ./in .2 x  106. The reason for the low value of E  in  
alum inium-calcium alloys is obvious. f.'aAl, has a  typical 
layer structure in  which the elastic modulus along one crys
tallography axis is relatively high, bu t in the plane perpendic
u lar to  i t  is low. As reported by the German workers, the 
compounds of magnesium w ith bism uth or antim ony, which 
also have a layer structure, show a  sim ilar behaviour in 
spite of the ir heteropolar type of bonding.

I t  is also possible th a t the struc tu re  of th e  two outerm ost 
electron shells o f the atom  of the  alloying elem ent have an 
effect upon the elastic modulus of the alloy. I f  the incre
m ents in  E  are expressed per 1 a t.-% , and the elements are 
arranged according to  the ir groups in the Periodic Table, 
the result is as follows :
G roup XlA 

Ca
A E

VIIA 
Mn 

0-G2

v i m .  v i i i b
F e

0-14
Co

0-37

VIIIC
F c

0-32

IB
Cu

0-18

I  Va Va v ia
T i V Cr
0-6 0-55 0-82

Mo 
0-97 
W 

0-75

In  solid calcium the forces of cohesion are small. I ts  high 
compressibility and high atom ic volume (26) indicate a weak 
atom ic bonding. Metals of this type show a low value of E. 
.Titanium, the n ex t clement after scandium (not investigated) 
in  the F irs t Long Period, has a strong cohesive force because, 
according to  Pauling, the electrons derived from the (4s) and 
(3d) energy states of the free atom s are hybridized in the 
solid, giving a strong bond. Accordingly, the increm ent in 
E  for alum inium -titanium  alloys is large. This process 
develops further in Groups V a  and V I a . The atom ic dia
m eters of vanadium  and chromium, as defined by the closest 
approach of atom s in the crystals, decrease. The melting 
point of vanadium , however, decreases a  little , and the 
increm ent in E  for alum inium -vanadium  alloys is o f the 
order o f 0-55. The elements o f Group VI show the highest 
increase in  E , and i t  is interesting to  note th a t in th is group the 
num ber of electrons taking p a rt in the bond formation is, 
according to  Pauling, 5-78 electrons/atom . Molybdenum, 
the element lying below chromium, shows the highest effect 
on E  of the alloying additions, and its melting point is higher 
than  th a t of chromium. One would expect, therefore, th a t 
AE  for alum inium -tungsten alloys would be still higher, bu t 
or some unknown reason the increm ent is lower than  for 

m olybdenum-bearing alloys. In  the elements beyond Group

V Ia the Pauling theory does not hold ; there is a  decrease in 
the cohesive forces, and the beneficial effects of manganese, 
iron, cobalt, and nickel also decrease in the order named. 
This m ay perhaps explain why the values o f E  for alum inium - 
nickel alloys are lower than  expected from the heat of form a
tion of the compound. In  copper the strength of bonding is 
fu rther lowered by the fact th a t the th ird  quantum  shell has 
been completely filled and only the valency electrons of the 
(4s) shell take p a rt in bonding, assisted by van der W aals 
forces; the value of AE  for alum inium -copper alloys is there
fore low.

I  am grateful to  Professor R aynor for clarifying the position
regarding the transform ation FeAl3  >- Fe.A l,. The results
given in Fig. 2 (p. 51) are correct, bu t i t  is apparent th a t their 
in terpre tation  is wrong. The paragraph on p. 52 dealing 
w ith alum inium -iron alloys should therefore read : “  Anneab 
ing a t  530° C. below the tem perature for the hypothetical
transform ation FeAl3  X Fc,A l, and also, for comparison,
ju s t below the eutectic tem perature, resulted, however, in 
only a  slight im provem ent in E ."  As there is no direct 
evidence th a t the above transform ation occurs, it  is possible 
th a t the recorded variation in E  should be ascribed to  some 
o ther unknown reasons. The Young’s modulus of these alloys, 
when annealed and slowly cooled, returned to its  previous 
values for the as-cliill-cast condition.

D r. T urner describes the difficulties encountered in connec
tion w ith  th e  developm ent of an  alloy of high elastic modulus 
for commercial application, and shows a  photomicrograph in  
which a large constituent has separated from the m atrix , 
resulting in the reduction o f E . This is ra th er a gloomy 
picture. The composition of the alloy in which these “  voids ” , 
as defined by  D r. Turner, occurred, was approxim ately silicon 
10, copper 2, nickel 2, manganese 2-4, cobalt 0-2%. The 
manganese content in alloys of th is type is critical, i.e. the  
MnAl„ constituent separates in  very large formations above 
certain  concentrations of manganese. I  have suggested a 
composition : silicon ~ I1 , copper 4, nickel 2, manganese 0-5, 
magnesium 0-3, cobalt 0-2, titan ium  0 -1% . This alloy is very 
complex, and its  m icrostructure is not very w-ell known. I t  
probably contains CuA12, te rnary  A l-C u-N i complex, NiA]3, 
MgaSi, te rnary  A l-C o-Fe complex and quaternary  A l-F e-S i- 
Mn complex. I  was aware th a t th is type of alloy would not 
be easy to  cast by a continuous process or to  roll, and I  am 
therefore grateful to  the Aluminium Laboratories for their 
excellent work in  overcoming the difficulties. An alloy of 
composition very  sim ilar to  th a t given above -was rolled to  
14 and 20 S.W.G. sheet, and when examined by Mr. Meikle 
and his associates gave the following properties :

T a b l e  B .

Condition

20 S.W .G. 11 S.W .G.

Elonga
tion, %0-1%

P .S.,
tons/in .8

U.T.S.,
tons/in .8 lb./in.* 

X 10»

0-1%
P.S.,

tons/in .8

IT ij* c

A 14-5 26-0 11-8 14-5 26-2 I 12-0 10
B 22-0 28-7 11-8 21-1 28-7 ! 11-9 51

21-3 27-9 11-8 21-6 28-4 i 11-9 5J

Solution-treated and  aged a t  room  tem peratu re . B ■= F u lly  h ea t-trea ted

The results shown in the table are very close to  the predicted 
values. One could increase the manganese content to  about 
1%  by reducing the copper content to  about 2%  and keeping 
the o ther alloying additions a t  the same concentration, oi 
even increase i t  to  2%  by leaving the nickel out.

R eturning to  the photom icrograph (Fig. A, P late XCV UI). I 
am not sure th a t the large manganese-bearing constituent has 
dissociated itself from the m atrix , although i t  exhibits cracks 
which are detrim ental to  the properties. I t  looks rather as 
though some parts  o f it had been crushed out in the polishing 
operation. In  some other regions one can distinguish small 
black areas associated w ith the silicon particles; these also 
m ay be considered as holes. I  have encountered a similar 
tearing ou t of brittle constituents in polishing, as shown in Figs.
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B and  C (Plato X CV III). These represent the structure  of 
cast binary alum inium alloys containing, respectively, 6-37% 
chromium and 2-4% vanadium . The Young’s modulus of 
these alloys was 11*9 and 10-4 lb ./in .2 x  10s, the values 
agreeing w ith calculation. To elim inate such large formations, 
I  would suggest pre-forging or pre-extrusion, so th a t the 
constituent m ight be broken up  before the rolling process, or 
a slight reduction of tem perature in the first stage of rolling 
to  facilitate the breaking up of the nmnganese-bearing phase.

W ith regard to  D r. M orral’s contribution, various workers 
have shown the detrim ental effect of elements which form solid 
solutions w ith copper or silver, and a  sim ilar effect m ight bo 
anticipated w ith aluminium. The few experim ents which I 
have carried ou t indicate th a t th is is the case, bu t the fact 
th a t the solid solubility of o ther elements in alum inium is 
very  low, lim its its extent.

The crystal struc tu re  of the second phase is undoubtedly 
im portant, bu t unfortunately little  is known about the struc
tu re  of the intcrm ctallic compounds formed in  equilibrium 
w ith the alum inium solid solution. The CaAl, and SrAl4 
compounds display a typical layer structure sim ilar to  th a t of 
Mg3Sb, or Mg3Bi2. In  th is type of structure the binding in 
one orystallographic axis is smaller than  in  the plane perpendic
ular to  it, and as mentioned above, the forces of cohesion in 
metallic calcium are low, w ith a corresponding reduction of 
the Young’s modulus of alum inium-calcium and alum inium - 
strontium  alloys. A t a higher concentration of calcium the 
compound CaÂl2 makes its  appearance. This belongs to  the 
group of Laves phases characterized by a very high co-ordina
tion num ber; this favourable condition to  some extent 
offsets the effect of weak bonding, and the Young’s modulus 
for CaAl2 is accordingly* higher than  for CaAl.,,

Mg2Si is a typical valency compound, anti-isomorphic w ith 
Cap.,. The elastic modulus of Mg2Si is higher than  th a t of 
magnesium, and therefore the detrim ental effect of magnesium 
in alum inium alloy's is counteracted by the addition of 
silicon.

The structu re  of the CuA12 compound m ay be regarded as 
being derived from two face-centred cubic copper units stacked 
vertically, in which the atom s a t the centre of the vertical 
faces are each replaced by  a pair of alum inium atom s; in 
addition such a  structure has been elongated horizontally*. 
Here, the size-factor is im portan t and is reinforced by strong 
bonding. As a result the values of E  for alum inium -copper 
alloys are above the line connecting the values for the two 
elements.

I t  is interesting to  note th a t high values of E  are shown 
by* certain electron compounds, such as the H um e-R othery 
phases (e.g. Cu9A14, Cu5Zn8, Cu91Sn8) w ith a  constant electron : 
atom  ratio  of 21 : 13, and possessing a  complex structure.

The binary compounds formed by alum inium w ith the 
transition  m etals in  equilibrium w ith th e  prim ary solid 
solution are CrAl7, MnAl6, FeAl3, C!o2Al9, and NiAl3. Accord
ing to  Raynor,* an approxim ately constant electron : atom  
ratio  of about 2-1 is m aintained in these compounds, w ith  the 
exception of FeAl3. They crystallize in a  complex structure 
o f low sym m etry and having ra ther large un it celLs. They* 
are all effective in  raising the value of E , th e ir effect dim inish
ing in  the order named. I t  is interesting to  note th a t Co2A19 
is isomorphic w ith the ternary  FeNiAl„ compound. In  an 
exam ination of the elastic properties o f a lum inium -iron- 
nickel alloys, I  found a m arked im provem ent in E  when the 
ratio  of iron to nickel was about 1 : 1.

MgjAlj has a  cubic structure , and the values of E  for 
alum inium-magnésium alloy’s follows the rule of m ixtures.

Mr. R ichards suggests a non-linear relationship or a  broken 
modulus/composition curve in the case of beryllium additions. 
I t  is difficult to  comm ent on this suggestion, as we examined 
the clastic moduli o f binary alum inium alloys only* up to 
5-6 w t.-%  beryllium, very rem ote from the range of composi
tions studied by* Mr. Richards. In  correspondence previously

published ,| i t  was shown by a m athem atical calculation th a t 
th e  values of Young’s modulus of the alloys assume a linear 
relationship w ith  the vol.-% of the beryllium content.

The increm ent in  the values o f Young’s modulus for binary 
alloys given in the  present paper persisted also in te rnary  
alum iniuin-cobalt-beryllium  and alum inium -coppcr-beryl- 
lium alloys; in alum inium -silicon-beryllium  alloy’s, however, 
an  increm ent of 0-32 lb ./in .2 x  10s was observed, which 
approaches the figure given by Mr. R ichards.

Mr. S m i t h  (in reply) : I  am grateful to  Professor R aynor for 
pointing ou t the error in  my use of the “ apparen t atomic 
radii ”  as a  measure of the atom ic sizes of the solutes. H e is 
quite correct in  saying th a t by  this means th e  effect o f valency* 
m ay twice be taken into account. In  point of fact i t  is 
doubtful whether any  useful result is to  be obtained by separa t
ing ou t the contribution from the size-effect to  the overall 
measured effect, since neither quan tity  is known w ith suf
ficient accuracy. On the o ther hand, if no account a t  all is 
taken of the size-effect, the  m easured values of dE/dC  ob 
tained in the paper for the B sub-group alloys vary* quite 
closely as the square of the valency of the solutes. This is 
shown in Table C.

T a b l e  C

Elem ent
In  Copper In  Silver

Zn Ga Ge As Cd In Sn

M easured ( —dE(dC ) =  
A’, kg./m m .*/at.-%  . 

A' (valency of solute)- * .
37
9-2

82
9-1

150
9-1

2*10
9-6

27
0-7

65
7-2

92
5-7

This result m ay well be fortuitous, and  no particu lar sig
nificance should be attached to it  a t  this stage.

I  fully agree w ith  Mr. Bradfield’s point th a t accurate 
measurem ents m ay be made of the elastic constants o f poly*- 
crystalline aggregates, using the technique developed a t  th e  
National Physical Laboratory* to  which he refers. I t  is 
certainly to  be preferred to  m easurem ents on single crystals, 
having regard to the difficulties o f  their production.

W ith regard to the slope of the line for the copper-zine 
system, I  agree th a t if  the last point is ignored the value in 
creases from 37 to  55 units. The fact th a t the la t te r  figure is 
in agreem ent w ith  m easurem ents a t  the N ational Physical 
Laboratory argues th a t th is should be done. On the o ther 
hand, one expects th a t the lines for different copper alloys 
should intersect the pure copper axis a t the same point. On 
this basis i t  is difficult to  draw  any o ther line for the copper- 
zinc system than  th a t shown in Fig. 1 (p. 479) of the paper, 
w hether the last point is ignored or not.

In  reply* to  Mr. Lumsdcn, m y object in comparing the slopes 
of the modulus and solidus lines was to  dem onstrate th a t both 
appear to  vary  together. Hence, factors which influence one 
probably also influence the other, and Jones’ theory  J  in 
dicates th a t the atom ic size and  valency are th e  most im 
po rtan t factors in determining the solidus line. I  agree th a t 
o ther factors also affect the modulus, as pointed ou t by  both 
Professor R aynor and Mr. Lumsden, b u t for the particu lar 
alloy's considered here i t  seems likely th a t the valency effect 
is the m ost im portant. Although i t  appears probable th a t 
the relationship between the slopes of the solidus and  modulus 
lines, shown in Figs. 2 and 3 (p. 479) of the paper, is largely* 
coincidental, i t  is of in terest to  see w hat happens when th e  
points are p lo tted  non-dimensionally. This is done by divid
ing the abscissa; by* the modulus, and the ordinates by th e  
absolute m elting tem perature, of the pure m etal. The slopes 
of the lines (shown dotted  in the figures) then become nearly* 
equal for the copper and silver alloys, having values of 1-38 
and 1-31, respectively*. This fact suggests th a t there may be 
some rational basis for the comparison.

* G. V. R aynor, “  Progress in  M etal Physics ” , Vol. I , f  J . Inst. Metals, 1948, 74, 706 (correspondence),
p. 49. 1949 : London (B utterw ortlis Scientific Publications). J H . Jones, Proc. Phys. Soc., 1937, 49, 243.
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D isc u ss io n

Dr. 0 . K u b a s c h e w s k i ,f  (M em ber): The oxidation of 
copper alloys has been widely studied, b u t very little  in 
formation has been available on alloys of cobalt, and this 
p art of the present work is therefore particularly  welcome.

There are two ways of approaching the problem of finding 
oxidation-resistant alloys : one m ay either explore system at
ically simple gas-m etal systems and try  to  determine the 
fundam ental mechanisms, or one m ay work empirically 
and copy exactly the conditions th a t occur in practice. 
Professor Preece and his co-workers have chosen a middle 
way*, and the research worker interested in the fundam ental 
side of the problem would have liked to  see parallel experi
ments carried ou t in pure d ry  oxygen, no t only w ith pure 
cobalt and pure nickel, and also fu rther experim ents w ith 
much smaller percentages of the alloying elements, which 
m ight have included monovalent metals. On the o ther 
hand, engineers m ight ask for some sodium sulphate and 
vanadium  pentoxide to  be present in the fuel gas. In  view of 
the formation of generally badly adhering oxidation layers, 
they  m ight also ask for parallel oxidation tests under tem pera
tu re  changes.

I  am  more interested in  the conclusions of a  general nature 
th a t can bo draw n from the present results. I  note th a t the 
oxidation rates found for pure nickel agree w ith those observed 
by Pilling and Bedworth. As nickel of “ commercial pu rity  ” 
was used, i t  is no t surprising to  find th a t the authors’ oxida
tion rates are somewhat higher than  the bulk of the data  
obtained w ith higli-purity nickel. J§ This is in agreem ent w ith 
the diffusion mechanism in NiO, as I  have described else
where. | | |

The peak in the oxidation/tem perature curve for cobalt is 
somewhat puzzling. I t  was no t observed by Johns and 
Baldwin,U and I  wonder w hether the authors have any 
explanation for this discrepancy. True, thermochem ical da ta  
show th a t Co30 4 decomposes in  a ir a t  about 950° C., as was 
confirmed by  the authors experimentally*, bu t th is does not 
explain the peak unless mechanical imperfections are developed 
in  the layers. The form ation of two d is tinc t layers of CoO 
structure is interesting. The au thors’ interpretation of this 
implies th a t CoO is an am photeric conductor, i.e. stable w ith 
an excess as well as w ith a  deficit of metal. One could imagine 
the inner layer to  possess vacant anion sites, the outer layer 
vacan t cation sites. This would account for the diffusion 
mechanism propounded by  the authors. The difficulty th a t 
such a mechanism would create a space betw een the two CoO 
layers could be overcome by  the assum ption th a t the interface 
energy pulls th e  two surfaces continuously together as the 
vacancies are formed. The interface thus does no t correspond 
to  a change in phase, b u t is simply a  mechanical boundary. 
I  doubt w hether this in terpretation  is correct, b u t i t  may* be 
th a t the authors have h it upon an  im portan t idea in in ter
preting certain oxidation phenomena. Previous in terp re ta
tions of the diffusion mechanism in CoO have been divided, 
some workers favouring the mechanism of an  oxygen diffusion 
inwards, others th a t of a  diffusion of Co++ ions outw ard. I t

* Jo in t discussion on the papers by A. Preece and G. Lucas 
(J . Inst. Metals, th is vol., p. 219) and J . P . Dennison and
A. Preece (this vol., p. 229).

t  M etallurgy Division, N ational Physical Laboratory, 
Tcddington.

J 0 . Kubaschcwski and 0 . v. Goldbeck, Z. Metallkunde, 
1948, 39, 158.

§ W. J . Moore and J .  K . Lee, Trans. Faraday Soc., 1952, 
48, 919.

|| 0 . Kubaschewski and B. E . Hopkins, “ Oxidation of 
Metals and Alloy’s ” . 1953 : London (B utterw orths Scientific

would be welcome if the present authors could strengthen 
their point by  oxidizing cobalt in  the presence of inert markers, 
which should be found after oxidation a t  the mechanical 
interface w ithin the CoO layer. The platinum  wires used 
for suspending the specimens m ay have provided this inform a
tion, as they  did in the case of the oxidation of titanium.**

There is no reason why a true  diffusion of oxygen should no t 
frequently occur in  oxide layers. W hen Pfeil’s now well- 
known experim ents w ith inert markers on iron surfaces 
showed for the first tim e th a t the cations, ra ther than  oxygen, 
provide the exchange of m atte r in oxidation layers, this came 
as such a surprise th a t public opinion accepted th is mechanism 
•os being of quite a general nature. A nother authority  in this 
field, C. W agner, also favoured the idea of cationic diffusion in 
oxides, on the basis o f considerations of ion sizes. This 
should be no deterrent, however, to  assuming a diffusion of 
oxy’gen ions, for instance over vacant anion sites, whenever 
justified by  experim ental evidence. The conclusions con
cerning the oxidation of iron a t  low tem peratures draw n by* 
Vernon, Calnan, Clews, and Nurse f f  m ay be mentioned as an 
example. Dr. Dennison and Professor Preece have assumed 
oxygen diffusion also in cupric oxide and, since this is a  tran si
tion conductor,Ij; I  should say th a t such a mechanism is 
possibly applicable. I  should like to ask them , however, how 
they explain the difference between the ir curve for the com
position of the oxide layer on copper (Fig. 4, p. 231) and the 
corresponding one determ ined by Valensi,§§ which does not 
show the inflection th a t they found. Is it  a ttribu tab le  to  the 
difference in the gaseous atm osphere, which was d ry  oxygen 
in  Valensi’s experim ents ? Or is i t  somehow due to the change 
in  the oxidation mechanism of copper generally assumed to 
occur between 500° and  600° C. ? An explanation of this 
point would be quite im portant, as Valensi has based his 
theory  of m ultilayer formation on his experim ental results.

W ith regard to  the oxidation of alloys, I  have already 
mentioned th a t i t  would be useful to  know the effects of 
small percentages of th e  additions on the oxidation rate, as 
this would help to  elucidate the mechanism of diffusion.|| 
As long as no second oxide lay*er is formed, one would expect, 
on the basis of the W agner mechanism of oxidation, th a t 
high-valency m etals should increase, monovalent metals 
decrease, the oxidation rates o f copper, nickel, and possibly 
cobalt. This applies, for instance, to  the coppcr-chromium 
alloys. The authors explain why there is no t sufficient 
chromium to produce a protective Cr20 3 layer; they  do not 
explain the increase in oxidation actually* observed. This, 
I  suggest, is due to  the creation of additional cation holes in 
Cu20 , which is a  cation-deficit conductor, by* replacement 
of monovalent Cu+ by trivalen t Cr+++. I t  is also possible 
th a t the relatively high oxidation rates o f the cobalt-10% 
chromium alloy observed by  the authors are due to  an 
increase of the num ber of vacant lattice sites in the 
CoO lattice, corresponding to  sim ilar observations w ith 
nickel-chromium alloys discussed by  W agner and Zimens |;|| 
and by ourselves. || This would require, however, th a t

Publications).
C. R . Johns and W. M. Baldwin, J r .,  Trans. Amer. Inst. 

M in . Met. Eng., 1949, 185, 720.
** M; H . Davies and C. E . Birchenall, ibid., 1951, 191, 877. 
t f  W. H . J .  Vernon, E . A. Calnan, C. J .  B. Clews, and T. J . 

Nurse, Proc. Boy. Soc., 1953, [A], 216, 375.
Ü  K . Hauffe and H . Grünewald, Z .physika l. Chein., 1951, 

198, 248.
§§ See 0 . Kubaschewski and B. E. Hopkins, loc. cit., p. 139, 
III) C. W agner and K . E . Zimens, Acta C’hem. Scand., 1947,1, 

547.
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CoO, like NiO, be a  cation-hole conductor, contrary to 
the suggestions made earlier. A t least, I  feel, one should be 
very careful in  generalizing from a  few empirical observations. 
The authors hold the  view th a t the form ation of spinel 
structures on alloys is undesirable for oxidation-resistance. 
Arkharov* has expressed ju s t the opposite view. The obvious 
answer to  this difference of opinion is th a t  the spinel structure, 
as such is neither a  typical inhibitor nor accelerator of oxida
tion, any more th an  any  o ther structure, for instance theN aCl- 
t.ype. The diffusion mechanism in an oxidation layer depends 
on the concentration and  type of defects in  the lattice, and 
the spinels m ust be treated  individually from this point of 
view. W ith this in  mind, Hauffe and Pschera f  have 
investigated the  diffusion rates in the N i0 .C r20 3 spinel. The 
results indicate th a t th is particular spinel should, in fact, offer 
quite a good protection to  oxidation. Since pure chromium 
oxide is n o t particularly  protective, the high oxidation-resist
ance of 80 : 2 0  nickel-chromium m ust be due either to  the 
spinel or to  a  chromium oxide th a t contains nickel ions in 
solid solution. Corresponding considerations m ay apply to  
cobalt-chrom ium  alloys.

The results obtained w ith the copper-alum inium alloys are 
interesting. I f  diffusion in the alloys were infinitely rapid, 
only alum ina should be formed on oxidation, owing to its 
high free energy of formation. Diffusion rates are, however, 
no t infinite, and the effect th a t this would have on the type of 
oxidation layers formed was recently discussed hy  W agner.J 
From  the work of da Silva and Mehl§ i t  follows th a t the 
individual diffusion ra te  of aluminium in alum inium -copper 
alloys increases w ith  tem perature, relative to  th a t o f copper. 
This is in  qualitative agreem ent w ith the authors’ observation 
th a t coherent, protective A L 03 layers are formed only a t  high 
tem peratures, while a t  low tem peratures insufficient alum in
ium diffuses to  the surface to  form more than  clusters of 
alum ina in the Cu20 . I t  follows th a t selective oxidation a t  
very low oxygen pressures (i.e. in H 20 /H 2 mixtures) should 
produce protective films on alloys of, for instance, aluminium 
w ith copper or cobalt.

Finally, I  should like to  ask Professor Preece and D r. 
Lucas to  sta te  the tim e of oxidation in Tables I-V I (pp. 221- 
223); and, although there appears to be little  difference in 
the rates of a ttack  by air and air/fuel gas mixtures, i t  would be 
useful to know which of the atm ospheres had actually  been 
used to obtain the figures in the tables.

Mr. E .  L l . E v a n s , || B.Sc. (M ember): D r. Kubaschewski has 
m entioned the care needed in  drawing general conclusions on 
the protective or non-protective properties of a  group of 
oxides such as the spinels. I  wish to  underline th is point, 
because these substances have often been the subject of 
broad generalizations based on observations on one or two 
particular spinels. Quarrell in 1910 ‘ j identified the protective 
oxide on a 13% Cr, 13% Ni steel as a spinel, and suggested 
th a t spinels in  general should afford good protection against 
continued oxidation owing to  their flexibility in composition 
and th e ir stability . (The exceptional behaviour o f magnetite 
was related to  the ease w ith which it would break down to 
form ferrous oxide.) In  an  electron-diffraction study  of oxide 
films on alloys of iron, cobalt, nickel, and  chromium, H ickman 
and Gulbransen ** identified spinels in a num ber of films, both  
protective and non-protective. In  the summarized conclu
sions a t  the end of the ir paper, they  rem arked only upon those 
spinels which appeared protective, and a  num ber of superficial 
readers have been led to  believe th a t th is work confirms the 
view once advanced by Quarrell. The converse m ay easily 
happen as a  result of a hurried perusal o f the paper by P ro 
fessor Preece and Dr. Lucas. Of the four spinels encountered, 
two are detrim ental (Co30 4 and CoO.Cr20 3), one seems not

* V. I . Arkharov, Izvest. A  had. Naulr. S .S .S .lt ., 1946, 
[Khim.], 127.

f  K. Hauffe and K . Pschera, Z . anorg. Chem., 1951, 264, 
217.

t  C. W agner, J . Electrochem. Soc., 1952, 99, 369.
§ L. C. C. da Silva and R . F. Mehl, Trans. Amer. Inst.

particularly  detrim ental (Co0.Al20 3), and the fourth  is 
described by the authors as no t appearing to  have any  serious 
effect on the  ra te  of oxidation (N i0.A l20 3). Despite these 
m ixed observations, the  authors sta te  w ithout qualification in 
the ir conclusions (p. 227) th a t  “ th is type of structure  greatly 
accelerated the oxidation process ” , and in  their synopsis (p. 
219) th a t “ spinel form ation is shown to  be detrim ental to  the 
form ation of a protective oxide la y e r” . This kind of s ta te 
m ent is to  be regretted, if  only because abstractors, particularly  
those reading a foreign language, m ay tend  to  be guided to  
some ex ten t by  authors’ own summaries.

The spinel struc tu re  is very  stable, and can accom modate a  
num ber of species of metallic ions. There has appeared no 
reason inherent in  the structure, however, why any  particular 
spinel should no t form a  protective or a  non-protective oxide 
layer in any  given circumstances. R ather, i t  m ight even 
prove possible, as a result of th is flexibility in  composition, 
and in  view of the  varie ty  of oxidation-resistant properties so 
far observed, to  produce spinels of any  desired resistance to  
continued oxidation. I t  is certainly undesirable and u n 
necessary to  speak in  th is connection of the properties of 
spinels as a class.

I  should have welcomed the inclusion of fuller details of 
experim ental methods, in  bo th  papers, if  only by  suitable 
references where the methods have been described previously. 
For m any years Professor Preece has been associated w ith 
work on scaling, and he and his various colleagues have given 
us a  series of excellent and valuable papers. I t  is ju s t possible 
th a t, the various techniques they  have developed and applied 
having become so fam iliar and commonplace to  them , they 
m ay overlook th e  fact th a t the methods m ay be of great 
in terest to  o ther people. I  refer particularly  to  m ethods of 
m ounting and polishing samples for the microscopical ex 
am ination of scale and  adjacent m etal. There are  very  few 
accounts of such methods in  metallurgical lite ra tu re , and i t  is 
evident from th e  photom icrographs in the present papers th a t 
Professor Preece and his collaborators have much to  teach us.

Mr. M. H . D a v i e s , f f  B.Sc. (Junior M em ber): These papers 
form a useful addition to  the literature  on the practical aspect 
of the oxidation-resistance of m aterials for possible use a t  
high tem peratures. The underlying fundam ental reasons for 
the oxidation behaviour should, however, no t be neglected, 
since only a full understanding of the oxidation process in 
both pure metals and alloys will lead ultim ately  to  the best 
practical solution of th e  problems associated w ith  high- 
tem perature service.

D uring protective scale form ation, and in the absence of 
transform ations occurring in the m etal or major changes in 
the nature of the products of oxidation, i t  is to be expected 
th a t the ra te  of oxidation will be a  smooth function of tem 
perature. T hat is, the standard  Arrhenius plot of the logarithm  
of 1-, the ra te  constant, against the reciprocal of th e  absolute 
tem perature will yield : (1 ) a  stra igh t line, or (2 ) a  smooth 
curve. The smooth curve will be produced if the composition 
lim its o f the phase, diffusion in which is the rate-controlling 
step, a lte r w ith tem perature so th a t  there will be an additional 
change in  concentration gradient and thus an  added contri
bution to the ra te  of grow th of the phase. This is implied 
in the formal diffusion equations.

The discontinuity in the ra te  of oxidation/tem perature 
curve plotted for cobalt in Fig. 2 (p. 220) is a ttrib u ted  by 
Professor Preece and D r. Lucas to  th e  disappearance from th e  
reaction products of the th in  outerm ost layer of Co30 ,. 
From  the general oxidation behaviour o f cobalt i t  appears 
more likely th a t cobalt-ion diffusion through the principal 
oxide CoO will be the rate-determ ining step, and thus the 
presence or absence of a small am ount of Co30 4 should no t

M in . Met. Eng., 1951, 191, 155.
|| Chemical Research Laboratory, D .S .I.R ., Teddington.
^| A. G. Quarrell, Nature, 1940, 145, 821.
** J .  W. Hickman and E. A. Gulbransen, Trans. Am cr„ 

Inst. M in . Met. Eng., 1947, 171, 344.
f t  Fulm er Research Institu te , L td ., Stoge Poges, Bucks.
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markedly affect the oxidation rate. I t  is suggested in the 
paper th a t the presence of th is oxide a t  the outer surface of 
the scale increases the ra te  o f oxygen transfer to the under
lying CoO. This contention implies strong oxygen-pressure- 
dependence of the ra te  of scaling, and it  tvould be of value to 
know w hether or no t a  variation of scaling ra te  w ith partial 
oxygen pressure has been found.

In  most o ther cases of protective scale formation where a 
parabolic rate law is obeyed, the rate-controlling step is the 
diffusion of ions (or vacancies which result in a net ion tran s
fer) through the scale. On considering the oxidation of iron * 
under conditions which allow form ation of F e20 3 in one case 
(oxidation in 0 2) and which prevent it  in another (oxidation 
in w ater vapour), one finds no m aterial difference in  the 
overall scaling rate. Diffusion through “ FeO ” is the rate- 
determ ining step, and  different rates of oxidation are obtained 
a t  the same tem perature only b y  controlling the atm osphere 
to such an ex ten t th a t the composition gradient in “  FeO ” 
is lim ited (no Fc20 3 or Fe30 4 is formed) and considerably less 
than  the m axim um  allowed by the w idth of the equilibrium 
phase field.f Thus, i t  is hard  to  ascribe the vast change in 
oxidation behaviour of cobalt a t  950° C. merely to  the dis
appearance o f a  scale constituent which occupies only a  small 
volume fraction of the to ta l scale, unless there is an  extrem ely 
strong oxygen-prcssure dependence.

The figures for the oxidation of cobalt for 50 hr. a t tem pera
tures between 800° and 1200° C. (taken from Tables I- IV , 
pp. 2 2 1 - 2 2 2 ) show th a t the tem perature increm ent of the 
ra te  constant decreases in the region 900°-1000° C., b u t the 
sharp inflection of Fig. 2 (p. 220) (for 24-hr. oxidation times) 
is no t indicated. Although only a  few results are given, it  
appears th a t the pilots for the oxidation of cobalt for varying 
tim es do no t conform to  the parabolic relationships found, by 
o ther w orkers4§ Additional results in the range 900°-1000°
C. would assist in showing whether there is a  m arked difference 
in the shape of the ra te/tem perature  curves obtained for 
different times of oxidation. Such a  difference should no t 
exist, and reasons for any apparen t difference m ust be sought 
in  th e  experim ental methods.

Fischbcck and Salzer || observed discontinuities in the ra te / 
tem perature plot for the oxidation of iron in various atm o
spheres, and a ttr ib u ted  i t  to  the transform ation in the metal. 
L ater work,* however, showed th a t such apparent dis
continuities were due to  the experim ental conditions, i.e. to  
the non-isothcrmal oxidation in the initial stages. Fischbeck 
and Salzer allowed their specimens to  heat from room tem pera
tu re  to  the operating tem perature in the oxidizing atmosphere. 
An oxide film was formed during the initial heating, and on 
passing through the ferrite/austenite transform ation the 
volume change occurring led to  partial rupture a t the oxide/ 
m etal interface. This resulted in  a lower apparent oxidation 
rate referred to  the original surface area, due to  the decreased 
supply of iron ions across the reduced coherent interfacial 
area. I t  also resulted in an alteration  of the proportions of 
higher oxides found.ff S tric t isotherm al oxidation of iron 
results in a  sm ooth variation o f the oxidation ra te  w ith 
tem perature.

O ther investigations on the oxidation of cobalt have not 
indicated any inflection in  the ra te /tem peratu re  plot. Thus 
i t  m ay be pertinent to  ask : (1) w hether the present experi
m ents were carried out isotherm ally, (2 ) w hether oxygen in 
solution in  the m etal could raise the transform ation tem pera
ture, thus producing the mechanical effect which m ight

* M. H . Davies, M. T. Simnad, and C. E . B irchenall, Trans. 
Amer. Inst. M in. Met. Eng., 1951, 191, 889.

f  L. Himm el, unpublished work, Metals Research Labora
tory, Carnegie In s titu te  of Technology.

t  C. R . Johns and W. M. Baldwin, J r . ,  Trans. Amer. Inst. 
M in . Met. Eng., 1949, 185, 720.

§ J . S. Dunn, quoted by J .  S. D unn and F. J . Wilkins in 
“ Review of Oxidation and Scaling of H eated Solid Metals ” 
(D epartm ent of Scientific and Industria l Research). 1935 : 
London (H.M. S tationery Office).

|| K . Fischbeck and F . Salzer, Metallunrtschaft, 1935, 14, 
3 d

manifest itself in  an apparen t reduction of oxidation rate. 
This transform ation m ight be restricted  to  a very th in  zone in 
th e  neighbourhood of the m etal/oxide interface since there 
will be an oxygen-concentration gradient in the metal.

Mechanical effects such as th a t described, o r the develop
m ent of “ diffusion holes ” , or the stresses associated with 
the mass/volume relationships of oxide and metal, are fre
quently  responsible for inconsistency in the results of oxidation 
experiments. Experim ental conditions should therefore be 
held under the stric test possible control, if the maximum 
benefit and accuracy of information is to be obtained.

Dr. U. R . E vans,** M.A., Sc.D., F.I.M ., F .R .S. (M em ber): 
The paper by  Dr. Dennison and Professor Preece is most 
interesting, and its  interest is increased if the results are 
considered in connection w ith o ther work no t mentioned by 
the authors. I t  is perhaps a p ity  th a t they  confine themselves 
so closely to  the contents of Dr. Tyleeoto’s adm irable review, 
which of necessity contains no references to  work published 
since it  was w ritten  and no reference to  metals o ther than  
copper, although progress in our understanding of the oxida
tion of one m etal m ust help us to  understand the behaviour 
of another. The recent tendency to  confine literatu re  
surveys up to the date  o f publication o f some text-book or 
review is a disquieting feature of the tim es, which deserves the 
atten tion  of the Publication Committee.

An interesting question discussed in the paper is w hether 
oxide scale grows by outw ard passage of m etal o r by inw ard 
passage of oxygen. I t  is of great practical im portance to  
settle th is m atte r in any particu lar case, for outw ard passage 
results in hole3 below the scale which, being left unsupported, 
can break down even though the scale material is intrinsically 
protective. This is well illustrated  in the recent work on 
iron a t 1090° C. o f Dunnington, Beck, and F o n tan a ,ff who 
showed, how, by diffusion of vacancies in the m etal, the 
numerous holes of atom ic size left below the scale can com
bine to  give a few large holes; then the scale covering the 
holes becomes leaky, a  new scale forms a t  the bottom  of 
each hole, and the process repeats itself, leading to  the 
form ation o f a num ber of scales separated by cavities. Caplan 
and Cohen %% studying high-chromium steel, showed th a t these 
break-downs are accompanied by  sudden rises in oxidation 
ra te s ; in favourable cases, they found a relation between the 
num ber o f scales and the num ber of sudden rises in the 
oxidation/tim e curves.

Applying these ideas to  copper alloys, it  is helpful to  study 
the three papers b y  de Brouckere and  H ubrecht §§ on copper- 
beryllium alloys; their results agree broadly w ith  those 
recorded by D r. Dennison and Professor Preece b u t, since 
they  concentrated on one class of alloys, they  naturally  
provide greater de tail. I t  appears th a t once a layer of beryllia 
lias appeared between the cuprous oxide film and the metal, it 
prevents passage of either copper or oxygen through it, and 
the only change which can then  occur is the conversion of the 
cuprous oxide to  cupric ox ide; in some cases this conversion 
becomes complete. Does it  occur by passage of copper 
cations outw ards (as in the formation of cuprous oxide 
films on metallic copper) or by  the passage of oxygen inw ards ? 
I f  the la tte r, how does oxygen move inwards ? I t  should be 
noted th a t the driving force is the same in both  cases; adsorbed 
oxygen atom s a ttra c t electrons, becoming oxygen ions, and 
th e  electric field thus set up can either draw  cations outw ards 
or force anions inw ards; the decision between the two

733, 753.
J .  Bénard and O. Coquelle, Rev. Met., 1946, 43, 113.

** R eader in the Science of Metallic Corrosion, Cambridge 
U niversity.

f t  B. \V. D unnington, F. H . Beck, and M. G. Fontana, 
Corrosion, 1952, 8 , 2.

f t  D. Caplan and M. Cohen, Trans. Amer. Inst. M in . Mel. 
Eng., 1952, 194, 1057.

§§ L. H ubrecht, Bull. Soc. Chim. Beiges, 1951, 60, 311 ; 61, 
205.

L. de Brouckère and L. H ubrecht, ibid., 1951, 61, 101.
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alternatives is likely to  be determ ined by the presence of holes 
which will perm it the movem ent of ions or o ther particles, and 
also facilitate the atom ic rearrangem ent involved when 
cuprous oxide disappears and cupric oxide is formed.

A t the outset, there is little  doubt th a t cuprous ions move 
outw ards through the cuprous oxide, taking up positions 
between the adsorbed oxygen ions and  starting  to  build up 
cupric oxide a t  certain favoured points; for vacan t cation 
sites exist in cuprous oxide, whilst, so far as is known, there 
are no vacant anion sites. W hen once cupric oxide lias 
formed a t  a  point on the outer surface, i t  can still spread 
sideways, bu t the mechanism of growth in depth requires 
consideration. Cupric oxide (unlike cuprous oxide, which 
contains less m etal than  the form ula Cu20  would suggest, and 
thus possesses vacant cation sites) is believed to  possess a 
composition represented fairly accurately by CtiO, and to 
be alm ost free from vacant ionic sites. The electronic 
conductivity is due to  electrons being ou t of place; cupric 
oxide is an Eigenhalbhiler, as the Germans call i t ;  its 
electrical behaviour is discussed by Hauffe and Grünewald.* 
I t  is difficult to  see how either ion can pass readily through 
cupric oxide, which should theoretically bo protective, 
although m ost investigators, from Pilling and B edw orth f 
onwards, seem to regard i t  as being, in  practice, non-protec- 
tive. A possible reason m ay be the fact (for which evidence 
has long existed) th a t the nuoleation rate o f cupric oxide is 
lew, so th a t it  is formed a t  a  lim ited num ber of points, growing 
sideways and outw ards; this doubtless accounts for the 
somewhat colum nar structure  of the cupric oxide seen in the 
authors’ photom icrographs (Plate X X X II) which is very 
different from th a t o f th e  cuprous oxide layer below it. U ntil 
the cupric oxide crystals starting  a t  different points have 
grown laterally into contact, some outw ard passage of 
cuprous ions to  join the adsorbed oxygen is still possible; 
bu t if  the crystals m eet one another, sealing the whole 
surface, the outw ard movem ent m ust cease, and  i t  m ight bo 
thought th a t conversion would be a t  an end. I t  seems likely 
th a t the crystals do not grow in to  contact a t  all points, and 
th a t  pores rem ain, perhaps along the lines where three crystals 
approach one ano ther; such a pore would perm it oxygen to 
pass inwards as molecules (not ions) and to  convert cuprous 
oxide to  cupric oxide a t  the base of the pore. In  some 
circumstances, it m ight be expected th a t the pores would be
come blocked, and possibly the Pilling-B edw orth ratio  m ay be 
determ inative in deciding w hether blockage occurs, although 
there is in recent years a  tendency to  regard lattice p a ra 
m eters as the determ ining factor. This m atte r cannot be 
discussed here, b u t i t  is significant th a t 1 g.-mol. of C u,0 
occupies 23-86 c.c., whereas 2 g.-mol. o f CuO (containing the 
same am ount of copper) occupy 24-87 c.c.—perhaps an 
insufficient volume increase to press the crystals into lateral 
contac t a t  all points. Such an explanation, however, is 
pu t forward ten ta tive ly ; the argum ent has several doubtful 
features.

“ Outward m ovem ent” does no t involve the dissociation of 
cuprous oxide in to  cupric oxide and metallic copper, b u t the 
dissociation of two Cu+ ions into tw o Cu++ ions and two 
electrons; an oxygen atom  adsorbed a t  the outer face of the 
cupric oxide layer will take up two electrons, becoming an 
ion, and the electric field set up will cause a Cu++ ion to  move 
into place alongside it  a t the outer surface of the cupric oxide 
layer. In  effect, two new molecules o f CuO are formed, one a t 
each interface. The e.m.f. available for th e  outw ard move
m ent of CuH + ions is the same as th a t available for inward 
passage of 0 "  ions. The question will be decided by the 
resistance to  the two forms of motion. I t  seems, however, 
a little  doubtful w hether e ither Cu++ or 0 " '  could readily 
move through a  cupric oxide film, if  i t  is true  th a t there is no 
deviation from the composition CuO. Thus, the possibility 
of 0 2 molecules moving inwards along pores between the 
crystals a t  least deserves consideration.

Dr. K . S a c h s , i  M.Sc., A.I.M . (Junior M em ber): I t  is 
known th a t the presence o f molybdenum in heat-resistant 
alloys containing chromium m ay cause a  very rap id  type of 
oxidation which has been dram atized by the adjective 
“ catastrophic ” . I t  is a ttrib u ted  to  the accum ulation of 
volatile M o03 near the surface, and is closely related to  the 
accelerated scaling produced by the presence of vanadium 
pentoxide, which Professor Preece and D r. Lucas observed in 
the oxidation of the cobalt-32%  chromium alloy w ith 0-64% 
vanadium .

I t  is surprising, therefore, th a t in binary cobalt-m olybdenum  
and  nickel-m olybdenum alloys the form ation of a  m olybdate 
was capable of suppressing the liberation of free M o03. The 
fact th a t  M o03 was found above 1200° C., and  th a t oxidation 
became very rap id  a t  th a t tem perature, suggests th a t M o03 
vapour is in  equilibrium w ith  the m olybdate and th a t the 
ra te  of flow of the gases past the specimens, reported  to  have 
been “ well above the critical speed ” , was sufficient to  
sweep away the M o03 volatilized a t  lower tem peratures, b u t 
could no t cope w ith the quan tity  of vapour present a t  1200° C. 
To explore the effect of varying molybdenum contents on the 
oxidation o f the cobalt-32%  chromium alloy would have been 
of great in terest because a num ber of creep-resistant alloys, 
particularly  thoso of American m anufacture, are based on 
cobalt and  contain both  molybdenum and  chromium, though 
usually ra th er less than  30% of the la tte r ; i t  would have been 
helpful to  know to rvhat ex ten t the higher chromium content 
protects th is type of alloy against the influence of volatile 
Mo0 3 derived from th e  molybdenum content.

Professor Preece and D r. Lucas express disappointm ent 
th a t none o f the elements added to  the cobalt-32%  chromium 
alloy increased the adhesion of the scale. One factor which 
favours the adhesion of oxide layers is the presence of m etallic 
particles in  the scale, which help to  key the b rittle  oxide to  
the surface; such m etallic particles tend  to  make the ir 
appearance in  the presence of an  elem ent less readily oxidized 
than  the base metal. In  the case of a  cobalt alloy, one would 
suggest copper or the precious metals. However, experim ent 
may show th a t th e  additions required to  give the effect aro 
higher than  the alloy can support, e ither from an economic 
point of view or because o ther properties will be affected.

In  the paper by D r. Dennison and Professor Preece on the 
oxidation of copper alloys, inform ation is given regarding the 
peculiar behaviour of silicon. A pparently, no silica is found 
in scales formed above about 850° C., contrary to  therm o
dynamic requirem ents, which insist th a t silicon oxidizes more 
readily th an  copper a t  all tem peratures. I t  requires little  
ingenuity to  devise a  mechanism to account for the observa
tion, b u t in  the absence of any experim ental evidence th is is 
perhaps a  more suitable place than  the paper itself to  discuss 
the m atter.

I t  is possible th a t silicon goes in to  solution in the scale at 
the lower tem peratures and, as i t  diffuses outwards, is oxidized 
to  silica ; a t the higher tem peratures silicon is prevented from 
entering the scale and is completely protected  against oxida
tion because i t  cannot diffuse through the oxide layer. The 
main effect of the tem perature  on the scale appears to  be to 
determ ine the proportion of cupric oxide present. Cupric 
oxide and silica bo th  disappear from the scale a t tem peratures 
above 850° C.

I t  cannot be said th a t silicon is capable of dissolving in 
cupric oxide b u t no t in cuprous oxide, because even when the 
form er is present i t  is on the outside of the scale layer, so that 
silicon would have to  enter the Cu20  lattice. The la tte r  is 
known to  contain bivalent copper ions, balanced by  lattice 
vacancies, and  it  is possible th a t tem peratures which make 
cupric oxide unstable m ay have the same effect on cupric 
ions in the CuO lattice. I t  m ay be this effect of rising tem 
perature which accounts for the failure of silicon to  enter 
the lattice.

W hatever the mechanism, th e  results indicate th a t silicon

* K . Hauffe and H . Grünewald, Z. pliysikal. Che in., 1951, 29, 529.
198, 248, J G .K.N . Research Laboratory , W olverhampton,

f  N. B. Pilling and R. E . Bedworth, J . Inst. Metals, 1923,
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accum ulates a t the m etal surface, so th a t in effect an alloy of 
higher silicon content is being oxidized. Increase in silicon 
content from 2 to  3-5% increases the ra te  of oxidation above 
800° C. {Figs. 8 and 9, p. 233). However, since silicon does 
no t enter the oxide, oxidation depends on the rapid  diffusion 
of copper through the silicon-enriched layer a t  the surface.

W hen the silicon-rich phase covers most of the surface, it  
m ay form a barrier to  the en try  of copper into the scale, and 
one can perhaps predict th a t a  fu rther rise in the silicon 
content beyond 3-5% would have the effect of decreasing 
oxidation, provided th a t melting is avoided. The increase in 
silicon content of the surface layer should have a sim ilar effect 
in all copper-silicon alloys oxidized. A t 850° C. oxidation will 
be very rapid a t first, b u t will slow down when a continuous 
silicon-rich phase has been bu ilt up on the surface of the m e ta l; 
this will occur earlier, the higher the silicon content of the alloy. 
Above 850° C. a liquid phase will be present as soon as about 
5% silicon has accum ulated in the surface layer.

Mr. J .  Ca n t r e l l  * (M em ber): The results presented by 
Professor Preece and D r. Lucas are of great interest. One 
point, however, causes some uncertainty, since some of the 
alloys tested were prepared by  sintering, followed by  working.

We have observed a tendency, particularly  in m ixtures 
containing two metals of widely differing melting points, for 
the sintered body to  re tain  a very fine, continuous porosity, 
even when high density  values are obtained. A lthough cold 
working m ay remove all evidence of this porosity and yield 
theoretical densities, a  subsequent heat-treatm ent. m ay cause 
certain of the original discontinuities to  reappear. This 
effect can be seen in  worked compacts o f certain iron  powders 
which, a fter heating in  a protective atm osphere, are left in 
m oist conditions. A network of internal corrosion can often 
be detected.

In  the processing of molybdenum, heavy drafting of the 
sintered ingot during swaging m ay cause “  lap-over ” of the 
square section. This fin will apparently  become a p a rt of the 
body of the m aterial and  cannot be detected after a  little  
fu rther reduction in diam eter. Often, however, the weak
ness will reveal itself during the annealing of the finished 
wire, even a t  diam eters as small as 0-002  in., the reheating 
apparently  causing “  springing out ” of the sealed fin.

We can visualize the possibility of such a mechanism in 
the experim ents covered by the paper. Is  i t  possible th a t  the 
heating during oxidation testing m ay have caused partial 
reopening of the pores from the in itia l porosity of the sintered 
m aterial ? If, in Fig. 9 (Plate X X X I), the microsection has 
been cut a t righ t angles to  the direction of rolling, the nature 
of the internal oxidation m ay be a result of the mechanism 
which we have suggested. Difficulties experienced -with 
residual porosity in our own work have been elim inated by ho t 
pressing the powder m ixtures to  100% density before working.

I  should like to  ask the authors if  any  tests were made on 
the sintered alloys, before working, to  ensure th a t there was 
no trace o f continuous porosity networks.

Professor P r e e c e  and  D r. L u c a s  (in reply) : We m ust first 
apologize for the omission of the tim e factor from the Tables. 
This should be 50 hr.

W ith  regard to  the point raised by D r. Kubaschewski con
cerning the two types of CoO layer, there is little  doubt th a t 
the junction is coincident w ith the original m etal surface. 
This was shown both by  measurements and  by  m arkers in the 
form of the platinum  supporting wires.

The pronounced peak in the oxidation/tem perature curve 
for pure cobalt certainly raises several interesting questions 
and  appears to  have been missed by  o ther investigators. We 
first noticed th a t the results obtained in the 60 : 1 turbine 
atm osphere a t 900° and 1000° C. were alm ost identical. This 
suggested some alteration  in the mechanism of oxidation in 
the region of the Co30 4 —> CoO transform ation, and i t  was 
decided to  investigate this point by fu rther tests, using pure

dry  oxygen a t  much closer tem perature intervals. The fu r
nace was purged w ith nitrogen during the heating period. 
The reproducibility of the results is indicated in Fig. 2 (p. 220) 
either by  the size of the point on the graph, or, a t tem peratures 
close to  the peak where greater scatter occurred, by the small 
arrows.

In  considering this tem perature range, it  seems relevant to 
mention Mine. Chaunevet’s work f  on th e  Co30 4 ->  CoO tran s
formation, in which it  is shown th a t the oxygen content of 
Co30 4 falls below stoicheiomotric requirem ents a t  approxi
m ately 800° C., gradually changing to CoO w ith an  increased 
oxygen content before finally reaching the stoicheiometric 
composition of CoO a t about 1075° C. This result strongly 
suggests th a t, in our experiments, the complex transition  was 
greatly  influencing the mechanism of oxidation.

W ith regard to  Mr. Davies’ rem arks on the oxidation curve 
for cobalt, we did find a difference between the results obtained 
in air and in  oxygen, the form er being much lower a t 900° and 
1000° C., b u t approxim ately the same a t 800° or 1100° C. 
The results obtained after 24 hr. in the 60 : 1 atm osphere 
wore :

W t. w t .
increase increase

°C. g./cm.9 °C. g./cm.*
SOO 0013 900 0-029

1000 0-031 1100 0-103

and these m ay be compared w ith the values shown in Fig. 2.
His fu rther sta tem ent th a t the sharp inflection in Fig. 2 is 

no t indicated in  the results obtained in  the 60 : 1 atm osphere 
is surprising in  view of the fact th a t the values a t  900° C. 
(0-042 g./cm .3) and  1000° C. (0-045 g./cm .2) are almost 
identical, as is also the case in  Fig. 2. R esults in the in te r
vening tem perature range were no t included in the Tables, 
since the peak had already been indicated in a detailed m anner 
in Fig. 2. The oxidation of cobalt obeys the parabolic law 
irrespective of tem perature, and Mr. Davies is incorrect in 
comparing results, for 24 hr. in  oxygen w ith those for 50 hr. in 
the 60 : 1 atm osphere. The experim ental method used in 
this work lias been shown to be satisfactory, since the shape 
of the ra te /tem peratu re curve in the 60 : 1 atm osphere was 
the same for times ranging from 24 to  120 hr. The fact th a t 
the layer of Co30 4 occupies only a small volume fraction of the 
to ta l scale does no t necessarily im ply th a t this constituent 
m ay be ignored, since the ra te  of oxidation is controlled by 
the properties of the oxide ra ther th an  by  its  relative thickness.

I t  does no t appear th a t the diffusion of cobalt ions through 
CoO is the rate-determ ining factor, as suggested by Mr. 
Davies, since, if th is were true, one would no t expect the 
oxidation ra te  a t  1000° C. to  be much lower than  a t  950° 0 ., as 
is found to  be the case, since a t th a t tem perature the scale 
also consists very largely of CoO.

Consequently, it  seems feasible to  us th a t o f all the  factors 
involved the most influential is th a t governing the transfer of 
oxygon into the CoO lattice. In  the presence of a Co30 4 
layer, the energy barrier for this movement might be replaced 
by a combination of a low barrier between the gas and  the 
Co30 4 and  a low transfer barrier between Co30 4 and  CoO.

The question of the effect of spinel form ation on the oxida
tion process is discussed by Mr. E . LI. Evans. We would 
point ou t th a t the influence of a spinel is certain to  be governed 
by the presence of other oxide layers. In  the cobalt-chrom iu m 
alloys, i t  is found in d irect contac t w ith the metal surface in 
association with CoO, whereas in the niekel-aluminium system 
a layer o f aluminium oxide is interposed between the spinel 
and the m etal, and this would be expected to  provide a strong 
rate-influencing effect, as indeed is the case. The same 
reasoning m ay be appropriate to  the cobalt-alum inium  alloys, 
although no alum ina layer was actually  detected.

We would fu rther draw  Mr. E vans’ a tten tion  to  the fact 
th a t the paper by Hickm an and Gulbransen to  which he refers 
was published in 1947, whereas the sta tem ent o f these authors 
t h a t : “  Our results do no t indicate th a t the m arked non-

* The Carborundum Co., L td ., Trafford Park , M anchester. results obtained by Mme. G. Chaunevet, Dr. Thesis, Université
f  G. ValeMsi, Métaux et Corrosion, 1950, 25, 283 (reporting de Caen).
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oxidizing property of the 80 : 20  niekel-chromium series of 
alloys m ay be explained on the basis of the form ation of 
K i0 .C r20 3, as postulated by  Iitaka  and Myake, bu t ra ther 
th a t long lifetime m ay be associated w ith the occurrence of 
Cr20 3 and the absence of N i0 .C r20 3 ” , was made by them  in 
1949.* In  the best nickel-chrom ium -iron alloys, although 
H ickman and Gulbransen observed the presence of a  small 
am ount of spinel, the alloys formed Cr20 3 primarily.

While we would hesitate to  make a general statem ent on 
the protective properties of spinels, no spinel has ever been 
shown to  be more protective th an  a pure oxide film ; fu rther
more, their flexibility in composition should no t be quoted as a 
favourable p roperty  for confirming oxidation-resistance, since 
this m ay actually  prom ote diffusion ra ther than  prevent it.

W ith reference to Mr. E vans’ request for fu rth er experi
mental details concerning th e  procedure for mounting scaled 
specimens, this is as follows : A m etal cylinder, approxim ately 
1 in. in dia. x  1 in. high, is glued to  a  glass plate and the 
specimen placed inside in the required position. The cylinder 
is filled w ith hf.P.A. Bakelite Cement, a  therm osetting liquid. 
The m ount is treated  for about 1 hr. in a  vacuum  desiccator 
attached to  a  water-suction pump. This removes the occluded 
air in the scale and, on releasing the vacuum , the cement is 
forced into the pores of the scale. H eating to  80° C. overnight, 
followed by a final hardening a t  120° C. for 1 hr., completes 
the mounting process. The specimen is then  carefully 
polished by the usual methods.

D r. Sachs’ rem arks on th e  cobalt-m olybdenum  and nickel- 
molybdenum alloys m ay be supplemented by noting th a t the 
molvbdate is surrounded by  an excess of cobalt oxide which 
m ay suppress the action of any free M o03. As the tem perature 
is increased, the m olybdate will undoubtedly become more 
unstable, and the am ount of free M o03 formed is such th a t 
coherent scale formation is impossible. We do no t th ink  th a t 
free M o03 was swept away by the air stream  a t  the  lower 
tem peratures, since, had this been the case, i t  would have been 
found on the cooler parts  of the apparatus, as a t  the higher 
tem peratures.

Mr. Cantrell’s contribution is very  interesting. However, 
we feel certain  th a t the relatively shallow zone of internal 
oxidation which we observed was no t due to  an effect similar 
to  th a t which he m entions; the particles of oxide did not 
constitute a  netw ork a t  grain boundaries, nor was any  weak
ness noticed in the rem aining section of the alloy. The varia
tion of the  thickness o f the internal oxide region was in 
accordance w ith theoretical considerations.

D r. D e n n i s o n  and Professor P b e e c e  (in rep ly): Dr; 
Kubaschewski points ou t th a t Valensi f  has s ta ted  th a t  in 
the reaction between copper and pure oxygen to  form Cu20  and 
CuO the relative thickness of the two oxide layers is in 
dependent of tim e. This observation is no t in agreem ent w ith 
our experimental results. In  e ither ordinary air or the 
sim ulated gas-turbine atm osphere, the percentage' of cupric 
oxide in the scale increased w ith time, as shown in Fig. 4 
(p. 231) of the paper under discussion. Moreover, during 
oxidation of copper in air a t  650° C., the proportion of cupric 
oxide in the scale formed increased w ith time, as indicated in 
Fig. A.

In our opinion i t  is necessary to  assume a change in the 
oxidation mechanism w ith tem perature to  account for the 
variation in the proportions of Cu20  and CuO after different 
periods of oxidation. We found th a t from 850° to  600° C. an 
outer layer of CuO formed an increasing percentage o f the 
scale w ith decrease in tem perature. Consideration of the 
results obtained on the 2 % alum inium and 2%  silicon alloys 
(pp. 232 and 234) shows th a t oxygen m ust in some w ay diffuse 
inwards to  cause an originally Cu20  layer to  bo converted to  
CuO. The mechanism for this inw ard diffusion m ay be either 
the existence of anion vacancies in the CuO lattice or, as Dr.

* J .  W. Hickman and E . A. Gulbransen, Trans. Ame.r. 
Inst. M in. Met. Eng., 1949, 180, 519.

t  G. Valensi, [Proc.] Pittsburgh Internal. Conf. oil Surface 
Reactions, 1948, 156

U. R. Evans suggests, by way of gaps in the crystal structure  
of the CuO layer formed under these conditions.

Fig. B shows a  d istinct change in the relationship between 
ra te  constant and  tem perature for the high-eonductivity cop
per oxidized in air. As a straight-line relationship exists from 
1000° C. to between 550° and 600° C., presum ably the mech
anism of oxidation rem ains the same within th is range. 
Above 900° C. no CuO exists in the scales, and therefore the

F ig . A

ruling factor will be the ra te  of outw ard diffusion of copper 
through Cu20 . This mechanism presum ably controls the 
overall ra te  of oxidation down to  500°-600° C. As shown 
in Fig. A., for a  tem perature w ithin th is range, the percentage 
of CuO in th e  scale increases w ith tim e. This m ay perhaps 
be explained by  a dual process of film grow th comprising 
outw ard diffusion of copper through Cu20  and  inw ard diffu
sion of oxygen through CuO. The relative rates of grow th of

F i g . B

the films may be determ ined by  the concentrations of copper 
and oxygen a t  the interface between the two oxide layers. 
Cu20  alone will be formed until the concentration of copper 
a t  the scale surface falls below a limiting value, when the 
higher oxide will begin to  form.

A t 550°-600° C. there is a sudden decrease in the per
centage of CuO formed in a given time, corresponding with 
th e  break in th e  relationship between oxidation ra te  constant 
and tem perature. Zhuze and  K urchatov J suggest th a t there 
is a  corresponding increase in the conductivity o f the scale 
formed on copper a t  tem peratures below 600° C.

This m ay be taken  to  indicate th a t below th is tem perature 
range th e  relative diffusion rates of copper through Cu20  and 
of oxygen through CuO will be affected, w ith the result th a t

J V. P . Zhuze and B. V. K urchatov, J . Eksper. Teoret. 
F iziki, 1932. 2, 309; also Physikal. Z . Sowjetunion, 1933, 2, 
453.
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greater proportions of Cu20  will be found in the scales a t 
tem peratures im mediately below this break than  a t those just 
above it. I t  ¡nay be th a t a t  these lower tem peratures the rate  
of diffusion of oxygen inwards through the CuO layer is the 
controlling factor in overall oxidation rate, once the la tte r 
oxide has begun to  form. Analysis of the scales formed a fter 
various periods of oxidation a t  400° and 500° C. seems to 
suggest th a t a  CuO outer layer is formed alm ost immediately 
on entering this tem perature range, an observation which is 
supported by the work of Cruzan and Miley,* who detected 
CuO in films of the order of 100° A. thick a t  tem peratures 
within this lower range.

I t  is obvious th a t fu rther work is necessary on the com
position of oxides formed on copper, particularly  w ith regard 
to  the effect of varying atmospheres.

In  reply to Dr. U. 1?. Evans, we would point ou t th a t the 
investigations recorded in the paper were carried out in the 
period 1947-49 and have been available as a  report of the 
B ritish Non-Ferrous Metals Research Association since early 
in 1950. In  this report a more detailed review of the literatu re  
was given. We believe th a t to  enter upon a  comprehensive 
review of the oxidation of m etals for each new publication is 
impossible in view of the ground to  be covered and the space 
available. A great m any comparisons from previous work

could have been quoted w ith equal, if no t greater, justification 
than  those which Dr. Evans has brought forward.

Dr. Evans does no t appear to  have noticed th a t the ideas 
involved in the work of H ubrecht and de Brouckere on 
copper-beryllium  alloys are very similar to  those outlined in 
the present paper for the behaviour of the copper-alum inium 
series of alloys, bu t no t repeated in detail for the copper- 
beryllium alloys. He does, however, provide an interesting 
alternative for the diffusion of oxygen inwards through 
CuO, bu t a t first sight this does no t appear to account for the 
conversion of a  layer initially consisting of Cu20  to  one 
entirely of CuO.

The explanation offered by D r. Sachs for the behaviour of 
the copper-silicon series unfortunately does no t take into 
account all the experim ental evidence. His assumption of 
solution of silicon in the scale in the lower tem perature ranges 
is incompatible w ith the form ation of pronounced subscale 
layers consisting of precipitated S i0 2 a t  tem peratures below 
750° C. (p. 233 of the paper). In  addition, scale analysis 
shows th a t the silicon, when present in the scale, invariably 
exists as S i0 2.

I t  appears th a t, contrary  to  Dr. Sachs’ opinion, an  explana
tion taking into account all the  experim ental evidence avail
able will require some considerable degree of ingenuity.

D iscussion

A M ethod o f D eterm in in g  O rien ta tio n s  in  A lum inium  
Single C rystals a n d  P o lyerysta lline  A ggregates

By G. E. G. T u c k e r  and P. C. M u r p h y  

[Journal, th is vol., p. 235.)

D r. J .  H e r e n g u e i ,  f  (Member) and M. P . B e l o n g  J  : We 
consider this m ethod of determ ining orientations in aluminium 
and  certain of its alloys very interesting, and to dem onstrate 
its  value would recall the applications of the etch-pit tech
nique made by one of us (J. H .)  w ith various co-workers 
during the last ten years.

As the authors point out, i t  is necessary to  take into con
sideration the complications th a t m ay arise through simple 
or m ultiple truncations of the p its caused by im purities or 
deliberate additions to  the aluminium. We have studied 
these etch-pits extensively on high-purity  and commercial- 
pu rity  alum inium (containing iron and silicon)§ and have 
identified the fundam ental forms shown in Fig. A. We have

Fio. A.—Possible Truncations of an Etch-Pit.

confirmed, by taking sections perpendicular to  the etched 
surface, th a t the centre of the elem entary cube forming the 
hollow depression is always considerably above the surface 
being examined. Therefore, observation of the three edges 
of the basic trihedron is easy and accurate, thus removing all 
uncertain ty  arising from the use of truncated  pits. Such 
observation is facilitated by utilizing certain special character
istics of the microscope, e.g. a  variable angle of incidence of 
the beam and a  revolving stage.

The nature  of the etching reagent and  the conditions of

a ttack  also have a m arked effect on the degree of complexity 
of the pits. Moreover, the trea tm en t undergone by the 
specimen before etching plays a  p a rt in modifying the num ber, 
size, and form of the pits. We are thus led to  believe, in 
agreem ent w ith Mahl and Stranski, th a t the surface oxide 
layer plays a p a rt in the a ttack . In  particular, we have 
observed th a t  washing in  10% caustic soda a t  50° C. for 
several seconds after electrolytic polishing and before etching 
proper, generally has a beneficial effect. Of course, i t  cannot 
be considered valid to  study  crystal orientations by  means of 
etch-pits on a sample polished only mechanically, as the cold- 
worked surface layer introduces a  very considerable disturbing 
effect.

I t  is essential to use a  microscope w ith a  graduated  rotating 
stage and a vernier. Precision is unlikely to  be b e tte r  than 
h°. Most metallurgical microscopes, because of the ir con
struction, give w ith direct exam ination, w ith projection on a 
ground-glass screen, or w ith photography, a  “ l e f t ” image 
sym m etrical w ith the object actually  seen “ righ t ” . I t  is 
essential to  take this into consideration in the in terpretation  
in order to  obtain the correct orientation.

Use may be made of the measurem ent of the angles of the 
basic triangle in several ways :

(а) I t  is possible, as shown by Tucker and M urphy and by 
K ostron, to  pass directly’ by calculation, by diagram s, or by 
tables, to  the conventional Miller indices.

(б ) The pole of the observed plane m ay be plotted on a 
stereographic projection. This is accomplished either by 
calculation of the angles made by the plane being studied

* C. G. Cruzan and H. A. Milev, J . A pp l. Physics, 1940,11, 
631.

t  D irector of Research to  the Société des Tréfileries e t 
Laminoirs du H avre and to  the Compagnie Française des

M étaux, Centre de Recherches d ’Antony (Seine), France.
J Research A ssistant, Centre de Recherches d ’Antony 

(Seine), France.
§ J .  Hérenguel, Rev. M et., 1949, 46, 309.
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with the three {100} planes, or by d irect construction. Mr. 
Tucker and Mr. M urphy have established a particularly  
convenient double-entry table for such calculations.

(c) Simple models allow a rapid  appreciation of the orien ta
tion being stud ied ; we have used for th is purpose a  cut-out 
triangle (identical w ith the etck-pit), which is fitted  into a 
hollow trihedron of Plexiglas.* I t  is even easier to  construct 
th e  m easured angles using a  jointed triangle, in which is 
placed a  trirec tangular trihedron or a  cube; this indicates 
im mediately the required orientation (Fig. f), P late  X CIX). 
These methods are particularly  useful for the study  of p ro
gressive disorientations of a lattice. The law  which this 
disorientation obeys is found unam biguously; this, as is 
well known, is not always the case w ith X -ray  diagram s or 
stereographic representations.

Wo give below some examples of investigations which it 
has been possible to  carry ou t satisfactorily by the use of 
etch-pits, and for which the classical methods employing 
X -rays could be used only w ith difficulty. The reagent was, 
basically, th a t  of Laeombe, mentioned by  the authors, 
modified only in respect of the concentrations of HC1 and 
H N 0 3. The tem perature o f etching was kep t between 0° 
and 10° C., depending on th e  pu rity  of the m etal or the com
position of the alloy.

(1) Twinned Structures Obtained in Semi-Continuous Casting.f
By th is casting process a crystalline structure w ith a very 

high degree of order throughout the entire ingot is usually 
obtained in aluminium of about 99-5% purity . This is made 
up as follows :

(o) An ou ter zone, e.g. 5-15 mm. in  thickness, w ith the 
ordinary colum nar structure having a [ 100] fibre axis.

(6 ) The interior, which has a tex ture  in which the basic 
u n it is a  flat plate  composed of tw in elements in  contact on a
(111) plane. A large num ber o f plates are associated w ith 
one another, the tw in plane of each being alm ost vertical, the
[112] axis frequently containing the principal vector of the 
heat flow. In  these units a progressive disorientation from

B r o l l i n g  d i r e c t i o n

[ o o Q  A X IS

ROLLING DIRECTION 

[Oli] & [0T2]  AXES

ROLLING DIRECTION

Fid. B.—Principal Orientations Shown by a Sheet of 99-5% 
Aluminium with a Very Strong Cube Texture.

plate to  p late is often seen. A t the junction  of two such 
units, which are fairly  strongly disorientated relative to one 
another, in terpenetration  of the type known as “ felting ” can 
be seen (Fig. H , P la te  C). The constituents forming a 
separate phase are regularly d istribu ted  either a t  the junction 
o f the plates (never on the tw inning plane or in  its im m ediate 
vicinity), o r regularly spaced on the {100} planes. In  section 
this structure has the appearance of a fish-bone, each bone 
being attached  to  a plate boundary. Fig. E  (Plate C) shows 
a typical example.

Since the tim e of th is investigation, a tw in tex tu re  has been

found in aluminium ingots solidified in a perm anent mould 
(Fig. F , P late X CIX ) and in ingots o f very complex alloys 
(e.g. Al-Zn-M g-Cu).

(2) Preferred Orientation A fter Annealing.
Products rolled from semi-continuously cast ingots tend 

to  exhibit, on annealing, textures w ith a high proportion of

2 2  I > -  : >  [ >  { >  p >  &

F i g . C.—Diagram of the Etch-Pits Shown on the Test-Picce 
Illustrated in Fig. K  (Plate C).

A. Initial position in single crystal.
B. Final position, perceptibly twinned.

the cube texture. This has been studied in alum inium of 
99-5% pu rity  by means of e tch-p its; * the orientations illus
tra ted  diagram m atically in Fig. B are based on statistical 
considerations. By th is method it  is also easy to  estim ate 
quantitatively  the am ount of cube tex tu re and to  determ ine 
its distribution on various scales (Fig. J ,  P late  C). This 
identification of th e  units on a  large scale (whether in  the cube 
tex tu re  or o ther relationship) is significant in  connection w ith 
the surface markings which develop a fter deform ation of the 
tcst-piece (orange-peel effect).|

(3) Internal Disorientation of Grains Produced by Plastic 
Deformation.

Anomalies observed in the anodic oxidation of homogenized 
and  cold-worked higk-purity  alum inium -m agnesium  alloys led 
to  a  study  of the effects of plastic deform ation on a single 
crystal.§ The disorientations were determ ined and measured 
by various micrographie methods used in combination : 
etch-pits, exam ination of oxide films in normal and polarized 
light, chemical “  engraving ” , and observation of slip lines 
after deformation. The grow th of deform ation bands by  pro
gressive curvature has been clearly revealed, measurements 
of the relative orientations and  dimensions of the bands and 
of the zones o f curvature being carried ou t w ithout difficulty. 
We have observed, as a  result of increasing cold work, the 
appearance of multiple systems of alternating  bands made up 
of short, s tric tly  regular units, finally affecting the whole of 
the initial lattice. Fig. K  (Plate C) shows a zone of curvature 
revealed by etch-pits. Fig. C illustrates diagram m atically, 
by means of some of the etch-pits observed, the transition 
from the in itial orientation of the lattice to  th a t of the band 
itself, by a  plane curvature having a  [111] axis o f rotation 
common to  th e  whole structure . The (110) plane containing 
this [111] axis forms the interface betiveen the band and the 
initial lattice.

(4) Rate of Anodic Oxidation as a Function of Orientation.
In  th is investigation the orientations were again established 

rapidly and accurately by means of etch-pits.|| A marked

* J . Hérenguel, Rev. M et., 1948, 45, 505.
t  J- Hérenguel, ibid., 1949, 46, 309.
i  J .  Hérenguel and  G. Scheidecker, ibid., 1949, 46, 537.

§ J .  Hérenguel and P . Lelong, ibid., 1951, 48, 875; 1952, 
49, 374.

|j J .  Hérenguel and P . Lelong, ibid., 1952, 49, 374.
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anisotropy has been established and measured. For the 
aIum inium -3%  magnesium alloy studied, the planes of 
maximum oxidation were around [111], those of minimum 
oxidation around [100]. For a c.d. o f 27 am p./dm .2 the 
relative difference was about 33%. More recent determ ina
tions have shown th a t  th is figure varies w ith current density. 
Fig. G (Plate X CIX) shows two neighbouring grains of 
different orientation carrying etch-pits and having, respec
tively, oxide films 50 p. and 57 p thick. A transition zone 
can be seen extending over about 180 p. Finally, etch-pits 
can be equally useful for indicating the variations in  com
position of a solid solution, for instance in the region of phases 
which have separated out in  the cast structure.* By pre
cipitation, or conversely, by homogenization, the distribution 
and density  of the etch-pits can be changed, malting it  
possible to  follow the evolution of the structure . I t  m ay he 
noted th a t, in a cast alloy, the groupings of the pits follow, 
and thus delineate, preferred crystallographic directions which 
are traces of the (100) planes on which the phases precipitate, 
there being a  composition grad ien t around each. These 
traces of the {100} planes, a fter etching, can be exam ined a t  
low magnification in order to  determ ine the grain orientation. 
Fig. L  (Plate C) provides a good illustration of this in 99-5% 
alum inium.

These examples show the use which can be made of the 
etch-pit technique in the study  of alum inium  alloys in general. 
I t  would be valuable to  extend its  applications by finding 
etching reagents suitable for ferrous m etals and alloys based 
on copper, &c.

The A u t h o r s  (in reply) : The examples of possible applica
tions of etch-pit m ethods cited by D r. Hérenguel and M. 
Belong will be of great value to  everyone interested in tex tural 
relationships in aluminium alloys, and it  is to  bo hoped th a t 
th e ir contribution will stim ulate the wider use of such tech
niques.

I t  is interesting to  note th a t mechanical methods of speci
men preparation are regarded as unsuitable; although it  is 
obvious th a t a very heavily worked surface layer could have 
a disturbing effect, we have observed perfectly formed etch- 
pits on pure alum inium samples polished mechanically. In  
our experience, moreover, the valid ity  of th e  angular measure
ments is unaltered  by  such factors as surface strain , though it  
is undoubtedly true  th a t ease of m easurem ent and the per
fection of the etch-pits can be affected.

Although desirable, i t  is no t essential for the measuring 
microscope to be fitted  w ith a g raduated  revolving stage; 
in fact, wo prefer in some cases to  lock the stage and instead 
to  tu rn  the eye-piece and  cross-hair, the  angular rotation 
being m easured by an arm  attached to  the eye-piece and 
ro tating  around a co-axial graduated  scale.

We agree th a t care m ust be taken to  ascertain the relation 
between the observed im age and the actual surface being 
examined, no t only because of possible la teral inversion, b u t 
also because of possible ro tation  of the image. The micro
scope we used produced no la teral inversion, b u t a  90° 
rotation of the image.

We have recognized in the past the value of models in 
allowing a rapid  appreciation of orientation, and  the apparatus 
described by D r. Hérenguel and M. Lelong appears to  be 
very convenient. I t  will be realized, however, th a t such 
methods are of qualitative ra ther than  quantita tive value and 
cannot be used for recording the results of investigations.

Professor P . L a c o m b e ,f  Dr.ès Sci. (Member) : The authors 
are to  be congratulated, no t only on their system atic study of

* J . Hérenguel, Rev. M et., 1950, 47, 29.
f  D irector, Centre do Recherches Métallurgiques de l’Ecole 

des Mines de Paris.
î  P. Lacombe and L. B eaujard, J . Jnst. Metals, 1947, 74, 1.
tj J .  Hérenguel, Rev. M it., 1948, 45, 505.
¡| R . Castaing and A. Guinier, Inst. M etals: Symposium  

on Metallurgical Applications of the Electron Microscope, 1950,

the effect on the shape of etch-pits of the composition of the 
etching reagent and of the m etal itself, bu t on the ir method 
of deriving crystal orientation m athem atically from the 
measured angles of the etch-pits on the surface. Thus 
modern micrography, profiting by  Jacque t’s development of 
the clectropolishing technique, is getting nearer and nearer 
to  orientation micrography, leading eventually to  three- 
dimensional micrography. Classical micrography, which was 
lim ited to  identifying the different phases of an  alloy or to 
determ ining the crystal boundaries of a polycrystalline 
aggregate, retained th e  qualitative characteristics of a 
descriptive or morphological method. The growing use of 
etch-pits has greatly  increased the interest of micrography, by 
conferring upon i t  the sta tus of a  quan tita tive method. 
Following on our first study, J a  num ber of workers have made 
use of reagents producing etch-pits and have suggested 
variations in the composition of the reagent for study in

Lines. The great circle passing through the (101) and (011) 
poles (points E  and D) must cut the basic circle at the same 
points as the direction N BN 'B of the slip lines.

various fields: investigations on commercial-purity alum inium 
and industrial alloys,§ electron microscopy,|| c r e e p ,& c .

G reat in terest attaches to  the au thors’ calculations, which 
are sim pler than  those of K ostron ; ** in particular Tabic I , 
which gives values of the angles a, ¡3, and y, between the cube 
planes and the plane of micrographic section, as a  function of 
the angles A , B , and C of a  triangu lar p it, is extrem ely useful. 
These angles can then easily bo plotted on the stereographic 
projection along the norm als to  the sides of the etch-pits, 
thu s giving directly the (100 ), (0 1 0 ), and (0 0 1 ) poles.

In  th is connection I  should like to  recall th a t B eaujard f t  and 
I  have suggested a purely graphical method, an  example of 
th e  application of which was given J ]  in relation to  Fig. 17 
of our earlier paper.§§ Fig. M (Plate C) shows the t r i 
angular pits, and  Fig. P  the corresponding stereographic 
projection. The procedure is as follows, using the attacked 
micrographic surface as the plane of stereographic projection.

(i) From  the centre of the stereographic diagram  are traced 
the directions parallel to  the three sides of the etch-pit, and 
then the normals N A, N B, and N c to  these directions, which

156, 157 (discussion).
A. F . Brown, ibid., p. 103. 

tl G. W yon and C. Crussard, Rev. MU., 1951, 48, 121.
** H . K ostron, Z. Metallkunde, 1950, 41, 370. 
f t  L. B eaujard, Thesis, P aris  ; 1949.

P. Lacombe, Mhtaux, Corrosion-Ind., 1951, 26, 392.
§§ P . Lacombe and L. B eaujard, loc. cit., P late V.



736 Discussion on a Method o f Determining Orientations in
arc the loci of the poles of all planes which could produce 
surface traces parallel to  the three sides of the p it. I t  is also 
possible, as Tucker and M urphy suggest, to  draw  the actual 
shape of the ctch-pit, suitably orientated  w ith  respect to  a 
reference direction.

(ii) There is superimposed on the stereographic diagram  a 
standard  projection of the {100} cube poles, w ith one such pole 
a t  the centre o f the projection. By means of the small 
concentric circles of a  W ulff net, th is standard  projection m ay 
be ro tated  in such a w ay as to  cause the various {100} poles to 
lie on the three normals to  the etch-p it sides. The crystal 
orientation is then determined.

This construction is sim ilar to  th a t  employed to  determ ine 
the orientation of a crystal from  the traces of slip planes, or 
o f orientated  needles of a precipitated phase in  a  solid solution 
(W idm anstiitten structure). An identical m ethod has been 
used for the case of crystals containing tw inned crystals 
developed on a t  least three different {111} planes of the 
m atrix  crystal.*

The only difficulty o f the graphical m ethod lies in the 
choice o f the axis of ro tation  which will bring the poles of the 
standard  projection to  lie on the normals to  the sides of the 
etch-pit. This am ounts to  defining the relative initial 
position of the standard  projection w ith  respect to  the stereo
gram  of the crystal. Three solutions leading to  the same 
result are possible, according as to  w hether in ro tating  the 
standard  projection, the (100) pole originally a t  the centre is 
moved along the norm al N j ,  N B, or N c. To increase the 
accuracy of the graphical method i t  is desirable to  choose the 
position which requires the least angular ro tation  (case (d ) 
of Fig. Q, which represents a  typical construction).

Several other points m ust be taken  into consideration in 
order to  get the best results and to  avoid complete dependence 
on the angles A , B , and  C, values for which m ay be inaccurate 
if the sides of the etch-pit are no t stric tly  linear.

Normals N A, X B, and N c to the Sides of the Etch-Pit.

In  practice, accuracy in  determ ining the (100), (010), and 
(0 0 1 ) poles depends largely on the size o f the three angles 
A , B , and C, being greatest when these are of the same order 
of m agnitude. I f  one of them  approaches 0° or 90°, a  con

siderable error can be introduced in estim ating the  position 
of two poles.

The example given in Fig. P  has been specially chosen to 
make this point clear. The angle A  (14°) can be m easured 
w ith great accuracy and reproducibility on several neigh
bouring etch-pits, b u t a  more difficult problem is presented by

Fig. R.—Illustrating the Large Displacement of the (100) and 
(010) Poles, in Comparison to the (001) Pole, Resulting from 
inaccuracy in the Values of the Angles B  and C of the 
Etch-Pit. Angie A  is assumed to be constant and =  14°.

angles B  and C, which are both  in the neighbourhood of 90°. 
The shortness o f BC, and above all the curvature of sides 
A B  and A C  make accurate m easurem ent difficult. Thus, 
the value of angle B  m easured on several etch-pits varies from 
76° to  84°. Fig. R  shows the stereographic plot for the three 
values, 76°, 82°, and 84°, of angle B . W hile the (001) pole 
suffers a relatively small displacem ent, i t  is far otherwise for 
the (100) and (0 1 0 ) poles.

In  these difficult cases useful verification can be obtained 
either from the slip-band directions or from the [100], [010 ], 
and  [001] directions of the three edges of the cubic p it. These 
can be derived from the three lines of intersection of each 
pair of etch-pit faces. This is one of the reasons for try ing  
to  produce etch-pits o f sufficient size to  be observed w ith a  
low-power lens of great depth of focus. I t  is then possible 
to focus a t the same tim e on the unattacked surface and on 
the bottom  of the etch-pit.

I t  can be clearly seen in  Fig. P  th a t one of the <100) lines 
of intersection alm ost bisects angle A . Therefore angles B

J g Q O  ___

and C  should be approxim ately equal to ------------   =  83°.

A nother graphical verification is based on the direction of 
the slip lines, which are traces of the {111} octahedral planes. 
In  Fig. M (Plate C) the slip lines are alm ost perpendicular 
to  the side A C  o f the etch-pits. This direction is p lo tted  on 
the stereographic diagram , where in  this particu lar case it 
falls on the stra igh t line N BN 'B. I t  is then  necessary to  
construct the (111) plane, which gives the trace N BN '£. This 
plane is represented by a  great circle, on which it  is sufficient 
to  know two points. I f  the (100), (010), and (001) poles are 
joined two by two by arcs of g rea t circles, one of the poles
(110), (101), or (011) can be fixed on each arc. The (111) 
plane is determ ined by a g reat circle passing through two of 
its  {110} poles, such as D  and  E, situated  a t  45° from (100),
(001), o r (010) (Fig. P). I f  the position of the (100) poles is 
correct, the  g reat circle representing th e  (111) plane m ust cut 
the basic circle o f the stereographic projection a t  the same

* D. W hitwham , M. Mouflard, and P . Lacombe, Trans. Am er- Inst. M in . Met. Eng., 1951, 191, 1070 (discussion).
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points N bN 'b. By tria l and error i t  is thus possible to  
determ ine w ith very g reat accuracy the exact position of the 
{100} poles, even in  a case as unfavourable as this.

I t  is preferable to  p lo t the (100), (010), and (001) poles on 
extensions of the N A, N B, and  N c norm als draw n from the 
centre 0  o f the projection on the three sides of the etch-pits. 
In  this way the spherical triangle formed b y  joining th e  (100), 
(0 1 0 ), and (0 0 1 ) poles by arcs of a  g rea t circle, is orientated 
in a  sim ilar m anner to  the etch-pit. Moreover, the [100],
[010], and [001 ] directions and  also the [110] direction are 
parallel to  the various intersections o f the etch-pit faces 
among themselves or w ith a  slip plane. This sim ilarity  of 
shape and orientation makes the in terpre tation  of the stereo- 
graphic diagram  much easier, especially when try ing  to  deter
mine the relative orientation of two adjoining crystals.

I t  is in  th is last case th a t the use of etch-pits presents most 
interest, because the orientation can be determ ined even when 
the size of the adjoining crystals is extrem ely small. X -ray 
methods would necessitate special techniques, such as the 
microbeam used by Fournier * and by H irsch and K ella r ,t or 
lengthy exposure times. As an example, mention m ay be 
made of the study  of so-called “  insular crystals small 
crystals enclosed within a  very large crystal developed either 
during recrystallization a fter critical cold working, or by 
secondary recrystallization. Such small crystals have an 
orientation closely approaching th a t o f the enveloping crystal, 
or are exact twins of it.

A characteristic example of tho3e two types o f crystal is 
given in  Fig. 5 o f the paper by  Lacombe and BerglAzan.i A

POLE OF TW INNING PLANE

Full-line spherical triangle : (100) poles of crystal B.
Dotted-line spherical triangle : (100) poles of crystal M.

large crystal 11 contains bo th  an insular crystal A  of closely 
sim ilar orientation and an insular crystal M  tw inned with 
respect to B  (Fig. X, P late C). I t  will be noticed th a t 
the etch-pits on crystals B  and M  are alm ost sym m etrical 
w ith respect to  the rectilinear portion of the grain boundary 
separating M  from B , which is in fact the (111) twinning 
plane common to both.

As before, i t  is easy to  construct from the etch-pit angles 
the stereographic projection of the three {100} poles o f the 
two crystals M  and  B  (Fig. S). Also in  m arking on this 
projection the direction M 1M t  of the rectilinear boundary of

* F . Fournier, Rev. Mil,., 1949, 46, 360.
f  P . B. Hirsch and J .  N. K ellar, Proc. Phys. Soc., 1951, 

[B], 64, 369.
J  P . Lacombe and A. Berghezan, M etaux et Corrosion, 1949, 

24, 1.

crystal M , considered as the tw in boundary between B  and  M , 
the tw in relationship between B  and M  is clearly confirmed. 
Indeed, the norm al N  to  the direction M  ,M 2 passes through a 
pole P  common to the stereographic projection of M  and  B  
and having the same (111) indices. The great circle situated  
a t  90° from P  can be held to  represent the tw in plane of B  
and M , since i t  passes through three poles common to B  and 
M  and having the same (110) indices. This is adequate to  
define unam biguously the tw in relationship. Finally, i t  m ay 
by noted th a t in th is case the tw inning plane is a t about 4° 
from the perpendicular to  the micrographie surface; this is 
in  agreem ent w ith  the relatively sym m etrical shape of the 
etch-pits w ith  respect to  the rectilinear boundary of the twin.

These examples show the im portance of the inform ation th a t 
m ay be obtained from etch-pits when stereographic methods 
are applied to  the in terpre tation  of X -ray diagrams. One 
fu rther very  prom ising developm ent of the etch-pit technique 
m ay be mentioned. This is its use to  reveal macromosaic or 
polygonization boundaries in crystals of pure aluminium § or 
of its solid solutions. In  general the etch-pits do no t con
centrate on boundaries between two crystals o f differing 
orientation. R a ther do they  group themselves preferentially 
a t  the “ in trag ranu la r” boundaries associated w ith polygoniza
tion, where i t  has been suggested by Orowan and by  Cahn ¡| 
th a t dislocations collect. Thus, i t  m ight be visualized th a t 
each etch-p it originates a t the site of a dislocation. This led 
Read and Shockley ̂  to  suggest th a t  th e  minim um distance 
between two etch-pits on a  polygonization boundary could 
be used to  determ ine th e  very small difference of orientation 
between adjacent sub-grains. F ig. 0  (Plate C) shows a 
crystal o f pure alum inium  whose surface is parallel to  the 
(111) plane, divided by polygonization boundaries into several 
sub-grains, the degree of disorientation between which can 
be precisely determ ined from the very d istinct etch-pits. To 
conclude, in  th is las t case also the micrographie method has 
d is tinc t advantages over X -ray  m ethods. I t  is possible, 
indeed, to  determ ine the  disorientation betw een two selected 
sub-grains and to  make a system atic study  of the d istribution 
of such disorientation between the several sub-grains of a 
large crystal.

The A u t h o r s  (in reply) : Professor Lacombe’s rem arks are 
of great interest, especially in defining the uses and lim itations 
of etch-p it techniques.

We agree th a t the accuracy of positioning of the poles 
p lotted from m easurem ents made on triangular etch-pits is, 
to  a large ex ten t, governed by  the shape of the triangle, and 
we have carried ou t some calculations which are relevant to 
th is point.

The partia l differential coefficients of a, (3, and y m ay be 
calculated w ith  respect to  angles A , B , and C from equations
(5) (p. 239) o f our paper. These derivatives are o f two 
general forms, such as :

8x1  _  sec2 B  ,.
8 B jc ~~ 2 tan  B  tan  a

and

S I - S I - I I -  • •  ■ «
I t  can be shown th a t when C ^ - B ^ A  (the case considered 
in the paper) the largest o f the eighteen possible derivatives, 
arithm etically , is :

8 y l  A  sec2 B ___
8 B J a 2 tan  B  tan  y 

This expression tends to  infinity as C tends to  90°, and has 
V 3a minim um value of - when A  — B  — C — 60°. I f  these

2 V 2
calculations are  applied to  the example cited by Professor

§ P . Lacombe and L. B eaujard, loc. cit.
|| R . W. Cahn, J . Inst. Metals, 1949-50, 76, 121.

W. T. Read and W. Shocklev, Phys. Rev., 1950, [ii], 78,
275.
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Lacombe in Figs. P  and I ',  i t  is found th a t if A  =  14°, B  — 
C =  83°, then

£ L -
S I -  » • • • • < « >  

S I - - * - 0 1 .
Thus, neglecting errors in the positions of the radii (which, 
in any  case, affect only the (0 0 1 ) pole), the errors in the (100 ) 
and (0 1 0 ) poles are approxim ately four times the error of 
m easurem ent of angle B , while the (001) pole is no t affected 
by the error of angle B.

The development of straight-sided etch-pits is, of course, 
one of the greatest practical difficulties in  any m ethod involv
ing angular measurem ents. The only solution appears to  
lie in the developm ent of reagents which give a  “ clean ” 
crystallographic a ttack . I f  this is im practicable in any 
particu lar instance, then the specimen m ay have to  be 
regarded as outside tho scope of the m ethod; i t  is in  such 
doubtful cases th a t  useful inform ation can be obtained from 
observations of the positions of the cube edges. I t  can be 
shown th a t  the bottom  edges should appear perpendicular

to  the opposite eteh-p it sides, and this property m ay enable 
the tru e  direction of a curved side to  be determ ined w ith 
greater accuracy. This relationship has, of course, been 
assumed by  Professor Lacombe in  calculating angles B  and  C.

As Professor Lacombe says, slip lines can in certain c ir
cumstances provido valuable da ta  for correcting slightly 
inaccurate m easurem ent or plotting. This is especially true 
when slip lines which are alm ost parallel w ith  th e  shortest 
side of tho etch-pit are present on the specimen. If, however, 
the only slip lines available are alm ost perpendicular to the 
shortest e tch-pit side, they are of little  value, as alteration 
of tho basal angles (B  and C) of the etch-pit will merely cause 
the {111} pole to move along the radius normal to  the slip 
lines (or across i t  a t  a  very shallow angle). In  this case no 
accurate estim ate of angles B  and G corresponding to a “ best ” 
fit o f the {111} pole can be obtained.

This lim itation in the use of slip lines m ay thus be particularly 
inconvenient if  only one family of slip lines has been developed 
on the specim en; if, however, three or four families of slip 
lines are present, then  a t  least one of these will serve as a 
check. Ideally, all four families o f slip planes should be 
developed, b u t the practical difficulties involved m ay be 
very g reat, especially in sheet, unless tho orientation is such 
th a t all the slip lines can be made to  appear w ithout undue 
working of the specimen.

D iscussion

Cor ro sion  o f  A lum inium  Alloys *
Dr. U. R . E v a n s ,f  M.A., Sc.D., F .I.M ., F .R .S. (M em ber): 

I  am particularly  interested in the fact th a t Mr. Metcalfe 
a ttrib u tes  the absence of failure in H lo -W P  to  the a ttack  
tu rn ing  in  a  direction parallel to  the specimen face. Mr. 
Farm ery , working w ith me on aluminium—magnesium alloys 
in  a sta te  more sensitive than  would occur in practice, 
finds th a t  occasionally a  specimen m ay have an abnorm ally 
long life (perhaps 1000  times the norm al value), and this also 
seems to  be due to  the a ttack  spreading sideways, instead of 
across the specimen. B ut the phenomenon should no t 
necessarily be regarded as desirable. I f  the crack turns 
along a  plane parallel and close to  the surface, and if  the 
voluminous corrosion product is formed w ithin the crack, 
the expansion m ay dislodge the outer layer. Such cracking 
off o f flakes from the surface was, I  believe, often m et w ith 
a t  a  tim e when wrought iron was an im portan t structural 
m aterial, since here corrosion tends to  follow zones parallel 
to  the surface. The cause of the difference between the 
behaviours of the Q (quickly corroding), I? (resistant), and V 
(very resistant) zones found” in wrought iron is being studied 
in  m y laboratory  by Mr. Chilton.

Sir. Metcalfe uses his results to  tes t a view, now held in 
certain  quarter's, th a t i t  is possible, by observations made 
during relatively short-tim e experiments, to  calculate a 
thickness which will ensure th a t  the specimens will last for 
ever. Ho makes some salu tary  observations which should 
be pondered by anyone inclined to  adopt th is  “  hope of 
eternal life ”  for aluminium alloys. He notes after 12 m onths’ 
exposure “ severe local foliation,”  constituting “  a  new type of 
a ttack , the incidence of which was much delayed and  appeared 
to  bo progressing rapidly .” This evidently could no t have 
been foreseen from observations a t  the outset, and i t  will be 
recollected th a t  D r. Vernon, J  in his early work on alum inium, 
also noted sudden and unpredicted acceleration in  the oxida
tion  a fter all action appeared to  have ceased.

However, quite ap a rt from these special cases, conclusions

based on interpolation should always be regarded as dangerous. 
A set of experim ental points offered on the early p a rt o f a 
tim e/strength  study  m ay fall, w ithin experim ental error, 
upon a curve which becomes asym ptotic to  a  horizontal line, 
and  m ay seem to  indicate a strength-loss which will never be 
exceeded even after an  infinitely long exposure. However, 
the same set o f points will probably fall equally close to 
another curve which becomes asym ptotic to  a  sloping line, 
which would seem to  indicate th a t  th e  loss of streng th  will 
never cease. In  general, the  expression defining the slope of 
an asym ptotic curve will contain transien t and tim e-indepen
den t term s. Tho form er are dom inant in  the early  stages, 
and the la tte r in the la te r stages. M easurements made in 
early  stages will furnish no idea of the value of the time- 
independent term , since i t  will bo swamped by  the effect of 
the transien t term s. Thus, i t  is impossible to  say w hether 
the tim e-dependent term  is negligibly small or large enough 
to  become im portan t in  the la ter stages when the transien t 
term s have lost their im portance. In  the la tte r  case, a  slow- 
weakening will continue indefinitely.

In  a m atte r where great expense, and even loss of life, m ay 
result from structu ral failure, i t  would be altogether wrong 
to conceal the opinion th a t  the “  eternal life ”  belief is a  
dangerous one. I t  is satisfactory to  note th a t Mr. Metcalfe 
seems to  hold very much the same opinion.

Mr. R. C h a d w i c k ,§ M.A., F.I.M . (M em ber): Dr. Brenner 
and Mr. Metcalfe have adopted somewhat unusual conditions 
for strcss-corrosion testing. In  carrying out such a  tes t the 
use o f a highly aggressive corroding medium is undesirable 
because, if  the medium is one causing severe a ttack  on the 
unstressed specimens, the effective area o f cross-section will 
change during testing, and stress per un it area w ill thus be far 
from constant. I t  is therefore preferable to  employ neutral 
salt solution, o r even distilled w ater, as the corroding medium.

W hen, in the plotted results of stress-corrosion tests in

* Jo in t discussion on the papers b y  P . Brenner and G. J . U niversity.
Metcalfe (Journal, th is vol., p. 261) and  by G. J . Metcalfe + W. H . J .  Vernon, Trans. Faraday Soc., 1927, 23, 154. 
(this vol., p. 269). _ § A ssistant Research Manager, Im perial Chemical In-

t  R eader in the Science o f Metallic Corrosion, Cambridge dustries, L td ., Metals Division, Birmingham.
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acidified salt solution (Fig. 5, p. 267) the curve for stress- 
corrosion in  tension is compared w ith th a t for unstressed 
specimens subjected to a  sim ilar corrosive environment, the 
difference is found to bo about 20% in term s of stress. Having 
regard to  the authors’ sta tem ent (p. 265) on the large observed 
differences in degree of a ttack  on any one alloy, and  their 
figure of ± 20% for the sca tter range in determ inations of 
residual tensile stress on corroded specimens, i t  is doubtful 
whether Fig. 5 can be regarded as providing any really 
conclusive evidence th a t the applied stress significantly affects 
the ra te  o f corrosion, and  indeed the authors do not specifically 
make any claim th a t there is such an effect. However, they 
subsequently discuss the behaviour of the alloys in stress- 
corrosion as if a  real effect were in  fact established, and in both 
the synopsis and the final conclusions a relationship is defined 
between susceptibility to stress-corrosion and the degree of 
cold work. The indirect recognition of a stress-corrosion 
effect is contrary  to  the evidence o f the experim ental work, 
and is likely to  be very  misleading when the synopsis, or the 
comments and  conclusions, are read w ithout a  detailed study 
of the whole paper.

In  regard to  the description of the tes t itself, i t  is no t clear 
w hat is m eant by “ T2%  hydrochloric acid by weight Is 
th is the content of HC1 or o f a  concentrated solution of HC1 ? 
In  addition, the volume of corroding medium relative to the 
surface area of specimens immersed should preferably be 
sta ted .

Since even very small am ounts of copper m ay significantly 
affect corrosion, it  would have been m ost desirable to  have 
determ ined this elem ent in chemical analysis o f the alloys.

Dr. F. A. C h a m p io n ,*  A.R.C.S., F.I.M . (Member) : U ndoubt
edly the m ost reliable method of assessing the behaviour and 
life of a m etal under given corrosion conditions is direct 
assessment under the natu ral conditions, b u t th is is often 
im practical, since the na tu ra l lives required are usually far 
in excess of the tim e th a t can bo allowed for obtaining the 
information. We are therefore faced w ith  the alternatives 
of accelerating the corrosion process or making observations 
over relatively short periods and extrapolating from them . 
E vidently, extrem e use of e ither method is likely to invalidate 
the conclusions reached, and  i t  seems more appropriate to 
combine the two methods, each in m oderation. E x tra 
polation is commonly used for rectilinear corrosion/time 
curves and, in  view of the experim ental evidence f  of the 
applicability of the exponential equation to  alum inium and its 
alloys under a considerable range of conditions, i t  seems 
reasonable to  employ extrapolation in assessing the p ara 
m eters of th is equation. These param eters arc particularly  
useful in  comparing alloys or conditions in  the laboratory, 
where reasonably accurate assessment under controlled con
ditions can be made. W ith  natu ral exposure, uncontrolled 
variation of the conditions occurs, and  the steps in  Dr. 
Vernon’s curve to  which D r. Evans (p. 738) referred were 
evidently due to th is cause,f the effect decreasing as film 
formation on the m etal proceeded. Where mechanical p ro
perties are to be assessed, relatively th in  specimens are 
required to  a tta in  th e  accuracy desirable for assessing the 
param eters of corrosion/time curves. Mr. Metcalfe’s paper 
is particularly  valuable in giving results of direct interest to 
the struc tu ra l engineer, since his m etal was ju s t thick enough 
to  be w ithin the engineer’s common range, while natural 
exposure in a wide variety  of conditions was employed. 
U nfortunately, these factors, and the ra th e r wide scatter in 
the initial mechanical properties, rendered m ost of the results 
too insensitive for use in  testing the applicability of the 
exponential equation. Assuming the equation to  hold, 
however, the results from the conditions giving the most 
severe corrosion d id  perm it th e  calculation o f th e  param eters. 
I t  is encouraging to  note th a t Mr. Metcalfe’s calculations on 
this basis gave for the worst alloy the same theoretical 
minimum thickness (0-060 in.) as m y own.

I  feel th a t the application of the da ta  obtained on this 
basis to  service problems should have the object not only of 
achieving economy of m aterial b y  avoiding unnecessary 
allowances for corrosion, b u t also of dem onstrating the false 
economy of using m etal which is too th in . Taking as an 
example the thickness of 0-06 in. mentioned above, it  is 
evident th a t m etal 0-072 in. th ick  will have fa r more than  
twice the life of m etal 0-036 in. thick. More precise applica
tion of these results to design requires the inclusion of an 
appropriate safety factor, th e  assessment of which can come 
only from experience, as w ith other metals. The fact th a t 
one specimen a t  Sheffield suffered a  loss of streng th  three 
times the average cannot be taken  as representative of scatter 
liable to  occur in  service, where the greater cross-sectional 
area of struc tu ra l members will have a  somewhat sim ilar 
effect to the averaging of results from these ¿-in.-wide speci
mens. I  feel, therefore, th a t D r. Evans need no t fear th a t 
an  increased risk will result from the application of the 
exponential equation, provided th a t the application is made 
intelligently, including recognition of the fact th a t under 
some conditions the exponential equation does no t hold. In  
the la tte r cases o ther measures are desirable. Thus, the few 
alum inium alloys which are susceptible to  stress-corrosion or 
exfoliation should be protected under severe exposure con
ditions by  cladding or spraying, to  which Mr. Metcalfe has 
referred.

The second paragraph of Mr. Metcalfe’s introduction (p. 269) 
is liable to be misleading. As far as I  am aware, the only 
useful quantita tive da ta  on th e  in itial logarithm ic phase of 
film form ation (on film-free metal) was obtained by  Steinheil.j: 
The work quoted in  th a t paragraph is concerned w ith the 
la ter exponential phase. I  should also like to  have Mr. 
Metcalfe’s views as to  w hether the surprisingly greater a ttack  
a t  Christchurch by  to ta l as compared w ith partia l immersion 
was due to  contam ination of the w ater in  the former case, 
for example w ith  heavy metals.

The paper by  D r. Brenner and Mr. Metcalfe gives valuable 
new inform ation on the effect of zinc on the m icrostructure of 
the alum iqium -5%  magnesium alloy, and I  should like to  ask 
w hether the incomplete boundary  observed on ageing homo
genized specimens (p. 263) was due to inadequate ageing tim e. 
I t  is m uch more difficult, however, to  ex trac t useful inform a
tion from the results of th e ir corrosion tests. Thus, F ig. 12 
(Plate X X X V III) of the unaged alloy 4 shows p itting  a t 
least 15 mils deep, which is described as “  heavy ” , whereas 
Fig. 14 (Plate X X X V III) of aged alloy 4 shows p itting  5 
mils deep, which is described as “ severe” . On p. 266 reference 
is made to  intercrystalline a ttack  in  Fig. 17 (Plate X X X V III), 
b u t not in  Fig. 14, whereas the photom icrographs tend  to  
show the reverse, though there is very little  in  e ither case.

There is doubt as to  w hether the alum inium -5%  magnesium 
alloy is susceptible to  stress-corrosion in  the practical sense 
(e.g. the absence of stress-corrosion failures in extensive 
N aval use), and i t  is unfortunate th a t th is paper should 
describe tests  which I  feel, for the reasons given below, do 
little  more th an  confuse the issue.

(i) The corrosion medium has a pH  below 1, and is, there
fore, too far removed from natu ra l exposure conditions to  
give useful quan tita tive  data.

(ii) A specimen suffering uniform corrosion w ithout any 
type of selective a ttack  would bend under load owing to  the 
reduction in cross-sectional area, and therefore “  endurance 
for lim iting deform ation ” gives no information on stress- 
corrosion susceptibility.

(iii) I t  is no t clear w hether all the aged alloys failed by 
fracture or w hether some failed by  bending.

I t  would be useful if the authors could give inform ation or 
comm ent on the following points :

(1) W hat were the copper contents of the alloys ?
(2) I t  is concluded (p. 265) th a t increasing zinc content 

produced no im provem ent in  corrosion-resistance of the aged 
and unaged alloys. Figs. 2 and  3 (p. 265) suggest th a t

* Research Laboratories of The B ritish Aluminium Co., t  F . A. Champion, Metal Ind ., 1948, 72, 440, 463. 
L td ., G errards Cross, Bucks. + A. Steinheil, A nn . Physik, 1934, [v], 19, 465.
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increasing zinc content reduced the effect of ageing on the 
loss o f mechanical properties.

(3) A reference to  experim ental work on the relation between 
“ electrolytic potentials ” and cold work on these alloys 
(as mentioned on p. 267) would he useful.

Mr. E. A. G. L i d d i a r d ,*  M.A., F.I.M . (M em ber): The most 
im portant fact emerging from the papers by D r. Brenner and 
Mr. Metcalfe is the influence of struc tu re  on the corrosion and 
stress-corrosion behaviour of alum inium alloys. I t  is quite 
clear from Mr. Metcalfe’s paper th a t  the relatively good 
behaviour of the H E15 m aterial compared to  th a t of HE10, is 
due to  the s tructu re  of the former, which has caused the 
corrosion to  take place along planes parallel to  the surfaces of 
the original extrusion. This layer type of corrosion ensures 
th a t the effect on mechanical properties is a t a  minimum. 
More recent results, obtained from work which Miss W. A. 
Bell has been carrying ou t a t  Fulm er, confirm th a t once this 
layer corrosion has reached a certain  depth i t  then proceeds 
a t  a  much increased ra te , and there  is no real doubt th a t the 
H E10 m aterial is superior to  th e  H E lo  when exposed to  
severe industrial atm ospheres. I  am not a t  all sure th a t the 
results given in  the paper by Dr. Brenner and  Mr. Metcalfe 
can be ascribed to  the effect of cold work on structu ral direc
tionalities. I f  Figs. 8 and 17 (Plate X X X V III) are examined, 
i t  will be seen th a t there is a  m arked tendency for the grain 
boundaries to  be elongated in a direction parallel w ith the 
surface, and this probably influences the spread of corrosion 
crevices so th a t  they  are relatively less harm ful to  the mechan
ical properties of the test-piece. This effect of cold work in 
reducing the ra te  of corrosion damage m ay therefore have 
nothing to  do w ith  precipitation a t  grain boundaries. The 
statem ent on p. 267 th a t “ bending stresses in service are 
much more dangerous than  tension stresses if  they  are asso
ciated w ith corrosion a t ta c k ” , needs qualification in view of 
the results of some experim ents s ta rted  by Mr. Metcalfe when 
he was a t  Fulm er, and which are described in greater detail 
in a  paper by Miss Bell and myself, f  Typical results are 
shown in Table A. Some of these were on sheet m aterial,

T a b l e  A.—Influence o f Structure on Stress-Corrosion Be
haviour of 7/15 A lum inium  Alloy, Using Different Methods 
of Testing.

Specimens sprayed  daily w ith  3% NaCl solution.

A verage T im e to  F ail U nder Stress of 20 tons/in .* , days

Type of 
Test

E xtrusions Sheet

D irection of 
Stressing

Mn-
free

Mn- 
con tg.

Mn-
free

Mn-
contg.

T hick
ness,

in.

D irect-
Tension

Longitudinal to  ex 
trusion  direction * 46 '*60

o
3

2
5

0-2
0-1
0-05

Transverse to  ex 
trusion  direction

5 4

Four-Poin t- 
Load Bend 
Test

Longitudinal to  ex 
trusion  direction > 320 >3*20

9 
7 

10 
12 °

97 
13 

3 
38 *

0-2
0-1
0 0 5
0-1

°  Sheet rolled from  ex truded  bnr.

and some on extrusions. In  the experim ents on sheet the 
bending was by four-point loading, and  the top surface of the 
specimen was in tension and  the bottom  in compression. 
The specimens were in  a  covered unheated hu t and were 
sprayed daily w ith  a  3% XaCl solution. The tim es to  failure 
o f the H15 sheet, w ith  and  w ithout manganese, were verv 
much shorter in d irec t tension th an  in  bending. I  cannot 
explain w hy th is should be so, unless i t  is th a t the directional

effects become more m arked in bending than  in d irect tension, 
and i t  m ay be significant th a t the alloy containing manganese 
shows a  greater d isparity  between d irect tension and  bending 
th an  the manganese-free alloy.

Turning to the behaviour of extrusions, no failure by stress- 
corrosion occurred in e ither alloy in a bend tes t in  which the 
specimens were cut longitudinal to  the direction of extrusion. 
In  d irect tension, however, even longitudinal specimens 
failed in  46-60 days, b u t specimens cut transverse to the 
direction of extrusion failed in 4 -5  days. I t  is only fair to 
sta te , however, th a t  there is a  fundam ental difference in the

T a b l e  B.—Stress-Corrosion Tests on Coaled 7715 Alum inium  
Alloy Sheet 0-036 In . Thick.

Specimens sprayed daily with 3% XaCl solution.

T ype of Coating Stress,
tons/in.* N o. of Days to  F ractu re

Sprayed:
Commercial A1 (99-7% 18 >300 not broken

purity) 15 >219 not broken
A l-1% Zn 18 >  300 not broken

15 >219 not broken
Zinc 18 129

15 132

Zinc paint 18 56
15 84

Hot protected 18 14
Shot-blasted surface 15 38

specimens, the bend specimens were, of course, flat w ith 
rectangular cross-section, whereas th e  direct-tension specimens 
were circular, and penetration by corrosion a t  two of the 
sides would no t be delayed by  the structu ra l inhomogeneity. 
In  case the layer corrosion and  stress-corrosion of the H15 
alum inium  alloy present too depressing a  picture, I  should 
like to quote some recent results (Table B) which show 
th a t the provision of a  sprayed anodic coating on H lo  sheet 
appears to  be completely effective in preventing stress-corro
sion, and so far as I  know there have been no cases o f stress- 
corrosion failures o f clad Duralum in-type sheet. The spraying 
in  this case was done w ith a powder pistol. I t  will be seen 
th a t zinc spraying, which in th is case was only 0-002  in. 
thick, increased the life b y  some four to  nine times. A 
m etallic zinc pa in t was ra th er less effective, b u t still showed an 
im provem ent. These particular tests were carried ou t using 
cantilever bending, and no t the four-point-loading specimens 
referred to  previously. I  should again like to  emphasize th a t 
these results were obtained on laboratory  tests using salt 
spray, and probably do no t represent the behaviour of the 
m aterial in  practice. However, it  is clear th a t anodic p ro
tection is effective in preventing stress-corrosion of th is 
type of alloy, and m ay therefore be highly desirable in  certain 
structu ral work.

Mr. J .  C. T u c k e r ,J B.Sc., A.I.M. (Junior Member) : The 
bending stress-corrosion tests on the unaged and aged 5% 
magnesium alloy w ithout zinc are illustrated  graphically in 
Figs. 4 (a) and  (6 ) (p. 266) o f the paper by D r. B renner and 
Mr. Metcalfe, the initial bending stress being p lo tted  against 
the tim e to  failure. I f  we imagine two alloys of widely 
different tensile properties stressed a t  the same value under 
the same conditions o f corrosion, and these alloys are a ttacked  
a t  the same ra te , then the stronger m aterial will have the 
greater endurance, since stress-corrosion cracks will have to 
progress fu rther before the cross-sectional area has been 
reduced sufficiently for the tensile streng th  of the m aterial to 
be exceeded. The alloys in  Fig. 4 have been given between

* D irector, Fulm er Research Institu te , Stoke Poges, Bucks. 1953-54, 82, (9), 426.
t  E . A. G. L iddiard and (Miss) W. A. Bell, J . Inst. Metals, + Aluminium Laboratories L td ., B anbury.
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0 and 50% cold reduction, and exhibit widely different 
tensile properties, as shown in Fig. 1 (a) (p. 264); the curves 
in  Fig. 4 m ight be of greater interest, therefore, if  instead of 
plotting the actual stress against endurance, this stress was 
represented as a  percentage of the 0-1% proof stress. I f  this 
is done for Fig. 4 (b), illustrating the aged alloy, the relative 
positions of the graphs arc altered as shown in Fig. A. The 
alloy w ith  30% cold reduction would still rem ain of lowest 
resistance b u t th a t w ith  no cold reduction would show the 
greatest resistance, and the graphs for alloys w ith 10%  and 
50% reduction w ith approxim ately equal resistance would 
fall between the graphs for 30% and 0% reduction. Similarly, 
in Fig. 4 (as), the  differences betw een the alloys would be no t 
nearly so marked as is shown. R eferring still to  Fig. 4 (a), 
we have, a t  B anbury, carried ou t bending stress-corrosion 
tests in  a  sim ilar m anner to th a t described by the authors. 
Specimens yielded throughout the tests w ithout, however, 
showing a  m arked decrease in  tensile properties over un
stressed specimens after one year’s exposure. F ig. 4 (a) 
indicates th a t the alloys possess widely different stress- 
corrosion properties, and we should be interested to  know,

EN D U RA N CE, HOURS

F ig . A.—Bending Stress-Corrosion Tests on 5 %  Magnesium 
Alloy Aged a t 70° C. (Replotted curves of Fig. 4 (6) of 
Brenner and Metcalfe’s paper.)

therefore, w hether these specimens were tensile tested  after 
stress-corrosion testing, to  determ ine w hether any m arked 
loss o f properties was observed as compared w ith unstressed 
specimens.

The influence of cold reduction on the corrosion-resistance 
of the cold-worked and aged alloy w ithout zinc is of interest. 
The 5% magnesium alloy has useful tensile properties after 
cold reduction of the order of 30%. However, th is  alloy had 
the poorest resistance of the alloys tested  by the authors. 
They have shown th a t sheet tested  in the aged condition after 
50% cold reduction has a  superior resistance to  stress-corro
sion as compared w ith sheet tested in the aged condition after 
30% cold reduction, and  have correlated th is  behaviour w ith 
the d istribution  of the precipitate, there being more general 
precipitation in  the alloy cold-reduced 50%. This indicates 
th e  desirability of obtaining a  property  level corresponding to  
a cold reduction of the order of 30%, by a  low-tempe rature 
heat-treatm ent a fter heavy cold reduction, i.e. by tem per- 
annealing ra ther than  by tem per-rolling. I  can amplify th is 
by referring to  some work carried ou t a t  our K ingston Labora
tories on a  5-5% magnesium alloy in the half-hard condition. 
The m aterial was produced by both  tem per-rolling and tem per- 
annealing, and all m aterial was given a low-tem perature

ageing trea tm en t of 3 days a t 100° C. to  sim ulate exposure 
under tropical conditions. The stress-corrosion tests were 
then  carried ou t in  a NaCl/H 20 2 solution under d irect tension 
a t  75% of the 0-2% proof stress. In  the temper-rolled 
condition th e  endurance of the specimens varied between 1 
and 36 hr., and in  the tem per-annealed condition between 
25 and 60 days, some specimens rem aining unbroken a t  60 
days. The superiority of tem per-annealing over tem per- 
rolling is well dem onstrated.

The A u t h o b s  (in reply) : As suggested b y  D r. Evans, it 
would indeed be wrong to conceal the danger of expecting 
aluminium alloys to  have eternal life, and an effort was made 
in the paper to  emphasize the wisdom of preventive measures 
when serious corrosion attack , particularly  of the foliation 
type, is observed. One is, however, inclined to  favour the 
view of D r. Champion th a t, used intelligently, the exponential 
equation can be applied, provided th a t precautions are taken 
to  give suitable protection to  alloys susceptible to  stress- 
corrosion or to  foliation under severe exposure conditions.

In  reply to  D r. Champion’s enquiry, the specimens to tally  
immersed in th e  river a t  Christchurch frequently became com
pletely buried in river mud owing to  variations in  the rate  of 
flow of the river causing deposition of silt, and it  would not 
be surprising if  under these conditions contam ination of the 
specimens w ith heavy metals occurred. The examples of the 
beneficial effects of sacrificial protective coatings given by  Mr. 
L iddiard are particu larly  encouraging, since the possibilities 
of using alloys of much higher strength , which are susceptible 
to  stress-corrosion, m ay be envisaged.

I t  has been suggested b y  D r. Champion th a t the presence of 
an incomplete grain-boundary netw ork in the homogenized 
m aterial described in the paper on the corrosion of alum inium - 
5% magnesium alloys m ight be duo to inadequate ageing. 
No information in support of this view was found, and little  
change in s truc tu re  was observed a fter ageing for 28 days a t 
70° C. as compared w ith the norm al 14 days a t  70° C. The 
copper content of th e  alloys was, unfortunately , no t de te r
mined, b u t as very high-purity m aterials were used, it  is un 
likely th a t the figure exceeded about 0-04%. In  reply to  Dr. 
Champion’s and Mr. Tucker’s criticisms of the use of the 
accelerated corrosion medium (i.e. a  solution of 3% sodium 
chloride containing 1-2 %  hydrogen chloride by  weight), while 
i t  is agreed th a t the quantita tive da ta  obtained should no t be 
compared w ith service conditions, we believe th a t such ac
celerated tests m ay be valuable in  th e  fundam ental investiga
tion of stress-corrosion behaviour, especially in the case of 
highly corrosion-resistant m aterials such as the alum inium - 
5% magnesium alloys.

The plotted results of stress-corrosion tests obtained under 
these conditions show a  real effect of stressing in  bo th  tension 
and bending compared w ith unstressed specimens exposed for 
the same period, as the sca tter in  the accelerated te s t is sm aller 
th an  the difference between the three curves. The figure of 
±  20% for the sca tter range, m entioned on p. 265, refers to  
the non-uniform a ttack  of the spray test, and no t, as Mr. 
Chadwick erroneously infers, to  the more uniform a ttack  in 
the accelerated stress-corrosion test.

I t  is no t true  th a t bending under load (“ yielding ” ) occurs 
only when the a ttack  is uniform and non-selective as it may 
also occur when corrosion a ttack  penetrates a t  a  uniform rate  
along all grain boundaries. This type of a ttack  accounts for 
the fact th a t no t all the specimens fractured  in the accelerated 
te s t bu t some failed by  yielding.

Considering the high range of scatter in the results a fter 
twelve months’ exposure, we should no t like to conclude from 
Figs. 2 and 3 (p. 265) th a t increasing the zinc content reduces 
the effect of ageing on the mechanical properties, as Dr. 
Champion suggests.

The relation between electrolytic potentials and cold work 
on metals and alloys is a w'ell-known phenomenon described 
by Heyn and Bauer.* I t  seems, as a  result of the la ter work 
referred to  by Mr. L iddiard, th a t although theoretically when

* E. H eyn and 0 . Bauer, M itt. deut. Materiedpriifanst., 1911, 29, 2.
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stress concentration occurs in service, bending stresses are 
more dangerous than  tensile stresses, th is requires modifica
tion when fu rther corrosion leads to  release of stress owing to 
the a ttack  progressing along planes perpendicular to  the ap 
plication of the load.

Our thanks are due to  Mr. Tucker for drawing atten tion  to 
the beneficial effects of tem per-annealing as opposed to  tem per- 
rolling. Presum ably the im provem ent in properties is due to 
relief of stress and possibly to  b reak up of any continuous n e t
work of the precipitated phase.

By replotting our Fig. 4 (b) (p. 266) so th a t instead of the 
actual stress, the percentage of the 0 -1% proof stress is plotted 
against endurance (Fig. A), Mr. Tucker has shown th a t the 
relative positions of the graphs are altered. This m ay be of 
theoretical interest, bu t in practice only the actual stress is of 
im portance, as th is is the basis for calculating the streng th  of 
a structure  and is the main scale for measuring safety. The 
specimens were no t tensile tested  a fter stress-corrosion 
testing, since they  were sometimes severely deformed or even 
fractured.

D iscu ssion

T he K inetics of th e  E u tee to id  T ran sfo rm a tio n  in  
Z inc—A lum inium  Alloys
B y  R . D . G a r w o o d  a n d  A .  D . H o p k in s  

(Journal, this vol., p. 407)

Mr. A. I t . B a i l e y ,*  M.Sc., A.I.M. (Member) : I  should like 
to  raise a  small point regarding the terminology used in this 
paper. Is  i t  justifiable to  refer to  the isotherm al reaction a t 
275° C._ in the zinc-alum inium  system  as a  euteetoid tran s
form ation ? The relevant region of the equilibrium diagram 
is identical w ith th a t involving a monotectie reaction. I  
suggest, therefore, th a t  the reaction in question should 
stric tly  be regarded as a  monotectoid, even though eutectoid- 
type m icrostructures m ay result.

The A u t h o r s  (in reply) : We agree w ith Mr. Bailey th a t the 
a /a ' phase boundary in the accepted zinc-alum inium  equi
librium  diagram is similar to  the liquidus/liquid-solubility 
curves in binary systems of the monotectie type. I t  would 
thus be terminologically more correct to  describe the tran s
formation as a  monotectoid. However, in view of the limited

use of such term s as “ iiquidoid ”  and  “ solidoid ” , we do not 
feel justified in departing  from the precedent se t by previous 
workers in describing the transform ation as an euteetoid. 
Adoption of the suggested term  would also presuppose th a t 
the present diagram  is correct, although the cause of the point 
of inflection on the solidus near 60% zinc is still in doubt. In  
this respect a  recent study  by Russian workers |  on the varia
tion of electrical resistivity  w ith composition a t  360°-M22° C. 
indicates a  discontinuity between 66  and  69% zinc. This 
effect, and a  corresponding anom aly in the lattice-para- 
m eter/composition curves, are attribu ted  to  the ordering of 
the solid solution in this composition range. Should these 
findings be confirmed, a revision of the diagram  m ay be neces
sary, since i t  is the contention of Rhines and  Newkirk { th a t 
the ordor-disorder changes are norm al Gibbsian phase changes. 
In  this event the suggested term  would no longer be necessary.

D iscussion

D iffusion an d  the
Dr. B u c k l e  : I  should like to  illustrate some work which 

has been done since m y paper was published, and  which helps 
to  confirm m y conclusions.

Fig. A  (Plate C l) indicates the general d istribution of 
the holes in a  copper/coppor-7%  alum inium couple a fte r 
heating a t  800° C. for 25 days. However, th e  K irkendall 
effect is much more pronounced when several phases are 
involved in the diffusion process. Fig. B (Plate Cl) 
shows, in th e  centre, the polished section of a  copper/zinc 
couple a fter 1 hr. a t  380° C. The H um e-R othery phases e, y , 
and ¡3 (very th in) have been formed. A series of micro
hardness impressions along the length of the specimen serve 
as markers. A fter a  fu rther 1 hr. a t  380° C. th e  impressions 
were examined under a  microscope having a  calibrated m icro
m eter ocular, and the ir position compared w ith those before 
the additional treatm ent. The results, illustrated  by diagram 
and photograph in the lower half of Fig. B, show a marked

K irk en d a ll Effect §
contraction on the zinc side (loss of zinc) and an expansion on 
the copper side (i.e. an expansion of the newly formed y  
phase). This represents a  displacem ent of the whole specimen 
relative to a fixed point o f reference. Fig. C (Plate CII) 
shows the distortion of the microhardness impressions due to 
the expansion. As the displacem ent of the diffusion couples 
takes the form of a relative movement, some means are 
required of dem onstrating its occurrence. Fig. D (Plate CII) 
shows two copper/zinc couples arranged in such a  w ay th a t 
their movements should take place in opposite directions 
and thus become visible (see diagram  ( a ) ); experim ent 
confirms th a t this is so (see photograph (b)).

The remaining illustrations show the grow th of the various 
phases, during diffusion a t  380° C., in m ultilayer specimens 
consisting of about ten thin sheets of copper and zinc placed 
alternately . In  Fig. E  (P late C III) the thickness of the 
copper is 140 n and o f the zinc 120 p, corresponding to  the

* Lecturer in Metallurgy, Constantine Technical College, Metals, 1953, 45, 1029.
Middlesbrough. § Jo in t discussion on the papers by H. Biickle and J .  Biin

t  D. A. Petrov  and  T. A. Badaeva, Zhvr. Fiz. K him ., 1947, (J . Inst. Metals, 1951-52, 80, 385), and by  E . L ardncr (this
«1. <85. . vol., p. 439).

* F . N. Rhines and J .  B. Newkirk, Trans. Arner. Soc.
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composition of sa turated  a-brass. A fter 5£ hr. (Fig. E  (a)) 
the zinc has disappeared and broad bands of the y and [3 
phases have been form ed; lines of porosity are to  be seen in 
the region where the zinc originally was. A t the end of 
120 h r. (Fig. E  (b)) the -/ phase has been replaced by p and 
the copper takes a  more active p a rt in the diffusion process, 
being converted into a. The second specimen (Fig. F, 
P late C III) (copper 80 ¡x, zinc 300 /i) corresponds in com
position to  the e phase. The developm ent of the phases is 
m arkedly different from th a t of the first specimen. After 
30 min. (Fig. F  (a)) broad bands of y have already formed, 
w ith narrow er bands of e on the zinc side. A t the end of 
27 hr. (Fig. F  (&)) the copper and zinc have completely dis
appeared, giving place to  «, which has also absorbed a  largo 
p a rt of the y phase. As diffusion is governed by the in ter
action between y and e, its ra te  is much faster and the porosity 
more pronounced than  in the case of the first specimen, in 
which the interaction between (3 and a  was the dom inant factor.

Mr. R . S. B a r n e s ,*  B .S c . (M em ber): The observations 
described in the paper by D r. Buckle and M. Blin are in com
plete agreem ent w ith m y own observations on copper/a-brass 
and copper/nickel couples, first mentioned in the discussion on 
the paper by da Silva and Mehl f  and la ter described more 
fully.J I  should like to  mention one point from this la tte r 
paper in order to  confound those critics who m ay th ink th a t 
the voids observed after interdiffusion are merely due to  some 
polishing effect. T hat the voids were really present inside the 
m etal a fter diffusion was proved by taking a  microradiograph 
of the diffusion zone. Fig. G (Plate C III) is such a  micro- 
radiograph of the voids in  a copper/niekel sandwich and 
shows, no t only th a t the voids do no t result from the polishing 
process, bu t also th a t their polyhedral shape is intrinsic.

While there is no doubt th a t voids form as a result of in te r
diffusion, the exact mechanism of their form ation m ay be open 
to  some conjecture. I t  m ay be suggested th a t the voids are 
formed either by gas coming out of solution or as a  result of a 
gas reaction. The crystallographic shape of the voids is 
against such an explanation. Also, as the increase in the 
volume of the couples is independent o f the pu rity  of the 
m etals, their previous trea tm en t, and the annealing atm o
sphere, this explanation is very  unlikely to  bo the correct 
one. The experim ental results all suggest th a t the voids form 
as a direct result of the diffusion mechanism itself.

To explain the results, the  authors invoke a  mechanism 
involving the simultaneous diffusion of vacancies and  in ter
stitial atom s. As theoretical values for the activation 
energies of form ation of vacancies and in terstitia l atom s 
favour a  simple vacancy mechanism in face-centred cubic 
m etals, i t  seems unnecessary to  invoke such an involved idea, 
especially as all tho results can be adequately explained, 
much more simply, by considering the m igration of vacancies 
alone.

The results of the experim ents can bo summarized by Fig. H, 
which represents a diffusion couple consisting of two m etals A  
and B , w ith three reference lines, denoted x, y, and z; line y  
represents the m arked interface betw een the two m etals and 
lines a; and  z m arked positions in  the m etals A  and B , respec
tively. As a  result of diffusion, the reference lines shift 
relative to  one another, line y  moving tow ards the reference 
line z and away from the reference line x  (this movem ent is 
usually referred to as the K irkendall shift). In  addition to  
this movement, the two outer reference lines x  and  z move 
ap a rt as a result of a  volume increase of the couple, caused 
by the form ation of voids in m etal B  near to  the original in te r
face. I t  is found th a t the interface y  always moves towards 
the m etal w ith the lower melting point and also th a t the voids 
appear in th is metal.

I f  we use a simple vacancy mechanism, i.e. a  mechanism 
whereby an atom  can diffuse only by exchanging positions 
with a  neighbouring vacancy, all these results can be explained

quite simply. The preferential flow of atom s in the positive 
direction in Fig. H  will be accompanied by an equal flow of 
vacancies in tho opposite, negative, direction. Such a  flow of 
vacancies across tho interface will disturb the equilibrium 
conditions in th e  diffusion zone; tho num ber of vacancies in 
the region above y  (in Fig. H) will bo depleted, and vacancies 
will be generated here in an a ttem p t to  m aintain equilibrium ; 
in the region below y, vacancies will accum ulate and exceed 
the equilibrium num ber, when they will tend to  precipitate 
ou t of tho lattice. The vacancies necessary for this pre
ferential flow can bo generated (above y) a t  lattice defects 
such as grain boundaries, polygon boundaries, and edge 
dislocations, and  precipitated (below y) on similar defects; b u t 
if tho supcrsaturation of vacancies here is high enough, then 
some of the vacancies will coalesce and form microscopic 
voids. The generation of vacancies above y  and the precipita
tion of vacancies below y  would cause an expansion and 
contraction, respectively, and  the formation of voids (below y) 
would in addition result in an increase in the to ta l volume 
of the couple.

Only if all the vacancies eventually go to  form voids, i.e. 
none are annihilated a t  lattice discontinuities, will the distance
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F ig . H .— Diagram  to Illustrate Proposed Vacancy M echanism.

yz (which contains the voids) rem ain constant. I f  the above 
explanation is the correct one, then  the distance yz m ust 
decrease and can never increase. Observations show th a t 
this is the case; moreover, the reproducibility of this decrease 
would be very difficult to explain if  the voids were the result 
of some process, e.g. a  gas reaction, no t directly connected 
w ith the diffusion process.

For th is mechanism of void formation to  be valid, the 
energy necessary to  form the voids m ust come from the 
diffusion process. Rough calculations reveal th a t the energy 
released by  the m etals interdiffusing is about 101 times the 
to ta l surface energy of the voids, so th a t this mechanism is 
quite feasible from an energy point of view.

W ith regard to  the paper by Mr. Lardner, I  should like to 
propose th a t the results he obtained can be accounted for in 
term s of the ideas I  have outlined. The cast alloys used 
contained concentration gradients, and the solution-treatm ent 
o f these alloys perm itted  the individual atom s of the alloys 
to diffuse and the concentration gradients to be reduced. As 
the m elting point of magnesium is less th an  th a t of aluminium, 
i t  is to  be expected th a t the magnesium atom s would diffuse 
the faster, or, in term s of vacancies, th a t the vacancies would 
flow from the aluminium-rich regions to  the magnesium-rich 
regions. The accum ulation of vacancies in the magnesium- 
rich regions could cause voids to  form in this region. The 
crystallographic shape of the voids which Mr. L ardner observed 
suggests th a t these voids are formed in a  way similar to  those 
in diffusion couples, and the ir appearance in the magnesium- 
rich regions fits in well w ith th is point of view.

A fter one of the high-tem perature solution-treatm ents 
(5 hr. a t  385° C. +  16 hr. a t  420° C. +  16 hr. a t  450° C.) 
(p. 440), i t  was found th a t  cavities were completely absent. 
I  should like to  ask the au thor w hether, in th is particular

* Atomic Energy Research Establishm ent, Harwell, B erk
shire.

•f A. D. Lo Claire and R . S. Barnes, Trans. Amer. Inst. M in.

Met. Eng., 1951, 191, 1060 (discussion).
J R . S. Barnes, Proc. Phys. Soc., 1952, [B], 65, 512.



case, the absence of cavities might no t be clue to  incipient 
m elting of the alloy ? A fter all o ther solution-treatm ents 
cavities were found, although an  increase of tim e or tem 
perature resulted very often in fewer b u t larger cavities; 
this m ight be expected if  large cavities grow a t  the expense of 
the small ones.

Mr. L ardner’s results suggest th a t the ra te  o f cooling had no 
effect on the formation of voids, and if the absence of cavities 
in  this one particular case could be accounted for by incipient 
melting, then  th e  inability  to remove already existing cavities 
would no t be unexpected, and there would no longer be any 
need to  look to  the cooling of the samples for an explanation 
of their formation.

These experim ents suggest th a t the voids result from the 
smoothing out of tho concentration gradients, i.e. as a result 
of the diffusion process. Although o ther interpretations may 
be pu t upon these experim ents, i t  is perhaps significant th a t 
the crystallographic nature of tho voids is similar to  th a t 
observed a fter the interdiffusion of two metals, and  also 
th a t th e  position of the voids is in  accord w ith their position 
in  diffusion couples.

Dr. J .  C. C h a s t o n ,*  A.R.S.M., A .Inst.P ., F.I.M . (M em ber): 
These two papers deal w ith one aspect of w hat has come to  be 
called the K irkendall effect. As D r. Biickle and M. Blin 
explain, th is  was first observed by Sinigelskas and K irkendall 
in  America when studying the interdiffusion of copper and  zinc, 
using brass samples electroplated with copper. They found 
bv means o f molybdenum wire m arkers th a t the original 
interface was displaced towards the brass side, and in te r
preted  this to  mean th a t the zinc diffused ou t of brass into 
copper faster than  copper diffused into brass. These observa
tions were confirmed in  1951 by  da Silva and  Melil.

Dr. Biickle and M. Blin report th a t in these circumstances 
holes appear in the diffusion zone on the alloy side. I t  is 
perhaps proper to  point out tha t, since these observations 
w ere made, Hersch j  has found holes under the surface of 
70 : 30 brass from which zinc had been distilled in a vacuum 
and m a  more detailed paper Balluffi and A lexander % have 
described m any instances o f cavity formation in  diffusion 
couples (and sometimes in  the couples before diffusion).

The explanation suggested by all these workers for the 
appearance of cavities has been well expressed by Balluffi and 
A lexander : “ Porosity appears in a-brass when zinc is re
moved e ither by evaporation into vacuum or diffusion into 
copper. No m a tte r  where the zinc goes, i t  apparently  moves 
ou t o f the alloy by diffusion and leaves voids behind. One is 
tem pted to  say th a t this is a  direct result o f the unequal 
diffusion rates o f copper and zinc in a-brass and th a t zinc 
atom s which diffuse outw ards are replaced, no t by copper 
atom s bu t by  vacancies which m ay precip itate to  form 
microscopic voids. The voids m ay subsequently be rem oved 
by a sintering process, b u t presum ably the sintering process is 
slower than  the diffusional process o f forming voids.”

In  considering these phenomena, I  suggest th a t  three 
questions arise :

(1) Are the observations really consistent w ith the pro
posed explanation? As I  understand it, the explanation 
suggests th a t the copper surface has such an a ttrac tion  for 
zinc atom s th a t  they  diffuse in to  i t  faster than  they  can be 
replaced either b}T copper atom s or by  zinc atom s coming from 
the brass im m ediately beneath the surface. This surely 
implies th a t we should expect to  find holes collected im- 
mediately beneath the surface, becoming more and more 
sparsely d istributed  as we proceed fa rther from the interface 
The distribution shown in Fig. 3 (Plate L V III) o f Bückle and 
B iin s  paper gives no evidence a t  all, however, o f any 
bunching near the interface. The holes are distributed  quite 
uniformly in  a wide zone extending about 0-2  in. below the
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surface and  then abrup tly  vanish. To me, such a  distribution 
is quite inexplicable on the proposed theory. I t  should be 
pointed out, incidentally, th a t although the authors describe 
the region containing cavities as the diffusion zone, no evidence 
is actually  given as to  the ex ten t o f diffusion.

(2) Do cavities actually  exist in o ther circumstances to  
which the same argum ent can be applied? I  am surprised 
th a t none o f the investigators o f this problem has h itherto  
extended observations to  cored structu  res. The use of welded 
sandwiches or electroplated specimens m ust always raise 
questions o f local entrapm ent o f gases. On the o ther hand, a 
sound brass or bronze casting would provide concentration 
gradients in an ideal form for diffusion studies. As far as I  
know, cavity  form ation has never been recorded when a 
cored brass casting is homogenized.

(3) Can the cavities be explained on established rational 
grounds w ithout introducing new theoretical ideas ? One 
possibility for the cavities observed by  Biickle and Blin is th a t 
they  m ay be due to  inclusions pulled ou t during polishing, to 
leave p its subsequently enlarged by etching. I t  is significant 
th a t these workers polish on felt and velvet, which is p a r
ticularly  likely to  drag out inclusions. I  would suggest th a t 
for studies such as this, the use of diamond-powdcr polishing 
techniques is essential.

A second possibility is th a t gas reactions m ay bo involved. 
Some of the cavities, such as those on the righ t of Fig. 4 
(Plate L V III), are undoubtedly due to  gas reactions in  copper. 
A dm ittedly, gas reactions are no t norm ally encountered in 
brass, b u t experience has shown th a t they  can occur in 
unexpected circumstances when catalysed by the presence of 
im purities or th ird  elements.

On the whole I  think th a t none of the work so fa r reported 
can be «accepted as incontrovertible evidence for the view 
th a t cavities can be formed directly as a result o f interm etallic 
diffusion. T hat the cavities m ay be due to  side reactions has 
never y e t been completely ruled out.

In  this discussion reference has been made only to  the paper 
by Bückle and  Blin. I t  seems difficult to  fit L ardner’s observa
tions into the general picture, b u t as the cavities which he 
observed were formed only during cooling, I  suggest th a t they  
represent gas cavities produced by  «a reaction around centres 
nucleated during the prelim inary heat-treatm ent.

D r. T . P . H o a k ,§ M.A., F .R .I.C ., F .I.M . (M em ber): Strong 
evidence for the production o f voids when two m etals inter- 
diffuse is provided by the n e t increase in volume often ob
served, for example, in the early stages of the heat-treatm ent 
o f copper-nickel powder compacts.[| This fact seems to 
confirm tho metallographic evidence th a t D r. Chaston doubts.

The separate diffusion of two m etal species in an  alloy 
has received general notice only within the last few years, 
l l i is  is astonishing : the separate diffusion of different species 
in gaseous and liquid systems has been recognized for a century 
or so, while the phenomenon was trea ted  theoretically by 
W agner for solids generally, and dem onstrated by  him  and 
by Pfeil for a  num ber of metallic compounds, about 25 years 
ago. The balance between knowledge o f diffusion in metallic 
and non-metallic solids has now been handsomely redressed 
by those interested in atom  movements in  alloy system s; but, 
m uch as one m ay approve th e  opening up of the m etallic field 
by the paper o f Smigelskas and  K irkendall, m ay one suggest 
th a t the “ effect ” th a t they  dem onstrated for a single pair of 
m etals has been somewhat inappropriately nam ed ?

Mr. M. C. I n m a x , B .S c .: Dr. Chaston has emphasized the 
im portance o f accurate measurem ent o f concentration/dis- 
tance curves for the understanding o f diffusion phenomena. 
A t Leeds a group of investigators, under the direction of 
D r. R . Shuttlew orth, is using radioactive tracers to  measure
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Discussion on Creep P l a t e  X CVII.

C r e e p  a n d  P l a s t i c  D e f o r m a t i o n .

F ig s . C-E.— Area on Pure Aluminium Deformed 14% in 75 Hr. at 200° C.
F ig . C.— Inside focus. F ig . D .— Multiple-beam interferogram.
F ig . E.— Outside focus. F ig s .  C and E.— Narrow-pencil illumination. X 140.

F ig . F.— Aluminium Deformed 12% at 325° C. in 8 Hr., Repolishcd Flat, Further Strained 3 %  at 300° C. Outside focus. 
Narrow-pencil illumination, x  150.

(Gifkiits and Kelly.)

F ig .  G.— Super-Purity Aluminium Cold-Rolled 20% and 
Annealed 1 min. at 375° C. Anodized. Photographed 
under polarized light. X 200. (Perryman.)

F i g . H.— Super-Purity Aluminium Cold-Rolled 50% and 
Annealed 10 sec. at 375° C. Etched in 25 H N O „ 73 H.O, 
2 HF at 50° C. Bent slightly after etching. Photographed 
under phase contrast. X 200. (Perryman.)

[To f  ace p. 7*14



Discussion on Dudziński P late X C V III.

y o

ITc. A.— Primary Manganese-Bearing Constituent in a Eutectic Aluminium- 
Silicon Alloy. (Turner on Dudziński.)

F ig . B..—Aluminium-6-37 % Chromium Alloy, Chill- F i g . C.— Aluminium-2-4%  Vanadium Alloy, Chill- 
Cast and Annealed. x  750. (Dudzinski’s reply.) Cast and Annealed, x  1000. (Dudzinski’s reply.)



Discussion on Tucker and  M urphy P l a t e  X C IX .

F ig . D .— Jointed Triangle for the Direct Interpretation of Etch-Pits. (Plan.)

F i g . F.— Fan-like Twinned Structure in a 99-5% Aluminium  
Wire Bar, Cast in a Permanent Mould.

LIQUID-METAL STREAM

MOULD
FACE

Traces of {100} Planes

Trace of (111) 
Twinning Plane

F ic . E.— Twin Texture in 99-5% Aluminium, Scmi- 
Continuously Cast.

F ig . G.— Illustrating Use of Etch-Pits in Deter
mining the Orientation of Two Neighbour
ing Grains of an Aluminium -3 % Magnesium 
Alloy, Carrying Anodic Oxide Layers of 
Different Thickness, x  300.

(Hérmguel and Lelong on Tucker and M urphy.)



F ig . M.— Etch-Pits and Slip Lines on a Pure 
Aluminium Single Crystal, x  350.

F ig . N.— Insular Crystal M  Enclosed in a 
Large Crystal B  in a Relatively Twinned 
Position (M 1M 2 linear boundary repre
sents trace of the (111) twinning plane). 
X 100.

F ig . O.— Intragranular Polygonization
Boundary, Marked by a Series of Etch- 
Pits, in an Aluminium Crystal with 
Orientation Approximately Parallel to 
the (111) Plane, x  500. '

F ig . H .— Junction of Two Twin Elements with a Strong Relative Disorientation. X 120.
F ig . J.— Cube Texture Revealed by Etch-Pits. X 350.
F ig . K .— Zone of Progressive Curvature at the Boundary of a Deformation Band in a Cold-Worked Single Crystal of Alum inium - 

3% Magnesium Alloy, as Revealed by Etch-Pits. X 600.
F ig . L.— Distribution of Etch-Pits in Alignment Parallel to {100} Traces on As-Cast 99-5% Aluminium, x  25.

(He'renguel and Lelong on Tucker and Murphy.)

Discussion on Tucker and  M urphy P l a t e  C.

(Lacombe on Tucker and Murphy.)



Discussion on K irkendall Effect P l a t e  Cl.

V /V /yY //,W /A A m

Fig. B.— Multiple-Phase Diffusion in a Copper/Zinc Couple, Showing Anomalous Expansion on the Copper Side (left) 
and Contraction (Kirkendall Effect) on the Zinc Side (right), (a) According to classical theory, (h) Actually 
observed. X 450. {Biickle.)

(a) (b) k)
l'IG. A. Size and Distribution of Holes in a Coppcr/Copper-7% Aluminium Alloy Couple after Diffusion for 25 D ays at 800° C.

(a) X 100. (b) and (c) X 350. (Biickle.)



Discussion on Kirkendall Effect P l a t e  CII.

V

ß

C u

(«) (6)
F i g . C.— Anomalous Swelling Revealed by Deformation of Micro-liardness Impressions, (a) Before- (b) After flic second treatment

x  650. (Biickle.)

BEFORE DIFFUSION

A ? ,«
PHASES

F i g . D.— Displacement of Copper/Zinc Couples After Diffusion for 27 hr. at 380° C. (a) Diagrammatic, (b) Experi
mental observation. X 10. (Buckle.)

AFTER DIFFUSION

( a )



F i g . G .— Microradiograph of Voids in a Copper/Nickel Sandwich, 
Showing That They do Not Result from the Polishing Process 
and That Their Polyhedral Shape is Intrinsic. (Barnes.)

(a) (b)

F ig . F .— C o p p er 80 n th ic k , z in c  300 /< th ick , (a) A fte r  30 m in . (b) A fte r 27 h r . x  150.

F ig s .  E and F.— Showing Evolution of Various Phases Formed During Diffusion at 380° C. in Multi-Layer Specimens of Alternate Copper and
Zinc Sheets. (Biickle.)

f P

X 200.

P l a t e  CUT.Discussion on Kirkendall Effect 
v

-M U | Cu I f l l ^ —v 1 0 | Cu

'¡V | Cu |0 k %| /5.I Cu | a p

(a) (b)

F ig . E ,— C opper 140 n th ic k , z inc  120 n th ick , (a) A fte r 51 h r . (b) A fte r 120 h r.



Discussion on Stretcher-Strain Markings P l a t e  CIV.

F i g . A.— Standard Tensile Tcst-Picce of Narrow Central 
Gauge-Length, Showing Normal Markings First 
Formed, x  1. (Chadwick and Hooper.)

I ' i g .  B.— Illustrating Formation of Tongue-Shaped Mark
ings on Further Stretching of Test-Piece. x  1. 
(Chadwick and Hooper.)

F ic .  D.— Stretchcr-Strain Markings on a Steel Pressing. F i g . E.— Stretcher-Strain Markings on an Aluminiurn-Magnesmm  
X 1. (Handy.) Alloy Pressing, x  1. (Handy.)



D ISTA N CE FROM REFERENCE PO INT, CM.

F ig . P.—Two Type-d Wedge Markings Formed on Annealed Mild Steel Strip of 
0-023 nun. Grain-Size, Stretched Part W ay Through tin- Yiekl-Point Elongation 
of 4%. X 2-6. (Phillips.)

Discussion on Stretcher-Strain Markings P l a t e  CV.

F ig . F.— Steel Pressing Showing Stretcher-Strains, Localized F ig . G.— Similar Pressing to Fig. F  but the Steel Was Temper- 
Necks, and Fracture. X 1. (Huiiily.) Rolled Before Pressing to Remove All the Defects. X 1.

(Humly.)

F ig . Q.— Multiple-Beam Interference Pattern Showing Sharp 
Tilt at Boundary a of Fig. P Between Yielded and Un
yielded Material. A reference scratch runs across the field. 
X 41. (Phillips.)

F i g . R.—-Illustrating Type-B Ripple Markings Formed on Strip of Same Steel as 
Fig. P, Stretched to Fracture at 170“ ±  5° C. x  2-6. (Phillips.)

F ig . O.— Relation Between Profile and Type-B Markings on Strip of Com
mercial Alummiutn-3J%  Magnesium Alloy, Grain-Size 0-018 mm., 
Rolled to 0-044 in. Thick (—10% Reduction) and Stretched to Fracture. 
(Phillips.)

I 2
D ISTA N CE FROM REFERENCE POINT. CM.



Discussion on Stretcher-Strain Markings P l a t e  CVT.

F ig . T .  F i g . U .

F i g s . T  a n d  U.— Type-d and Type-B Markings Present Together in Mild Steel. (Chadwick and Hooper.)

sec.-1 
(a) 102

(c) lO '2

Fro. S.— Effect of Rapid Straining at Room 
Temperature on the Occurrence of Type-B  
Ripple Markings in Commercial Aluminium— 
31%  Magnesium Alloy Strip (OZX), Rolled to 
Approx. 0-012 in. Thick and Annealed. 
Approximate strain rates (m sec.-1) as indicated. 
X 2-5. (Ebarall and Phillips.)
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these curves in copper-zinc alloys. I  am  studying the self
diffusion of copper and zinc in  (3-brass, whilst Mr. L. W. 
Mercer and Mr. D. Johnston are studying two a-brasses con
taining 1 and 30% of zinc, respectively.

The appearance of pores in the chemical-diffusion experi
ments o f D r. Buckle and  M. Blin and o f Mr. L ardner shows 
th a t in these systems atom  movement occurs by interchange 
with vacancies. The pores are formed because the pre
ferential interchange of one component w ith vacancies causes 
vacancies to be pumped from one side of the couple to  the 
other, and thus produces a  vacancy supersaturation so great 
th a t some of the vacancies combine to  form pores. I f  the 
vacancy supersaturation had been less, the vacancies would 
have been annihilated a t  dislocations.

W hilst the occurrence of pores and of K irkendall displace
m ents during chemical diffusion proves th a t atom  movements 
occur by interchange w ith vacancies, experiments on the 
diffusion of isotopes in a  chemically homogeneous system have 
a more im mediate in terpretation  in term s of the  interaction 
of the vacancies w ith the two lands of atom  in an alloy. For

p ic.. J .— Norm alized A ctiv ity /P enetration  Curve for Self-Diffusion  
o f Copper and Zinc in /3-Brass for 15-7 hr. a t 732° C. 

c/c„" =  ( h rDt)~112 oxp[—x*l&Dt].
D Ca =  1-37 x 10~7 cm.-/sec.
I)Za =  2-67 x 10'7 cm J/sec.

Dzn/Dcu =  1-95.

the self-diffusion coefficient of a  component is simply related to 
n, the frequency w ith which an atom  of th a t component 
jum ps to adjacent lattice sites, by the equations :

D a =  omAa2 D b — anB'i2 . . . .  (1)
where T)À and DB are the self-diffusion coefficients o f the two 
components, a is the cubic lattice constant, and  a  is a numerical 
constant (1 /8  for body-centred cubic and 1 /12  for face- 
centred cubic crystals).

A technique has been devised to  measure simultaneously 
the self-diffusion coefficients o f copper and  zinc in brass. 
A foil of the brass, O'005 in. thick, is irrad ia ted  in a  pile so
th a t i t  contains both  copper and  zinc radioactive atom s. This
foil is then welded between two discs of brass of the same 
chemical composition and the sandwich annealed for about a 
day a t the diffusion tem perature. A fter this the diffusion-

* Research Laboratories, Aluminium Industrie , A.G., 
Neuhausen, Switzerland.

t  L. C. C. da Silva and R . F . Mehl, Trans. Amer. Inst. M in. 
Met. Eng., 1951, 191, 155.
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anneal sections parallel to  the weld are turned off in the lathe 
and collected in weighing bottles. The y  activities o f these 
sections are m easured by a  ring of six Geiger counters, con
nected in parallel to  a  single scaler. Since the half-lives of 

■radioactive copper and zinc are 12-9 hr. and  250 days respec
tively, separate activ ity /penetration  curves for copper and 
zinc are easily obtained w ithout the need for a  chemical 
separation, for the activ ity  of a section immediately after 
diffusion is duo to  both copper and zinc, whilst a fte r ten  days 
the copper has decayed and the remaining activ ity  is due 
solely to  the zinc.

The ac tiv ity  per un it volume c, a t a  distance x  from the 
origin, is given by  :

c/c0"  =  e x p [ -  z2/4DÍ] . . . .  (2 )
where c0"  is the initial activ ity  per un it area a t  the origin and 
I is the diffusion time. In  Fig. J  are shown the activ ity /pene
tration  curves for copper and zinc in ¡3-brass a fter diffusion 
for 15-7 hr. a t  732° C. Especially to  be noticed is the large 
diffusion distance, comparable to  th a t of in terstitia l carbon in 
iron a t the same tem perature. Values of DCa and D Za were 
calculated by equation (2 ) from the activ ity /penetration  curves 
and these are given for various tem peratures in Table A.

T a b l e  A.

Tem p. (°C.) i l Zn, cm .’/sec. .Sou, cm .!/sec. DZuWQu

678 1-35 X IO-7 0-65 X IO-7 2-08
732 2-67 X IO- 7 1-37 X IO"7 1-95
777 4-26 X  IO'7 2-26 X  IO'7 1-88
831 7-27 X  IO- 7 4-04 X IO-7 1-80
870 1-07 X  10-« 6-14 X IO“7 1-75

I t  should also be noted th a t since the values of DCu and DZa 
are measured simultaneously, the ratio  D7jn/D 0a should be free 
from system atic errors. This ratio  is im portan t because, by 
equation (1 )> if equals n7J n Ca, the relative frequency of in ter
change of the two kinds of atom  w ith the vacancies. The 
tem perature-dependence of the diffusion coefficients is given 
by the equations :

=  0-038 exp[24,900/AT] D Zn =  0-024 exp[22,800/AT] (3)
The experim entally determ ined activation energy is the sum 
of the energy necessary to  create a vacancy and the energy 
required for an adjacent atom  to  interchange w ith this 
vacancy. In  50 : 50 (3-brass the energy needed to create a 
vacancy will be about the same for all sites, and so the 
difference in activation energy for copper and zinc (2-1 kg.cal.) 
can be identified as the difference between the energy required 
for a  copper and a  zinc atom  to  exchange w ith a neighbouring 
vacancy.

Prelim inary measurements by Mr. Johnston on a  70 : 30 
brass show th a t a t  830° C. :

DCu =  1-50 X 10- 9 cm.2/sec. =  4-83 X 10- 9 cm.2/sec.

Dr. F . R o i i n k e *  (Member): The sim ilarity of the phenomena 
described in these two extrem ely interesting papers leaves 
little  doubt th a t they m ust derive from the same origin.

The observation by  D r. Buckle and M. Blin th a t form a
tion of porosity is connected w ith the K irkendall effect in 
copper/zinc and copper/alum inium diffusion couples has been 
substantiated  and shown to  be true  for o ther diffusion sys- 
tem s.f Those authors who em bark upon a  detailed discussion 
of the possible mechanisms involved agree th a t the pores m ust 
be looked upon as agglomerations or precipitates of vacancies, 
and th a t some source o f vacancies m ust be operating in  the 
diffusion zone. The concentration of vacancies in  m etals due 
to  therm al excitation is much too small to  account for the

H. N. H ersch, J . A yp l. Physics, 1952, 23, 1055.
R . W. Balluifi and B. H . A lexander, ibid., 1952, 23, 1237. 
W . Seith and  A. K ottm ann , Angew. Chem., 1952, 64, 379.
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development of the pores. Srnoluchowski * estim ates the 
norm al concentration of vacancies a ttribu tab le  to  th is cause 
a t  a  small fraction of 1% . Seitz f  has suggested th a t the 
vacancies in  the case of the K irkendall effect might, be created 
a t  the specimen surfaces. This possibility has been disproved 
by several investigators, notably  by Buckle and B lin ; their 
experim ents w ith specimens Nos. 2 and 5 show the K irkendall 
effect to  operate w hether the outer surface is o f copper or of 
brass.

The mere existence of the K irkendall effect rules out any 
direct plaee-exehange or ring-diffusion mechanism.J The 
fact th a t  porosity is associated w ith the K irkendall effect is a  
strong point in favour of a  defect mechanism of diffusion, 
cither o f an  in terstitia l type, based on the existence of Frenkel 
defects, o r o f a  vacancy type, based on the existence of 
Schottky defects. E ither mechanism m ust upset the therm o
dynam ic defect equilibria locally, if two species of atom s with 
different diffusion rates are involved. This would result in 
a  super-concentration of vacancies on the side w ith the 
higher content of th e  faster-diffusing species. The formation 
of pores w ith  crystallographic faces can therefore be explained 
on bo th  hypotheses. Seitz § holds th a t the experim ental 
facts do no t allow any  choice to  be made between the two 
mechanisms. Buckle and Blin favour the in terstitial type, 
rightly I  th in k ; th is mechanism gives a  simpler picture, the 
surplus vacancies being created on the side on which they  are 
actually  found as pores.

Porosity has been proved to  occur no t only in solid diffusion 
couples and sandwich specimens, b u t also in gas-pliaso/solid 
diffusion systems.|| Mr. L ardner has now shown th a t the 
same type of porosity m ay develop in diffusion connected with 
the rejection of solutes from supersaturated substitutional solid 
solutions. In  th is type of diffusion only one species o f atom  
is involved. The solvent atom s have no incentive to  diffuse 
in any definite direction, because they  cannot relieve the 
supersaturation. This can only be effected by a diffusion of 
the solvent atom s to  spots suitable for their rejection. Form 
ally, i t  m ay be said th a t the difference in the diffusion rates of 
the two species of atom  involved is a t  a  maximum , because 
the diffusion ra te  of one species—the solvent atom s—is zero ; 
actually  this is n o t so, b u t the diffusion of the solvent atom s is 
no t co-ordinated w ith the diffusion of the solute atom s. There 
can, o f course, be no displacement of an  interface h e re ; b u t 
L ardnor’s observation of pores w ith crystallographic faces 
shows th a t the  diffusion is again coupled w ith th e  creation of 
vacancies. This is an argum ent in  favour of the in terstitia l 
diffusion mechanism, because to  explain the creation of 
vacancies by th e  vacancy mechanism would lead to  difficulties 
in this case.

In  1947 I  postulated the creation of vacancies as a  mech
anism for the rejection of copper from supersaturated alu
minium -copper solid solutions,^ thereby explaining experi
m ental d a ta  obtained bearing on the kinetics of age-hardening. 
In  the alum inium -copper system  no pores w ith crystallo- 
graphic faces have so far been observed. I t  seems probable 
th a t the vacancies do no t agglom erate in  th is system  as readily 
as in th e  m agnesium -alum inium system . The more pro
nounced age-hardening effect found w ith alum inium -copper 
alloys m ay be due to  this difference. My views concerning 
the hardening effect of vacancies have gained support from 
the observations of Billington and Siegel ** and of D ugdale .ft 
F u rth e r developments of m y ideas regarding the dependence 
of mechanical properties on the free p a th  of slip have been 
published more reeently.JJ

Dr. H . B u c k l e  (in reply) : The m ain object in publishing 
this work was to  provide additional experim ental da ta , which

m ight serve to  settle certain points h itherto  in doubt. I  am 
glad to  find th a t the experim ental results are completely con
firmed by Mr. Barnes and by  those contained in a  num ber of 
o ther papers cited elsewhere in the discussion.

There is still considerable difference of opinion, however, 
regarding the mechanism responsible for the form ation of the 
voids observed in  th e  diffusion zone. I t  would seem th a t the 
concept of an in terstitia l mechanism is generally rejected as 
being heretical, although Ballufli and Alexander considered 
such a  mechanism quite independently. I  p u t forward this 
concept, which avoids certain of th e  difficulties involved in 
the idea of a vacancy mechanism alone, ra ther w ith a view 
to  its fu rther exam ination by experts, th an  as a complete 
solution of the problem. I  agree w ith Mr. Barnes th a t a 
calculation of the activation energies appears to  favour a  
vacancy mechanism. I  th ink, however, th a t the force of 
this argum ent is greatly  weakened by two facts : (i) The 
calculation is valid for a  pure m etal under ideal conditions, 
whereas disorder of the Frenkel type, suggested in  the paper, 
m ight well be associated w ith the presence of im purity  atom s 
and m ight bo a special function of th e  concentration of such 
atom s. The fact th a t, in certain  couples, the holes are stric tly  
confined to  a  narrow  concentration band favours th is view,
(ii) As the phenomena observed could be accounted for by 
assuming a  very small in terstitia l flow, th e  num ber of atom s 
in a  disordered s ta te  m ight represent a  very small proportion 
o f the vacancies in  equilibrium , which are responsible for the 
classical balanced-flow mechanism. There is, of course, no 
reason w hy such a complex phenomenon should be due to  the 
action of a single m echanism ; Shim , W ajda, and H untington §§ 
have recently dem onstrated, in the case of th e  self-diffusion of 
zinc, the simultaneous occurrence of two mechanisms, both  
probably vacancy mechanisms, though this has no t been con
clusively proved.

The concept advanced by Mr. Barnes is certain ly  simple and 
ingenious, b u t i t  seems to  me to  contain a  fundam ental w eak
ness. The mechanism proposed requires the continuous 
generation of a  considerable num ber of vacancies, to  ensure 
the supplem entary flow postulated. To explain w hy the 
source of vacancies does n o t become exhausted, i t  is necessary 
to  inti'oduce such factors as the form ation of stresses and their 
interaction w ith dislocations. Thus, although, once in 
itia ted , such a cycle would continue, there seems to  be no 
reason why i t  should begin. In  o ther words, the setting up of 
a  preferential and oriented flow of vacancies and its source 
(of necessity on the side opposite to  the holes) is based merely 
on a postulate, whereas the initiation of an  in terstitial flow and 
the form ation of holes would arise inevitably from the equili - 
brium  structu re  of the component in  which the holes are form ed; 
th a t  the mechanism has its  origin in this component is sup
ported  by  the fac t th a t the holes stop ab rup tly  a t  the original 
interface. I t  does no t, however, seem unreasonable to  suppose 
th a t the two mechanisms m ay operate concurrently.

I t  m ay be noted th a t the mechanism proposed by  Mr. 
Barnes does no t necessarily require different intrinsic diffu
sion coefficients. In  this respect the experim ent described by 
Mr. Inm an is of particu lar interest, because i t  proves th a t, a t 
least in the case of self-diffusion of brass, copper and  zinc have 
distinct diffusion coefficients. The mechanism proposed by 
Mr. Barnes cannot explain the experim ental result in th is 
instance, b u t the assumption of in terstitial flow fits the facts 
very well. 'The hypothesis proposed by Mr. Inm an requires 
only th a t the two m etals shall have different activation 
energies, and this can as well be so w ith an in terstitial flow mech - 
anism, partia l or to ta l, as w ith a pure vacancy mechanism. 
To decide between the two alternatives, therefore, additional 
factors m ust be sought. On the basis o f the vacancy mech-

* R . Srnoluchowski and H . Burgess, Phy-s. Rev., 1949, [ii], F . Rohner, J . Inst. Metals, 1947, 73, 285.
76, 309. ** D. S. Billington and S. Siegel, Metal Progress, 1950, 58,

t  F . Seitz, ibid., 1948, [ii], 74, 1513. 847.
% C. Zener, Acta Cryst., 1950, 3, 346. t t  R - A. Dugdale, Phil. M ag., 1952, [mi], 43, 912.
§ F . Seitz, Acta M et., 1953, 1, 355. j  j  F . Rohner, Z . angew. Math. u. Physik, 1952, 3, 383.
¡¡ H. N. H erseh, loc. cit. §§ G. A. Shirn, E. S. W ajda, and H . B. H untington, Acta

R. W. Ballufli and B. H. Alexander, loc. cit. M et., 1953, 1, 513.
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anism i t  is the more difficult to explain a net flow of zinc, the 
smaller is the concentration of zinc and the greater is the 
degree of order of the phase; in an ordered phase a net increase 
in one of the components could be explained only on the basis 
of the in terstitial mechanism. The expansion of the (3 phase 
in the case of the m ultilayer specimens heated to  380° C. which 
I  described (Fig. C, Plato CII), would appear to provide evi
dence in favour of this mechanism, though w ithout furnishing 
absolute proof.

In  replying to  D r. Chaston’s three questions, I  shall refer 
largely to  the preceding discussion.

(i) The explanations advanced merely require th a t the holes 
should be confined to  the diffusion zone. This has in fact been 
observed in  all instances. In  the case of the copper/brass 
couple, the holes are scattered throughout the entire diffusion 
zone on the brass side, being most numerous near the in ter
face ; their distribution along the zones of equal concentration 
is statistical, although the section shown in Fig. 3 (Plate 
L V III) of the paper is too small to  bring out this fact. The 
ex ten t of the diffusion zones is im plicit in the data  accompany
ing the illustrations; Fig. 2 (p. 387), however gives a definite 
example.

(ii) I t  is indeed surprising th a t cored structures have not 
been investigated more extensively. I  would point out, 
however, th a t such cases do no t lead to  unequivocal con
clusions, since the grains of a  polycrystalline structure do no t 
represent a  mechanically free system. Zones in which holes 
are likely to  form alternate  w ith zones liable to expand, in 
such a  way th a t the holes m ay easily be closed up, the plas
tic ity  of the m aterial a t the homogenization tem perature being 
very great.

(iii) The microradiograph reproduced by Mr. Barnes (Fig. 
G, P late C III), removes any doubt as to  the existence of the 
holes. I  would emphasize moreover, th a t the holes which we 
observed were certainly no t due to  inclusions having been 
pulled out. Polishing w ith diam ond powder is undoubtedly 
of assistance in certain metallographic work, particularly  in 
autom atic polishing, but skill and experience are nevertheless 
much more im portant than  details of technique in  arriving 
a t  a  correct interpretation, and  there is no likelihood of an 
experienced investigator confusing polishing imperfections 
w ith a  true  effect. I t  would, moreover, be hard  to  believe 
th a t inclusions would be to rn  out exclusively in the diffusion 
zone and always on the same side of the interface, regardless 
of the purity  of the alloys, and in a  m anner perfectly re
producible in  the dozens of specimens examined. N either 
are the cavities shown in Fig. 4 (Plate L V III) due to  a gas 
reaction, for they are unm istakably characteristic of micro
fissures. They occur only in  the corners formed by the copper 
and the zinc on one side, and by the protective layer of copper 
enveloping certain of the specimens, on th e  o ther. I t  is 
obvious th a t th e  expansion of the copper and th e  contraction 
of the brass set up mechanical disturbances in such areas.

I  entirely agree w ith D r. Chaston th a t, in considering this 
new aspect of the problem of porosity, the classic causes of 
hole form ation should no t be overlooked, since in the case of 
the m ajority  of commercial alloys these are of far greater im 
portance th an  holes due to  diffusion. I  also share his opinion 
th a t  the holes observed by Mr. Lardner cannot be explained on 
the basis of the K irkendall effect. Mr. Lardner, by  numerous 
careful experiments, has established the following points :

(1) The holes occurred only in those specimens which origin
ally contained residual Mg4Al3 (¡3) (Section I I ,  4 of Mr. 
L ardner’s paper).

(2) Time and  tem perature operated in the same sense; holes 
appeared only w ithin certain lim its of tim e and tem perature; 
they  were no longer found if the tim e and/or tem perature 
were raised beyond those limits (Section II , 1, 2).

(3) Holes already formed on cooling did not disappear on 
prolonged heat-treatm ent (Section II , 2).

(4) Hole formation was associated w ith a  fairly rapid  
cooling rate. Very slow cooling diminished their num ber and 
produced rounded shapes (Section II , 3).

(5) The num ber and size of the holes increased w ith in
crease in grain-size of the specimens (Section II , 4).

(6 ) Holes were consistently formed a t  the centre of the 
grains, in the region poorest in aluminium (Sections I , IV, 
Fig. 2, P late  LX V III).

An analysis of these facts does no t furnish a  single argum ent 
in favour of the K irkendall effect. As regards point (I), this 
is undoubtedly a question of multi-phase diffusion, a  schematic 
diagram for which is presented in Fig. H . From  this, the 
following conclusions m ay be drawn :

(a) The maximum gradient is always a t  the original a/(3 
interface.

(b) The w idth of the zone possessing the steepest gradients 
first increases, passes through a  maximum, and  then diminishes 
again.

(c) Steep gradients are associated w ith the presence of 
residual ¡3.

(d) The holes observed are generally situated outside the 
diffusion zone, a t  any rate  in the region of minimum gradients.

Fie. H.—Showing Evolution of the Concentration (C)/Distance 
(X ) Curves in the a Grain and Width of the f} Phase After 
Various Solution-Treatment Times.

t =  0 : p  =  f t  _
— ——  t l >  0 — -------- t3 >  ij (jS has just disappeared)
  '  ‘ "  * ¿ 2  >  ¿ 1    t ' i  >  L

W ithout going into details, i t  is evident th a t points (3) 
(considered together w ith (2)) and (4), taken in conjunction 
w ith points (a) and (<Z), exclude any explanation based on the 
K irkendall effect. B ut all th e  facts point to a  simple explana
tion. The dissolution of [i causes a contraction of the lattice 
which is, 'a t first, confined to  the grain boundaries. This 
results in a high tensile stress a t  th e  centre of the grain, liable 
to  give rise either to micro-fissures, when the stresses are re
leased by the mechanical operation of polishing, or to  cor
rosion figures, which might be described as due to  local stress- 
corrosion, polishing being in fact a  mechanical-chemical 
process. The regular shape of the holes is no t surprising in 
a  hexagonal phase; similar phenomena are in certain cases 
observed w ith zinc, especially in tw inned areas. I t  is 
obvious th a t the wider the zone of steep gradients and the 
steeper the gradients, the higher are the stresses, in complete 
agreem ent w ith the facts (points (1) and (c), (2) and (6 ), (5)). 
The explanation of point (3) now becomes clear, as well as 
the influence of cooling; only on extrem ely slow cooling do 
the stresses become levelled out. I t  would bo interesting to  
test t  his hypothesis by  means of specially designed experiments.

Dr. H oar draws attention  to  th e  volume changes in  sintered 
compacts. Similar observations have been made in th e  case 
of sintered copper/tin and copper/zinc. Fig. D (Plate CII) 
represents a kind of large-scale model of a sintered specimen, 
illustrating this phenomenon.

I  should like to  emphasize the im port ance of the dem onstra
tion first made by Smigelskas and K irkendall. The earlier 
dem onstration of dis tinc t diffusion coefficients in  certain  com
pounds did not make i t  possible, a priori, to  draw  the same 
conclusions w ith regard to  substitutional structures having 
metallic bonding. I t  was therefore only, because th is u n 
expected phenomenon had  not been sought, th a t  i t  was no t 
revealed sooner in metallic structures.

As regards the first p a rt of D r. Rohner’s contribution, I
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would refer liim to the preceding discussion. I  do no t think, 
however, th a t , if I  understand him correctly, I  entirely share 
his views on the mechanism of precipitation. I  do no t see 
why in th is case only one kind o f atom  should bo involved. 
Once past the complex stage of nucleus form ation, the grow th 
of the nucleus entails diffusion in the surrounding m atrix , 
where the gradients are essentially determ ined by the 
equilibrium concentration and th e  degree of supersaturation. 
The p icture then  closely resembles th a t of Fig. I i ,  but 
reversed and reduced to  the scale of precipitates. T hat is 
no t to  say th a t the K irltendall effect will n o t appear, given the 
necessary conditions ; bu t i t  will be much less pronounced, 
since the volumes involved are very  small. These argum ents 
arc no t applicable to  th e  phenomenon described by Mr. 
L ardner, since the holes were no t observed after precipitation- 
treatm ent, b u t on the contrary  after homogenization tre a t
m ent (see preceding discussion). Age-hardening a t  room 
tem perature (as in Duralum in) m ust also be excluded, because 
here diffusion undoubtedly plays a very small pa rt. Thus, 
Laves and  Jagodzinski * have even p u t forward strong 
argum ents in favour of a  mechanism which does no t involve 
diffusion a t  all.

Mr. L a r d x e r  (in reply) : D r. R ohner and Mr. Barnes have 
bo th  decided th a t the cavities th a t I  described in solution- 
trea ted  m agnésium -alum inium alloys arc a  m anifestation of 
the K irkendall effect, whilst D r. Chaston thinks it  m ost un 
likely and  suggests th a t they  are some form of gas cavities.

On th e  one hand th e  form ation of these voids as a  result of 
th e  accum ulation of vacancies in  the magnesium-rich solid 
solution fits in well w ith the observations of D r. Biicldo and 
Mr. Blin, and, as explained b y  Mr. Barnes, the form ation of 
voids m ight well be predicted in  such a  system . Moreover, 
the characteristic geometric form and orientation of the

cavities, their position, and their obvious connection w ith  
th e  diffusion of aluminium into the grains of the magnesium- 
rich solid solution, indicate th a t these voids are  closely related 
to  those observed as being associated w ith diffusion in a r t i
ficially produced metallic sandwiches.

On the o ther hand, the magnesium -aluininium system  is 
no t unique, and such void form ation m ight equally well be 
expected in  m any o ther common alloy systems, though a p 
parently  none has so far been observed. The production of 
such voids would also be expected to  depend upon the con
centration gradients existing in  the as-cast structure , and  as 
these depend m ainly upon casting conditions, such cavities 
would bo expected always to  result when castings in the same 
alloy were solution-treated. In  fact, however, the formation 
of these cavities is com paratively uncommon and is found to  
be peculiar to  occasional casts of alloy. This strongly sug
gests th a t some o ther condition besides the necessary diffusion 
is required if  cavities are to  be produced. Dr. Chaston’s 
suggestion of gas cavities is very  a ttrac tive  here, b u t surely 
sharp hexagonal-shaped cavities w ith a  well-defined crystallo- 
graphic orientation are a  strange form for cavities due solely 
to  gas to  assume.

Evidently  th e  question cannot be decided upon the evidence 
a t present available. The fact th a t the cavities appeared to 
form on cooling now seems open to  doubt, and Mr. Barnes’ 
suggestion of incipient fusion during the liigh-tem perature 
solution-treatm ent obviously needs close attention .

D r. R ohner’s sta tem ent th a t “ it  has now been shown th a t 
the same type of porosity m ay develop in diffusion connected 
•with th e  rejection of solutes from supersaturated  substitutional 
solid solutions ” indicates a  misreading of the paper. W hat 
has been dem onstrated is th a t the formation of the same type 
of porosity is associated w ith th e  homogenization of the cast 
structure.

D iscussion

P rim in g  P a in ts  fo r  L ight Alloys
B y  J .  G . R ig g  a n d  E .  W . S k e r r e y  

(Journal, th is vol., p. 481)

Mr. E . A. G. L iD D iA R D .f  M.A., F.I.M . (M em ber): A pellet 
o f magnesium powder containing 2 0  w t.-%  ferric oxide will 
reac t violently in  a  3% solution of sodium chloride, and, in 
fact, produces th e  stoichiometric quan tity  of hydrogen from 
the reaction, assuming th a t all the  magnesium reacts in  about 
3 -5  m inutes, while there is a  very  m arked heat evolution. 
Pellets compressed from magnesium powder w ithout additions, 
and  pellets containing 2 0  w t.-%  magnesia, show only a  slight 
reaction, which tends to  decrease w ith tim e, and there is no 
rise in tem perature. Such pellets will retain  their general 
form in th e  NaCl solution over a period of several days.

In  view of this fact I  cannot believe th a t iron oxide is a 
suitable m aterial to  bring in to  contac t w ith  magnesium, 
despite the  authors’ conclusions. Incidentally, m ixtures of 
magnesium m etal and  m etallic iron powder were used during 
the war for hydrogen generation in sea-water. The process 
was worked ou t a t  the B ritish Non-Ferrous Metals Research 
Association and is pa ten ted .i I t  was subsequently found th a t 
ferric oxide was much more effective in stim ulating the 
reaction than  metallic iron. This emphasizes the danger in 
using an easily reducible m etal oxide in  contac t w ith  alu
minium or magnesium under conditions in  which th e  hydrogen- 
evolution type of corrosion a ttack  can take place.

I t  is very  clear from th e  results reported in the paper th a t

the suitability of the various oxides as primers decreases as 
the m etal of the oxide become more noble. The fac t th a t 
reasonably good results have been obtained by  th e  authors 
in their experim ents on pain ts can, I  think, mean only th a t the 
pigm ent vehicle is the protecting agent and th a t i t  will pro tect 
light alloys in  spite of the presence of an accelerating oxide. 
There is no significant difference in  the ra te  of corrosion of a 
pellet made up  w ith 2 0%  magnesia and  one w ithout any  
adm ixed oxide, so th a t the increased ra te  of corrosion in  the 
magnesium -iron oxide pellet is no t due to  the greater separa
tion of the individual particles of magnesium m etal by the 
oxide, particularly  since the volume o f magnesia is, of course, 
greater than  the volume of iron oxide used.

This brings me to  m y main point. W hy do we use a 
prim er a t  all on alum inium, and if  wo do so, w hy do we 
employ an easily reducible oxide o f a more noble m etal as a 
filler ? W ould i t  no t be so much more sensible to  use a  prim er 
in  which th e  filler was the oxide of the m etal to  be painted, o r 
a  highly stable oxide, as, for example, titan ia  ? I t  seems to 
mo thoroughly regrettable th a t nobody has a ttacked  this 
problem of developing a pa in t especially suitable for light 
metals, b u t th a t instead priming paints developed for the 
painting of iron, steel, and wood have been adopted. I  u-as 
surprised to  find th a t in the earlier paper by these authors,§

* H . Jagodzinski and F . Laves, Z . Metallkunde, 1949, 40, J B ritish P a ten t No. 579,246, 1946.
296. § J .  G. Rigg and E . W. Skerrey, J . Inst. Metals, 1948^19,

f  Director, Fulm er Research In s titu te , Stoke Poges, Bucks. 75, 69.
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in which the results of the six months’ tests are described, 
they  report th e  use of cobalt naphthenate as a  drier for all 
the  paints and for the D.T.D . 260a top  coat. I  suppose one 
can be thankful th a t they  didn’t  use a m ercury compound ! 
I t  m ay be argued th a t since the  results of their exposure 
tests are quite good, there is really nothing to  worry about, 
bu t I  do no t subscribe to  th a t view. I f  the results are good i t  is,
I  suggest, in spite of the filler and driers used in the paint 
scheme, and we should be able to  do a g reat deal b e tte r if we 
used primers which were logically suitable for aluminium and 
magnesium.

In  all norm al circumstances i t  is unnecessary to  protect 
alum inium and alum inium-magnesium alloys, and i t  is only 
w ith the high-strength m aterials, particularly  those con
taining copper, th a t some form of protection is necessary if 
they  are to  operate in an  industrial or marine atmosphere.
I  therefore should have liked to  see more work done by  the 
authors on fully heat-treated  alum inium-copper-m agnesium 
alloys. The B.S. 5L3 alloy is, of course, only room-tempera- 
tu re  aged, and  in  th is condition is no t particularly susceptible 
to  intercrystalline corrosion. The alloy more likely^ to  be 
used for struc tu ra l work is B.S. 1476 HE15-W P. I t  is w ith 
this alloy th a t  there is serious danger o f stress-corrosion or 
layer-corrosion, and judging from recent experience, the 
la tte r  form of a ttack  does no t seem to  have been prevented 
by painting, even when zinc oxide and chrom ate primers 
were used. We do know, however, th a t the most satisfactory 
m ethod of preventing a ttack  on these high-strength alloys is 
by  cladding. Less inform ation is available on the effect of 
anodic sprayed coatings, b u t such w ork as has been done is 
very promising. I t  has been suggested th a t a  sprayed coating 
m ay be even more effective th an  a clad coating, because 
of the tendency of inert corrosion products to  form in the 
pores of the  sprayed coatings. This appears to be another 
argum ent in  favour of considering alum ina as the ideal inert 
substance for covering aluminium.

The use o f zinc, in the form either of metallic pain t or a  
sprayed coating, to p ro tect aluminium has something to  be 
said for i t  in th a t zinc is usually anodic to  alum inium under 
norm al exposure conditions, despite the fact th a t  i t  is some 
distance away from aluminium in the electrochemical series. 
My experience has been th a t zinc coatings on alum inium - 
copper alloys are less effective th an  alum inium coatings in 
delaying stress-corrosion failure, and  I  th ink  there  can be no 
doubt th a t  zinc is no t to  be compared w ith aluminium in its  
general corrosion-resistance.

I  would therefore suggest th a t the best means of protecting 
high-strength aluminium alloys against corrosion is to  provide 
an anodic coating, preferably of pure aluminium, either by 
cladding or spraying, and to  use paints which contain no 
compounds of th e  more noble metals. More atten tion  should 
be given to  the  possible use of alum ina in th e  form ulation of 
paints for aluminium and of magnesia in paints for magnesium.

Mr. A. W. B r a c e ,* A.I.M . (M em ber): The authors indicate 
th a t the medium used might no t bo regarded as a usual one, 
and i t  is perhaps unfortunate th a t they  did no t employ more 
conventional pa in t vehicles in conjunction w ith the pigm ents 
chosen. In  particular, th e  inclusion of oiticica oil in  the 
m edium can be associated w ith a  tendency to  em brittlem ent 
of the pain t film, w ith consequent flaking during subsequent 
weathering. I t  is well established th a t red lead does not 
develop its  full anti-corrosive properties in  th e  protection of 
steel w ith this type  of m edium ; th a t required by  B.S. 1011, 
however, gives an outstanding performance no t excelled by 
any o ther vehicle. In  tests being carried ou t by Goodlass

* Metallurgist, Aluminium Development Association, 
London.

*]■ 2nd In terim  Rep. of Jo in t Technical Panel JP /1  on 
“ Painting of S tructu ra l Steelwork ” . 1949: London
(B.I.S.R.A.).

J .  C. Hudson and T. A. Banfield, J . Iron Steel Inst., 
1948,158, 99.

J .  C. Hudson, ibid., 1951, 169, 153.

W all and  Lead Industries, L td ., in  collaboration w ith the 
Aluminium Development Association, the known m erit o f a 
B.S. 1011 red  lead prim er is being exemplified. A fter 18 
months’ exposure in marine and industrial atm ospheres, one 
coat of this prim er is still in good condition on bo th  steel and  
aluminium panels. One coat of a  red lead prim er in a  linseed 
vehicle w ith  a synthetic quick-drying addition lias no t shown 
the same good results on steel, although on aluminium the coat 
is still in  fairly good condition. The authors’ conclusions, 
therefore, would appear to  be valid only for the particular 
medium employed.

The use of iron oxide as a major constituent in primers for 
aluminium should no t be dismissed lightly, for although in 
itself i t  has no outstanding properties, the addition of a 
percentage of zinc chrom ate substantially improves its  per
formance, and in  some applications a red oxide prim er con
taining zinc chrom ate is to  he preferred to  a  stra igh t zinc 
chrom ate primer.

An im portant point no t fully studied by the authors is the 
effect of surface preparation of the m etal before painting. 
R esults have been published in th is country f  and in the 
U nited S tates t  and elsewhere, which show th a t a  much 
longer paint life can bo obtained on steel which has been 
pickled either in a  phosphoric-acid or phosphate-base solution, 
than  on steel which has been only weathered and wire- 
brushed. For alum inium several distinct forms of p re trea t
ment are available, suitable for shop or site use. H ad  such 
methods of preparation been employed, the results on paint 
life quoted by the authors m ight have been quite different.

I t  is something of a  challenge to  learn th a t  B .I.S.R .A . tests 
show th a t  a pa in t life of up to  15 years can be obtained w ith a 
two-coat system on steel, and th a t even under industrial 
conditions a  life of 7  years is no t unusual. U nfortunately, 
no comparable tes t da ta  seem to be available for aluminium.

The phenomenon of the accelerated corrosion of the 
alum inium and magnesium panels induced by lead pigments 
is one of some complexity. Tests made by Goodlass Wall and 
Lead Industries, L td ., have shown th a t immersion of a lu 
minium panels in suspensions of lead pigm ents (red lead, 
white lead, basic lead sulphate) in w ater does not produce 
any rapid  a ttack  on their surface. On the other hand, panels 
immersed in  a  dilute solution of soluble lead soaps containing
0-15 w t.-%  of both lead and organic acids were rapidly 
attacked, especially if the w ater contained 0-5-3-0% of sodium 
chloride. Similar behaviour was observed w ith a zinc soap 
solution containing 0-4% zinc and 1*6% of arom atic organic 
acids. W ork carried ou t by  W hitby,§ using potential/tim e 
curves, showed th a t there was a tendency for red  lead paints 
to  a ttack  in  th is way painted alum inium panels immersed in 
sea-water, distilled w ater, or a 0 -001 -W sulphuric acid solution. 
W hite lead paints showed no such tendency.

I t  is no t easy to  find a simple explanation, b u t it  m ay be 
th a t the acids formed by  th e  breakdown of the linseed oil 
vehicle j| release soluble lead soaps from the pigm ents, which, 
in  conjunction w ith chloride, produce rapid  a ttack  on the 
aluminium. In  observations which I  have^ made on a  few 
examples of the phenomenon i t  has been noticeable th a t only 
when the pain t film has suffered decided deterioration does 
the marked a ttack  on the alum inium begin. There is some 
indication th a t i t  m ay no t be general to  all lead pigments. 
F u rth e r studies are in progress.

Zinc chrom ate primers are fairly widely used on aluminium, 
b u t their efficiency obviously depends on the inhibition due to  
the release of soluble chrom ate ions produced by  the con
trolled en try  of moisture into the pain t vehicle. I t  is not 
unusual, however, to  apply over the chrom ate prim er further

|  Official Digest New England Paint and Varnish Club, 1949 
(Nov.), 792.

J .  S. Pettibone, Amer. Soc. Test. M at. Special Tech. Publ., 
1952, (147). , „

§ L. W hitby, Paint Research Sta. Tech. Paper, 1939, 
(125).

(I L. A. O’Neill, ibid., 1949, (159).



coats which ac t essentially either as ion barriers o r as a  con
tinuous protective layer such as th a t afforded by leafing 
aluminium, which aims a t  the exclusion of corrosive agents. 
I t  m ay well be th a t this combination is no t one which gives 
optimum efficiency. Furtherm ore, it  m ay be found th a t 
the type of pa in t system which effectively protects the more 
corrosion-resistant m aterials, such as the aluminium—m ag
nesium alloys, is less satisfactory on the Duralum in-type 
alloy. The special chemical properties of aluminium alloys 
dem and pain t formulations somewhat different from thoso 
commonly employed on steel, and still fu rther adjustm ents 
in the protective system used may be necessary for the various 
groups of alum inium alloys.

W ork on the effects of pretreatm ent and alloy composition 
on pain t life on aluminium-base materials has been under
taken as p a r t of an A.D.A. investigation, bu t a  more funda
m ental study  of th e  behaviour o f different types of pigm ent 
and pain t vehicles would bo welcome. As compared w ith 
steel, there is a  relative lack of published inform ation o f a 
system atic nature  on this subject. Jo in t action between the 
m etallurgist and the pain t technologist is to  be encouraged, in 
view of the growing use of aluminium for struc tu ra l purposes 
and in a wide variety  of o ther fields where techniques suitable 
for site application have to  be developed, as opposed to  the 
ra th er more refined methods used on small assemblies in the 
shop.

Mr. R . J . B r o w n ,*  F.I.M . (Member) : I t  is unfortunate th a t 
the authors did no t include in their series of paints the modern 
etch primers, which arc very widely used in industry  and 
extend greatly  the service life of the pain t coating ; nor did 
they investigate pretreatm ent w ith phosphoric acid, which is 
a common alternative to  etching in chromic—sulphuric acid 
solutions. Although their purpose was to evaluate the primers 
in general use, the performance of any prim ing coat is very 
considerably affected both by  the protreatm ent of the m etal 
and by the coatings subsequently applied over the priming- 
paint.

In  Table VI (p. 486) it  is indicated th a t uncoated steel 
panels suffered only slight corrosion during a  period of 3 
m onths exposure a t  the marine site, and in  the accelerated 
tests.  ̂ I b is  is fantastic, as uncoated degreased steel will rust 
overnight in  most atmospheres, even under cover. Reference 
is m ade in  the paper to  the more severe corrosion experienced 
on the panel backs. This is hardly  surprising, as careful 
exam ination of exposed panels during atm ospheric tests 
will show not only th a t evaporation on the upper surface is 
more rapid, b u t th a t condensation on the under surface is 
more severe. The effect of d irect solar radiation is to  promote 
the breakdown of the vehicle of the pain t coating, the degree 
of breakdown being related to  the intensity  of corrosion 
resulting from prolonged exposure. The severity o f the 
corrosion on the panel backs should be a ttribu ted  directly to 
the effect of moisture, and no t to  sheltering from solar 
radiation.

D r. F . A. C h a m p io n , f  B.Sc., A.R.C.S., F.I.M . (Member) : 
Theoretical considerations lead one to  expect th a t lead pig
m ents \\ ould be liable to  stim ulate the corrosion of aluminium, 
and even more so th a t of magnesium, and th a t this would be 
most m arked in environments providing a  strong electrolyte, 
e.g. m arine and industrial atmospheres. The work of Dr! 
Rigg and Mr. Skerrey has confirmed these expectations and 
provides a  valuable assessment o f the practical im portance of 
th e  effects in^ different types of exposure conditions. I t  is 
ra th er surprising to  note signs th a t they  were operative even 
in the ru ra l atmosphere, as shown, for example, by  the greater 
corrosion a t  scratch lines w ith systems using lead prim er as 
compared with those using iron oxide prim er (see Table IV, 
p. 484). Some mechanical damage is usually inevitable
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* Chief Chemist and Metallurgist, Nuffield Central Research 
Laboratories, Morris Motors, L td ., Coventry.

t  Research Laboratories, The British Aluminium Co., L td  
Gerrards Cross, Bucks.

before maintenance is justified in service, and it  therefore 
seems desirable to  avoid lead pigments for light alloys in all 
conditions whore protective paints are called for.

t The authors have pointed ou t th a t  iron oxide or preferably 
zinc chrom ate or tetroxyclirom ate should be used all over 
composite structures of alum inium and steel, and i t  should be 
added th a t they  are also required for aluminium-coated steel 
(e.g. sprayed coatings). In  spite o f Mr. L iddiard’s purist 
objections, the results confirm the suitability  of iron oxide as a 
diluent for chrom ate pigments in  prim ers for aluminium and 
its alloys.

Mr. A. J .  F i e l d ,J  M.C., B.Sc., F .I.M . (Member) : I t  is not 
clear w hether, in the priming pain t, as the conditions are 
intentionally of a  non-electrolytic character, the  pigm ent has 
effect on the durability  of the medium or o f the underlying 
metal. _ This suggests th a t  i t  m ight be of in terest to  tes t the 
three interactions separately, namely, pigm ent on metal, 
medium on m etal, and  pigm ent on medium.

Mr. H. S i l m a n ,§ B.Sc., F .R .I.C ., M.I.Chem.E., F.I.M . 
(M ember): The problem of formulating a  suitable priming 
pa in t for alum inium cannot be reduced to  the simple one of 
combining an aluminium-base pigm ent w ith a drying oil. 
Many o ther factors en ter into the m atter, including in the 
first place the  com patibility of the pigm ent w ith the medium, 
no t only from the point of view of the protective value of the 
finish bu t also of the stab ility  of the pain t itself. O ther 
aspects include covering power and corrosion-inhibiting 
properties.

Mr. L iddiard tends ra th e r to  over-simplify the economic and 
technical considerations of pain t m anufacture in  the sug
gestions he makes for the formulation of a  satisfactory priming 
pain t for aluminium.

The A u t h o r s  (in reply) : Wo note th a t Mr. Liddiard con
siders th a t we are lacking in caution in advocating the use of 
iron oxide pigm ents on light alloys, while Mr. Brace holds 
th a t we are too cautious in our objection to  the  use of red 
lead. We therefore feel th a t the discussion, on balance, 
supports the m odeiate view we have taken.

The iron oxide pigm ent was selected as being a non- 
inhibitive priming pigm ent in common use. Despite the 
observation th a t iron oxide will catalyse the dissolution of 
magnesium in sodium chloride solution, it  did, nevertheless, 
provide a useful degree o f protection in our tests, w ith no 
indication of acceleration of corrosion. The inference is not, 
however, as Mr. L iddiard suggests, th a t the medium is making 
up for the shortcomings of the pigm ent. No medium of this 
type w ithout pigm ent could be expected to  give such a  long 
period of protection. As has been pointed out, the iron 
oxide increases the durability  of the film.

Mr. Brace does not see any advantage in the use of zinc 
chrom ate prim ers under relatively impervious top  coats. 
Even leafing alum inium top coats are, however, still slightly 
pervious,[| and  the exclusion of m oisture will rarely  be 100% 
efficient. The prim er is, therefore, necessary to  provide 
m aximum protection under these conditions and above all to 
take care of accidental damage, since the chrom ates continue 
to  pro tect even where the priming film has been rendered 
discontinuous in  places. We agree w ith Mr. Brace th a t 
m ixed chrom ato-iron oxide films give priming paints suitable 
for m ost purposes.

Mr. L iddiard’s objections to the use of cobalt driers are of 
a theoretical nature. U nfortunately, efficient drying can be 
achieved only in  the presence of certain  metallic salts or soaps 
and, of the m etals available, cobalt is the most active drier 
and is therefore used in the sm allest concentration possible.

_ We sym pathize w ith Mr. Brace’s rem arks about red  lead 
giving the best protection to  steel in  a medium of the type

t  Works Manager, The British Aluminium Co., L td ., 
Falkirk.

§ Research Manager, Ford M otor Co., L td ., Birm ingham .
|j V. J .  H ill, Paint, Oil and Colour J . ,  1952, 122, 137.
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specified in U.S. 1011, and for th a t reason did not lay stress in 
the paper on the comparatively poor results obtained w ith 
the oiticica oil medium on this m etal. B etter media could 
have been chosen for all the o ther three priming pigments. 
Since the emphasis was on priming pigments for light m etals 
and the num ber of panels had to  be kep t w ithin reasonable 
bounds, a  single priming medium was selected which gave a 
reasonable degree of adhesion on all these metals, and was a t 
the same tim e compatible with both  types of aluminium top 
coat. The m anufacturer who so kindly formulated the paints 
drew on a  medium in common commercial use a t  th e  time a 
tim e moreover when pain t oils and resins were in short 
supply.

The results from tests by Goodlass W all and Lead In 
dustries, L td ., which Mr. Brace quotes, in which aluminium 
specimens were immersed in suspensions of lead pigments or 
soaps, appear to  be in  accord w ith our own results, namely 
th a t an  electrolyte (e.g. 05-3-0%  NaCl) is necessary to  give 
the ill effects. In  the exposure tests, the serious effects of lead 
pigm ent were, similarly, noted only in industrial and marine 
conditions where the necessary electrolyte was provided for 
the galvanic cell. . .

Several contributors have draw n attention  to omissions 
from the paper. We agree w ith these contributors, and w ith 
Mr. Field, th a t there is scope for fu rther work in all these 
directions, and we endorse the statem ent by Mr. Silman th a t 
the problems are complex and should no t be considered to  be 
as simple as Mr. L iddiard might suppose. Our results (and 
especially comparison of the high- and low-purity magnesium- 
base alloys) confirm Mr. Brace’s expectation th a t a  pain t sys
tem  which is satisfactory on the more resistant m etals gives 
a  shorter life on the less resistant. Since no pain t film is com
pletely impervious, the corrosion characteristics of the under
lying m etal m ust be added into the sum of the to ta l corrosion- 
resistance of the entire system. We do no t believe th a t there 
is a  call for special formulation for particular aluminium

alloys, o ther than  adjustm ent of the protective value of the 
paint film. This can be done by varying its to ta l thickness or 
the content of inhibiting pigm ent to  the requirem ents of the 
underlying m etal, in the same way th a t it  is adjusted  to  the 
severity of the exposure conditions.

We would emphasize th a t we have no t a ttem pted  a  general 
discussion on the painting of light alloys, bu t have simpl\ 
recorded an investigation w ith a limited objective, namely, the 
comparison of various single prim er pigments on light alloys, 
although a  few incidental observations have been included in 
the paper. The tests were designed to  eliminate as far as 
possible factors irrelevant to this investigation, in order to 
obtain reliable results as quickly as possible. For example, 
the inclusion of “ etch  prim ers ” (not then available in this 
country) would have delayed information on the prim ary 
objective. We entirely agree th a t there should be no difficulty 
in designing procedure and  pain t systems which would provide 
b e tte r and more enduring protection than  the best of the range 
employed for this particular investigation. Choice of dif
ferent media and mixed-pigment formulation would be two 
possible steps in this direction.

As a  m atte r of interest, however, a  few of the panels have 
remained on test, and the best systems have continued to  give 
good protection to  the more resistant light metals after 
exposure for seven years a t  the m ost severe sites.

Wo agree th a t sheltering from direct solar radiation would 
extend the tim e for which the backs of the panels remain wet 
and so contribute to  the effect of moisture, as indicated by 
Mr. Brown, and would also avoid breakdown of the medium 
by ultra-violet absorption. Mr. Brown finds it  difficult to 
accept our assessment of the a ttack  on plain steel panels after 
three months’ exposure. We wonder w hether he has ap 
preciated th a t our term s of assessment bear a definite relation 
to  numerical values,* e.g. slight a ttack  included infrequent 
p itting up to  10 mils deep and general a ttack  up to 0 '6  mils 
deep.

D iscussion

S tre tch e r-S tra in  M ark ings 1

D r. W . A . B a k e r , i  F.I.M . (Member of Council): In  reading 
the several papers on stretcher-strain  markings and dis
continuous flow, i t  seems ra th e r rem arkable th a t these 
phenomena, so long fam iliar in steel, should previously have 
received so little  a tten tion  in non-ferrous metals. The occur
rence of the particularly  objectionable types o f marking in 
lightly  strained aluminium—magnesium alloys has stim ulated 
a  good deal o f the current work on the subject, and th e  close 
analogy between the behaviour of steel and non-ferrous metals 
is becoming more and more apparent. The authors are to 
be congratulated on the careful way in  which they  have studied 
the natu re  and  mode o f occurrence of these markings, because, 
although we by no means understand the subject as fully 
as we would like, they  have a t  least shown how the appearance 
o f the markings depends on various factors, and their observa
tions have gone a long w ay tow ards dispelling some mis
conceptions about stretcher-strains no t only in non-ferrous 
m etals bu t also in steel.

There seems to  be little  doubt th a t the initial yield occurring 
in an annealed m aterial is to  be distinguished from the yields 
th a t succeed it , and from the yield th a t occurs in a strain- 
aged steel. N ot only are the two types o f yielding dependent

* J .  G. Rigg and E . W. Skerrey, J . Inst. Metals, 1948-49, 
75, 69.

F . A. Champion, ibid., 1943, 69, 47. 
t  Jo in t discussion on th e  following papers published in the 

Journal : R . Chadwick and W. H . L. Hooper (1951-52, 80. 
17); W. H. L. Hooper (this vol., p. 563); W. H . L. Hooper

on different factors, b u t they give rise to  distinctively different 
types of marking. In  the ease of steel, this distinction 
seems to  have been obscured in the past, for the observer has 
frequently  failed to  distinguish between stretcher-strains m 
fully annealed m aterial and those which develop in strained 
and aged m aterial, and even in one of the present papers Hr. 
Polakowski suggests th a t the irregular flamboyant or i'an“on  ̂
markings, now clearly shown to be associated with the first 
yield in a fully annealed m aterial, arise only from hetero- 
geneous stress distribution in  the specimen during straining. 
This au thor suggests th a t whenever these local stress con
centrations are relieved b y  a  certain am ount o f plastic Son , 
the markings revert to  the regular parallel-band type. How
ever, D r. Phillips, Mr. Swain, and Mr. Eborall sta te  th a t  it 
care is taken to avoid notches in the specimen, the slieai 
deformation involved in the initial yielding will spread con
tinuously through the test-piece and  no m ajor strain  marking 
will be visible. Thus, although they show th a t the highly 
irregular flamboyant markings, so objectionable in practice, 
are caused by local stress concentrations which propagate 
this deformation from a num ber of points a t  one tim e, their 
observations seem to  be inconsistent w ith D r. Polakowski s

and J . Holden (this vol., p. 648, and  Bulletin, 1953, 1, 161); 
N. K rupnik and H . Ford (this vol., p. 601); N. H . Polakowski 
(this vol., p. 617); V. A. Phillips, A. J .  Swain, and R . Eborall 
(this vol., p. 625); V. A. Phillips (this vol., p. 649).

+ Research Manager, B ritish Non-Ferrous Metals Research 
Association, London.



Discussion on Stretcher-Strain Markings
suggestion th a t only one type of deformation occurs and th a t 
the differences between the appearance of the markings is 
dependent only on the conditions o f straining.

From  the practical point o f view i t  is comforting to  find th a t 
Mr. Chadwick and Mr. Hooper, and D r. Phillips, Mr. Eborall, 
and Mr. Swain, reach essentially the same conclusions about 
remedial measures for stretcher-strain  markings in the 
alum im um-magnesium alloys. One of the remedies th a t 
involves rapid cooling from a  high tem perature is perhaps of 
more academic th an  practical interest. The two groups of 
investigators appear to  in terp re t this result, and the effect 
of subsequent reheating of the quenched m aterial to  lower 
tem peratures, in different ways. Thus, Mr. Hooper suggests 
th a t quenching from high tem peratures introduces internal 
stresses, which in some unspecified w ay jirevent the formation 
of the objectionable random  markings. On his view the effect 
o f subsequent heat-treatm ent a t  lower tem peratures is to  
relieve theso internal stresses and thereby m ake the m aterial 
again susceptible to  stretcher-strain  marking. The o ther 
investigators make no reference to  any possible effect of 
in ternal stresses b u t in terp re t the effects of quenching and 
reheating in  term s o f th e  distribution of magnesium atoms 
between the grain bodies and the grain-boundary regions. 
They hold th a t their observations are consistent w ith the 
view th a t the solute atom s diffuse to, and concentrate a t, the 
grain boundaries during low-tcm pcrature heat-treatm ents, and 
thereby produce a  grain-boundary barrier which impedes the 
propagation of slip from  one grain to  another and is thus 
responsible for the marked initial yield. Their da ta  on the 
effects of various times and tem peratures of heat-treatm ent 
seem to me to  rule ou t the suggestion th a t the effects are due to 
internal stresses. I f  one refers to  their Fig. 24 (p. 638) and 
considers, for example, the effects o f reheating a t  150° and 
100° C., i t  will be found th a t to  restore the yield point to an 
equivalent degree by heating a t  these two tem peratures, the 
heating times a t  100° C. would have to  be roughly one hundred 
times as long as a t  150° C. This fact seems to  me to  be in
compatible w ith the idea th a t  th e  relief o f internal stress is 
responsible for the effects noted, because observations on the 
creep properties o f a  varie ty  o f aluminium alloys, including 
alum inium-magnesium alloys, show th a t  th e  resistance of the 
m aterials to  creep a t  the two tem peratures I  have quoted 
differs by a  factor o f only about.2, o r a t  m ost 4. On this score 
i t  seems to  me th a t the intem al-stress effect, if  any, m ight be 
disregarded, bu t I  should be very  interested to  hear the 
authors’ fu rth er observations on this point.

Turning to the less objectionable type o f strain  marking, 
th e  parallel ripples or Ludors bands (described by D r. Phillips 
and his colleagues as type-I? markings), there seems to  be no 
doubt th a t these markings arise from yields, w hether single or 
m ultiple, occurring in strain-aged m aterial. U ntil one reads 
the paper by^ Mr. K rupnik  and  Professor Ford  the picture 
seems to  be fairly straightforw ard, in  th a t all the investigators 
seem satisfied th a t these yields and their associated markings 
can be explained in  term s o f Cottrell’s theory o f strain-ageing. 
K rupnik  and  Ford, however, complicate the issue by  showing 
th a t a t  slow, constant rates o f loading, and  more particularly  
by straining a t  constant ra tes in  a very  rigid machine, the 
discontinuous yielding and  the associated ripple markings are 
suppressed. These authors consider th a t their findings throw  
doubt on the view th a t discontinuous yielding can be explained 
by current theories o f strain-ageing phenomena. I  do not 
propose to  venture in to  th a t particu lar argum ent, b u t I  
should like the exponents o f w hatever theory  is p u t forward 
to  explain in a little  more detail ju s t how the deformation 
associated w ith typo-P  markings occurs. In  the description 
o f th e  behaviour o f m aterials when yielding is observed, 
Liiders-band markings are described as running up and down 
the gauge-length of the specimen, although the description o f 
the contours of the specimens a fter such yielding has occurred 
makes i t  clear th a t w hat really happens is th a t a g rea t many 
sm all contiguous necks are formed in  rapid  succession. One
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then  has the picture th a t the load on the m aterial is increased 
till the point is reached a t  which slip occurs in some region, 
presum ably where there is a  local stress concentration, and the 
slip gives rise to  a small neck. W hy does yielding stop in this 
region, to be followed im mediately by yielding in a similar 
very small adjacent area ? I  do n o t see why, in  the light of 
w hat is said in the several papers, the boundary of the first 
necked region does no t spread continuously through the 
m etal, and I  cannot help wondering w hether a  more careful 
consideration of the macroscopic mode of deformation 
associated w ith type-/? yielding m ight explain the observa
tions of K rupnik  and Ford  on the effect o f straining a t  slow 
and constant rates. Could i t  be, for example, th a t under their 
conditions o f testing in a  rigid machine the volume of metal 
affected in  each of these small necked regions m ight be smaller 
still, so th a t the deform ation process became one in which the 
boundaries o f the initially necked region spread righ t through 
the m aterial ?

Mr. R .  C h a d w i c k ,*  M.A., F.I.M . (Member) and Mr. 
W . H .  L .  H o o p e r ,  f  B.Sc., A.I.M. (Member) : A lthough we 
clearly sta ted  in our first paper (p. 19) our belief th a t type-A 
or random  markings are, when first formed, a t  righ t angles to 
the direction of stress, this im portan t fact should be repeated 
and emphasized, because the issue has tended to  be obscured 
for two reasons. F irst, the terminology suggested, i.e. 
“ random  ” or “ flam boyant ” , has emphasized the curvature 
which often develops as stretching progresses and the stress 
system  becomes more complex. Secondly, th e  flam boyant 
character o f the markings really arises from the employment 
of wide tes t specimens. Although such specimens are most 
desirable for obtaining good illustrations, uniform stressing 
is inherently difficult, while slight gauge variations cause 
irregularities even w ith accurate specimen alignment. On a 
standard  tensile test-piece of narrow  central gauge-length, 
the first-formed markings (Fig. A, P late  CIV) are normal, 
and  diverge from th is position only after continued stretching 
(Fig. B, P late  CIV), forming the tongue-shaped markings 
such as those illustrated  in Fig. 2, P late  I I I  (Chadwick and 
Hooper) and seen also in Fig. 3 (a), P late  XC (Phillips, Swain, 
and  Eborall).

There appears to  be no serious divergence in  views as to 
the general form of m etal surfaces affected by  type-A m ark
ings, th e  model illustrated  in our first paper (Chadwick and 
Hooper, Fig. 12, P late VI) being generally accepted. Dr. 
Phillips, Mr. Swain, and Mr. E borall made measurem ents of 
the angle of tilt between ad jacent surfaces a t  a  stra in  line 
produced a t an early stage in the stretching of an  alum inium - 
magnesium alloy. Using both optical interferom etry and 
differential focusing, they  obtained values ranging from  2 2 '  to  
33'. We used the form er m ethod only and obtained angles 
in the same range, i.e. 20'—30' on both  alum inium-magnesium 
and mild-steel specimens (Hooper and Holden). A somewhat 
different series of values was obtained from Talysurf measure
m ents on specimens of alum inium -m agnesium  alloy subjected 
to  a  greater am ount of stretching, so th a t type-M markings 
were numerous and fully developed. On theso specimens 
the T alysurf traces show th a t surfaces generally have signi
ficant curvature. The geom etry is indicated in Fig. C on 
the usual exaggerated vertical magnification of the Talysurf 
trace. The angle to  a reference surface A A ' is obtained from 
measurem ent o f the tangen t of th e  mean slope Z Y / X Y  o f the 
area between two strain  lines X  and  Z . A typical measured 
angle, e, is about 1'. The angle a  between ad jacent surfaces 
forming the cusp a t  Z  is quite obviously larger than  e, bu t a t 
this stage of stretching is smaller than  a t  the earlier stage 
where the 20 '-30 ' measurem ents were taken.

Again, on th e  subject o f type-.4 markings, Phillips, Swain, 
and Eborall (p. 628), quote us as having found no thinning of 
sheet as a result of th e  formation of markings. This is 
incorrect, because no measurem ents of thickness were, in fact, 
made, b u t clearly if  a  specimen is stretched by 1%  or so there

Assistant Research Manager and f  Research Technical Officer, Im perial Chemical Industries, L td ., Metals Division 
JrSirmxngbam.
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m ust be some corresponding thinning, which is, however, an 
overall and no t a  local thinning. Possibly we were guilty of 
over-simplification in our synopsis (Chadwick and Hooper, 
p. 17), b u t the point we made was th a t random  (type-,4) 
markings were duo to  kinking, in  contrast to  the parallel 
bands (type-JS), which are due to  local thinning or necking.

The parallel bands or typo-B markings have been charac
terized as occurring in  alum inium alloys a t  a  la ter stage in 
stretching th an  the type-,4 markings, and there is general 
agreem ent on their topography. We found th a t these 
markings first became apparent in Talysurf measurements 
after type-A markings had  been largely dispersed and a ttenu 
ated  a t  about 2% extension. There is, however, a  good deal 
of evidence th a t strong type-B  markings appear a t a  much 
earlier stage. For example, in tho picture by  Phillips, Swain, 
and Eborall (Fig. 3 (a), P late  XC) of type-M markings, w ith a 
1% extension, m any of the finer markings are a t  angles of 
52°—55° and m ust be regarded as of type B ; similar b u t smaller 
m arkings aro shown by Hooper (Fig. 3, P late L X X X IIl) , 
a fter £%  extension. As yet very little  work has been dono 
on th e  topography of markings in  mild steel, bu t th e  work 
o f Mr. Hooper and  Mr. Holden suggests th a t the two types of 
m arking often occur together. Fig. 4 (Bulletin, 1953, 1, 162), 
for example, shows kinking and necking occurring simul
taneously. The central marking is quite definitely a neck

from the Talysurf traces. Angles measured on Figs 4 and 5 
(Bulletin, p . 162) range between 50° and 55°.

There has unfortunately' as y e t been little  a ttem p t to 
correlate the results of topographical measurements w ith 
stress/strain  curves. The obvious difficulty in try ing to 
relate existing da ta  is the small num ber of discontinuities 
in the stress/strain  curve compared w ith the to ta l num ber of 
strain  markings. Thus Phillips, Swain, and Eborall generally 
show less th an  20 discontinuities in a 5% extension, where 
there m ust be literally hundreds of separately identifiable 
strain  lines. I t  is interesting hi this connection to  note 
the finding of Professor Ford  th a t when specimens are stretched 
under special conditions a t  constant ra te  of strain , the dis
continuities in the stress/strain  curve do no t appear, although 
there were no related topographical observations. I t  seems 
possible th a t the formation of a  single strain  line, w hether 
i t  be a  kink or a  neck, is insufficient to show any  effect on the 
stress/strain  curve. U nder norm al testing methods w ith a 
non-rigid machine, however, the sudden yielding when a  single 
stra in  line forms would cause a disturbance sufficient to 
trigger-off several more stra in  lines, which would in to ta l give 
a  visible break in  the stress/strain  curve. This would be 
repeated a t  intervals, and the m agnitude of each step in the

* Professor of Physical Metallurgy, Birm ingham University',
f  C. A. Edwards, D. L. Phillips, and Y. H . Liu, J . Iron  

Steel Inst., 1943, 147, 145.
t  0 .  D. Sherby, R . A. Anderson, and  J . E . Dorn, Trans. 

Anver. Inst. M in. Met. Eng., 1951, 191, 643.
§ R . E. Smallman, G. K . Williamson, and G. Arrlley, Acta

M et., 1953, 1, 126.

curve would be largely fortuitous, depending upon the number 
of strain  lines triggered-off, the  controlling factors being tho 
mechanical condition and degree of elastic recovery in the 
testing machine. This would account for the irregularity  in 
size and spacing of steps characteristic of most published 
stress/strain  curves.

Professor A. H . C o t t r e l l ,* B.Sc., Ph.D . (M em ber): 
The results presented in this very interesting group of papers 
contribute substantially to the rapidly accum ulating evi
dence ti§ || th a t yield points can be produced in face- 
centred cubic metals when these contain substitutional solute 
atoms. In terpreted  in  term s of the dislocation theory, yield 
points are to  be expected in such alloys because th e  disloca
tions responsible for slip exist in a form (i.e. as pairs of 
Shockley half-dislocations) in which they  are capable of 
a ttrac ting  to  themselves substitutional solute atom s. How
ever, this attraction  is weaker than  in the case of interstitially 
dissolved carbon and nitrogen in ferritic iron, where a notable 
yield point can be produced. For example, according to  
elasticity theory, the energy binding a  zinc atom  to  a  disloca
tion in copper is about (M2 cV., whereas the corresponding 
value for carbon in iron is about 0-5 eV.|| This is im portant, 
because tho concentration of dissolved atom s in equilibrium 
w ith a  dislocation atm osphere of a given density rises ex
ponentially as the binding energy is reduced. For an  atm o
sphere th a t will give a strong yield point a t  room  tem perature, 
the am ount of carbon or nitrogen in solution in iron need only 
be about 10-,o/o. B u t for zinc in  copper, tho corresponding 
concentration has to  be about 1% . This means th a t yield 
points in face-centred cubic m etals are unlikely to  be observed 
a t  ordinary tem peratures unless fairly substantial alloy 
additions (e.g. up to  a  few per cent.) are made, and  these 
additions are retained in  solid solution. These conclusions 
agree w ith the observations th a t face-centred cubic m etals do 
no t norm ally show yield points unless they7 contain appreciable 
am ounts of im purity  or alloy additions, and th a t serrated 
yielding is observed m ost clearly' in freshly cooled specimens, 
where m ost of the alloying elements are retained in solution.

Serrated  yielding in  these face-centred cubic m etals has two 
interesting features. I t  often does no t begin until a  small 
am ount of plastic deformation has taken  place. Secondly, if 
we in terp re t the serrations as being caused by  strain-ageing 
during the  course of plastic deformation, as is known to be the 
case w ith carbon and nitrogen in iron, the necessary' ra te  of 
ageing is far too fas t to  be accounted for b y  the diffusion 
coefficient of the solute atom s, as determ ined from high- 
tem perature  measurem ents. T hat this fast ageing does 
really occur is dem onstrated in the paper by' D r. Phillips, Mr. 
Swain, and  Mr. Eborall, as well as in  some ra th er similar work 
in America.* r. ,

Both these features can be explained on the bases (i) th a t 
the diffusion coefficient is too small, a t  the s ta r t of plastic 
deformation, to  give appreciable strain-ageing during de
form ation, and (ii) th a t th e  diffusion coefficient increases 
during plastic deformation, through the creation of vacant 
atom ic sites and related atom ic defects,**ff and after a  cer
ta in  strain  becomes large enough to  cause strain-ageing 
during deformation. According to  M ott** and  to  S e itz ‘f f  
the concentration of vacancies created by plastic deform ation 
is about 10-4 e, where e is th e  strain , and an estim ate based 
on this form ula gives tho expected ra te  o f substitutional 
diffusion in worked aluminium a t room tem perature as 10“13 e 
cm.2/sec., in  order of magnitude. By analysing published 
da ta  on serrated yielding in iron, one can show th a t it  occurs 
when the ra te  of diffusion (of carbon or nitrogen) is about 
10~3 £ cm.2/scc., where i  is th e  ra te  of strain. L et us consider

;| G. Ardley and A. H. Cottrell, Proc. Hoy. Soc., 1953, [A], 
219 328.

*f A. H . Cottrell, Phil. Mag., 1953, [vii], 44, 829.
** X. F . M ott, ibid., 1952, [vii], 43, 1151; 1953, [vii], 44, 
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+f F . Seitz, Advances in Physics, 1952, 1, 43.



754 Discussion on Stretcher-Strain M arkings
a  typical experim ent on an aluminium alloy a t room tem pera
ture, where the ra te  o f stra in  is, say, 10"5/sec. Then the ra te  
of diffusion a t  which serrated yielding occurs should, by 
analogy w ith iron, be about 10“18 cm.2/sec. Now the diffusion 
coefficient a t  room tem perature, deduced from the liigh- 
tom perature data , is of the order of 10“23 em.2/sec. ; i t  is 
thus far too small to give serrated  yielding. B u t w ith plastic 
deform ation the ra te  of diffusion increases, and according to  
the formula 10“13 e, a stra in  of 10-3 should be sufficient to 
cause serrations to  appear. A fu rther developm ent * of th is 
theory suggests th a t the serrations disappear, and th a t tho 
stress/strain  curve becomes sm ooth again, if the ra te  of 
diffusion becomes too high, or tho ra te  of stra in  too low. In  
this connection it  would be m ost interesting to  know if the 
smooth stress/strain  curves obtained by Mr. K rupnik  and 
Professor Ford  a t constant rates of stra in  persist a t  higher 
rates, or w hether they  break down into tho serrated type. 
Are they  sm ooth because tho ra te  of strain  is too small, o r is 
there some o ther effect present ?

Mr. A. J . F i e l d , t  M.C., B.Sc., F.I.M . (Member)-: These 
inform ative papers will be of assistance to  the light-m etal 
sheet-producing industry  in dealing w ith the nuisance of 
stretcher-strain  markings on certain alloys. They bring to  
mind similar phenomena encountered some 30 years ago in 
tho production of binary alum inium-2-5%  and 3% copper 
alloy sheets supplied in the annealed condition for such uses as 
camera cases. In  some instances tho form ation of tho 
parallel bands was then  observed in the tensile-testing 
machine, always a t  an angle of approxim ately 60° to  the 
direction of the applied force. These bands s ta rted  w ith  a 
clink-like noise and  thereafter one edge of a band  could be 
seen to  run  away from the other, which might have rem ained 
stationary . The distance travelled was sometimes quite con
siderable, sometimes less so, the bread th  of the band  depending 
on the distance of propagation of the molecular disturbance. 
A fter the first disturbance had  ceased on a  test-piece and 
following a  fu rther period of apparently  elastic extension, 
another oblique band would originate and broaden by pro
pagation of one edge. Sometimes th is ran  in an opposite 
direction, and  the bands sloping in opposite directions some
tim es ran opposite ways. The ra te  of propagation of the 
band boundary could be followed, and appeared to  be of tho 
order of 50 ft./m in . In  tho case of these alloys, parallel 
bands did no t always occur, there being no doubt some small 
differences in annealing conditions ; there were no instances of 
flam boyant markings, which supports the observation of 
D r. Phillips th a t  these occur only on the alum inium -m ag
nésium alloys. The adjective can bo commended as more 
picturesquely descriptive th an  “ type A  ” , which some 
authors are beginning to  adopt, w ith type B  for th e  oblique 
parallel bands.

The binary w rought alum inium-magnésium alloys were 
little used in the early 1920s, although their virtues and 
possibilities had  been clearly shown by Schirmeister’s results.}:

I t  is of in terest th a t the flam boyant markings are reported 
no t to  register a  dim inution of thickness, bu t only to exhibit a  
change of angle relative to the res t o f th e  sheet. As extension 
has taken  place and no change of density  is reported, i t  is to  
be supposed th a t all extension has taken  place a t the joints 
between the flam boyant markings and  the undistorted  sheet.

Use is made in  certain  o f the papers of the  term  “ strain- 
ageing ” . The word “ age ” involves the factor of time, 
and  inform ation as to  the relationship of hardness to  tim e 
would be of interest. I t  is true  th a t all events have to  happen 
a t  intervals of tim e, and  th a t all phenomena unavoidably 
cover a  lapse of time, bu t unless there is a fairly definite

* A. H . Cottrell, C hapter in “  The Relation of Properties 
to  S tructure ”  (American Society for Metals 1953 Seminar), 
in the press.

f  W orks Manager, The British Aluminium Co., L td ., 
Falkirk.

J  H . Sehirmeister, Stahl u. Eisen, 1915, 35, 650, 873, 
996.

and particular relation of an effect to  lapse of time, as in the 
precipitation-hardening of an alum inium alloy a fte r quench
ing, and if  strain  is the causative factor and increase of h a rd 
ness the effect, perhaps the factor of time is no t specific 
and a more accurately descriptive term  should be adopted.

The method of rectification, sometimes adopted in the case 
of steel pressings, of filling in such defects as flam boyant 
markings w ith lead solder would no t be acceptable for light 
alloys. Methods of prevention or avoidance are indicated in 
some of the papers. One m ethod is to  quench the non-heat- 
treatab le  alum inium-magnésium alloys from 500° C., b u t this 
process has the disadvantage of a ra ther high cost. The use 
of m aterial w ith a somewhat larger grain-size m ight be u n 
desirable in  some instances. O ther suggestions made include 
the use of roller levelling, which was earlier recommended for 
restraining the “ worming ”  (i.e. flamboyant marking) o f steel 
sheets. Certainly a simple, cheap, and  effective solution to 
the problem is much to be desired.

Professor H . Foan,§ D.Sc., Ph .D . (Member) : A study  of 
the various papers shows th a t the size and progression of the 
steps in the yicld-stress curve, while following the same 
general characteristics, appear to  depend upon w hether the 
m aterial shows both  type-M and type-B  yielding. In  certain 
of the experim ents made by  Dr. Phillips, Mr. Swain, and  Mr. 
Eborall, the  m aterials exhibit bo th  types of yielding, and  it 
appears clear th a t the effect of type-yl yield can re tu rn , if 
tim e is allowed for i t  to  do so. In  these circumstances, the 
steps do no t show a  gradually  increasing size, as in m aterials 
in which only a type-B  yield is present. I t  also appears th a t 
the type-.4 yielding exhibits all the  a ttribu tes  of a  true  yield, 
as in  mild steel, and a fter appropriate ageing th is largo step 
returns, yielding a t  a  value slightly above the norm al yield- 
stress curve. This could explain the finding o f Phillips, Swain, 
and  Eborall, th a t the bottom  corners o f the steps appeared 
to  touch a  common curve, whereas in  the tests of K rupnik  
and  myself, the  upper corner undoubtedly was the envelope 
of the curves and  was also the sm ooth yield-stress curve, where 
this was obtained.

Mr. D. H u m p h r e y s  jj : M anufacturers of sheet m etal m ust 
have gained a g reat deal of p ractical inform ation from the 
papers on stretcher-strain  marking. As producers of alu- 
m inium -m agnesium  alloy sheet we have found th a t (i) control 
of grain-size, (ii) small am ounts of cold working followed by a 
non-recrystallizing anneal, (iii) quenching from 500° C., all 
afford means of overcoming the type-M or flam boyant m ark 
ings. The last mothod is a ttrac tive  in  th a t it  gives a fully soft, 
fine-grained sheet.

However, in  m any plants in this country  the only means of 
quenching from 500° C. is in quench tanks working in conjunc
tion w ith sodium n itra te  salt baths. References in the lite ra 
tu re  If stress the possible hazards in treating  magnesium alloys 
in salt baths, and  afford evidence ** of a  violent reaction 
occurring a t  450° C. in  the case of the 7% magnesium alloy. 
I  should be glad to  learn of the experience of members in this 
m atter, and furtherm ore, w hat is likely to  be the effect of this 
rap id  quenching on the corrosion-resistance of the alloys.

Dr. B. B. H u N D Y ,t t  B.Sc. (M ember): A t B .I.S.R .A . we 
are prim arily concerned w ith stretcher-strains in m ild steel, 
and a t  present we are working to  improve the industrial 
methods of eliminating these markings. The close sim ilarity 
o f feqj-ous and certain  non-ferrous alloys in respect of tho yield- 
point phenomena and of stretcher-strain  markings has been 
pointed ou t in a num ber of these papers, b u t I  th ink th a t this 
sim ilarity should be emphasized. A steel pulled in the

§ Im perial College of Science and Technology, London.
[j N orthern Aluminium Co., L td ., B anbury.
If  “  The T reatm ent o f Aluminium Alloys ” , America»
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** ------- “ Precautions in the Use of N itra te  Salt B aths ” ,

Factory Department Memo. No. 848, 1950. 
f f  B ritish Iron  and  Steel Research Association, Sheffield.
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“ blue b rittle  ” range, behaves in  a similar fashion to  an 
aluminium—magnesium alloy tested  a t room tem peratu re; 
the initial yield point gives rise to  the flam boyant type-4  
markings, and  the serrations in the la ter p a rt of the stress/strain  
curve can be associated w ith the appearance of type-21 m ark
ings. M easurements of these markings on photographs re
produced in  th e  literatu re  * show th a t they  usually lie between 
55° and  60° to  the specimen axis. This agrees quite well 
w ith the quoted figure of 58° for the aluminium alloys. The 
fact th a t  these markings all appear a t this particular angle 
can be explained by  consideration of H ill’s theory of localized 
necking in th in  sliects.t The theory  predicts th a t localized 
necks should form a t an  angle of 55° to  the specimen ̂ axis 
and as the type-13 markings apparently  have the characteristics 
of necks, one would expect them  to form a t  this angle. The 
variation from this figure, which is observed, can probably 
be explained on the basis of anisotropy in the specimens.

Another point of sim ilarity in the type-/! markings in steel 
and  the alum inium alloys is th a t the markings disappear when 
certain  solute atom s are removed from solid solution in the base 
metal. The addition of aluminium or vanadium  to  steel 
stabilizes the nitrogen and  prevents the form ation of m arkings; 
whilst M r. K rupnik  and Professor Ford  have shown hero 
th a t the stopped stress/strain  curve of freshly quenched 
Duralum in, which is associated w ith these markings, gradually 
smooths out as ageing proceeds.

The characteristics of th e  flam boyant type-4  markings are 
also very  similar in  mild steel and in  aluminium-magnesium 
alloys. Two identical box pressings were made in  mild steel 
and in an  alum inium -3%  magnesium alloy and the appearance 
of the markings was rem arkably alike in the two cases. 
Figs. D  and E  (Plate CIV) show the same p a rt of each 
pressing for comparison. Talysurf tracings across some 
of these markings showed th a t the deformation occurred by 
kinking bo th  in the alum inium alloy and in the mild-steel 
pressing! The angle of kinking for the alum inium-magnesium 
pressing was found to  be about 31', which is in reasonable 
agreem ent with the figure quoted by the B .N.F. workers bu t 
ra ther higher th an  th a t quoted by  Mr. Chadwick and Mr. 
Hooper. The kinking angle for the mild steel was, as m ight be 
expected, considerably higher, and was found to  be about 
2° 30'. There seems to  bo little  doubt th a t the flamboyant 
markings, or true  stretcher-strains, occur by a kinking or 
shearing mechanism, ra ther than , as was thought a t  one time, 
by thinning w ithout kinking. The actual am ount of kinking 
is probably dependent on the m etal and on factors sueh^ as 
grain-size. A hypothesis to  explain why the deformation 
takes place by  a  kinking mechanism has been p u t forward by 
Lomer.J _

I t  seems th a t mild steel differs from non-ferrous alloys in 
two respects only. F irst, the  ty p e -4  markings on the 
aluminium—magnesium alloys are perm anently rem oved by 
cold rolling, whereas they  re tu rn  when mild steel is aged after 
rolling. Secondly, mild steel shows a pronounced rise in 
strength  and fall in ductility  on strain-ageing, which is not 
shown by the non-ferrous alloys. H ave any  of the authors an 
explanation for this ?

I  would now like to  make one or two more specific comments 
on the papers presented here.

H ave Mr. K rupnik and Professor Ford , or the B .A .I. 
workers, applied Professor Cottrell’s recent theory of the 
type-B  yielding in alum inium  alloys § to their own results ? 
His theory seems to  explain m ost of the effects associated 
w ith this particu lar type of stress/strain  curve, and I  should 
be interested in any comments on this.

I  am  ra ther surprised th a t Dr. Polakowski a ttribu tes the 
sharp yield point obtained a fter slow cooling from a high

* M. K uroda, Sci. Papers Inst. Phijs. Chem. Research 
(Tokyo), 1938, 34, 1528.

E. 0 . Hall. J . Iron Steel Inst., 1952, 170, 331.
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t  R. Hill, J . Mechanics Physics Solids, 1952, 1, 19.
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tem perature to  the formation of a precipitate, and the absence 
of a yield point on quenching to the precipitate rem aining in 
solution. I  th ink  th a t the dislocation theory of the yield 
point is now' generally accepted, and on this theory we should 
expect quite the opposite effect; for instance, Cottrell and 
Leak || have shown th a t ageing a  quenched specimen, so as to 
precipitate th e  carbon ou t of solution, can reduce the ra te  ol 
subsequent strain-ageing by a factor of 5. I t  is m y opinion 
th a t the absence of a  yield point a fter quenching is mainly due 
to  its being masked by intorgranular quenching stresses, in a 
m anner similar to  th a t suggested by D r. Polakowski in another 
paper.^ This mechanism might also explain why ty p e -4  
markings can be eliminated in aluminium-magnesium alloys 
by quenching, though the  theory pu t forward by Dr. Phillips, 
Mr. Sw'ain, and Mr. Eborall is most a ttractive. Still referring 
to D r. Polakowski’s paper, I  would suggest th a t the increase 
of the Liiders strain  after each successive strain-ageing 
treatm ent is only a reflection of the shape of the stress/strain  
curve. I f  the rise in the yield stress a fter each ageing tre a t
m ent is constant, then the Liiders stra in  will increase as the 
rate of work-hardening decreases.

Can any of the authors suggest why magnesium is the only 
element th a t will give rise to  a  yield point in  aluminium?
Is  this due to  the particu lar type of lattice distortion  caused 
bv  a magnesium atom , or is it  due to  some other reason ?

’ Finally, I  would like to  point out th a t stretcher-strains can 
lead n o t only to  bad appearance, b u t also to  failure during 
pressing. Fig. F  (Plate CV) shows a  mild-steel pressing 
where localized necking and fracture has occurred along the 
radial stretcher-strains. We believe th a t this will occur when 
the pressing speed is high enough to raise the yield point above 
the ultim ate tensile strength . Temper-rolling removed the 
yield point, and Fig. G (Plate CV) shows th a t the pressing 
could then bo made w ithout failure occurring.

D r. C. F . T i p p e r ,**  M.A. (Member) : _ S o m e  years ago, I  f t  
devised a means of independently recording load and extension 
against time, for use on the Quinney machine in the Engineer
ing D epartm ent a t Cambridge U niversity.

The object was to determ ine the effect of the rigidity of the 
machine upon the shape of the load/extension curve, when 
discontinuous deformation occurred, and to  investigate the 
effects of ra te  of loading, ra te  of straining, and ageing. I  ho 
work was never completed, b u t the results have some bearing 
on the present series of papers.

The m ethod of recording had the advantage th a t the 
ra te  of yielding was indicated. Moreover, by suitably m ark
ing and measuring the test-piece (in all cases round test-pieccs 
were used) the  location of th e  deformation W'as determined.

In  the yielding of iron and  steel a  very rapid extension 
was followed by a gradual spread of the deformation, depend
in '. upon the ra te  of separation of the two heads of the 
machine. In  a jum p extension of the aluminium alloys, in 
which no yields of type 4  were recorded, the drop m  load was 
im mediately followed by a  gradual rise to  a  slightly highei 
load, when another jum p occurred. This observation is in 
accordance w ith the view th a t  the in c re a se  in  resistance to  
deformation is associated w ith the plastic yielding and th a t 
ageing is no t necessarily involved, a conclusion supported 
by tho curves in Fig. 19 (p. 613) of the paper by Mr. Krupnik
and Professor Ford. .

Although there is a  general tendency for the size ol the steps 
to  increase w ith the stress, probably owing to  the greatci 
available stra in  energy in the machine, the strains are not by 
any means uniform in a  round bar. In  any of the spring- or 
pendulum -type machines, when a tes t is being made a t  a 
constant ra te  of extension, the tim e taken  to  bring the load

§ A. H . Cottrell, Phil. Mag., 1953, [vii], 44, 31.
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172, 301.
it X. H . Polakowski, ibid., 1952 172, 369.
** Engineering D epartm ent, Cambridge University, 
f t  C. F . E lam , Engineering, 1940, 149, 325.



756 Discussion on Stretcher-Strain M arkings
back to  the same, or a  slightly higher, value increases as the 
strain  associated w ith each jum p increases, and  here ageing 
m ay become im portant.

I  suggest th a t the absence of steps in  the slow tests carried 
ou t in the rigid machine of K rupnik  and Ford  can be a ttribu ted  
to  its  rigidity. P lastic deform ation will presum ably cease as 
soon as the load falls below a  certain value, and  in a very rigid 
machine the extension and  drop in load, associated w ith each 
jum p, would be too small to  measure.

There seems no valid reason for a ttribu ting  all discon
tinuous yielding to  strain-ageing. The Cottrell mechanism 
can account for the onset of the yield w ithout it. There are 
o ther examples, such as twin form ation in  crystals, which give 
similar stepped curves, where ageing does no t enter into the 
picture.

A nother m atte r of g reat in terest in  these papers is th a t of the 
inclination of the striations to  the direction of loading. I t  is 
difficult to  determine th e  slope in the direction perpendicular 
to  th e  piano of the strip  in  such th in  m aterial. Dr. Phillips, 
Mr. Swain, and Mr. Eborall are to  be congratulated on their 
method. The subject is discussed by  Nadai,* and i t  would be 
interesting to  know if  the effect of the ratio  of w idth to  th ick
ness was investigated in any of the alloys.

Mr. R . E b o r a l i . : The observations o f Mr. K rupnik  
and Professor Ford  on the eifect of the ra te  of stressing

Fio. H.—Potential of a Solute Atom Near a Dislocation.

F ig . J .—Restoring Force on a Solute Atom.

might perhaps be explained in  the following way. These 
authors find, in effect, th a t  the ir stress/strain  curves have a 
common envelope, and  th a t  by Sufficiently slow, very  smooth, 
stressing they  can obtain a smooth curve coinciding w ith this 
envelope. Now a  solute atom  near a  dislocation is sited  in a 
sort o f potential trough (Fig. H). The restoring force, if  i t  is 
displaced, is thus given by  a curve such as th a t of Fig. J .  
Thus, if the dislocation is moved slowly, the solute atom  tends 
to  follow, the force dragging i t  along increasing up to  the 
point P. I f  the force F e is sufficient to  enable the atom  to 
keep pace w ith  the dislocation there  will be no sudden yield, 
b u t the dislocation movem ent is hindered, so th a t the level 
of the stress/strain  curve is raised.

Putting  in some very  rough figures, it  appears from Mr. 
K rupnik  and Professor Ford’s results th a t a t  about 1% strain  
the critical ra te  of stressing approxim ates to  0-1 ton /in .2/min. 
From  the stress/stra in  curve th e  ra te  of straining (for smooth 
straining) is then  ~  1C-5 strain/sec., and the corresponding 
dislocation velocity (assuming th a t there are ~ 1 0 10 active

dislocations/cm.2) is ~ 10-7 cm./see. To enable the solute 
atom  to keep pace, when acted on by the restoring force 
available, the diffusion coefficient then has to  be of th e  order 
of 10~15—10-10 cm .2/sec. This is much greater than  the value 
expected by extrapolating the high-tem perature values to
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F ig. K.—Stages in the Formation of a Type-B Marking.

room tem perature, bu t the m etal is in a  worked condition, and 
Professor Cottrell has already explained how high values o f 
this order m ay be expected in these circumstances.

An essential feature of this situation  is th a t any shock or 
disturbance will give rise to  a  m om entarily increased ra te  o f 
straining and so s ta r t off a  sudden yield, as Mr. K rupnik  and  
Professor Ford  observe.

R eplying to Mr. Chadwick and Dr. Baker, w hat is seen 
during the formation of type-B  markings has been ap tly  
described by Mr. Field. The mode of form ation of the 
m arkings appears to  be as indicated in Fig. K .

A t the beginning of a  type-B  yield, localized yielding occurs 
as in  sketch (1). W hen the m etal w ithin the neck has been 
stretched sufficiently to  carry the applied load, the yielded 
area s ta rts  to  spread, one, or sometimes both, of the half
necks A  and  B  moving along the surface as a ripple. A type-B  
marking is left only if the yielding is halted  when either A  o r B 
is still within the area under exam ination. I f  a  strip  is 
stretched in  a  machine which m aintains the load during 
yielding, in the early stages of deformation the ripples usually 
travel through a  substantial p a r t of the specimen length, or 
even perhaps the whole of it , before becoming stuck. Later, 
movem ents are more restricted. The characteristic rippled 
appearance of a stretched strip  arises when a  g reat m any half
necks have accum ulated on the surface.

I f  a  strip  is stretched in a machine in which the applied 
load falls off progressively during yielding, the situation is a  
little  different, because when the yielded area has spread a 
certain distance the load becomes insufficient to  produce 
further yielding and there is a pause during which strain- 
ageing can take place. The type-B  marking has no sharp 
boundary, so th a t, in Fig. L, all the  m aterial betw een P  and Q

P A B O

CENTRE PLANE OF SHEET

F ig. L.—Limits of Region Hardened by Straining and Ageing 
After Type-B Yield and Subsequent Pause.

F ig . M.—Plan View of Yielded Regions in Strip Lightly 
Stretched by Semi-Hard Machine. (Schematic.)

has received some deform ation and will consequently strain- 
age to  some extent. W hen the load is la te r restored so th a t 
yielding again takes place, it  would be expected to  s ta r t ou t
side the hardened region PQ.

As a  result, th e  surface of the strip  acquires a  whole series

* A. N adai, “ Theory of Flow and F ractu re  of Solids ” , Vol. I . 2nd edn. 1950: London and New Y ork (McGraw-Hill).



Discussion on Stretcher-Strain M arkings 757
of separate yielded regions, as in Fig. M. Occasionally, 011 
fu rther increase of the applied load, the n ex t set of yielded 
regions comes neatly  in  between th e  first.

Dr. P h i l l i p s  (in reply) : W ith regard to  Dr. Baker’s com
ments, i t  seems clear th a t there is a distinct difference in 
topography between the two kinds of marking which we have 
called respectively, types A  and A, formed in the annealed 
alum inium -3£%  magnesium alloy of fine grain-size. As 
illustrated  in Fig. 8 (Plate X C II) of our paper, the type-A 
markings form prim arily  by a shear mechanism, shear occur
ring parallel to  a  plane near one of maximum shear stress. 
Type-A markings, the parallel ripple markings formed a t 
higher strains in  the same alloy, as shown by Mr. Chadwick 
and  Mr. Hooper, are in th e  form of incipient necks, and have 
neither the t i l t  nor the very sharp boundary associated w ith 
the type--4 or flam boyant markings. This m ay also be seen 
in Fig. 0  (P late CV), which illustrates ra ther clearly the 
relation between the ripple markings and the surface topo
graphy. The profile was determ ined by a microscope-focusing 
technique, and w ith oblique illum ination i t  will be seen th a t 
the expected sequence of dark  and light bands is formed.

W ith reference to  Mr. Chadwick and Mr. Hooper’s remarks, 
I  am glad to  see th a t they  are now able to confirm th a t the 
surface angular change a t  boundaries between yielded and 
unyielded m aterial in the case of annealed alum inium - 
magnesium sheet was in  fact similar to  our own results. I  
am  also glad to  learn th a t they now agree th a t thinning 
occurs w ithin the type-A yielded regions, notw ithstanding 
th e  statem ents in their papers,* f  and in the synopsis J which 
I  also read.

The analogy between the yield-point phenomenon in 
alum inium-magnesium alloys and in steel is so close th a t one 
would expect to  find the same two types o f marking in steel. 
Exploratory experiments which we have carried ou t confirm 
th a t th is is th e  case. The steel examined was deep-drawing 
quality  strip , w-liich after cold rolling had been annealed ju s t 
below the lower critical tem perature and had received no sub
sequent working. By analysis i t  contained 0-059% carbon, 
and  0-04% nitrogen.§ This steel had a  grain size of 0-023 
mm. and a yield-point elongation of 4% . A tensile specimen 
was stretched part-w ay through the yield, forming two simple 
wedge markings (Fig. P , P late  CV). The profile was ex
amined using the microscope-focusing technique and then 
after being lightly chrom ium -plated to  increase the reflectivity, 
was examined by  multiple-beam interferom etry. The profile 
was th a t typical of the type-A markings formed in alum inium - 
magnesium alloys. Fig. Q (Plate CV) shows the sharp 
ti lt  a t  a  boundary between yielded and unyielded material. 
The average t i l t  a t  a  num ber of such boundaries was 64' as 
determ ined by the microscope-focusing m ethod and 62' as 
determ ined by multiple-beam interferometry.

On stretching to  fracture in the annealed condition a t 
room tem perature this steel exhibited no ripple markings. A 
similar specimen tested  a t  170° ±  5° C. was found to  be 
covered w ith parallel ripple markings (Fig. R , P late CV). 
Exam ination by  the microscopic-foeusing technique showed 
th a t tho visible ripples corresponded to  incipient necks in 
the m aterial, and fracture occurred along one of them . These 
m arkings are quite similar to  the type-A markings formed in 
alum inium-magnesium alloys a t  room tem perature.

Mr. Hooper and D r. Holden have observed, a t  tho initial 
yield in annealed steel, the  formation of a  channel type of 
marking, as well as the shear type commonly observed a t  tho 
initial yield in fine-grained annealed aluminium-magnesium 
alloys. Although in this channel typo of marking (e.g. th a t 
denoted a in Fig. 4 || o f their paper), a depression on one surface 
of the sheet corresponds to a depression on the opposite

* R . Chadwick and W. H . L . Hooper, J . Inst. Metals, 1951- 
52, 80, p. 19.

-j- W . H . L. Hooper and J .  Holden, Bull. Inst. Metals, 1953, 
1, p. 165; J . Inst. Metals, th is vol., p. 648.

X R . Chadwick and W. H . L. Hooper, J . Inst. Metals, 1951— 
52, 80, p. 17.

surface, i t  is probable th a t this marking is of essentially the 
same form as type A, b u t is caused in this case by two super
imposed shears instead of by a single shear (Fig. N). This 
would account both for the observed contour and for the fact, 
illustrated in Fig. 9 || of the paper, th a t the marldng a consists 
of plane areas of surface tilted  sharply w ith respect to  each 
other. This would seem to be an essential characteristic 
of markings formed by the shear process, whereas the type-A 
markings which we have examined are rounded in outline. 
We have observed a  marking which would appear to  have 
been formed by double shear in a  lightly stretched strip  of 
aluminium-magnesium alloy.

As shown in our paper, by lowering tho tem perature so th a t 
appreciable ageing does no t occur during a test, a  basic curve 
can be determ ined which passes through the bottom  comers 
of the steps formed a t  higher testing tem perature. Mr. 
K rupnik  and  Professor Ford show in the ir constant-rate-of- 
loading tests th a t the top  comers of the steps sim ilarly fall 
on a  smooth curve, which will presum ably always be tho case 
where the strain  rate, to ta l strain , tem perature, &c., are such
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F ig . N .— Schematic Diagram Showing Suggested Double Shear 
Process for Producing a Type-A Channel Marking. Single 
arrows indicate the first shear and double arrows indicate the 
second shear.

th a t substantially  complete ageing can occur a t  each step. 
U nder these conditions the upper and lower envelope curves 
between them  will determine the size of the steps, although 
inertia effects in the  machine m ay produce overshooting of the 
basic curve.

Mr. K rupnik  and Professor Ford observe th a t in tho as- 
extruded condition the step size of the stress/strain  curves 
was independent o f the am ount of alloying element, and they 
suggest th a t this contradicts McReynolds’ findings. The 
apparent contradiction disappears, however, if one takes into 
account the fact th a t only th a t p a r t of the alloying element 
v-hich is in  solution is available for anchoring dislocations. 
Tho three copper alloys examined by K rupnik and Ford 
contained 4-0, 3-8, and 1-4% copper, respectively. The solu
bility o f copper is approx. 1% a t 370° C., so th a t in tho 
extruded air-cooled condition i t  is unlikely th a t the am ount of 
copper in solution w-as very different in the three materials. 
McReynolds, on the o ther hand, compared high-purity alloys 
w ith 0-025, 0-1, and 0-5% copper, where the whole of the 
addition would be in solution.

Mr. E b o r a l l  and Dr. P h i l l i p s  (in further rep ly): We were 
interested to  read D r. Tipper’s contribution, and thank  
her for her compliment on technique. We believe th a t, in 
speaking of strain-ageing, we differ from her only in nomen
clature. Some doubts have been raised in  the discussion 
about the occasions on which type-A and type-A  stretoher- 
s train  markings occur. D r. Polakow-ski has mentioned in  his 
paper th a t th e  kind of marking produced a t  the initial yield 
point in an annealed m aterial is influenced by the uniform ity 
or otherwise of the stressing. Wo would agree w ith this bu t

§ An erroneous figure for nitrogen w-as previously given 
(Bull. Inst. Metals, 1952, 1, 59).

|j W. H . L. Hooper and J . Holden, Bull. Inst. Metals, 1953, 
1, p. 162 (Fig. 4), p. 164 (Fig. 9).

A. W. McReynolds, Trans. Amer. Inst. M in . Met. Eng., 
1949, 185, 32.
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consider th a t the differences produced are in the complexity, 
no t the type, of marking. Similarly, Mr. Chadwick, drawing 
a tten tion  to  Fig. 4 of the paper by Mr. Hooper and D r. 
Holden,* suggests th a t type-A  and  ty p e-B  markings can occur 
simultaneously a t  the initial yield point in m ild steel and  th a t 
the diagonal markings (particularly  th a t denoted a in  the 
figure) are of type B. The authors sta te , however, and Fig. 9 
of their paper shows, th a t th is marking is in the form of a 
channel, and D r. Phillips and Dr. H undy have indicated how 
such a  marking can arise as the result of two superimposed 
shears ; in o ther words, i t  is very probably a type-.4 marking. 
Diagonal markings a t  the initial yield also often occur in 
alum inium-magnésium alloy, as Mr. Chadwick and  Mr. 
Hooper point out. Fig. 12 of Hooper and Holden’s paper 
shows a striking exam ple; here the diagonal markings are 
obviously branches of the main type-A marking and are 
tilted  in  the same sense. Mr. Chadwick and Mr. Hooper 
are in fact in error in assuming th a t markings such as these 
and the fine ones in  our Fig. 3 (a) (Plate XC) are o f type-H 
because they  make angles of 52°-55° w ith the stress axis. We 
have examined the profile of m any markings formed a t  the 
initial yield in annealed alum inium-magnesium alloys and 
have always found them  to be of type A , w hatever the angle 
made w ith the stress axis.

We are somewhat surprised a t  Dr. H undy’s sta tem ent th a t 
type-A  markings can occur in a  strain-aged steel. However, 
we have a good deal to learn of the exact reasons why markings 
should take particular forms, and there is obviously scope for 
fu rther work here. I t  is possible th a t the apparen t difference 
may be due to the stronger locking of dislocations which can 
develop in steel on prolonged strain-ageing, as compared w ith 
alum inium-magnesium. Certainly, the markings we have 
seen on a very lim ited num ber of lightly strain-aged steel 
specimens (including those tested  a t elevated tem peratures) 
are of type B. I f  one considers the propagation of slip from 
grain to  grain in a  strain-aged specimen, i t  is obvious th a t as 
the dislocations become more strongly locked the spread of slip 
depends more and more strongly on the stress concentration 
near the boundary, and  the first dislocations broken free in a 
newly slipping grain under the influence of the stress concentra
tion then originate from a progressively narrower layer next 
to  the boundary ; from the geometrical point of view' there is 
thus a  progressive re tu rn  to th e  situation in  annealed m aterial 
in  which the dislocations, on our hypothesis, originate in  the 
boundary itself.

D r. Baker has given one good reason for preferring our own 
explanation of why quenching an alum inium-magnesium alloy 
from a  high tem perature removes th e  initial yield-point 
effects (viz. through dispersion of the magnesium concentrated 
in the boundaries) to  Mr. H ooper’s (viz. through masking by 
quenching stresses). I t  m ight also be mentioned th a t to  
produce a quenching stress the tem perature gradients m ust 
have been severe enough to strain  th e  m etal plastically during 
cooling, whereas the behaviour of our quenched alum inium - 
magnesium alloy specimens on reheating differed fundam en
ta lly  from th a t  of the strained m aterial (contrast our Fig. 20 
(p. 637) w ith Fig. 23 (p. 638)). Moreover, from therm al con
siderations it  is ra ther unlikely th a t stressed system s of the 
ty p e  considered by Polakowski, in which the skin is in com
pression w ith respect to  the centre, or vice versa, could be set 
up in  so th in  a  specimen of an  aluminium alloy'. U nder our 
conditions, the tem perature  difference between surface and 
centre in quenching was probably no t more than  5°.

D r. Hundy' asks w hy only' magnesium produces an  initial 
yield in alum inium alloy's. There may' well be o ther elements 
which do so ; we have only investigated a  few. Copper, in 
some conditions, can produce a  small initial yield. Mag
nesium, however, is practically unique in th a t i t  produces a 
large lattice strain  b u t is no t rapidly removed from solution

* W. H. L. Hooper and J . Holden, Bull. Inst. Metals, 1953, 
1, p. 162 (Fig. 4), p. 164 (Figs. 9 and 12).

f  0 .  D. Sherby, R . A. Anderson, and J .  E . Dorn, Trans. 
Amer. Inst. M in . Met. Eng., 1951, 191, 643.

by an  age-hardening or o ther precipitation process. Con
sidering copper again, a  solution-treated and freshly quenched 
alum inium alloy containing copper would no t show- an initial 
yield point, because the copper would be uniform ly d is tri
buted  ; on the o ther hand, when ageing was a t  all advanced, 
the effective copper content of the solution would be much 
reduced through the separation of copper a t  G uinier-Preston 
zones or in precipitate. Only a t some interm ediate stage can 
the conditions be a t  all favourable for the form ation of an 
initial yield point, and even then  there is com petition for the 
available copper. One W'ould expect zinc to  behave sim ilarly 
to  copper. I t  is perhaps notew orthy th a t  the eoppcr-tin  
system  is similar to  the alum inium -m agnesium  system, in 
th a t th e  tin  atom  is much larger than  th e  copper atom  bu t 
considerable quantities of tin  can readily be retained in 
solution.

The effect of rapid straining, a t  room tem perature, on 
repeated discontinuous yielding is of practical im portance 
because of the high speed of m any industrial presses, and 
Professor H ill has suggested to  us th a t in  such presses there 
m ight no t be tim e for strain-ageing to occur. This suggestion is 
in agreem ent w ith available da ta . No visible type-H  markings 
were formed (p. 633) on specimens stre tched  10% a t about 
3 X 10-5 strain/sec. a t  or below — 55°C. From  this result 
and an activation energy for strain-ageing i t  should be 
possible to  devise a  corresponding stra in -rate  a t  room tem- 
perature, a t  (or above) which no visible markings should be 
formed. Sherby, Anderson, and D orn f  found an activation 
energy initially of 8 kg.cal./g. atom , rising to  15 kg.cal./g. 
atom  as strain-ageing progressed. This variation introduces 
some uncertainty, bu t if  a  value of 11 kg.cal./g. atom  is 
taken as representative, no markings should be visible after 
straining a t  about 3 x  10-2 see r1 a t  room tem perature. The 
strain  ra te  for a typical crank press would be of the order of 
1 s e e r1.

To investigate this point experim entally, three small strips 
of commercial aluininium -31%  magnesium alloy were 
stretched a t  approxim ately 10"-, 10_1, and 102 strain/sec., the 
first two in  a  Hounsfield tensoineter and the th ird  w ith an 
attachm en t to  a  standard  Izod machine. The surfaces 
(rather rough, unfortunately) are illustrated  in Fig. S (Plate 
CVI), and  i t  can be seen th a t  the markings are much less 
prom inent a t  10"1 strain/sec. and are absent a t  102 strain/sec.

Mr. C h a d w ic k  and Mr. H o o p e r  (in further reply) : In  
discussion of the effect o f quenching on the incidence of type- 
A  markings, Dr. Baker, and la ter Mr. Eborall and D r. Phillips, 
have criticized our tentative explanation based on internai 
stresses and  have brought forward fu rther evidence to  support 
their own theory, which supposes th a t the diffusion of m ag
nesium atom s to  and  from grain boundaries is involved. 
W hilst neither theory  can be regarded as proven, the fu rther 
argum ents appear to  be unsoundly based, and a fter a  critical 
exam ination of the evidence, and w ith additional support from 
a new and crucial experim ent described below, our preference 
for the qucnching-stress theory is maintained.

One of our critics, D r. Baker, objects to  our theory  because 
he assumes th a t according to  it  the quenching stresses “ in  some 
unspecified way prevent the  form ation of objectionable m ark
ings.” We therefore propose to  elaborate somewhat on the 
mechanism, although we had regarded i t  as elem entary, and  
indeed i t  has already been explained in some detail by 
Polakowski. J I t  is first of all necessary to  affirm th a t quench
ing stresses can be present in th in  sheet, a  m atte r which Mr. 
Eborall and Dr. Phillips have doubted. Quenching of sheet 
a t  500° C. does, in fact, lead to straining, and in  industrial 
practice distortion of large sheets is considerable.

Reference to  our original paper § shows th a t plastic s tra in  
before the formation of type-A  markings, if i t  exists a t  all, is

J  N . H . Polakowski, J . Iron Steel Inst., 1952, 172, 369.
§ R. Chadwick and W. H. L. Hooper, J . Inst. Metals, 1951- 

52, 80, Figs. 5 and 6 (Plate IV).
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extrem ely small, and up to the point a t which yielding first 
occurs, th e  straining is purely elastic. Now, any small por
tion of sheet will consist of a  num ber of elements, some of 
which are under compressional and others under tensional 
stresses to  varying extents, the sum of such stresses being 
zero. On th e  application of an externally applied tension, 
the elements under the highest internal tensional stress will 
first reach the elastic lim it, and o ther will follow in succession, 
so th a t the condition under which a  strain  band can spread, 
i.e. by  sudden yielding of a large area, will no t be realized. 
However, a fter 2-3%  extension, th e  whole of the m aterial will 
have suffered appreciable plastic strain  and the original 
inequalities will be smoothed out. The absence of any effect 
on ty p e -#  markings would therefore be predicted. H eat- 
trea tm en t a t 150° C., which restores the tendency to  form 
ty p e-.4 markings, is known to be effective in relieving internal 
stresses.

Turning now to  the discussion of the atom -m igration theory, 
we note w ith in terest th a t  Professor Cottrell applies i t  to  the 
serrated  or ty p e -#  yielding only, and quotes figures for atom  
diffusion rates in  strained and unstrained m aterial which 
indicate th a t in alummium-magnesium alloy a plastic ex
tension of a t  least 0-1% is necessary before this mechanism can 
operate. Our earlier experiments * showed th a t before the 
first large yield point associated w ith the formation of type-A 
markings, any plastic extension was no t more than  about 
0 -02% .

In  order to  provide fresh evidence on the possible effect of 
grain-boundary barrier films on the incidence of type-A 
markings, a  new experim ent has been devised. This was 
carried ou t on an aIuminium-7% magnesium alloy in which 
it is readily possible, by therm al treatm ent, to  form a con
tinuous grain-boundary network of magnesium-rich phase, 
which, unlike th a t postulated by Eborall and his colleagues, 
is visible under the microscope. Sheet w ith such a grain- 
boundary film was heated in a salt b a th  a t  500° C. for 1 min. 
and quenched in cold water. This pei’iod of heating was 
sufficient to  bring the m etal up to the tem perature of the salt 
ba th  and allow a fu rther tim e for i t  to  reach a  steady tem 
perature condition throughout , bu t was insufficient to  take the 
whole of the grain-boundary film into solution. Specimens 
so trea ted  were stretched both in the as-quenched condition 
and after reheating lo r a short tim e a t  150° C. The as- 
quenched specimens were free from random markings, whereas 
intense markings developed on the reheated specimens. 
Since, in this experim ent, stra in  markings developed irre 
spective of the presence of grain-boundary films, i t  would seem 
th a t a  barrier of this kind is no t in  any  w ay a significant factor.

A further point on which discussion has centred is the differ
entiation between type-A  and type-/! markings in mild steel. 
We have suggested in the discussion th a t in  the samples 
illustrated  by  Hooper and H olden ,t which are reproduced in 
Figs. T  and U  (Plate CVI), both types are present together, 
as indeed they  appear to  be in some examples of strained 
aluminium-magnesium alloys. Dr. Phillips, and la te r Mr. 
E borall and D r. Phillips, argue th a t the channel-shaped m ark
ings in these figures are, in fact, extensions of type-A markings. 
I t  should, however, bo pointed out tha t, besides being of the 
shape typical of type-A markings observed in aluminium 
alloys, i.e. they  are necks and no t kinks, they also invariably 
lie a t  the characteristic angle of type-#  markings. The con
tou r of the markings illustrated in Fig. 9 J  has been cited by 
D r. Phillips in this connection, bu t this has little  relevance, 
since no d a ta  are available on the contours of individual 
ty p e -#  markings. O ur own measurem ents on specimens of 
alum inium alloys showing ty p e -#  markings were invariably 
carried out on specimens w ith m any partially  overlapping 
markings present. On the other hand, D r. Phillips’ a ttem p t 
to  explain m athem atically th e  mechanism by  which the type

of deformation found in type-A  markings can give rise to  the* 
characteristic configuration of ty p e-#  markings, m ay well 
contain the germ  of an idea which could lead to  a rational 
explanation of the relation betw een the two types of markings, 
especially if i t  could be shown th a t the two are indeed 
manifestations of a single deformation mechanism.

Dr. P o l a k o w s k i  (in reply) :  W ith reference to  Dr. Baker’s 
comments, I  do no t th ink th a t i t  has ye t been established 
beyond doubt -whether the two types of yield (A and # )  differ 
basically or are m erely different m anifestations of the same 
phenomenon. Inform ation given in my paper § appears to  
support the second possibility, although it  is agreed th a t visual 
observation m ay not carry  sufficient conviction. D r. H undy’s 
mention of the occurrence of type-A markings on temper- 
rolled and subsequently aged steel sheet would also indicate 
th a t the difference between the two species m ay no t a fter all 
prove to  be fundam ental. 1 am  not convinced on th is point, 
b u t believe th a t a definite proof to  the contrary  is still lacking.

In  reply to  Dr. H undy, I  agree th a t the term  “ precipitate ” 
was not very fortunate. I  should have used “ segregation ”  
or “ grain-boundary segregation ” instead.

As far as the reason for the absence of a yield platform  in 
quenched bronze is concerned, I  presume th a t again either 
of the two alternative explanations m ay apply. Suitable 
critical experim ents should enable this question, too, to  be 
decided. I  should be only too glad if the explanation to 
which Dr. H undy referred proved to  be universally correct.

I  wish to  make one point in connection w ith the remedies for 
stretcher-straining advocated by D r. Phillips, Mr. Swain, and 
Mr. Eborall. These authors recommend, among other tre a t
ments, “ light rolling (about 5% ) followed by a non-recrystal- 
lizing anneal ” .¡1 They thus suggest im parting to  the sheet 
first some 5% cold reduction and then introducing an addi
tional heat-treatm ent operation in order to  eliminate the work- 
hardening caused by this very temper-pass.

In  steel sheet or strip  m anufacture a 1 or 1-5% skin-pass 
reduction is sufficient to  eliminate some 5%  yield elongation. 
W ith  alum inium alloys the A-yield varies betw een 0-5 and
1-5%, and 1% rolling should be ample for the purpose in 
view. So small a  reduction should render any subsequent 
therm al softening treatm ent redundant. I t  is not clear from 
the paper w hether the authors’ reason for recommending the 
double trea tm en t arose from the difficulties of obtaining and 
controlling a  sufficiently light rolling reduction, o r has some 
more fundam ental origin.

Professor F o r d  (in rtjAy) : Several views have been ex
pressed about the reason w hy Mr. K rupnik and I  found a 
stepped yield-stress curve to  be absent under steady loading 
or straining conditions. The view's are somewhat contra
dictory, and i t  is clear th a t fu rther experim ental work is 
required before a  definite explanation can be p u t forward. 
Mr. Chadwick and Mr. Hooper have pointed out th a t i t  is 
difficult to  obtain uniform stressing of wide, flat specimens, and 
it should be remembered th a t our tests were carried out on 
round specimens in machines in which, as fa r as possible, the 
load was applied axially. Mr. Chadwick and Mr. Hooper 
comment, however, th a t we did no t make topographical re 
cords w ith our ty p e -#  yielding or in our steady-strain tests. 
These authors and other contributors who raised this question 
m ay be interested to  know th a t fu rther experim ental work is 
now in hand, using a  larger straining apparatus, which will be 
equally rigid, but in which measurements of the stress/strain  
characteristics and topographical records can both  be taken. 
I t  will also be possible to  make tests a t  different stra in  rates, 
and these tests should allow the interesting point raised by 
Professor Cottrell to  be decided. I t  is perhaps significant 
th a t the stra in  rate in our constant-rate-of-strain tests was less 
than  10 6 sec#1.

* R . Chadwick and W. H . L. Hooper, loc. cil. 
t  W. H . L. Hooper and J .  Holden, Bull. Inst. Metals, 1953, 

1, 162 (Figs. 4 and 5).
J W. H . L. Hooper and J . Holden, loc. cit., p. 164.

§ N. H . Polakowski, J .  Inst. Metals, th is vol., p. 623 (foot
note).

I) V. A. Phillips, A. J . Swain, and R . Eborall, ibid., th is vol., 
p. 646.
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D r. Tipper’s suggestion th a t the smooth curve we obtained 

can be accounted for by  reason of the rigidity of the straining 
gear is unlikely to  be correct, because in our apparatus the 
load was measured on the only non-rigid link in the equip
m ent, i.e. on the small loading bar, which extended about 
0-0C07 in. a t  the m aximum load. A ny sudden yielding of the 
specimen, therefore, would definitely have been indicated by 
a  fall in the load, o r if yielding took place a t  constant stress, the

load would rem ain constant for a short time, an d  again this 
would have been observable. We agree, however, with the 
res t o f her rem arks.

Dr. Phillips has pointed out th a t we used much larger 
am ounts of copper than McRoynolds; this was done deliber
ately, b u t i t  clearly explains w hy McRoynolds found th a t 
his results depended upon copper content, while ours did 
not.

D iscu ssion
*

P ro p e rtie s  o f  C hrom ium  an d  its Alloys *
Dr. E . G r e g o r y , f  M.Sc., F .R .I.C ., F.I.M . (M ember): 

In  view of th e  very  high m elting points of chromium and the 
chromium-base alloys, one can quite appreciate the difficulties 
encountered in molting and casting and, in particular, in  the 
selection of the refractory m aterials having the desired com
bination of properties to  resist chemical a ttack  and contain 
the molten m etal. I t  should be stressed, too, th a t tho melting 
problem and th a t of chemical reaction are both  appreciably 
influenced b y  th e  “ appetite  ” chromium has for carbon, 
oxygen, and  nitrogen a t  the  very high tem peratures involved. 
The authors have m ade a  m ost praisew orthy a ttem p t to 
overcome these difficulties and to  improve on past methods of 
vacuum  melting and casting techniques.

In  P a r t I  of the first paper, they  lay emphasis on the 
volatilization of chromium, due to  its  appreciable vapour 
pressure near to , and above, its  melting point, and s ta te  (p. 
582) th a t as much as 25% of the chromium m ay be lost 
by this means. This appears to  be an extraordinarily  high 
figure, and i t  would be of in terest to  have some indication 
of the vapour pressure of liquid chromium near its melting 
point. A reason for this request arises from our experiences 
in connection w ith the oxygen-lancing of electrio-arc-furnace 
charges consisting of 100% stainless steel scrap, where the 
m olten m etal is under both oxidizing and reducing con
ditions in tu rn , and  where practically  100% of the chromium 
in th e  initial charge is recovered, which means, of course, th a t 
no chromium is lost by volatilization.

U nfortunately, i t  is impossible to  measure the tem perature 
a tta in ed ; optical and  radiation pyrom eters arc quite ou t of 
the  question in  view of the am ount of fume and  flame 
generated. The tem peratures reached are well above the 
upper lim it for the p latinum /platinum -rhodium  immersion 
thermocouple, b u t m y estim ate is of the order o f 2000° C .; 
even so, we do n o t lose any  chromium by  volatilization and, 
moreover, the  chromium recovery is highest when the highest 
tem peratures are used. This m ay  sound paradoxical in view 
of th e  rem arks regarding our inability  to  measure the  final 
tem peratures, b u t the answer is really  quite simple. From  
experience i t  has been determ ined th a t a  b a th  tem perature of 
1600° C., before using the oxygcn-lance, gives the best 
chromium recovery; if  the tem perature is much below' this 
value before lancing, the chromium recovery is no t nearly  so 
good, b u t even in  these circumstances there is no volatilization 
loss, any chromium no t recovered being retained in the slag 
covering the molten metal.

The method of analysis adopted b y  the authors for the 
chemical determ ination of the oxygen contents o f the 
chromium used in their experiments, although simple, appears 
to  yield reasonably accurate results, b u t I  was glad to  note 
th a t they  took the precaution o f making sure by  X -ray  - 
diffraction exam ination th a t the insoluble residue was indeed 
Cr20 3.

I t  seems tolerably certain th a t the reason why the carbon-

reduetion technique failed to  function adequately w ith alloys 
containing titan ium  and zirconium, is connected not only w ith 
the high stab ility  of th e  carbides of these two elements b u t 
also w ith th e  av id ity  w ith which they  will search for oxygen 
and then  cling to  i t  in  the form of oxides.

In  view of the high order of creep-resistance of the binary 
chrom ium -iron alloys a t  tem peratures in th e  region o f 900° C. 
and above, th e  authors were perhaps justified hi hoping th a t 
the exam ination of similar properties of a  series of te rnary  
and even more complex alloys having chromium and  iron 
as base m ight lead to  encouraging results.

I t  m ust have been w ith some disappointm ent, therefore, 
th a t their experim ental efforts in this direction forced them  to 
the conclusion th a t m aterial defects, associated w ith casting 
difficulties, together w ith a  pronounced sensitivity to  shock 
effects and a relatively low resistance to  therm al shock, ren 
dered these alloys unsuitable for use a t  elevated tem peratures 
even under compressive load conditions.

Observing th a t  the chromium-rich alloys possessed certain 
undesirable characteristics bo th  a t  elevated and norm al 
tem peratures, features apparently  inherent in  the chromium 
itself, the authors na tu ra lly  desired to  find w hether these were 
caused b y  incidental im purities o r wrere intrinsic in  the 
chromium.

U nfortunately, w’hilst their investigations have indicated 
th a t oxygen (as determ ined by  the  simple m ethod used), in  
am ounts greater th an  0-002%, has com paratively little  
influence on the sharp transition  from brittle  to  ductile 
behaviour o f “ pure ” chromium, the same cannot be claimed 
for the o ther incidental elements investigated Alloying 
chromium w ith even small am ounts of iron, silicon, aluminium, 
copper, nickel, cobalt, and tungsten, and  varying quantities of 
manganese, all resulted in a  substantial extension of tho 
tem perature range w ithin which the alloys are  b rittle , and  the 
lowest transition  tem perature for the chromium-rich alloys is 
still apparently  somewhat above norm al atm ospheric tem 
peratures. I t  seems most unfortunate th a t such a  valuable 
technical contribution should have to  conclude w ith  the 
s ta tem ent (p. 597) th a t, though a  higher degree of purification 
than  th a t achieved in  the present work (if ultim ately  obtained) 
m ay depress the transition  tem perature below norm al atm o
spheric tem perature, it  is unlikely th a t this will result in tho 
production of strong chromium-rich alloys having significant 
ductility  a t  room tem perature.

In  only one instance, I  th ink, throughout these papers 
are the authors guilty  of some degree of exaggeration, w’hen 
th ey  state , on p. 597, th a t : “  the tem perature a t which i t  [the 
transition] occurs is raised by all th e  elem ents which could be 
added to  chrom ium to increase its  strength  a t high tem 
peratures ” , I  cannot find any reference to  molybdenum 
additions, e ither in Table I I  (p. 590) or throughout th a t 
section of tho contribution beginning on p. 573, regarding 
the properties o f the binary chromium-rich alloys. Chromium

* Jo in t discussion on the papers by  A. H . Sully, E . A. f  D irector and Chief M etallurgist, E dgar Allen and Co.,
Brandes, and A. G. Provan (J. Inst. Metals, th is vol., p. 569), L td ., Sheffield,
and by A. H . Sully, E . A. Brandes, and  K . W. Mitchell (p. 585).
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and molybdenum form a continuous series of solid solutions, 
and it  would be interesting to  have the  authors’ views regard
ing the properties of the chrom ium -molybdenum system.

W ith reforence to th e  final paragraph on p. 597 regarding 
the respective parts  played by  structure  and by impurities 
in  inducing brittleness in  body-centred cubic metals, I  would 
point out (i) th a t ductile a-i'ron a t  normal tem peratures is 
body-centred cubic, and (ii) th a t a-iron exhibits maximum 
ductility  only when i t  is completely deoxidized. I  suggest, 
therefore, th a t th e  difficulties experienced in producing ductile 
chromium a t norm al tem peratures are due to  im purity and 
no t to  its lattice structure . In  an a ttem p t to  be constructive,
I  suggest to  the authors a  rem elting of their chromium, 
w ith th e  addition of about 0-20% manganese, in an argon 
atm osphere. By this means, i t  may be possible to produce 
chromium having an exceedingly low oxygen content.

In  neither paper is any  reference made to  spectrographic 
analysis, and it  would bo of in terest to  learn w hether the 
authors contem plated this method of determ ining the amounts 
of o ther im purities likely to  influence the results of their work. 
I t  is well known th a t, in  some instances, very  small additions 
of any elem ent m ay exert a  profound influence on the pro
perties of metals, and I  need only cite the really enormous 
effect of as little  as 0-002% boron on the hardenability  of 
manganese-m olybdenum steels.

I t  is m y earnest hope th a t the authors will continue their 
endeavours to  produce ductile chromium a t room tem pera
tures, even though this m ay necessitate entirely different 
techniques. À careful study of D r. Cook’s A utum n Lecture 
to  th e  In s titu te  of M etals* m ay perhaps give them  some 
ideas for the furtherance of their own particu lar investigations.

Mr. A. R . E d w a rd s ,t  B .M et.E ., D r .H . L. W a i n  t  (Member), 
and Mr. H . T. G r e e n a w a y , !  B.M et.E. : W ork on chromium 
has been in progress for several years a t  th e  Aeronautical 
Research Laboratories, Melbourne. The suggestion on p. 574 
of the paper on the properties of cast chromium alloys th a t 
chromium has a  considerable capacity for work-hardening a t 
900° C., is supported by the results o f rolling experim ents a t 
th a t tem perature conducted a t these Laboratories. Hardness 
values of chromium strip  produced in th is w ay approxim ated 
to  200 V .P.N ., as compared w ith 110 V .P.N. after annealing.

P arts  I I  and I I I  of this paper indicate th a t a rem arkably 
high level of ereep-resistance is attainable in chromium alloys. 
Of particu lar in terest is the general tendency, also found by 
Parke and  Bens, for the alloys to  exhibit b e tte r creep-resist- 
ance in the as-cast condition th an  a fter hcat-treatm ent. As 
noted by the authors, this occurred (with respect to  the 
secondary creep rate) even in the 27*9% cobalt alloy, which 
is a precipitation-hardening m aterial. A relevant point in 
th is connection is the recent sta tem ent by  Pfcil |  th a t, in 
commercially established alloys, optim um  creep properties 
are associated w ith a  fully heat-treated  structure. Any com
ments which the authors m ay have on this divergence of 
behaviour would be appreciated.

The thermal-shock tes t results on the three alloys reported 
in P a r t I I I  o f the paper (p. 582) are no t promising, b u t it  
seems possible th a t the tes t used was unduly severe. _ The 
alloy H .R . Crown Max, cited as a comparison m aterial, is 
noted for its  resistance to  therm al shock, and i t  is felt th a t a  
te s t which causes cracking of th is m aterial after only 30 cycles 
m ay well be too demanding as an initial tes t for experim ental 
alloys. . . .

In  the paper dealing with the ductility  of chromium, i t  is 
sta ted  (p. 586) th a t the use of alum ina crucibles for melting 
chromium resulted in  contam ination by alum inium to  as much 
as 0-3%. This is no t in  agreem ent w ith  our experience th a t 
experim ents involving contact between molten chromium 
and alum ina ware caused alum inium contam ination of less

* M. Cook, J . Inst. Metals, 1953-54, 82, (3), 93.
f  Aeronautical Research Laboratories, D epartm ent of 

Supply, Melbourne, Australia.
+ L. B. Pfeil, Materials and Methods, 1953, 37, (3), /9.
§ A. Squire, Watertown Arsenal Lab. Rep., 1944, (671/16).
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th an  0-01% as determ ined by chemical tests, and a trace by 
spectrographic methods.

In  regard to  the iron contam ination due to  ball milling 
(p. 587), this troublesome feature can bo obviated by the use 
of chrom ium -plated steel bails in  a  chromium-plated mill. 
This method has proved quite successful a t  these Laboratories.

Specimens used in the authors’ work consisted in the main 
of sintered compacts in  which the final porosity varied from 
6 to  15% (p. 587). This porosity m ay well account for the 
rem arkably low hardness values quoted in several parts  of the 
paper (e.g. 48-5 V.P.N. in Table I , p. 589), and for the low 
value of 6-76 tons/in .2 (15,100 lb ./in .2) given for the ultim ate 
tensile streng th  of chromium a t 20° C. (Table V, p. 593). 
This la tte r  figure m ay be compared w ith a yield stress of 
51,500 lb ./in .2 and an  ultim ate stress of 89,000 lb ./in .2 obtained 
a t room tem perature on rolled chromium strip  produced in 
our Laboratories. Furtherm ore, i t  is perhaps no t surprising 
th a t the authors failed to  find any room -tem perature ductility  
in their specimens, as it  is well known th a t porosity has an 
exceedingly m arked effect on the ductility  of powder-metal- 
lurgv products. For example, work done a t  the W atertow n 
Arsenal some years ago § showed th a t the elongation of sintered 
iron specimens fell from 34 to  7% and  the resistance to im pact 
a t  room tem perature fell from 50 to  7 ft.-lb. as the  porosity of 
the m aterial increased from 5 to  15%. Thus it  is entirely 
possible, in our opinion, for sintered chromium to  show- 
significant room -tem perature ductility , if the  degree of sin ter
ing is high enough. Certainly our own experim ents || would 
support this view. We have shown th a t  chromium strip , 
produced from arc-melted ingots by more or less conventional 
working methods, exhibits considerable ductility  in a  bend te s t 
and a certain degree of ductility  in a  tensile tes t a t normal 
rates of stra in  and a t norm al tem peratures, provided th a t 
absorption of certain  im purities is prevented during fabrica
tion. Furtherm ore, prelim inary work has revealed a  similar 
room -tem perature ductility  in a bond te s t for a chrom ium -1%  
tungsten alloy. In  view of these facts we m ust record our 
disagreement w ith th e  authors’ conclusions (p. 597) “ th a t  the 
transition  from ductile to  b rittle  fracture occurs (for chromium) 
a t  a  tem perature above room tem perature, th a t it  occurs 
a t  very slow- stra in  rates, and th a t the tem perature a t  which 
i t  occurs is raised by all the elements which could be added to  
chromium to  increase its strength  a t high tem peratures.”

Finally, the authors’ contention (p. 597) th a t “ th e  b rittle 
ness and  notch sensitivity of creep-resistant chromium-rich 
alloys is so m arked th a t the alloys have little  promise for 
practical applications ” is perhaps an overstatem ent. Such 
m aterials m ay w-ell be quite ductile a t operating tem peratures, 
and the fact th a t they  m ay undergo a  ductile-to-brittle 
transition  between the operating tem perature and room 
tem perature would no t seem to  rule them  out as useful high- 
tem perature m aterials. Although room -tem perature ductility  
is obviously desirable, i t  has no t y e t been shown to  be m an
datory . I f  a  m aterial can be produced in  the required form, 
and if i t  is strong enough, the ex ten t of room -tem perature 
brittleness m ay possibly be of relatively m inor im portance.

Mr. J .  H. R e n d  a l l ,K B.Sc., A.R.S.M., A.I.M. (M em ber): 
In  the second paper, the question is raised as to w hether the 
large effect of tem perature on ductility  is a  property  of body- 
centred cubic metals (p. 597). A t the N ational Physical 
Laboratory we have carried ou t bend tests on tan ta lum  a t 
liquid-oxygen tem peratures and find the m etal to  be ductile ; 
in  fact, J-in.-dia. rods can be bent to  150° round a ¿-in. radius. 
We have also ham m ered a piece of niobium im mediately after 
removing i t  from liquid oxygen w ithout any signs of cracking.

Now, if i t  is assumed th a t the transition  from ductile to  
brittle  behaviour is very approxim ately a  constant fraction of 
the absolute melting tem perature, one w-ould expect the

|| H . L. W ain and F . Henderson, Proc. Phys. Soc., 1953, 
[B], 66, 515.

f  M etallurgy Division, N ational Physical Laboratory, 
Teddington.
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transition  tem perature of tan ta lum  to bo higher th an  th a t  of 
chromium or molybdenum, whereas i t  is about 200° C. lower. 
(The transition  tem perature of molybdenum is between about 
30° and 100° C.)

I f  i t  is assumed th a t th is low -teinperature brittleness is due 
to  small am ounts o f an in terstitial im purity  straining and  thus 
weakening th e  lattice, an  explanation for th is difference is 
available. The tan ta lum  lattice is larger than  th a t of 
chromium, molybdenum, or iron, i.e. the  nearest distance of 
approach of the atom s is 2-854 A. between centres for ta n ta 
lum and 2-493,2-720, and 2-477 A. for chromium, molybdenum, 
and iron, respectively. Thus, there m ay be larger holes for 
accommodation of in terstitial im purities in the tantalum  
lattice.

A nother point which m ight be mentioned is the difference 
between the effect o f oxygen on chromium and  its  effect on 
iron or molybdenum. In  bo th  these la t te r  m etals as the 
oxygen content is increased the fracture changes from tran s
crystalline to  intercrystalline; in molybdenum, for example, 
this occurs a t  about 0-0005 w t.-%  oxygen (0-003 at.-% ). The 
w ork of Sully and his colleagues suggests th a t  tliis is no t so for 
chromium, the fracture w ith high oxygen contents being 
always transcrystalline.

Now, if i t  is assumed, as suggested above, th a t the b rittle 
ness is due to  in terstitia l im purities straining th e  lattice, one 
can imagine th a t, above a certain critical percentage, atom s of 
the im purity  will concentrate strongly a t  the grain boundary 
and  weaken it. If, on the o ther hand, the  solubility of oxygen 
in chromium were very much lower th an  this, the critical 
percentage m ight never be reached. We have some slight 
evidence a t  the N ational Physical L aboratory  th a t the 
solubility of oxygen in chromium is very low. The oxygen 
content of a  piece of hydrogen-reduced chromium was de te r
mined by  vacuum-fusion analysis and  by weighing the 
chromic oxide residue after solution of the m etal in 10% HC1. 
The results were as follows :

Oxygen,
wt.-%.

Vacuum fusion . . . 0-002
Oxygen in insoluble Cr20 3 . 0-001

In  o ther words, if the am ount of chromic oxide no t in  solution 
in the m etal is the same as th a t insoluble in HC1, the solubility 
of oxygen in chrom ium is about 0-001%. The solubility of 
oxygen in molybdenum is 0-004% * a t  1000° C. There appear 
to  be no reliable figures for the solubility of oxygen in  a-iron, 
b u t there is some evidence for placing i t  a t  about 0-004%.f 
There is a th ird  and  las t point which might be mentioned. 
One of m y colleagues, Mr. Carrington, ham m ered a  piece of 
arc-m elted chromium and  exam ined the fragm ents under a 
microscope. H e obtained w hat we th ink  are N eum ann 
b a n d s ,| one ° f  which apparently  shifted by  slip.

The A u t h o r s  (in rep ly): D r. Gregory’s observations are 
v ery  interesting. Pi-obably the difference in  the am ounts of 
chromium lost b y  volatilization in our experim ents and  in the 
oxygen-lancing of stainless steels can be accounted for by a 
combination of three factoi-s .- (i) the pz-esszzre of chromium 
vapour over stainless steel can be only one-fifth of the vapour 
pressure of pure chromium, assuming an  ideal solution; 
(ii) whereas our experim ents were made in  vacuum , D r. 
Gregory refers to operations a t  'atm ospheric pressure, which 
would lim it the ra te  o f volatilization; and  (iii) our melting 
operation was com paratively lengthy. Our experience in 
the loss of chromium b y  vaporization was much th e  same 
as th a t recorded by Parke and  Bens.§ The vapour pressure 
of chrom ium m ay be derived from measurem ents made by  
Speiser, Johnston, and  B lackbum .|| A t 2000° C. i t  is 22 mm.

* W. K . Few and  G. K . M anning, Trans. Amer. Inst. M in . 
Met. Eng., 1952, 194, 271.

t  W. P . Bees and  B. E . Hopkins, J . Iron Steel Inst., 1952, 
172, 403.

J  W . E . Carrington, J . In s t. Metals, 1953-54, 82, (4), 
170.

Wo note Dr. Gregory’s agreem ent w ith our general con
clusions and regret th a t our sta tem ent th a t all the elements 
which might be added to  chromium raise the b rittle/ductile  
transition  tem perature is perhaps unjustifiably general, since 
we did no t include the effect of molybdenum. In  work not 
described in the paper, however, we found th a t these alloys 
are also b iitt le  a t  room tempez-ature.

Trace elements were extensively sought by spectrograpliic 
techniques, bu t none were found whose incidence could bo 
related to  the  brittleness of the samples examined.

Mr. Edwards, D r. W ain, and Mr. Greenaway and their 
colleagues have made a recent and valuable contribution to 
our knowledge of chromium, in dem onstrating th a t chromium 
z-olled under conditions in which the suzfaco is no t contam 
inated  shows ductility  a t  room tem perature. We do not, 
however, agree w ith some of their comments on the present 
work. In  the first place we cannot accept their suggestion 
th a t porosity alone is responsible for the lack of ductility  
shown by  our compacts a t  room tem perature. As oxplained 
in the paper, we could find no correlation between porosity 
and the transition tem perature, and the fact th a t melting of 
powder compacts in an arc furnace in purified argon raised 
the transition tem perature by about 200° C. (p. 593) does no t 
confirm this hypothesis. The effect can scarcely be explained 
by  the pick-up of im purities during arc melting, since uranium  
and zirconium could both be m elted in this furnace w ithout 
significant contam ination. We are  more inclined to  the view 
th a t the crystalline tex tu re  has an  effect on the transition  
tem perature, and i t  appcaz-s th a t  the s truc tu re  resulting from 
ho t working is associated w ith a  lower transition  tempcratui-e 
than  a sintered or a cast struc tu re  of the same purity . W hat 
is im portan t is the ex ten t of this depi-ession of the ti-ansition 
tem perature and  tho effect o f alloying. Wo still see no 
z-eason to  modify our coizclusion on p. 597 th a t although in later 
work “ a higher degree of purification . . . m ay depress tho 
tiansition  tem perature by  th e  further small interval z-equired 
to  take i t  below norm al atm ospheric tem perature . . . this 
will no t contribute m aterially to  the possibility of the develop
m ent o f strong chromium alloys having any  im portan t degree 
of ductility  a t  room tem perature ” . Before Mr. Edwards, 
D r. W ain, and Mr. Greenaway can justifiably disagree with 
our sta tem ent th a t the ti-ansitioiz tempez-ature is l-aiscd by 
strengthening additions, they  should fiz-st measure the tz-ansi- 
tion tem peratures o f the ir alloys, which have zzot y e t been 
reported. They cannot ignore the possibility th a t the tran si
tion tem perature of their alloy w ith 1% tungsten m ay be 
higher than th a t of pure chromium, although still below room 
tem perature. Certainly much more th an  1% tungsten would 
be z-eqzzired to  produce an alloy w ith good creep properties a t 
high tem peratures. I t  m ay be noted th a t G ilbert, Johansen, 
and Nelson ^  could not sheatlz-roll even a t  800° C. chromium 
alloys containing 5-20%  of alum inium, iron, molybdenum, or 
nickel, or 5-10%  of copper, manganese, and silicon, and this 
is in line w ith our owzi experience.

We fully agree w ith the statem ent t h a t : “  A lthough room- 
tcm perature ductility  is obviously desirable, i t  has no t yet 
been shown to  be m andatory .” There are, of course, degrees 
of bz-ittleness, and if chz-omiuzn alloys cozzld be handled as 
readily as, say, cast iron, they  would have potentialities. 
They are , however, so shock-sensitive and so easily cz-acked 
(for example during grinding) th a t i t  would, in our opinion, 
be impossible to use them  for a  vitally  im portan t engineering 
component such as a  turbine blade. The therm al-shock test, 
which is criticized as being too severe, is in fac t intended to  
simulate conditions to  which tuz-bine blading m ay be subjected 
on occasions iiz service, and  i t  is possible to  set a  minimum 
standard  of performance, no t m et by th e  chromium alloys,

§ R , M. Parke and F. P . Bezzs, Symposium on Materials fo r  
Gas Turbines (Amer. Soc. Test. M at.), 1946, p. 80.

|| R . Speiser, H . L. Johnston, and P . Blackbzzrn, J . Amer. 
CJiem. Soc., 1950, 72, 4142.

H . L . Gilbert, H . A. Johansen, and  R . G. Nelson, U.S. 
Bur. M ines, Hep. Invest., No. 4905, 1952.
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which m ust be atta ined  in such a  tes t before an  alloy can be 
regarded as having any  promise for this application."

A bout the pick-up of alum inium on melting chromium in 
alum ina crucibles we can only agree to  differ. The figure of 
0-3% aluminium (p. 58C) was derived by chemical analysis of 
an  electrolytic chromium sample molted in alumina. A lu
minium pick-up by the alloys described in the first paper was 
much less and of the order described by Edwards, W ain, and 
Greenaway. This was duo to  the lower melting point o f the 
alloys. I t  is w orth noting th a t Parke and  Bens used beryllia 
and zirconia crucibles and th a t although Adcock used alum ina 
crucibles for melting pure chromium, he lined them  w ith 
thoria.

We do no t hold very definite views on the effect of heat- 
trea tm en t on the creep properties of the alloys and on the 
divergence betw een chromium alloys and  commercial ereep- 
rcsistant alloys in  this respect. Possibly the difference is 
between the behaviour of cast and w rought alloys.

Mr. K endall makes some very  interesting speculations on 
the role of in terstitia l im purities in chromium and o ther body- 
centred cubic metals. H e m ay well bo right. Experim ental 
verification m ust, however, aw ait th e  purification of chromium 
to a  higher degree than  we could achieve. Mr. Carrington’s 
interesting finding is another example of plasticity  induced in 
chromium by a non-homogeneous stress system , imposed in 
this case by  hammering.

D iscu ssion

O xidation  an d  S u lph idation  o f C opper *
Mr. E . C. W i l l ia m s ,f  M.Sc., A .In s t .P .: I t  is clear from the 

observations of D r. Tylecote on the oxidation, and  of Dr. 
H oar and D r. Tucker on the sulphidation, o f copper th a t there 
are o ther im portant controlling factors besides transport of 
ions across a growing film o f reaction product. The most 
interesting results of the detailed series of experim ents carried 
out by D r. Tylecote cannot be explained solely by  any  theory 
of ionic tran sp o rt such as the W agner theory, and the in
adequacy is apparen t from D r. Tylecoto’s own discussion. I  
am  disappointed, however, in the very last sentence of his 
paper (p. 700), which suggests th a t the W agner mechanism in 
particular, and the tran spo rt of ions in either direction across a 
film as a  rate-determ ining factor, is still predom inant in the 
au thor’s mind. Something more is required to  explain the 
notable difference reported  between the oxidation rates in  air 
and in  oxygen, the low ra te  for electropolishod specimens, the 
low ra te  for wire as compared w ith  sheet, and the difference 
again between cold-worked and annealed m etal. Too much 
emphasis has been placed in the past on W agner’s theory, 
and  thought on th is subject of oxidation m ay have been 
stultified in consequence.

D r. H oar and D r. Tucker have invoked the well-known 
H oar-Price electrochemical in terpre tation  of film grow th to  
explain qualitatively the kinetics of sulphidation of copper. 
While this approach was enlightening fifteen years ago, I  feel 
th a t to-day there is no fresh understanding of the phenomena 
of film grow th to  be gained by  unduly pressing the analogy 
betw een a  galvanic cell and a  system m etal/oxide (or sulphide)/ 
environment, as the authors have done in deriving the schem 
atic grow th curves of Fig. 6 (p. 673) from the hypothetical 
“ polarization ” curves of Fig. 5 (p. 672). I  suggest in p a r
ticular th a t the elaborate analogy of cathodio polarization 
adds nothing to  the authors’ principal deductions from the 
observed rates of grow th, i.e. th a t in the initial stages grow th is 
lim ited m ainly b y  the ra te  a t  which polysulphide ions can 
reach the film surface through the liquid, and in the la ter 
stages by the ra te  a t  which copper (and/or sulphide) ions can 
move through the growing sulphide film. In  the present 
stage of knowledge concerning these complicated phenomena 
of film grow th i t  is m ost essential to  discover more about the 
actual physical processes taking place, and  in th is respect the 
factual content of the paper by Dr. H oar and D r. Tucker is 
admirable and of g rea t value. Their microscopic studies are 
particularly  impressive.

An aspect of metal-surface reactions which seems to  me to  
have been largely neglected is the effect of heterogeneity of

solid surfaces. In  wot corrosion heterogeneity is taken  for 
granted, perhaps too m uch so. In  the thinking of physical 
chemists, particularly  with regard to  catalytic reactions, 
i t  is very much to  the fore. The microscopic observations 
of D r. H oar and D r. Tucker confirm m y belief th a t  th is factor 
is im portant. The polarizing microscope indicates, for ex
ample, th a t  in  an aqueous attacking medium copper sulphide 
s ta rts  to  form a t  preferred localities, and i t  seems likely 
th a t a  film becomes continuous by  la teral grow th from nuclei. 
D r. Tylecote, on p. 683, states th a t  the first stage in  the 
oxidation of copper is the form ation of a  solid solution w ith 
oxygen in the surface layers, followed by the appearance of 
nuclei of oxide which grow laterally  to  form a  continuous film. 
In  only five lines a world of potentially im portant effects is 
suggested, and I  would have liked to  have read much more in 
this tenor. The sigmoidal curve o f weight-gain against 
tim e which D r. Tylecote has produced for the initial stage of 
oxidation a t  high tem peratures (Fig. 2, p. 684) m ay be ex
plained by a  process of nucleation and growth. The form of 
the equation is available from theoretical considerations on 
recrystallization J and for two-dimensional grow th we m ay 
w rite : -

w — dp( 1 — e_ii’)

where w  is the weight increase per unit area, d is the thickness, 
assumed constant, o f the spreading oxide layer of density p ,  
and 1c is a  factor involving the rates of nucleation and growth. 
The fact th a t the sigmoidal curve has only been observed once 
or twice does no t necessarily mean th a t nucleation and growth 
is no t a general phenomenon in film formation. The shape of 
the curve is determ ined by the factor k, which m ay well be 
such th a t the variation  approxim ates to  simple relationships— 
linear, parabolic, &c. I t  is also possible th a t fu rther thicken
ing after an  initial layer has completely, or even partly , covered 
the m etal occurs b y  nucleation and la teral grow th of a  second 
layer. One cannot imagine the surface of an  oxide film as 
being any  more homogeneous th an  the solid surface on which 
i t  is formed.

In  conclusion, I  suggest th a t the driving force in  surface 
reactions should now be more in tim ately  considered in relation 
to  surface free energy, or to  the chemical potential of metallic 
atom s a t  a  free metallic surface and  a t  interfaces w ith another 
phase. This quan tity  will vary  from  point to  point, and will 
be g reatest a t  local patches of high structu ral disorder, where 
nucleation will probably occur. Once a  nucleus is formed 
i t  m ay be expected to  spread laterally  ra th e r th an  grow

* Jo in t discussion on the papers by R . F . Tylecote (J , Inst. Metals Division, Birmingham.
Metals, th is vol., p. 681) and  by T. P . H oar and A. J .  P . } J .  E . Burke and D. T urnbull, “  Progress in Metal 
Tucker (this vol., p. 665). Physics ” , Vol. 3, p. 220. 1952: London (Pergamon

f  Technical Officer, Im perial Chemical Industries, L td ., Press).
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vertically, because the free energy o f th e  m etal a t  the edge of 
the nucleus m ay be increased by  stra in  arising from cohesive 
interaction between the layer o f reaction product and its 
substrate.

D r. H o a r  (in reply) : Mr. Williams believes th a t the film-cell 
concept is past its  usefulness and in particu lar th a t  the 
“ analogy ” of cathodic polarization used in the paper by  D r. 
Tucker and m yself adds nothing to  our understanding of the 
phenomena. Now, the process by  which polysulphide ions in 
solution produce sulphide ions in the cuprous sulphide film 
m ust be one in  which they  pick up electrons, and i t  is highly 
likely th a t i t  takes place on the surface of the growing film. 
T h a t surface is thus an ac tua l cathode, and the ra te  o f the 
process m ay depend on the supply of reactan t, on tho removal 
of product, and  on an  energy-hump related to  the electrical 
potential difference across the surface, i.e. the p.d . between the 
adsorbed layer of polysulphidc reac tan t and the sulphide film 
ju s t below its surface. Thus the change of this p.d. with 
process ra te  (i.e. current) is no t “ analogous ” to  cathodic 
polarization : i t  is  cathodic polarization. Certainly we wish 
to  discover more detail about the actual physical processes 
occurring during film form ation; bu t I  think we shall no t do 
so b y  forgetting th a t a  reaction between ions and electrons 
taking place a t a  conducting interphase is an electrode reac
tion, th a t  the movem ent o f ions and electrons under a potential 
gradient are respectively electrolytic and electronic conduc
tion, and th a t  these processes can be trea ted  by simple 
electrochemical methods w hether they  take place in con
ventional “ liquid ”  cells or in cells w ith solid electrolytes 
th a t  are a t  the same tim e electronic conductors.

The simple film-growth theory  given originally by W agner 
and  subsequently in  electrochemical form by Jo s t and  by 
Price and myself is, of course, an  approxim ation and was 
explicitly so described by its  originators. The usefulness 
of the “ cell ”  model can, however, be much extended by  
including in i t  several refinements. In  the simplest and 
m ost approxim ate model, the film cell is assumed to  operate 
a t  constant e.m.f., w ith  the film specific resistance constant 
in tim e and space, and w ith the field streng th  in the film 
sm all enough for Ohm’s law  to  be valid. None of these 
assum ptions is ever s tric tly  true, and one or more of them  
m ay be very  far from true  in particu lar cases. Tho influence 
of polarization in giving rise to  a  variable e.m.f. is discussed 
qualitatively  in  my present paper w ith  Tucker; W agner, 
and  Price and  I , provided early  discussions of the influence 
o f variable specific conductivity. M any more recent papers, 
notably  by W agner, Mott, Hauffe, and their schools,* have 
extended the theory  by adopting more complex models; 
the “ physical ”  school have preferred to reason ab initio  by

the methods of electrostatics, while the “ chemical ” workers 
have sometimes preferred to  begin w ith the inexact “  cell ” 
model and to  apply refinements such as m ay bo visualized in 
term s of real current-producing cells and  non-olnnic electrical 
networks. E ither approach can lead to  the same result if 
equivalent assumptions are made, and although the physical 
m ethod is the more elegant, i t  is perhaps the less easily 
appreciated by chemists and metallurgists. Consequently, I  
do no t agree w ith Mr. W illiams th a t the original W agner 
theory  and the “  cell ”  model are p as t their usefulness; all 
models, however abstract, are only “  ideas ” of tru th , and 
there is often something to  be said for the cruder “ engineer
ing ” kind of model as a b e tte r aid to  elem entary understand
ing th an  are the more refined models springing from current 
fundam ental physics.

In  th e  case of D r. Tylecote’s results, i t  seems to  me th a t  one 
way to  in terpre t the grow th curves would be to  consider them  
as deviations from the parabolic curves th a t can be derived 
from the ideal model. As well as the refinements for growth 
by  la ttice  transport referred to  above, mechanical factors 
such as cracking, shearing, and splitting of the film would, of 
course, have to  be taken into account. The well-proved 
general m ethod of investigating real results as deviations 
from those to  bo expected from a simple ideal model, which 
has been so fruitful in the therm odynam ic field, seems to  me 
to  be more promising than  the fitting of certain o f the results 
by more complex models, such as th a t leading (in my view, by 
som ewhat dubious reasoning) to  a  “ cubic ” grow th law. 
The present results th a t are approxim ately fitted  by the cubic 
law do no t seem sufficiently clear-cut to  lend experim ental 
support to  its  theory, and appear to  be capable o f b e tte r 
explanation in term s of deviations from the “ ideal ”  parabolic 
law.

D r. T y l e c o t r  (in reply) : I  still believe th a t the W agner 
mechanism is tho driving force in high- and  interm ediate- 
tem perature oxidation processes. I  regard the mechanical 
processes th a t occur owing to  internal stresses as complicating 
factors superimposed on th e  general W agner mechanism, and  
no t as a mechanism replacing it. T hat is th e  reason for the 
last sentence of m y paper. 1' feel th a t such mechanical 
processes are sufficient to  explain the departures from 
the parabolic law in the higher range of tem peratures. I  
shall be surprised if the application of free-energy consider
ations gives a b e tte r working hypothesis than  the W agner 
mechanism.

In  reply to  Dr. H oar, it appears to  me th a t the deviation 
from the “  ideal ”  parabolic law is sufficiently large to  justify  
another explanation, such as th a t  given by  M ottf and by 
C abrera,; resulting in the cubic grow th law.

* A good sum m ary and bibliography covering m ost of the w orths Scientific Publications), 
field is provided by 0 . Kubaschcwski and B. E . Hopkins, |  N . P . M ott, Trans. Faraday Soc., 1940, 36, 472.
“  Oxidation of Metals and Alloys ” . 1953 : London (Butter- |  N. Cabrera, Phil. M ay., 1949, [vii], 40, 175.
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S tru c tu re  o f N ickel Alloys *
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D r. G . B u l l o c k ,f  M.Sc., A.M.C.T. (Junior M em ber): 
D r. Taylor and Mr. H inton are to  be congratulated on having 
proved the occurrence of an ordcr-disorder change in the 
nickel-base 25 at.-%  chromium alloy, in spite o f the difficulties 
encountered in X -ray  analysis owing to  the closeness of the 
atom ic scattering factors for nickel arid chromium and the 
ra ther unexpected resistivity/tem perature relationship. They 
seem to  have explained quite fully certain property changes 
which accom pany this transform ation. I  would suggest, 
however, th a t i t  would have been worthwhile considering the 
very  real advantages to  be obtained by  the use o f quantitative 
therm al curves f  in place of the Sykes method. An advantage 
of tlierm al-curve values is th a t they m ay bo compared directly 
w ith the heating and cooling resistivity values.

The authors’ views would bo appreciated w ith regard to  the 
possible effect on the sca tter o f the experim ental points and 
the shape of the curves shown in Fig. 3 (p. 173), of comparing 
the tem peratures of the specimen and the enclosure a t  one 
point only in each.

In  Fig. 4 (p. 177) it  is possible to  draw  a curve through the 
points obtained when plotting resistivity p against degree of 
order 8 . Inspection shows th a t this curve obeys neither a 
linear nor a square-law relationship. I t  does, however, yield a 
resistivity  value, a t  8  =  0, of approxim ately 101 microhm- 
cm., which is in the region of th a t obtained using the rela
tionship p — f(S -). This seems to  account for the fairly close 
agreem ent a t  high tem peratures between the equilibrium 
curve and the curve for complete disorder, where p =  f(S-), 
as shown in Fig. 5 (p. 177). A t values of S  o ther than  0 or 1, 
Fig. 4 shows th a t the relationship p =  /(<S2) appears to  be 
only a  slightly b e tte r approxim ation than  p =  /(/S'), and this 
understandably lim its the general applicability of equation (9) 
(p. 178).

Dr. B. R . C o l e s ,§ B.Sc. (Junior M em ber): The papers 
under discussion and others by Dr. Taylor and Mr. Floyd have 
added greatly  to  the inform ation we possess on th e  phase 
equilibria of nickel alloys. W ith the aid of such work we 
should shortly  be able to  understand more clearly the alloying 
behaviour of nickel, much as the assembly of da ta  on copper 
alloys made possible the theoretical advances th a t followed it. 
In  particular, I  should like to  see more work being done on 
alloys of nickel with the B sub-Group elements and  a com
parison of the results w ith those on corresponding palladium 
alloys.

The results o f Dr. Taylor and Mr. H inton on the nickel- 
ehromium system are o f especial in terest, since this system 
has always seemed peculiarly simple. The complete absence 
of interm ediate phases contrasts strangely w ith the nickel- 
titanium , nickel-vanadium , and nickcl-manganeso systems. 
In  all these systems, however, and in the simple solid-solution 
systems nickel-iron and  nickel-cobalt, ordered structures arc 
found a t  the composition Ni3X. Ni3Ti and Xi3V are discrete 
phases, bu t i t  seems highly probable th a t in the o ther systems 
effects o ther th an  size-factor ones (which are small) lead to 
the formation of superlattices, and the profound changes 
in physical properties in the N i3Mn and Ni3Cr structures 
support this suggestion. In  neither o f these structures does a 
fall in electrical resistance take place on ordering, b u t there

* Jo in t discussion on the papers by A. Taylor and  R . W. 
Floyd (J . Inst. Metals, th is vol., pp. 25 and 451) and  by 
A. Taylor and  K . G. H inton (p. 109).

f  Lecturer, Applied Chemistry D epartm ent, M anchester 
U niversity.

t  C. H andford, Nature, 1938, 141, 368.
T. F . Russell, J . Iron Steel Inst., 1939, 139, 147i*.
W . S. W alker, Thesis for Ph.D . degree, U niversity of 

Manchester, 1946.
R . J .  M aitland, Thesis for M.Sc.Tech. degree, U niversity

is the usual ferromagnetic decrease in resistance in ordered 
Ni3Mn some 80° C. below the critical tem perature.

The specific-heat curves for the two alloys correspond 
closely, and  th e  largo high-tem peraturo excess specific heat 
suggests strongly th a t  no t all the nickel 3d-band holes have 
been filled in Ni3Cr.

The results of the electrical-resistance investigations of 
this alloy are extrem ely interesting. I  agree th a t the in 
crease in resistivity observed is associated w ith an  ordering 
process, bu t I  find it  difficult to  believe th a t a  simple Brillouin- 
zonc restriction of the freedom of the ,5-band electrons is 
responsible. The change in the effective num ber of free 
electrons would have to  be enormous to  counteract the large 
decrease in the pertu rbation  of the lattice by random solid 
solution. The strongest evidence we ye t have for super
lattice Brillouin zones is the work of Kom ar || on the magneto- 
resistance and H all effect in  Cu3Au. The Hall coefficient even 
changes sign on ordering, bu t the resistance decreases in the 
usual way. I  am inclined to  a ttrib u te  the increase to some 
change in the electronic configuration of the J-olectrons in the 
alloy, w ith a consequent change in the transition probability 
for scattering, and I  suspect th a t the possibility of such change 
in electronic struc tu re  m ay be partially  responsible for the 
occurrence of order w ith such low size-factors. This still 
leaves unexplained, however, the large value of the residual 
resistance. There is no theoretical justification for the 
insertion, into a  formal treatm ent, o f “ the residual resist
ance a t  absolute zero of a  completely ordered alloy ” . No 
m atter how large the transition  probability, when the per
turbation  of the lattice tends to zero the resistance m ust also 
tend to  zero. I t  would be very interesting to  examine the Hall 
coefficient and m agneto resistance of this alloy, arid I  should also 
expect the magnetic susceptibility to exhibit strange effects.

Dr. A. T a y l o r  (in reply): Regarding Mr. Bullock’s sug
gestion, the m ethod of Sykes for determ ining the specific heat 
was chosen in preference to  others, since the tecluiique is an 
absolute one and yields the specific heat directly. I ts  main 
disadvantages are  th a t i t  cannot be used w ith falling  tem pera
ture and th a t the accuracy decreases rapidly a t  tem peratures 
above 1000° 0. owing to  electrical leakages. This la tte r 
difficulty could presum ably be overcome w ith im proved types 
o f refractory  m aterials. The tliermal-curve method is no t so 
d irect as th a t o f Sykes, and, according to  H andford its 
accuracy is somewhat lower.

Many tests were carried out on the tem perature variation 
from  point to  point on the specimen. On the whole this was 
less than  1° C., and since the specimen is enclosed in w hat is 
v irtually  a  uniform -tem perature enclosure a t  th e  same tem 
perature, the errors due to  the use of a  single reference point 
on the specimen are negligible compared w ith those from o ther 
sources.

The resistivity is probably more accurately a  function of 
S 2 th an  of S . Bragg and Williams’ ** choice of the la tte r  
function was purely arb itra ry . However, the S 3 function 
m ay be obtained by  the application of a rigorous quantum - 
mechanical argum ent as shown by D ienes,tf and i t  is gratifying 
th a t the very simple reasoning employed in our paper leads to 
precisely the same result.

of Manchester, 1952.
§ Lecturer in Metal Physics, Im perial College of Science 

and Technology, London.
H A. Komar, J . Physics (U .S .S .R .), 1941, 4, 547.

A. K om ar and S. Sidorov, ibid., 552.
fl Loc. cit.
** W. L. Bragg and E . J .  Williams, Proc. Roy. Soc., 1934, 

[A], 145, 699. 
f f  G. J .  Dienes, J . A pp l. Physics, 1951, 22,1020.
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member, i n .
Armstrong, Richard Giles. Elected mem

ber, 10 1 .
Arnott, J .  Biographical notes, 4 ; elected 

chairman of Scottish Local Section, 4.
Ashley, Tom Eric Ludlow. Elected mem

ber, 222.
Aston, Kenneth. Elected student member, 

3?*
Atkins, Raymond. Elected student m em 

ber, 40.
Atkinson, John Barnes. Elected member, 

207.
Atkinson, Raymond Frederick. Elected 

student member, 173 .
Atkinson, Ralph Waldo. Elected member, 

i n .
Audisio, Francesco.  ̂Elected member, 94.
Auld, John Hugh. Elected junior member, 

12.

Babler, E.B. Receives M .B .E ., 227.
Baer, A. M. Biographical notes, 3 ;  

elected Member of Council, 50 ; 
nominated Member of Council, 2.

Bagchi, Ajay Prasad. Elected student 
member, 53.

Bailey, A. R. Letters to the E d ito r : 
“ Crystallization of 0 -Brass ” , 2 10 ;
“  Intercrystalline Cracking of Metals ” , 
187.

Bailey, G. L. Biographical notes, 5 4 ; 
elected Vice-President, s o : receives
C .B .E ., 4 1.

Bailey, G. L. J .  Lecture on Mechanism 
of Adhesion of Electrodeposits upon 
Aluminium ” , summary, 179.

Baird, (Miss) J . Sheila M. Elected student 
member, 137.

Baker, Dennis Walter Clifford. Elected 
student member, 137 .

Baker, W. A. Appointed to represent 
Institute as regards Acta Metatturgica, 
1 3 7 ;  Beilby memorial award (1950), 
18 ;  biographical notes, 17 5 ;  elected 
Member of Council, 12 9 ; lecture on 
“  Constitution and Properties of Some 
Titanium-Base Alloys ” , summary, 202.

Baldwin, William Marsh, Jr. Elected 
member, 222.

Ball, C. J . p. Appointed to represent 
Institute on General Board of N .P .L ., 
2 2 ; biographical notes, 17 4 ; elected 
Vice-President, 129.

Ball, Herbert Arthur. Elected member, 
223.

Banerji, Salil Kumar. Elected student 
member, 22.

Bankier, Alexander Martin. Elected
student member, 40.

Bara, John A., Jr. Elected student 
member, 53.

Barber, Leslie Arthur. Elected member, 
52.

Barclay, Donal James. Elected member,
183.

Bardsley, Peter Woodhouse. Elected 
student member, 53.

Barnard, Harry Bryan. Death of, 66.
Barnes, Robert Sandford. Elected junior 

member, 10 1 .
Barrett, C. S. Lecture on “  Transforma

tions in Metals ” , summary, 32 ; served 
011 Metal Physics Committee, 22.

Barry-Smith, Thomas. Elected student 
member, 73.

Barten, Ernst Heinrich. Elected member, 
h i .

Basinski, Zbignies S. Elected student 
member, 53.

Bassett, Keith Terence. Elected student 
member, 40.

Batchelor, Leslie Charles. Elected mem
ber, h i .

Bateman, (Mrs.) Catherine Mary. Elected 
junior member, 39.

Battin, Royston George. Elected member, 
22.

Baugh, Fred. Elected member, 40.
Baxter, Laurence Cecil. Elected member, 

183.
Bean, John Kenneth. Elected student 

member, 137.
Beddow, John Keith. Elected student 

member, 39.
Beebe, Trevor John. Elected junior 

member, 74.
Beinlicb, Justus Jordan. Elected member, 

52.
Belcher, Kenneth Willis. Elected member, 

129.
Belk, John Anthony. Elected student 

member, 184.
Bell, Ronald Leslie. Elected student 

member, 40.
Bennett, Beresford Oswald. Elected

student member, 10 1 .
Bennison, Peter. Elected member, 207.
Bergstrom, Erik Victor. Elected member, 

40.
Berkeley, Kenneth Gordon Charles.

Elected student member, 136.
Berman, Abraham. Elected student

member, 40.
Betteridge, Walter. Elected member, 82 ; 

letters to the E d ito r : “  Low-Stress
Torsional Creep Properties of Pure 
Aluminium ” , 76, 123.

2 3 1

Bettington, Philip Josiah. Elected junior 
member, 40.

Beynon, David Joshua. Elected junior 
member, 183.

Bhatt, Gunvantrai Vrajalal. Elected mem
ber, 94.

Bid well, Henry Thomas. Elected student 
member, 183.

Bigg, Anthony Philip. Elected student 
member, 39.

Bilby, B. A. Lecture on “ Dislocations in 
Crystals ” , summary, 179, 212.

Binder, William Oakley. Elected member, 
12.

Bindley, David. Elected student member, 
.74-

Binns, A. P ap er: “  Autographic Load/ 
Strain Recorders ” , 166.

Bischof, Wilhelm. Elected member, 1 1 1 .
Bishop, Edward. Elected member, 136.
Blackmore, Kenneth Gordon. Elected 

member, 117 .
Blair, Ian Scott. Elected student member,

183.
Blake, Albert Leonard. Elected member, 

207.
Blewden, Henry Jeffrey. Elected student 

member, 40.
Bligh, Ernest William. Elected member, 

142.
Blyth, Howard Neville. Elected member, 3.
Bond-Williams, N. I. Biographical notes, 

2 4 ; elected Member of Council, 50; 
nominated Member of Council, 2.

Bonham, Ian Callow. Elected student 
member, 137,

Bonsey, T. H. Y. Elected member, 82.
Booth, Ernest K. Elected member, 142.
Booth, Frederick Fenwick. Elected student 

member, 194.
Bossert, Theodore William. Elected mem

ber, 222.
Boston, Stanley John. Elected student 

member, 3 1 .
Bourne, Bernard Stather. Elected mem

ber, 183.
Bovensiepen, Otto Rudolf. Elected mem

ber, 117 .
Bowden, John Stanley. Death of, 143.
Boys, Sydney Joseph Henry. Elected 

member, 194.
Braine, William Alan. Elected student 

member, 3.
Braithwaite, Wilfrid Rolf. Elected mem

ber, 194.
Brann, Conrad Max Benedict. Elected 

junior member, 40.
Branton, J .  Alfred. Elected student 

member, 94.
Bridge, Francis Downie. Elected member,

184.
Britt, L. 0 . Elected member, 73.
Brittain, Charles Peter. Elected member, 

129.
Britton, Roger David. Elected student 

member, 183.
Broadbent, Brian Lynn. Elected member, 

12.
Bromage, Kenneth. Elected junior mem

ber, 94.
Bromfield, Gerald. Elected student mem

ber, i n .
Brommert, Johannes Wladimir. Elected 

member, 40.
Brown, Arthur F. Elected member, 173.
Brown, Douglas. Elected member, 52.
Brown, Darryl Anthony. Elected student 

member, 142.
Brown, Derek James. Elected junior 

member, 13 .
Brown, Gordon Thomas. Elected junior 

member, 136.
Brown, Reginald William Hardwicke. 

Elected member, 39.
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Brown, Selwyn. Elected member, 52.
Bruce, Douglas Swirney. Elected student 

member, 22.
Bruce, Fraser Wallace. Elected member, 

2 94.
Bryant, Anthony James. Elected member, 

i n .
Buckley, S. N. Elected student member, 

207.
Bull, Harry. Elected member, 194.
Bull, James Reginald Ashworth. Elected 

member, 194.
Bullock, Bernard. Elected student mem

ber, 40.
Bulow, Carl Lawrence. Elected member, 

2 2 3 -
Bunton, John Darrah. Elected member, 

3 -
Burdon, Peter James. Elected student 

member, 184.
Burpee, Donald McKibbin. Elected mem

ber, 222.
Burrack, Harry Bob. Elected member, 

129.
Burrow, Harold Cecil. Elected member, 

129.
Burton, H. H. Receives C .B .E ., 4 1.
Bush, Spencer Harrison. Elected member,

129.
Buzzard, Robert W. Elected member, 136.

Callaghan, John. Elected student mem
ber, 184.

Calvert, Ernest. Elected member, 39.
Calvo, Felipe Angel Calvo. Elected mem

ber, 207.
Campbell, Hector Stanley. Elected mem

ber, 52.
Campus, Ferdinand A. A. Elected member, 

52.
Canham, Royston Leonard. Elected 

student member, 66.
Carder, Charles Henry, Death of, 95.
Carlyle, E . J .  Death of, 95.
Carr, Norman. Elected member, 40.
Carr-Walker, Charles Ian. Elected mem

ber, 52.
Cassy, Frank. Elected member, 39 ; 

letter to the Editor : “  Determination 
of Iron in High-Nickei Alloys " ,  4 5 -

Cayron, Robert. Elected member, 94.
Chadwick, R. P a p e r : “  The Training

and Status of Metallurgists ” , 42, 79.
Chalmers, B. Lecture on "  Grain Bound

aries " ,  95 ; lecture on “  Solidification 
of Metals ” , summary, 95.

Chandler, Henry. Elected member, 12 .
Chang, Hsing Chien. Elected member,

223.
Chappell, John Brian. Elected student 

member, 24.
Chaston, J .  C. Appointed to represent 

Institute on Jo in t Library Committee, 
6 5 ; lecture on “ Jo in in g M eta ls" , 
summary, 68 ; lecture on “  Pressing and 
Sintering Metal Powders ” , summary; 
3 4 -

Chatterton, John Victor. Elected member, 
3 9 -

Chelioti, George. Death of, 25.
Chen, Neng-Kuan. Elected member, 3.
Chester, Juan Stanhope. Elected student 

member, to 1.
Chettiar, P. S. N. S. Ambalavana. Elected 

member, 173 .
Child, George William. Elected member, 

9 4 -
Chisholm, Donald William. Elected mem

ber, 136.
Cina, Bernard, Elected student member, 

2 3 -
Clare, John William Henry. Elected 

student member, 137.
Clark, Arthur. Elected member, 22.
Clark, Arthur W. S. Elected member, 94,
Clark, Derek Foster. Elected student 

member, 53.
Clark, Peter Howard. Elected member, 

207.
Claxton, Cyril Charles. Elected member, 3.

Clayton, Gerald Charles. Death of, 53.
Clayton, William Wikeley Ward. Elected 

member, 12.
Clayton-Cave, Jack. Elected member, 52.
Cleave, John Francis. Elected student 

member, 3 1.
Cleaver, Frederick Thomas. Elected 

member, 183.
Coe, Henry Campbell. Elected junior 

member, 94.
Coffin, Ronald George. Elected junior 

member, 94.
Cogito, Giuseppe. Elected member, 39.
Cohen, Herbert Edward. Death of, 85.
Cole, John, See O’Neill, H.
Collins, Robert Dorrell. Elected member, 

101.
Colmant, Raymond. Elected member, 12.
Coiner, William H. Elected member, 1 17 .
Colquhoun, J. C. Biographical notes, 275 ; 

elected Member of Council, 129.
Colton, Robert A. Elected member, 222.
Conacher, John. Elected student member, 

82.
Conard, Clarence K. Elected member, 40.
Conard, George Powell. Elected member, 

236.
Cook, Maurice. Appointed to represent 

the Institution of Metallurgists at 
Council meetings of the Institute of 
Metals, 1 1 7 ;  Autumn Lecturer (1953), 
282.

Cooper, Alexander Hyndman. Elected 
member, 73.

Cooper, Geoffrey Leonard. Elected student 
member, 40.

Cope, Robert George. Elected student 
member, 82.

Coppens, Jean Joseph Wilfrid. Elected 
member, 65.

Corfleld, Reginald Holbeche. Elected
member, 12 .

Course, Leonard George Odell. Elected 
member, 73.

Cousins, (Miss) Kathleen Marjorie. Elected 
member, 194.

Cowen, Henry Chapman. Elected student 
member, 1 1 1 .

Cowlishaw, Frank Reginald, Elected
student member, 39.

Craik, Robert Laidlaw. Elected junior 
member, 137.

Crane, Frederick Albert Andrew. Elected 
student member, 224.

Crawford, Henderson Black. Elected 
junior member, 183.

Crawford, Ross. Elected member, 73.
Crisp, John. Elected student member, 

i n .
Critchley, John. Elected student member,

24-
Cronin, Michael Eugene. Elected student 

member, 66.
Crooks, Laurence Edward. Elected mem

ber, 12.
Croxson, C. Lecture on "  The Non- 

Destructive Testing of Metals ” , sum
m ary, 68.

Crussard, Charles. Elected member, 136.
Cuff, Frank Bertram. Elected student 

member, 2 13 .

Dale, H. G. Lecture on “  The Precious 
Metals in Industry " ,  summary, 46.

Dales, Arthur. Elected student member, 
5 3 -

Dalton, Charles Arthur. Elected member, 
2 9 4 -

Dalton, Patrick Leonard. Elected student 
member, 184.

Daniels, Neville Harold George. Elected 
member, 22.

Darmara, Falih N. Elected member, 22.
Davidtz, George Christian. Elected mem

ber, 129.
Davies, Cyril Ernest. Awarded W. H . A. 

Robertson Medal (1951), 50 ; biographi
cal notes, 75.

Davies, Daniel Evan. Elected member, 
22.

Davies, Ivor Bowen. Elected member, 12.
Davies, Peter Malcolm. Elected student 

member, 142.
Davies, Raymond Oswald. Elected 

student member, 194.
Davis, Anthony John. Elected member, 

284.
Davis, Edwin. Capper Pass award {1952), 

214.
Dawihl, Walther. Elected member, 12.
Dean, Walter Albert. Elected member, 82.
Deisinger, Walter. Elected member, 136.
De Jong, J .  J .  Elected member, 73.
Deruyttere, André Emiel. Elected junior 

member, 53.
Désirant, M. C. Elected member, 183.
Desoer, Adrien. Elected member, 194.
Devereux Robert Wayne. Elected junior 

member, 13.
Devereux, W. C. Obituary notice, 103.
Devereux, Wallace Deane. Elected mem

ber, 12.
Dewhirst, Erie Victor. Elected member, 

12.
Dewsnap, Noel F. Elected member, 136.
Diamond, Randolphe William. Awarded 

Platinum Medal (2951), ,222; elected 
member, 1 17 .

Diana, Frank B. Elected member, 223.
Dickison, Raymond R. Elected member, 

40.
Dickson, Robert Harper. Elected mem

ber, 94.
Dingwall, Frederick William. Death of, 5.
Dirkse, Philippe Marie Jean Louis. Elected 

member, 207.
Dixon, Herbert Neville. Elected student 

member, 66.
Dodd, Peter Graham. Elected junior 

member, 22.
Dodd, Richard Arthur. Elected member, 

7 3 -
Doo, (Miss) Betty. Elected member, 22.
Dorey, S. F. Biographical notes, 55 ; 

elected Vice-President, 50 ; elected 
Senior Vice-President (2953-54), 100, 
129.

Drabble, Christopher. Elected member, 
65-

Duce, A. G. Awarded Mond Nickel 
Fellowship (1952), 139.

Dudley, John James. Elected student 
member, 184.

Duff, Thomas. Elected student member, 
236.

Duffell, James. Elected member, 30.
Duffner, Rupert L. Elected member, 223.
Dummer, Erie Oliver. Elected member, 

5 2 -
Dunkerley, Frederick J . Elected member, 

223.
Dnnn, Kenneth George. Elected member, 

i n .
Duran Rigol, Enrique. Elected member, 

12.
Dürrwachter, Eugen. Elected member, 

294.

Eardley, Edward Sidney William. Elected 
member, 101 ; lecture on “  Recent 
Advances in Furnace Design ” , sum
mary, 188.

Easterbrook, Eric John. Elected student 
member, 224.

Eastlick, John Taylor. Elected member,
7 3 -

Ebdon, Denis Keith. Elected student 
member, 3 1.

Eborall, R., M. Lack, and V. A. Phillips. 
Letter to the E d ito r : “  On the
Existence of Two Kinds of Yield 
Point ” , 5S.

Edmondson, Bryan. Elected student 
member, 213.

Edwards, Harold. Elected member, 223.
Edwards, Ronald Alexander. Elected 

member, 39.
Eggleton, Maurice Arthur. Elected student 

member, 184.
Eisner, Frederick. Elected member, 173.
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Elliott, Bernard. Elected member, 3c.
Elliott, Bryan James. Elected student 

member, 194.
Elliott, John Edward. Elected student 

member, 136.
Ellis, Dennis Thomas. Elected member, 3.
Ellis, John Devonshire. Obituary notice,

41 .
Ellwood, E . C. Capper Pass award (1952), 

214.
Elstub, St, John. Elected member, 12.
Emmerson, Leslie Gordon. Elected 

student member, 142.
Engers, Meyer Coenraad. Elected member, 

39;
English, Alan. Elected member, 3.
English, Ray H. Elected member, 82.
Erdmann-Jesnitzer, Friedrich. Elected

member, i n .
Espir, Israel Julius. Death of, n o .
Evans, Dam Stedman. Elected student 

member, 207.
Evans, Gerald James. Elected student

member, 10 1.
Evans, John Llewelyn. Elected student 

member, 2 13 .
Evans, John Peter. Elected student

member, 94.
Evans, Peter Eric. Elected student

member, 94.
Evans, Ronald Ernest. Elected student 

member, 12 .
Evans, Sydney Joseph. Elected member,

183.
Evans, U. R. Lecture on “  The Corrosion 

of Iron and Its Prevention b y Deposits 
of Non-Ferrous Metals ” , summary, 68.

Ewing, John F. Elected member, 73.

Fairholme, Ian William Forbes. Elected 
member, 173.

Fast, Johan Diedrich. Elected member, 
142.

Fattah, Mohamed Ahmed Abdel. Elected 
member, 3.

Feldmann, Heinz-Dietrich. Elected mem
ber, 39.

Fenoulhet, Brian Lonis. Elected student 
member, 10 1 .

Ferrall, Lorin L. Elected member, 12.
Field, Gordon Harvey Attwell. Obituary 

notice, 66.
Fields, Maurice. Elected student member, 

h i .
Finniston, H. M. Biographical notes, 4 ; 

elected chairman of Oxford Local 
Section, 4 ;  lecture on “  Metallurgical 
Problems of Atomic Energy ” , summary, 
33 ; lecture on “  Radioactive Tracers in 
Metallurgy ” , summary, 32.

Fisher, John C. Elected member, 22.
Fisher, Philip Andrew. Elected member, 

h i .
Fisher, Raymond John. Elected student 

member, 142.
Fisk, Bernard Godfrey. Elected student 

member, 224.
Fitzpatrick, Christopher. Elected member,

74-
Fletcher, Frank. Elected member, 12.
Fletcher, Harry Olwyn. Elected student 

member, 194.
Fletcher, Norman Farler. Elected member, 

52 .
Fletcher, Sidney John. Elected member, 

S2.
Flinn, Ian. Elected student member, 1 17 .
Foldes, Stephen. Elected member, 39.
Fonseca, (Señora) Olga de Toledo. Elected 

member, 1 17 .
Ford, Ashley Gregg. Elected student 

member, 3 1 .
Foreman, Frederick Charles. Elected 

member, 32.
Forrest, Kenneth Joseph. Death of, 197.
Forsyth, P. J . E. P a p e r : “  Uses of the 

Hot-Stage Microscope” , 150.
Foster, Edward M. Death of, 186.
Fountain, Richard William. Elected 

junior member, 223.
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Fowler, William Arthur. Obituary notice, 
198.

Frankel, Herbert A. Elected member, 207.
Franklin, William Robert. Death of, n o .
Fransson, Artur Gotthard. Elected mem

ber, 82.
Frehner, Roy Charles. Elected junior 

member, 1S3.
Frenay, Eugène Laurent Joseph. Elected 

member, 173.
French, (Sir) James Weir. Death of, 177.
Frey, Donald N. Letter to the Editor : 

“  Intercrystalline Cracking of Metals ” , 
126.

Fujiwara, Tadayoshi. Elected member, 
1 17 .

Furmidge, John Edward. Elected student 
member, 184.

Gadd, E . R. Biographical notes, 17 5 ; 
elected Member of Council, 129.

Gane, Nicholas. Elected student member, 
40.

Gardiner, Keith Mattinson. Elected 
student member, 136.

Gardner, William Arnold. Elected student 
member, 10 1.

Garland, John. Elected member, 39.
Garside, Frederick Charles. Elected mem

ber, 30.
Garstone, John. Elected student member, 

184.
Garwood, Ronald David. Elected member, 

184.
Gaskell, Philip Darwin. Elected student 

member, 53.
Gattoni, Attilio. Elected member, i n .
Gawley, Thompson Leslie. Elected mem

ber, 22.
Gehm, Heinz. Elected member, 10 1.
Gensamer, Maxwell. Elected member, 39.
George, Wilbert Ridd. Elected member, 142.
Gerritsen, Alexander Nicolaas. Elected 

member, 1S3.
Gerson, Frederick. Elected member, 52.
Gibb, Henry. Elected member, 94.
Gibbins, William Waterhouse. Obituary 

notice, 229.
Gibbon, Ronald Bryan. Elected student 

member, 40.
Gifford, W. S. Appointed to represent 

Institute on Institution of Electrical 
Engineers’ committee, 2 13 .

Gif kins, Robert Cecil. Elected member, 12.
Gilbert, Edward Albert. Elected member, 

i n .
Gilbert, Lawrence Roy. Elected student 

member, 10 1.
Gilbey, Deryk Oughton. Elected student 

member, 82.
Giles, Wilfred Norman. Elected member, 

223.
van der Glas, Bastiaan Gerrit. Elected 

member, 2 13 .
Glaser, Frank W. Elected member, 207.
Glover, Stanley George. Elected student 

member, 207.
Goicoechea, Manuel. Elected member, 12 .
Golda, Edward Walter. Elected member, 

142.
Goldsworthy, G. R. Lecture on “  Historical 

Developments of Tube Manufacture ” , 
summary, 69.

Golestaneh, Ahmea-Ali. Elected member, 
94.

Gontz, Robert Myles. Elected member, 
223.

Goodchild, Keith Trevor. Elected student 
member, 142.

Gore, James. Elected member, 194.
Goreham, Alan Richard. Elected student 

member, 1 1 1 .
Gosling, Joseph. Elected member, 82.
Gough, John Richard Cox. Elected 

student member, 137.
Govenlock, Robert. Elected member, 129.
Graham, Charles D., Jr. Elected student 

member, 184.
Graham, Leslie Wilfred. Elected student 

member, 184.
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Graham, Robert. Elected member, 12.
Grant, John Michael Seafleld. Elected 

student member, 142.
Gray, P. M. J. Capper Pass award (1952), 

214.
Green, Edwin Francis. Elected member, 

223.
Green, Frank Alan, Elected student 

member, 136.
Greenough, Geoffrey Blakeley. Elected 

member, 39.
Greenwood, J .  N. Letters to the Editor : 

“  Intercrystalline Cracking of Metals ” , 
10 4 ,12 0  ; “  Stress-Cracking of Copper by 
M ercury” , 177.

Griffiths, David. Elected student member, 
1 17 .

Griffiths, John Henry. Elected member, 
73 .

Griffiths, William D. Elected member, 65.
Griffiths, (Sir) William Thomas. Obituary 

notice, 1 1 9 ;  representative of Institute 
at discussions on Acta Metallurgica, 1 1 0 .

Grimston, (The Hon.) John. Biographical 
notes, 17 6 ; elected Member of Council, 
129.

Gris, Jean. Elected member, 39.
Gruhl, Wolfgang. Elected member, 10 1.
Grylls, H. J .  B. Appointed to represent 

The Adm iralty at Council meetings of 
the Institute of Metals, 30.

Gueterbock, (Sir) Paul. Appointed to 
represent Institute on Em pire Council 
of Mining and Metallurgical Institutions, 
137.

Guinier, André Jean. Awarded Rosenhain 
Medal (1952), 50 ; biographical notes, 
76 ; elected member, 82.

Guler, Kaspar. Elected member, 52.
Gulliver, Gilbert Henry. Death of, 138.
Gupta, B. K. Elected student member, 

194.
Gwathmey, Allan T. Elected member, 94.
Gwinnett, Francis Edgar. Elected student 

member, 3 1.

Haekett, Walter, Jr. Elected member, 
184.

Hagel, William Carl. Elected junior 
member, 13 .

Hahn, Henry. Elected student member, 
207.

Hall, James Logan, Jr . Elected student 
member, 40,

Hall, Maurice. Elected junior member, 53,
Hallett, M. M. Biographical notes, 4 ; 

elected chairman of Sheffield Local 
Section, 4.

Halupka, Herman Augustyn. Elected 
member, 52.

Hameed, Muhammad Abdul. Elected 
member, 22.

Hammond, R. A. F. Lecture on “  Pro
perties and Engineering Applications of 
Electrodeposits ” , summary, 143.

Hancock, Peter Francis. Elected member, 
12.

Hanson, Daniel. Death of, 229.
Hanstock, R. F. Monograph on “  Non- 

Destructive Testing o f Metals " ,  22,
Hardwick, William Roger. Elected mem

ber, 82.
Harper, George Cedric. Elected member, 

i n .
Harries, Donald Rees. Elected student 

member, 3 1 .
Harris, Arthur Clement. Elected member, 

3- .
Harris, Geoffrey Bastion. Obituary notice, 

214.
Harris, Ian Robert. Elected junior mem

ber, 13.
Harris, John Edwin. Elected student 

member, 40.
Hart, R. K. Letter to the Editor : 

“  Growth of Large Crystals in Super- 
Purity Aluminium ” , 225.

Hart, Roy Vincent. Elected student 
member, 184.

Hartley, H. Receives C .B .E ., 4 1.
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Hartree, Oliver P. Elected student mem
ber, 3 1.

Haselgrove, J. Elected member, 194.
Hassell, Edward James. Elected member, 

7 3 -
Hatherly, Max. Elected member, 223.
Haut, Frederick Joseph Georg. Elected 

member, 3.
Hawkins, Charles Cecil. Elected member, 

194 .
Hawkins, Dennis Arthur. Elected junior 

member, 53.
Head, Alan Kenneth. Elected junior 

member, 82.
Heaton, Herbert Barrie. Elected student 

member, 142.
Hedgecock, Peter David. Elected student 

member, 224.
Henderson, T. A. Capper Pass award

(1952), 214.
Henri, Maurice. Elected member, 10 1 .
Henshaw, George Stanley. Elected mem

ber, 194.
Henshaw, James Norman. Elected mem

ber, 82.
Heppleston, Colin. Elected student mem

ber, 136.
Herrington, Hugh Geoffrey. Elected 

member, 40.
Hess, James Brown. Elected member, 52.
Hewett, Sidney Charles. Elected member, 

82.
Higgins, Brian Rowland. Elected member,

52-
Higgins, Geoffrey Trevor. Elected student 

member, 66.
Higgins, Peter Beardsley. Elected mem

ber, 52.
Higgins, R. Receives O .B .E ., 95.
Higham, (Miss) Sheila Margaret. Elected 

student member, 40.
Hill, P . J .  Awarded Mond Nickel Fellow

sh ip  (1 9 5 1 ), 46-
Hill, Roger Bryan. Elected student 

member, 184.
Hillman, Bernard Houndle. Elected mem

ber, 73.
Hines, John Grahame. Elected student 

member, 12 .
Hinton, (Sir) Christopher. May Lecturer

(19 5 3 ), 1 17 .
Hirsh, Walter L. Elected member, 184.
Hoch, Alois. Ejected member, 207.
Hodge, John Oliver. Elected member, 

65.
Hodgson, Stephen Jerome. Elected mem

ber, 52.
Hodierne, Francis Arthur. Elected mem

ber, 194.
Hogan, Leonard McNamara. Elected 

member, 12 .
Holden, J. See  Hooper, W. H. L.
Holder, Sydney George. Elected student 

member, 13.
Holland, Roy Norman. Elected student 

member, 39.
Holman, Ivo. Elected member, 129.
Holmes, Wilbur G. Elected junior mem

ber, 5 3 -
Hontoir, E . A. Capper Pass award (1952), 

2 14 .
Hooper, W. H. L., and J. Holden. Paper : 

“  Methods of Measuring Surface Topo
graphy as Applied to Stretcher-Strain 
Markings on Metal Sheet ” , 16 1.

Hopkins, Horace L. Elected student 
member, 53.

Hopkinson, Percy. Elected member, 82.
Horn, Heinz. Elected member, 1 17 .
Horne, Campbell Clouston. Elected

student member, 40.
Horsefleld, Alec Matthew. Elected mem

ber, 30.
van der Horst, Johannes Martimis Arnold.

Elected member, 223.
Horton, F. G. Awarded Mond Nickel 

Fellowship (1952), 139.
Hothersall, Arthur Wesley. Obituary

notice, 58.
Houdremont, Eduard. Elected member,

136.

Hough, David John. Elected student 
member, 66.

Houghton, Frank. Elected member, 1 2 .
Howard, William James. Elected student 

member, 24.
Howd, Derrick. Elected student member, 

40.
Howlett, Brian Wilfred. Elected student 

member, 2 13 .
Hughes, Alan Gray. Elected student 

member, 40.
Huie, Alvin Leonard. Elected student 

member, 224.
Hume, Gerald James Thomas. Elected 

student member, 142 .
Hume-Rothery, W. Monograph on 

“  Atomic Theory for Students of 
Metallurgy ” , 100.

Hundy, Bernard Brian. Elected member, 
39-

Hutton, Gilbert Jerome. Elected student 
member, 3 1.

Hyman, Edward David. Elected member,
2 1 3 -

Indulski, Jerzy. Elected member, 184. 
Inglis, N. P. Biographical notes, 5 5 ;

elected Member of Council, 50.
Inshaw, Howard Austen. Elected mem

ber, 136.

Jack, Kenneth Henderson. Beiltry 
memorial award (19 5 1), 86, 13 1 .

Jacks, Stanley. Elected member, 74.
Jackson, Eric. Elected member, 94.
Jackson, Paul L. Elected junior member, 

3 9 -
James, John Melvyn. Elected student 

member, 184.
James, Percy. Elected member, n r .
James, Thomas Claude. Elected member, 

184.
Jasper, John Kenyon. Elected student 

member, 130.
Jee, Akshoy Kumar. Elected student 

member, i n .
Jeffreys, John Thomas Llewelyn. Elected 

student member, 194.
Jenkins, Ivor. Appointed to represent 

Institute on Advisory Council of City 
and Guilds of London Institute, 2 1 3 ;  
biographical notes, 56 ; elected Member 
of Council, 50.

Jennings, Peter Hardy. Elected member, 
101.

Jepson, Douglas. Obituary notice, 209.
Jestrabek, Otakar. Elected member, 73.
Johansson, Klas-Erik. Elected member, 

142.
Johnson, Arthur Edward. Elected mem

ber, 74 .
Johnson, Edwin Done. Elected member, 

184.
Johnson, Roy Harold. Elected student 

member, 3 1 .
Johnston, Frederick. Obituary notice, 130.
Johnston, R. A. Lecture on “  Synthetic 

Resin Adhesives for Metals " ,  summary, 
1 3 1 .

Johnston, Thomas Wilson. Elected mem
ber, 1 17 .

Jolivet, Henri. Elected member, 12 .
Jollie, Andrew. Elected member, 207.
Jones, Bernard Joseph. Elected junior 

member, 183.
Jones, D. J. See Pitkin, W. R.
Jones, E, H. Appointed to represent 

Institute on Mond Nickel Fellowship 
Committee, 10 0 ; biographical notes, 
55 ; elected Honorary Treasurer, 50.

Jones, Graham Benjamin. Elected junior 
member, 30.

Jones, Geoffrey Peter. Elected student 
member, 224.

Jones, (Mrs.) Joyce Eveline. Elected 
member, 184.

Jones, (Sir) Lewis. Elected member, 3.
Jones, Richard Lee. Elected student 

member, 207.
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Jones, Thomas Ivor. Elected student 
member, 3 1.

Jopling, John Denis. Elected student 
member, 137.

Junghans, Siegfried. Elected member, 10 1 .

Källbäck, Olle F. Elected member, 82.
Kassem, Mohammed Abd Elaziz. Elected 

member, 74.
Kauffmann, René. Elected member, 10 1 .
Kay, S. Receives M .B .E ., 95.
Keefe, Joseph Marsden. Elected member, 

22.
Kegley, Tracy Mitchell, Jr. Elected 

member, 223.
Keil, Albert. Elected member, 194.
Keith, Robert Eugene. Elected student 

member, 53.
Kellert, Bernard George. Elected student 

member, 184.
van Kempen, Charles. Elected member, 

223.
Kempson, P. Awarded Mond Nickel 

Fellowship (1952), 139.
Kennedy, A. J. Letter to the Ed itor: 

“  Low-Stress Torsional Creep Pro
perties of Pure Aluminium ” , 106.

Kerr, James Sinclair. Elected member, 82.
Ketchum, J. Allan. Elected member, 223.
Keys, Lewis Henry. Elected member, 40.
Khan, Mohammed Idrees. Elected student 

member, 24.
Khand, Ghulam Mustafa. Elected mem

ber, 22.
Kiddle, Peter James. Elected student 

member, 224.
Kiessel, William Robert. Elected junior 

member, 53.
Kiessling, Roland Richard. Elected mem

ber, 52.
Kilpatrick, Norman Laverne. Elected 

member, 82.
King, Alan John. , Elected student mem

ber, 207.
King, Errol George. Elected student

member, 184.
King, F. Lecture on : “  The Rogerstone 

Strip Mill ” , summary, 127.
King, Hubert Wylam. Elected student

member, 40.
King, Robert James. Elected student

member, 137 .
Kirby, Noel Spencer. Elected member, 183.
Kirby, Patrick Charles. Elected junior 

member, 173 .
Kirkup, William Brookes, Elected mem

ber, 12 .
Klein, Wesley Graham. Elected junior 

member, 136.
Knaggs, Kenneth. Elected student mem

ber, 136.
Knowles, Allan John. Elected junior 

member, 194.
Knuth-Winterfeldt, Eggert. Elected mem

ber, 223.
Köhn, Wilhelm. Elected member, 136.
König, Werner. Elected member, 94.
Korczynsky, Michael. Elected member, 

2 2 3 -

Lacey, Arthur Gordon. Elected junior 
member, 53.

Lachenaud, René. Elected member, 136.
Lack, (Miss) M. See Eborall, R.
Lambiiliotte, André Alphonse Joseph 

Emile. Elected member, 142.
Lancaster, John Darrell. Elected student 

member, 53.
Landis, Maurice N. Elected member, 82.
Lang, (Miss) Frances S. Elected member, 

7 3 -
Langford, Kenneth Ernest. Elected mem

ber, 94.
Latimer, Keith Graham. Elected student 

member, 24.
Lawler, Wilbert J. Elected member, 40.
Layton, Frank. Elected member, 1 17 .
Leaeh, Anthony. Elected junior member,

136.



Leach, James Stuart Llewelyn. Elected 
member, 40.

LeClaire, Alan Delamare. Elected mem
ber, i n .

Lee, James Arthur. Elected student 
member, 40.

Lenhart, Robert Eugene. Elected junior 
member, 2 13 .

Leroy, André Georges Paul. Elected 
member, 12 .

Levy, Frank M. Elected member, 136. 
Lewis, Francis George. Elected member,

1 17 .
Lewis, George Leonard. Elected member, 

> .
■ Liddiard, E . A. G. Biographical notes, 4 ; 

elected chairman of London Local 
Section, 4.

Lindblom, Yngve. Elected member, 82. 
Lindsay, Robert Ian. Elected member,

129.
Lines, Anthony Hillesden. Elected student 

member, 40.
Lines, John Patrick Clive. Elected student 

member, 7 4 - 
Lippert,Thomas W. Elected member, 223. 
Lithgow, (Sir) James. Death of, 66. 
Littlewood, Frederick Richard. Elected 

member, 3.
Liu, Tien-Shih. Elected student member, 
, . 13'Livey, David Thomas. Elected student 

member, 137.
Llewellyn, David Thomas. Elected 

student member, 184.
Lloyd, Brian Arthur. Elected student 

member, 142.
Locke, David Harold. Elected student 

member, 136.
Löhberg, Karl August. Elected member, 

i n .
Lombardi, Paolo. Elected member, 3. 
Lomer, W. M. Elected junior member, 

h i .
Long, Carleton C. Elected member, 223. 
Longden, H. A. Awarded Mond Nickel 

Fellowship (1952), 139.
Loosen, Stephen Philip. Elected member, 

40.
Lord, John Anthony. Elected student 

member, 53.
Love, Ralph Edward. Elected member, 

i n .
Lueling, Henry. Elected member, 194. 
Lumb, William. Elected student member, 

66 .
Lumsden, J .  Monograph on “  Thermo

dynamics of Alloys ” , 30, 5 1.
Lundquist, Sven Anders. Elected member, 

82.
Lunn, B. Letter to the Editor : “  De

velopment of a High-Strength Non- 
Magnetic Alloy ” , 209.

Lyth, Charles. Elected student member, 
7 3 -

McArdle, Gordon Dickinson. Elected 
member, 82.

Macdonald, A. Craig. Lecture on “  Back 
to Ductility ” , summary, 80.

Machlin, Eugene Solomon. Elected mem
ber, 223.

Macken, Philip John. Elected student 
member, 10 1.

McKinlay, Dudley Frederick Alexander. 
Elected junior member, 12.

McKinnon, Neil A . Elected member, 22.
Mackintosh, Donald. Elected member, 94.
McLellan, David Smith. Elected member,

213 .
McLennan, John Andrew. Elected student 

member, 3.
McLennan, John Ewan. Elected member, 

3 °- .
McNair, David Bruce, Jr. Elected student 

member, 40.
McNeil, William. Elected student mem

ber, 39.
McPherson, Donald James. Elected mem

ber, 207.

McQueen, Stanley Samuel. Elected mem
ber, 10 1.

McQuillan, Alan Dennis. Elected member, 
9 4 -

Maddin, R. Letter to the Editor : “  Cross- 
Slip in Aluminium and a-Brass ” , 105. 

Malcor, Henri. Elected member, 12. 
Manley, S. J . Elected member, 65.
Mann, John Yeates. Elected junior 

member, 53.
Manuel, Lloyd. Elected member, 82. 
Markowicz, Jan Henryk. Elected student 

member, 142.
Markson, Desmond. Elected junior mem

ber, 30.
Marriott, James Bruce. Elected student 

member, 40.
Marshall, Leslie. Elected member, 94. 
Martijena, Armando. Elected member,

5 2 -
Martin, Alan Howard. Elected student 

member, 31.
Martin, Edmund John. Elected junior 

member, 136.
Martin, John Cory. Elected student

member, 184.
Martinez, Giorgio. Elected member, 12 . 
Marton, Stephen. Elected junior member, 

137-
Masi, Oscar. Elected member, 74.
Masing, Georg. Awarded Platinum Medal 

(W S ). 1 4 1 ;  biographical notes, 184. 
Massalski, Tadeusz Bronislaw. Elected

student member, 2 13 .
Mathieu, Marcel. Elected member, 129. 
Matuschka, Bernhard. Elected member, 

12.
Mauderli, Bruno. Elected member, 52. 
Mavrocordatos, D. Elected student mem

ber, 53.
Mazza, Luigi. Elected member, 223. 
Meadoweroft, Roger. Elected junior

member, m .
Medh, Dinesh P. Elected student member,

1 3 7 .
Mehl, Ernst. Elected member, 22.
Mehta, M. L. Elected member, m .  
Meijers, Cornelius Johannes. Elected 

member, 207.
Melford, David Austin. Elected student 

member, 39.
Menzies, A. C. Lecture on “  Analysis of 

Metals bv Spectroscopy ” , summary,
187.

Merchant, Joseph Harry. Elected mem
ber, 82.

Meredith, Keith Edward George. Elected 
junior member, 1S3.

Merifleld, David Kingsley. Elected student 
member, 224.

Metzger, Guinn Edward. Elected member,
136.

Meyer, Harry W. Elected student mem
ber, 224.

Meyer, M. A. Letter to the E d ito r :
“  Hardness of Prim ary Substitutional 
Nickel Alloys ” , 12 1 .

Miekk-oja, Heikki Malakias. Elected 
member, 10 1.

Mikus, Emil Bill. Elected student mem
ber, 207.

Miller, David Ross. Elected student 
member, 3 1.

Miller, John Leonard. Elected member, 
184.

Mills, Brian Edward. Elected student 
member, m .

Mills, Donald. Elected student member, 66. 
Mirchandani, T. T. Elected member, 223. 
Mirza, Mohammad Razi. Elected student 

member, 3.
Mitchell, Neville Meruyan. Elected junior 

member, 3.
Modlen, Geoffrey Frank. Elected student 

member, 142.
Moelwyn-Hughes, Arthur Alun. Elected 

student member, 40.
Mooradian, Victor George. Elected mem

ber, 223.
Morgan, Donald John. Elected student 

member, 82.
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Morris, (Miss) Dorothy Evelyn. Elected 
member, 223.

Morris, Russell R. Elected junior member,

Mossoux, Roger. Elected member, 10 1. 
Monntford, Norman Dnncan Gerard.

Elected member, 10 1.
Muir, Neil Baird. Elected member, 12 . 
Mukherjee, Prabhat Charan. Elected 

junior member, 207.
Muller, Horst. Elected member, 66. 
Mullins, James Edgar. Elected member, 

1 9 4 .
Mundey, Alfred Holley. Death of, 5. 
Munir, Mobamed Zaki. Elected member, 

184.
Munnik, E. H. Death of, 104.
Murphy, A. J .  New Y ear message, 29 ; 

takes place on Council as Past-President, 
2, 5 1 ;  visit to America, 5 1.

Naden, J .  W. R. Receives M .B.E., 41. 
Naor, Pinchas. Elected student member, 

40.
Naylor, Graham Lewis. Elected student 

member, 3.
Newman, W. A. C. Receives C .B .E ., 95. 
Nicholls, Edgar. Elected member, 39. 
Nield, Bernard John. Elected student 

member, 173.
Nourse, Louis M. Elected Member, 12.

Oakley, James. Elected member, 53.
O’Connor, Kenneth. Elected member, 3.
Ohira, Goro. Elected student member,

130.
Oliphant, William Douglas. Elected 

member, 223.
Oliver, D. A. Appointed chairman of 

Metals Economy Advisory Committee, 
1 5 ;  receives C .B .E ., 229.

Olmer, Philippe. Elected member, 223.
O’Neill, H., and John Cole. Letter to the 

Editor : “  The Density of Metals and 
Dislocations ” , 45.

Orlando, Attilio. Elected member, 194.
Orlando, Giuseppe. Elected member, 3.
Orlay, John. Elected member, 129.
Osbaldiston, Ernest. Elected member, 40.
van Ouwerkerk, L. Elected member, 207.
Overton, Edwin James. Death of, 53.
Overton, Edwin Maurice. Elected mem

ber, 74.
Owe, Aage Willand. Elected member, 12.
Owen, William Edward. Elected member, 

22.

Page, Frederick Vernon. Elected member, 
194.

Parghi, Harendra Savailal. Elected mem
ber, 22.

Paris, Raymond. Elected member, 53.
Park, Alexander Gordon Paterson. Elected 

member, 22.
Parker, (Miss) E . W. Appointed to repre

sent Institute on Jo in t Library Com
mittee, 65.

Parker, Robert. Elected student member, 
142.

Parker, R. T. Biographical notes, 225 ; 
elected chairman of Oxford Local 
Section, 2 1 1 .

Parks, John Morris. Elected member, 73.
Partridge, Peter George. Elected student 

member, 136.
Paton, C. P. Capper Pass award (1952), 

2 1 4 -
Paul, Raymond Wilfred. Elected student 

member, 53.
Payne, Maurice David. Elected student 

member, 3 1.
Pearce, Gordon Leslie Randall. Elected 

student member, 224.
Pearce, Jai. Elected student member,

1 3 7 .
Pearce, Sidney Cecil. Elected member, 73.
Pearson, Eric John Barnes. Elected

member, 94.
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Hartree, Oliver P. Elected student mem
ber, 3 1 .

Haselgrove, J .  Elected member, 194.
Hassell, Edward Janies. Elected member, 

7 3 -
Hatherly, Max. Elected member, 223.
Hant, Frederick Joseph Georg. Elected 

member, 3.
Hawkins, Charles Cecil. Elected member, 

194.
Hawkins, Dennis Arthur. Elected junior 

member, 53.
Head, Alan Kenneth. Elected junior 

member, 82.
Heaton, Herbert Barrie. Elected student 

member, 142.
Hedgecock, Peter David. Elected student 

member, 224.
Henderson, T. A. Capper Pass award

(1952), 2 14 .
Henri, Maurice. Elected member, 10 1.
Henshaw, George Stanley. Elected mem

ber, 194.
Henshaw, James Norman. Elected mem

ber, 82.
Heppleston, Colin. Elected student mem

ber, 136.
Herrington, Hugh Geoffrey. Elected 

member, 40.
Hess, James Brown. Elected member, 52.
Hewett, Sidney Charles. Elected member, 

82.
Higgins, Brian Rowland. Elected member, 

52.
Higgins, Geoffrey Trevor. Elected student 

member, 66.
Higgins, Peter Beardsley. Elected mem

ber, 52.
Higgins, R. Receives O .B .E ., 95.
Higham, (Miss) Sheila Margaret. Elected 

student member, 40.
Hill, P. J .  Awarded Mond Nickel Fellow

ship ( 19 5 1 ), 46.
Hill, Roger Bryan. Elected student 

member, 184.
Hillman, Bernard Houndle. Elected mem

ber, 73.
Hines, John Grahame. Elected student 

member, 12 .
Hinton, (Sir) Christopher. M ay Lecturer

(1953). 1 17 .
Hirsh, Walter L. Elected member, 184.
Hoch, Alois. Elected member, 207.
Hodge, John Oliver. Elected member,

65.
Hodgson, Stephen Jerome. Elected mem

ber, 52.
Hodierne, Francis Arthur. Elected mem

ber, 194.
Hogan, Leonard McNamara. Elected 

member, 12.
Holden, J .  See Hooper, W. H. L.
Holder, Sydney George. Elected student 

member, 13 .
Holland, Roy Norman. Elected student 

member, 39.
Holman, Ivo. Elected member, 129.
Holmes, Wilbur G. Elected junior mem

ber, 53.
Hontoir, E . A . Capper Pass award {1952),

214.
Hooper, W. H. L., and J .  Holden. Paper : 

"  Methods of Measuring Surface Topo
graphy as Applied to Stretcher-Strain 
Markings on Metal Sheet ” , i6 r .

Hopkins, Horace L. Elected student 
member, 53.

Hopkinson, Percy. Elected member, 82.
Horn, Heinz. Elected member, 1 17 .
Horne, Campbell Clouston. Elected

student member, 40.
Horsefleld, Alee Matthew. Elected mem

ber, 30.
van der Horst, Johannes Martinus Arnold.

Elected member, 223.
Horton, F. G. Awarded Mond Nickel 

Fellowship (1952), 139.
Hothersall, Arthur Wesley. Obituary

notice, 58.
Houdremont, Eduard. Elected member,

1 3 6 -

Hough, David John. Elected student 
member, 66.

Houghton, Frank. Elected member, 12.
Howard, William James. Elected student 

member, 24.
Howd, Derrick. Elected student member, 

40.
Howlett, Brian Wilfred. Elected student 

member, 2 13 .
Hughes, Alan Gray. Elected student 

member, 40.
Huie, Alvin Leonard. Elected student 

member, 224.
Hume, Gerald James Thomas. Elected 

student member, 142.
Hume-Rothery, W. Monograph on 

“  Atomic Theory for Students of 
Metallurgy ” , 100.

Hundy, Bernard Brian. Elected member, 
3 9 -

Hutton, Gilbert Jerome. Elected student 
member, 3 1.

Hyman, Edward David. Elected member, 
2 13 .

Indulski, Jerzy. Elected member, 184. 
Inglis, N. P. Biographical notes, 5 5 ;

elected Member of Council, 50.
Inshaw, Howard Austen. Elected mem

ber, 136.

Jack, Kenneth Henderson. Beilby 
memorial award (19 5 1), 86, 13 1 .

Jacks, Stanley. Elected member, 74.
Jackson, Eric. Elected member, 94.
Jackson, Panl L. Elected junior member, 

3 9 -
James, John Melvyn. Elected student 

member, 184,
James, Percy. Elected member, i n .
James, Thomas Claude. Elected member, 

184.
Jasper, John Kenyon. Elected student 

member, 130.
Jee, Akshoy Kumar. Elected student 

member, i n .
Jeffreys, John Thomas Llewelyn. Elected 

student member, 194.
Jenkins, Ivor. Appointed to represent 

Institute on Advisory Council of City 
and Guilds of London Institute, 2 1 3 ;  
biographical notes, 56 ; elected Member 
of Council, 50.

Jennings, Peter Hardy. Elected member, 
101.

Jepson, Douglas. Obituary notice, 209.
Jestrabek, Otakar. Elected member, 7 3 -
Johansson, Klas-Erik. Elected member, 

142.
Johnson, Arthur Edward. Elected mem

ber, 74.
Johnson, Edwin Done. Elected member, 

184.
Johnson, Roy Harold. Elected student 

member, 3 1.
Johnston, Frederick. Obituary notice, 130.
Johnston, R. A. Lecture on “  Synthetic 

Resin Adhesives for Metals ” , summary,
131-

Johnston, Thomas Wilson. Elected mem
ber, 1 17 .

Jolivet, Henri. Elected member, 12 .
Jollie, Andrew. Elected member, 207.
Jones, Bernard Joseph. Elected junior 

member, 183.
Jones, D. J .  See Pitkin, W. R.
Jones, E . H. Appointed to represent 

Institute O il Mond Nickel Fellowship 
Committee, 10 0 ; biographical notes, 
55 ; elected Honorary Treasurer, 50.

Jones, Graham Benjamin. Elected junior 
member, 30.

Jones, Geoffrey Peter. Elected student 
member, 224.

Jones, (Mrs.) Joyce Eveline. Elected 
member, 184.

Jones, (Sir) Lewis. Elected member, 3.
Jones, Richard Lee. Elected student 

member, 207.
3 3 4

Jones, Thomas Ivor. Elected student 
member, 3 1 .

Jopling, John Denis. Elected student 
member, 137.

Junghans, Siegfried. Elected member, 10 1 .

Källbäck, Olle F. Elected member, 82.
Kassem, Mohammed Abd Elaziz. Elected 

member, 74.
Kauffmann, René. Elected member, 10 1.
K ay, S. Receives M .B .E ., 95.
Keefe, Joseph Marsden. Elected member, 

22.
Kegley, Tracy Mitchell, Jr . Elected 

member, 223.
Keil, Albert. Elected member, 194.
Keith, Robert Eugene. Elected student 

member, 53.
Kellert, Bernard George. Elected student 

member, 184.
van Kempen, Charles. Elected member, 

223.
Kempson, P. Awarded Mond Nickel 

Fellowship (1952), 139.
Kennedy, A. J . Letter to the E d itor: 

“  Low-Stress Torsional Creep Pro
perties of Pure Aluminium ” , 106.

Kerr, James Sinclair. Elected member, 8a.
Ketchum, J. Allan. Elected member, 223.
Keys, Lewis Henry. Elected member, 40.
Khan, Mohammed Idrees. Elected student 

member, 24.
Khand, Ghulam Mustafa. Elected mem

ber, 22.
Kiddle, Peter James. Elected student 

member, 224.
Kiessel, William Robert. Elected junior 

member, 53.
Kiessling, Roland Richard. Elected mem

ber, 52.
Kilpatrick, Norman Laverne. Elected

member, 82.
Fling, Alan John. , Elected student mem

ber, 207.
King, Errol George. Elected student

member, 184.
King, F. Lecture on : “  The Rogerstone 

Strip Mill ” , summary, 127.
King, Hubert Wylam. Elected student

member, 40.
King, Robert James. Elected student

member, 137.
Kirby, Noel Spencer. Elected member, 183.
Kirby, Patrick Charles. Elected junior 

member, 173.
Kirkup, William Brookes. Elected mem

ber, 12 .
Klein, Wesley Graham. Elected junior 

member, 136.
Knaggs, Kenneth. Elected student mem

ber, 136.
Knowles, Allan John. Elected junior 

member, 194.
Knuth-Winterfeldt, Eggert. Elected mem

ber, 223.
Köhn, Wilhelm. Elected member, 136.
König, Werner. Elected member, 94.
Korczynsky, Michael. Elected member, 

223.

Lacey, Arthur Gordon. Elected junior 
member, 53.

Lachenaud, René. Elected member, 136.
Lack, (Miss) M. See Eborall, R.
Lambilliotte, André Alphonse Joseph 

Emile. Elected member, 142.
Lancaster, John Darrell. Elected student 

member, 53.
Landis, Maurice N. Elected member, 82.
Lang, (Miss) Frances S. Elected member, 

7 3 -
Langford, Kenneth Ernest. Elected mem

ber, 94.
Latimer, Keith Graham. Elected student 

member, 24.
Lawler, Wilbert J .  Elected member, 40.
Layton, Frank. Elected member, 1 17 .
Leach, Anthony. Elected junior member,

136.



Leach, James Stuart Llewelyn. Elected 
member, 40.

. LeClaire, Alan Delamare. Elected mem
ber, i n .

Lee, James Arthur. Elected student 
member, 40.

Lenhart, Robert Eugene. Elected junior 
member, 2 13 .

Leroy, André Georges Paul. Elected 
member, 12.

Levy, Frank M, Elected member, 136.
Lewis, Francis George. Elected member, 

1 17-
Lewis, George Leonard. Elected member, 

3 -
• Liddiard, E. A. G. Biographical notes, 4 ; 

elected chairman of London Local 
Section, 4.

Lindblom, Yngve. Elected member, 82.
Lindsay, Robert Ian. Elected member,

129.
Lines, Anthony Hillesden. Elected student 

member, 40.
Lines, John Patrick Clive. Elected student 

member, 74.
Lippert, Thomas W. Elected member, 223.
Lithgow, (Sir) James. Death of, 66.
Littlewood, Frederick Richard. Elected 

member, 3.
Liu, Tien-Shih. Elected student member, 

13-
Livey, David Thomas. Elected student 

member, 137.
Llewellyn, David Thomas. Elected 

student member, 184.
Lloyd, Brian Arthur. Elected student 

member, 142.
Locke, David Harold. Elected student 

member, 136.
Löhberg, Karl August. Elected member, 

i n .
Lombardi, Paolo. Elected member, 3.
Lomer, W. M. Elected junior member, 

i n .
Long, Carleton C. Elected member, 223.
Longden, H. A. Awarded Mond Nickel 

Fellowship (1952), 139.
Loosen, Stephen Philip. Elected member, 

40.
Lord, John Anthony. Elected student 

member, 53.
Love, Ralph Edward. Elected member, 

i n .
Lueling, Henry. Elected member, 194.
Lumb, William. Elected student member, 

66 .
Lumsden, J .  Monograph on “  Thermo

dynamics of Alloys ” , 30, 5 1.
Lundquist, Sven Anders. Elected member, 

82.
Lunn, B. Letter to the Editor : “  De

velopment of a High-Strength Non- 
Magnetic Alloy ” , 209.

Lyth, Charles. Elected student member,
7 3 -

BIcArdle, Gordon Dickinson. Elected 
member, 82.

Macdonald, A . Craig. Lecture on “  Back 
to Ductility ” , summary, 80.

Maehlin, Eugene Solomon. Elected mem
ber, 223.

Macken, Philip John. Elected student 
member, 10 1.

McKinlay, Dudley Frederick Alexander. 
Elected junior member, 12 .

McKinnon, Neil A . Elected member, 22.
Mackintosh, Donald. Elected member, 94.
McLellan, David Smith. Elected member,

213 .
McLennan, John Andrew. Elected student 

member, 3.
McLennan, John Ewan. Elected member, 

30.
McNair, David Bruce, J r .  Elected student 

member, 40.
McNeil, William. Elected student mem

ber, 39.
McPherson, Donald Jam es. Elected mem

ber, 207.

McQueen, Stanley Samuel. Elected mem
ber, 10 1.

McQuillan, Alan Dennis. Elected member, 
94.

Maddin, R. Letter to the Editor : “  Cross- 
Slip in Aluminium and a-Brass ” , 105. 

Malcor, Henri. Elected member, 12. 
Manley, S. J .  Elected member, 65.
Mann, John Yeates. Elected junior 

member, 53.
Mannel, Lloyd. Elected member, 82. 
Markowicz, Jan Henryk. Elected student 

member, 142.
Markson, Desmond. Elected junior mem

ber, 30.
Marriott, James Bruce. Elected student 

member, 40.
Marshall, Leslie. Elected member, 94, 
Martijena, Armando. Elected member, 

52.
Martin, Alan Howard. Elected student 

member, 3 1 . .
Martin, Edmund John. Elected junior 

member, 136.
Martin, John Cory. Elected student 

member, 184.
Martinez, Giorgio. Elected member, 12. 
Marton, Stephen. Elected junior member,

137 .
Masi, Oscar. Elected member, 74.
Masing, Georg. Awarded Platinum Medal 

(I 953), 1 4 1 ;  biographical notes, 184. 
Massalski, Tadeusz Bronislaw. Elected 

student member, 2 13 .
Mathieu, Marcel. Elected member, 129. 
Matuschka, Bernhard. Elected member, 

12.
Mauderli, Bruno. Elected member, 52. 
Mavrocordatos, D. Elected student mem

ber, 53.
Mazza, Luigi. Elected member, 223. 
Meadoweroft, Roger. Elected junior 

member, m .
Medh, Dinesh P. Elected student member,

13 7 .
Mehl, Ernst. Elected member, 22.
Mehta, M. L. Elected member, i n .  
Meijers, Cornelius Johannes. Elected 

member, 207.
Melford, David Austin. Elected student 

member, 39.
Menzies, A. C. Lecture on “  Analysis of 

Metals b y Spectroscopy ” , summary, 
187.

Merchant, Joseph Harry. Elected mem
ber, 82.

Meredith, Keith Edward George. Elected 
junior member, 183.

Merifield, David Kingsley. Elected student 
member, 224.

Metzger, Guinn Edward. Elected member,
136.

Meyer, Harry W. Elected student mem
ber, 224.

Meyer, M. A. Letter to the E d ito r :
“  Hardness of Prim ary Substitutional 
Nickel Alloys ” , 12 1.

Miekk-oja, Heikki Malakias. Elected 
member, 10 1.

Mikus, Emil Bill. Elected student mem
ber, 207.

Miller, David Ross. Elected student 
member, 3 1.

Miller, John Leonard. Elected member, 
184.

Mills, Brian Edward. Elected student 
member, i n .

Mills, Donald. Elected student member, 66. 
Mirchandani, T. T. Elected member, 223. 
Mirza, Mohammad Razi. Elected student 

member, 3.
Mitchell, Neville Meruyan. Elected junior 

member, 3.
Modlen, Geoffrey Frank. Elected student 

member, 142.
Moelwyn-Hughes, Arthur Alun. Elected 

student member, 40.
Mooradian, Victor George. Elected mem

ber, 223.
Morgan, Donald John. Elected student 

member, 82.
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Morris, (Miss) Dorothy Evelyn. Elected 
member, 223.

Morris, Russell R. Elected junior member,

Mossoux, Roger. Elected member, 10 1.
Mounttord, Norman Dnncan Gerard. 

Elected member, i o i .
Muir, Neil Baird. Elected member, 12 .
Mukherjee, Prabhat Charan. Elected 

junior member, 207.
Muller, Horst. Elected member, 66.
Mullins, James Edgar. Elected member, 

194.
Mundey, Alfred Holley. Death of, 5.
Munir, Mohamed Zaki. Elected member,

184.
Munnik, E . H. Death of, 104.
Murphy, A . J .  New Y ear message, 29; 

takes place on Council as Past-President, 
2, 5 1 ;  visit to America, 5 1.

Naden, J .  W. R. Receives M .B.E ., 4 1. 
Naor, Pinchas. Elected student member, 

40.
Naylor, Graham Lewis. Elected student 

member, 3.
Newman, W. A. C. Receives C .B .E ., 95. 
Nicholls, Edgar. Elected member, 39. 
Nield, Bernard John. Elected student 

member, 173.
Nourse, Louis M. Elected Member, 12.

Oakley, James. Elected member, 53.
O’Connor, Kenneth. Elected member, 3.
Ohira, Goro. Elected student member,

130.
Oliphant, William Douglas. Elected 

member, 223.
Oliver, D. A. Appointed chairman of 

Metals Economy Advisory Committee, 
1 5 ;  receives C .B .E ., 229.

Olmer, Philippe. Elected member, 223.
O’Neill, H., and John Cole. Letter to the 

Editor : “  The Density of Metals and 
Dislocations ” , 45.

Orlando, Attilio. Elected member, 194.
Orlando, Giuseppe. Elected member, 3.
Orlay, John. Elected member, 129.
Osbaldiston, Ernest. Elected member, 40.
van Ouwerkerk, L. Elected member, 207.
Overton, Edwin James. Death of, 53,
Overton, Edwin Maurice. Elected mem

ber, 74.
Owe, Aage Willand. Elected member, 12 .
Owen, William Edward. Elected member, 

22.

Page, Frederick Vernon. Elected member, 
194.

Parghi, Harendra Savailal. Elected mem
ber, 22.

Paris, Raymond. Elected member, 53.
Park, Alexander Gordon Paterson. Elected 

member, 22.
Parker, (Miss) E . W. Appointed to repre

sent Institute 011 Jo in t Library Com
mittee, 65.

Parker, Robert. Elected student member, 
142.

Parker, R. T. Biographical notes, 225 ; 
elected chairman of Oxford Local 
Section, 2 3 i .

Parks, John Morris. Elected member, 73.
Partridge, Peter George. Elected student 

member, 136.
Paton, C. P. Capper Pass award (1952),

214.
Paul, Raymond Wilfred. Elected student 

member, 53.
Payne, Maurice David. Elected student 

member, 3 1 .
Pearce, Gordon Leslie Randall. Elected 

student member, 224.
Pearce, Jai. Elected student member,

1 3 7 .
Pearce, Sidney Cecil. Elected member, 73.
Pearson, Erie John Barnes. Elected 

member, 94.
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Peplow, Douglas Boraston. Elected 
member, 3.

Perrycoste, Wykeham Bernard Cuthbert.
Elected member, 94.

Petch, Norman James. Elected member, 
94.

Pieil, L. B. Appointed to represent 
Institute 011 Jo in t L ibrary Committee, 
65.

Pfoutz, Daniel R . Elected member, 129.
Phillips, Charles William. Elected mem

ber, i n .
Phillips, Derek John. Elected student 

member, 184.
Phillips, H. W. L. Appointed to represent 

Institute on Em pire Council of Mining 
and Metallurgical Institutions, 13 7 ; 
appointed to represent Institute 011 
National Committee for Crystallography, 
3 0 .

Phillips, James Milner. Elected member, 
101.

Phillips, V. A. See Eborall, R,
Pickup, Geoffrey Arthur. Elected student 

member, i n .
Pienaar, Noel Pieter. Elected member, 22.
Piercy, George Robert. Elected student 

member, 194.
Pietsch, Erich. Elected member, 173.
Pilling, John Robert Hakin. Elected 

member, 223.
Pinheiro, Vitor Pinto. Elected member,

184.
Pinkerton, A. Obituary notice, 186.
Pinney, Victor. Elected student member, 

142.
Piontelli, Roberto. Elected member, 40.
Pitkin, W. R., and D. J. Jones. Paper : 

“  Powder Metallurgy in Metallurgical 
Research ” , 157.

Pitts, Gordon Roy. Elected junior mem
ber, 12 .

Plackett, John Ronald. Elected student 
member, 3.

Plantema, Frederik J .  Elected member, 12.
Platt, Geoffrey Frank. Elected member,

1 17 .
Poeock, Geoffrey Kenneth. Elected student 

member, 66.
Polakowski, Natalis Horaey. Elected mem

ber, 173.
Polmear, Ian James. Elected junior 

member, 73.
Popoff, Anatole. Elected member, i n .
Poti, S. Ram Chandra. Elected member,

53-
Potter, Vernon Carl. Elected student 

member, 40.
Potts, Horace Parsons. Elected member,

73-
Powell, Eric. Elected member, 223.
Powell, Richard. Elected student member, 

31-
Power, (Miss) Ellen. Elected member,-73.
Prasad, Rajendra. Elected member, 3.
Preisler, Joseph John. Elected member, 

223.
Preston, J .  Awarded Mond Nickel Fellow

ship (1951), 25.
Price, Bartlett R. Elected member, 12.
Price, Peter Everett. Elected student 

member, 224.
Price, William Oswald Weeks. Elected 

member, 74.
Prior, Philip Robert. Elected member, 53.
Pryor, Horace. Elected member, 3.
Pucknell, David John. Elected student 

member, 137.

Quarrell, A . G. Introduction to sym 
posium on “  New Techniques of Metal
lurgical Research ” , 145.

Rachinger, William Albert. Elected 
junior member, 3 9 ; letter to the 
Editor : "  Deformation Sub-Structures 
in Aluminium ” , 125.

Raian, Coimbatore Subramanyam. Elected 
member, 10 1 .

Ramsay, A. G. Biographical notes, 5 6 ; 
elected Member of Council, 50.

Rang, Edmund Jule. Elected member, 22.
Ransley, C. E . Awarded Rosenhain 

Medal (1953), 1 4 1 ;  biographical notes, 
102, 185 ; elected chairman of London 
Local Section, 86; lecture 011 : “  Useful 
Techniques in Metallurgical Research ” , 
summary, 138.

Rawson, S. W. Receives knighthood, 229.
Raynor, G. V. Biographical notes, 17 4 ; 

elected Vice-President, 12 9 ; lecture on 
11 Approach to the Theory of Ternary 
Alloys ” , summary, 143.

Rayson, Harry William. Elected student 
member, 40.

Rebbeck, (Six) Frederick. Receives K .B .E ., 
229.

van Reenen, J .  C. Elected member, 207.
Rees, George Philip. Elected junior 

member, 130.
Reeve, Reginald William. Elected mem

ber, 207.
Renouard, Martial. Elected member, i o i .
Reynolds, Eric Austyn. Elected member,

53-
Reynolds, Jack. Elected student member,

130.
Rice, John Leslie. Elected member, 1 1 1 .
Richards, Arthur. Elected member, 1 17 .
Richards, T. LI., and D. E . Yeomans.

Letter to the E d ito r : “  Low-Stress
Torsional Creep Properties of Pure 
Aluminium " ,  106.

Richardson, Henry Taylor. Elected mem
ber, 184.

Ridge, Charles William. Elected member, 
12 .

Riley, Hilary Francis. Elected member,
2 13 .

Riley, Percy. Elected member, S2.
Rivoira, Luigi. Elected member, 129.
Roberts, E . A. O’Donnell. Elected mem

ber, 10 1 .
Roberts, Peter Rowe. Elected student 

member, 136.
Robertson, J .  M. Lecture on “  Metals for 

Gas Turbines ” , summary, 32.
Robins, Dudley A. Elected member, 1 17 .
Robinson, Eric Arthur. Elected member, 

3-
Robinson, William Sydney. Awarded 

Platinum Medal (1952), 50, 13 6 ;
biographical notes, 74.

Rodham, Eric James. Elected member,
74-

Rogers, Bruce Allison. Elected member,
136.

Rogers, George Harry. Obituary notice, 
41-

Rolfe, R. T. Lecture on “  Bearings and 
Bearing Alloys ” , summary, 60 : receives
O .B .E., 4 1.

Rolls, Roger. Elected student member, 3.
Rose, (Sir) Thomas Kirke. Death of, 214 .
Rosenbaeh, Otto Philipp, Elected member, 

74.
Ross, Eric. Elected student member, 82.
Ross, Robert Ballantyne. Elected member, 

10 1 .
Rourke, John Warren. Elected student 

member, 74.
Rowles, David Victor. Elected member, 

66 .
Ruddle, R. W. Lecture on “  The Solidifica

tion of Castings ” , summary, 46.
Rushton, Ronald. Elected student mem

ber, 40.
Rushworth, David. Elected member, 3.

Sabato, Jorge Alberto. Elected junior 
member, 30.

Sagisman, Muzaffer. Elected member, 
207.

Salah El-Din Nessim, Ahmad. Elected 
member, 3.

Salkield, John Alan. Elected student 
member, 184.

Salkovitz, Edward Isaac. Elected member, 
223.

23  6

Salmon, Guy. Elected member, h i .
Sample, Ralph M. Elected member, 66.
Sandberg, Alexander Christer Edward. 

Elected member, 3.
Sandstrom, Karl Erie Viktor. Elected 

member, 12.
Sargeant, Colin Wilfred. Elected member, 

3-
Saulnier, Adrien. Elected member, 183.
Savas, John. Elected junior member, 184.
Schapiro, Leo. Elected member, 22.
Scheuer, E . Lecture on “  Casting of 

Billets ” , summary, 60.
Schindler, Albert Isadore. Elected mem

ber, 223.
Schwarzkopf, Walter M. Elected student 

member, 94.
Schwichtenberg, Carl Friedrich Hermann. 

Elected member, 94.
Sehwope, Arthur Donald. Elected mem

ber, 207.
Scortecci, Massimo. Elected member, 3.
Scott, David Bernard. Elected member, 

94.
Scott, J .  Walter. Elected member, 1 17 .
Sendorek, Andrew. Elected member, 22.
Servi, Italo Solomon. Elected member, 30.
Seybolt, Alan Upson. Elected member, 2 13 .
Sharma, Harish Chandra. Elected student 

member, 3 1 .
Sharp, B. Elected member, i o i .
Sharp, John David. Elected student 

member, 137.
Shaw, B. A. Elected student member, 130.
Sheikh, Abdul Majid. Elected student 

member, 1 12 .
Sheppard, John Alan. Elected member, 

184.
Sherwood, Charles Noel. Elected member, 

13-
Shyne, John Cornelius. Elected junior 

member, 223.
Sillitoe, John Frederick. Elected student 

member, 136.
Silman, Harold. Elected member, 194.
Simons, Arthur John. Elected member,

183.
Sinnott, Maurice J .  Elected member, i n .
Skinner, Colin. Elected junior member, 

142.
Skinner, John. Elected student member,

184.
Slagle, George M. Elected member, 94.
Smale, John Harold Walter. Elected 

student member, 39.
Smart, John Bell. Elected student mem

ber, 53.
Smith, Anthony Aston. Elected student 

member, i n .
Smith, Christopher. Appointed to repre

sent Institute on Capper Pass Awards 
Committee, 10 0 ; lecture on “ E x tru 
sion ” , summary, 127.

Smith, Edward. Elected member, 94.
Smith, Edward William. Elected member, 

194-
Smith, Frederick George. Elected student 

member, 53.
Smith, John Edward Martin. Elected 

student member, 173 .
Smith, Michael Duncan. Elected student 

member, 142.
Smith, Oliver Douglas. Elected member,

74-
Smith, Reginald. Elected student mem

ber, 74.
Smith, Robert, Elected student member, 

142.
Smith, William Barrigan. Elected student 

member, 53.
Smithells, C. J .  Appointed to represent 

Institute on Parliam entary and Scientific 
Committee, 1 3 7 ;  biographical notes, 
54 ; chairman of committee on organiza
tion of general meetings, 9 ; elected 
President (1952-53), 5 0 ; New Year 
message, 13 3  ; takes place on Council as 
Past-President, loo.

Smout, (Sir) Arthur. Biographical notes, 
20 5 ; elected a Fellow of the Institute,
205.
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Snedden, George Thomas. Elected mem
ber, 3.

Snyder, Clermont J. Elected member, 39.
Soliman, Sanaa Mohammed. Elected 

member, 194.
Somville, Charles Augustin. Elected 

member, 183.
Sparkes, Edward John. Elected member,

Spence, Leonard Rolls Bowness. Elected 
member, 183.

Spencer, (Sir) Thomas. Elected member, 
94.

Sperring, Elbert D . Elected member, 22.
Spirytus, Jacques. Elected member, i n .
Spooner, Edwin George. Elected member, 

22.
Spriggs, Geoffrey Edwin. Elected student 

member, 3 1.
Spring, K. M. Biographical notes, 10 2 ; 

elected chairman of South Wales Local 
Section, 86.

Stacey, R. D. Awarded Students’ Essay 
prize (1953), 18 1 ; elected student
member, 40.

Stacker, Richard John. Elected student 
member, 7 4 -

Stagni, Otello G. Elected member, i n .
Stap, M. Elected member, 207.
Staples, Ronald Thomas. Elected member, 

12 .
Staudinger, J. J. P. May lecturer (1952), 

37.
Stephenson, Joseph. Elected member, 

i n .
Steven, Gary. Elected member, 136.
Stevens, John Hugh. Elected member,

183.
Stiles, Denis. Elected student member, 24.
Stiles, J .  Barrington. Elected member, 30.
Stobo, James Jack. Elected student 

member, 207.
Stocks, W illiam Blair. Elected member, 

82.
Stokes, Robert James. Elected student 

member, 194.
Stolarczyk, Janusz Eugeniusz. Elected 

student member, 142.
Stordy, John James. Elected member, 

101.
Stubbs, John. Elected student member, 

66 .
Stubbs, R . L. Receives O .B .E ., 95.
Sullivan, John Wadsworth William.

Elected member, 22.
Sully, A. H . Lecture on “  Chromium and 

Chromium-Rich Alloys " ,  sum mary, 80.
Sutton, Henry. Elected member, 223.
Sutton, Hubert. Biographical notes, 5 7 ; 

elected Member of Council, 50 ; receives
C .B .E ., 95.

Swank, Raynard Coe. Elected member,
1 17 .

Sweeney, Thomas. Elected member, 94.
Swift, H. W. Autumn lecturer {1952), 65, 

89 ; biographical notes, 10 1.
Symonds, H. H. Biographical notes, 103 ; 

elected chairman of Birmingham Local 
Section, 85.

Szopiak, Zygmunt Czeslaw. Elected 
student member, 142.

Taberner, James Norman. Elected student 
member, 142.

Tabor, D . Appointed to represent Insti
tute on British Standards Institution 
panel, 2 13 .

Tagliaferri, Leone. Elected member, 13. 
Tahir, Samir. Elected member, 66.
Talini, Renzo. Elected member, 3.
Tallis, Charles Edward. Elected member, 

194.
Tangri, Krishan K. Elected student 

member, 184.
Tarring, Leslie Herbert. Elected member, 

66.
Tate, Reginald. Elected student member,

137.
Taylor, Alan Wright. Elected member,

213-

Taylor, E. W. Letter to the E d ito r :
“  The Resolution of the Metallurgical 
Microscope ” , 7 7 -

Taylor, George Oswald. Elected member, 
3 0 -

Taylor, Howard Floyd. Elected member,
2 13 .

Taylor, Ian. Elected student member, 12.
Taylor, John Llewelyn. Elected student 

member, 137.
Taylor, T. A. Lecture on “  The Problem 

of Materials for High-Temperature Gas 
Turbines ” , summary, 33.

Taylor, Thomas A. Elected member, 94.
Teed, P. Litherland. Appointed to repre

sent Institute on British Standards 
Institution Committee, 2 1 3 ;  biographi
cal notes, 5 7 ; elected Member of 
Council, 50 ; lecture on “  Some Metal
lurgical Problems Imposed by Strato
spheric Flight ” , summary, 80.

Temple, S. G. Capper Pass award (1952),
214.

Tenland, Waldemar. Elected member, 13.
Tennant, Julian William F. Elected 

member, 94.
Terry, William Joseph. Elected member, 

136.
Thacker, M. S. Elected member, 22.
Thatcher, Herbert Edward. Elected mem

ber, 82.
Thewlis, J. Lecture on “  Neutron Diffrac

tion ” , summary, 60.
Tbickett, Gordon Allan. Elected student 

member, 40.
Thomas, D. R. 0 . Appointed chairman 

of Jo in t Committee on Metallurgical 
Education, 6.

Thomas, G. Awarded Students’ Essay 
prize ( 1953). l S l -

Thomas, Raymond William. Elected 
student member, 142.

Thomas, W. J. Appointed to represent 
Institute on Capper Pass Awards 
Committee, 10 0 ; biographical notes, 
58 ; elected Member of Council, 5°-

Thomas, Wilbert Roy. Elected student 
member, 13.

Thomd, Paul. Elected member, 1 1 1 .
Thompson, F. C. Biographical notes, 173  1 

elected President (1953- 5 4 ), I 2 91
elected Senior Vice-President (1952—53), 
2, 5 0 ; letter to the E d ito r : “  The
Training and Status of Metallurgists ” , 
79.

Thompson, George Arthur. Elected mem
ber, 40.

Thompson, Stewart Philip. Elected
student member, 142.

Thomson, Robert F. Elected member,

Thornewell, Gordon Leonard. Elected
student member, 207.

Thornton, Ben. Elected member, i n .
Thurgate, John Campbell. Elected

student member, 10 1.
Tiplady, Geoffrey Rowland. Elected

student member, 136.
Tobin, John. Elected junior member, 53.
Todd, Anthony Grieve. Elected student 

member, 10 1.
Tonolli, Luigi. Elected member, 40.
Tottle, L. G. Paper : “  Use of Diamond

Dust for Metallographic Polishing" , 
146.

Tracey, Lewis Johnson. Elected member,
194.

Tuck, Charles William. Elected student 
member, 39.

Tui, Alfred Mengynn. Elected member, 
40.

Turner, Brian Foster. Elected student 
member, 40.

Turner, T. H. Lecture on “  Metallurgy 
and Transport ” , summary, 61.

Uglow, Alan George. Elected student 
member, 3 1 .

Ulveling, Ralph Adrian. Elected member,
129.
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de la Vallée-Poussin, Raoul. Elected
member, 183.

Vanick, James Sebold. Elected member, 
13-

Vargas, Fernando Gonzalez. Elected
member, 12.

Vaughan, Thomas Bernard. Elected 
junior member, 12.

Vazquez Lopez, Jerónimo. Elected mem
ber, 183.

Verehiani, Augusto. Elected member, 
183.

Vernon, Peter Norman. Elected student 
member, 224.

Vianello, Mario. Elected member, 130.
Vickers, Walter. Elected student member, 

136.

Waddell, Thomas. Elected member, 136.
Waddington, Peter Hatten Crouch.

Elected junior member, 183.
W aight, John Francis. Awarded W. H. A. 

Robertson medal (1952), 18 1 ; bio
graphical notes, 185.

W akelin, R. J. Letter to the Editor :
“  Picturesque ‘ Whisker ' Growth on 
Copper ” , 186.

Wakeling, A. E. Lecture on “  Manganese 
Bronze ” , summary, 80.

Walker, Eric Arthur. Elected student 
member, 73.

Walker, Frank. Death of, 2 5 -
Walker - Moreeroft, Anthony. Elected 

student member, 39.
Walkiden, George William. Elected junior 

member, i n .
Wallace, Elmer. Elected member, 82.
W allett, John Keith. Elected student 

member, 40.
Wallwork, Robert. Elected member, 223.
Walton, Ronald Keith. Elected student 

member, 66.
W ang, Yen-Ngen. Elected student mem

ber, 82.
Ward, Peter. Elected member, 73.
Ward, Robert George. Elected student 

member, 3 1 .
Warland, Eugène. Elected member, 142.
Warren, Gordon Frederick. Elected mem

ber, 30.
Watkinson, Frank. Elected student 

member, 136.
W atson, Neville John. Elected member, 

39-
W att, W illiam Thomson. Elected mem

ber, 130.
Waugh, David W. Elected member, 94.
W augh, John. Elected member, 94.
Weaver, C. W. Paper : “  Specification

Creep Testing of Nimonic Gas-Turbine 
Alloys ” , 168.

Weaver, Ronald James. Elected member, 
39-

Webb, Alfred Leonard Cordner. Elected 
member, 39.

Weertman, Johannes. Elected member,
223.

Weibull, Ivar Richard Walfrid. Elected 
member, 66.

Weldon, Brian Arthur. Elected member,
184.

Weldon, James W. Elected member, 142.
Werdenberg, Wilhelm. Elected member, 

22.
Werner, Fred Eugene, Jr. Elected student 

member, 2 13 .
Werner, Robert I. Elected junior member,

7 4 . . .
Werner, Richard L. Elected junior 

member, 74.
Wernick, S. Letter to the Editor : 

“  Electrolytic Polishing and Bright 
Plating of Metals ” , 85.

W esson / Harry Chamberlain. Elected 
member, 94.

West, E. G. Appointed to represent the 
Institution of Metallurgists at Council 
meetings of the Institute of Metals, 1 1 7 -

W est, John Michael. Elected student 
member, 1 3 7 -
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Westbrook, Jack Hall. Elected member, 
213 -

Westrope, Alan Richard. Elected student 
member, 142.

Westwood, Joseph Frank. Elected mem
ber, 40.

Wever, Franz. Elected member, 94.
Wheaton, George William. Elected mem

ber, 194.
Whinfrey, Charles George. Elected mem

ber, 207.
White, Charles M. Elected member, 13 .
White, P. E. Awarded Mond Nickel 

Fellowship (19 5 1), 25.
Whittaker, Gordon. Elected student

member, 3 1 .
Whittaker, Victor Nuttall. Elected student 

member, 66.
Whittingham, G. Beilby memorial award 

(1950), 18.
Widdowson, James George. Elected

member, 194.
Wijkander, Evert. Elected member, 40.
Wildgoose, Paul. Elected student mem

ber, 3 1.
Wilkinson, Henry. Elected junior mem

ber, 22.
Willey, Lowell Aldro. Elected member, 

101.
Williams, Alan James. Elected student 

member, 194.
Williams. Arthur Wynn. Elected member, 

82.
Williaips, Cecil Hamlyn. Elected member, 

9 4 -
Williams, Ernest Charles. Elected mem

ber, 82.
Williams, (Miss) Joan. Elected student 

member, 194.
Williams, Keith Juxon. Elected student 

member, 194.

Williamson, George Kingsley. Elected 
student member, 3 1  ; paper : “  Use of 
Geiger Counters in X-Ray-Diffraction 
Studies 152.

Williamson, John Brian Peter. Elected 
student member, 94.

Willis, Peter Birkett Ashley. Elected 
junior member, 223.

Willners, Sven Harry. Elected member,
13.

Wilman, Harry. Elected member, 183.
Wilson, Graham Rudge. Elected member,

183.
Wilson, William, Jr. Elected member, 30.
Winning, Herbert. Elected member, 183.
Winsor, Reginald. Elected member, 136.
Wojtyczka, Anthony. Elected student 

member, 223.
Wolf, Isaac Michael. Elected member,

130.
Wolverson, Thomas. Elected student 

member, 82.
Wong, Joshua Kin Hei. Elected member, 

3 9 -
Wood, Derek Statham. Elected student 

member, 24.
Wood, Geoffrey Clifford. Elected student 

member, 10 1.
Wood, Harold Carrington. Elected mem

ber, 3.
Wood, William Arnold. Beilby memorial 

award (19 5x), 86, 13 1  ; letter to the 
Editor : “  Dislocation Theories ” , 198.

Woodward, Ronald Ashley. Elected 
member, 53.

Wragg, Vernon. Elected junior member, 
137-

Wright, (Miss) Eleanor V. Elected member, 
22.

Wright, Frank. Elected student member,
224.

Wright, Gordon Cunliffe. Elected student 
member, 137.

Wright, John C. Awarded students’ 
essay prize (1953), 99 ; e ssa y : “  Metallo- 
graphic Investigation of Failed High- 
Temperature Components” , 1 12 .

Wright, Mark. Elected student member,
136-

Wright, Peter William. Elected student 
member, 74.

Wright, Robert Wilfred Ashby. Elected 
student member. 40.

Wulff, John. Elected member, 223.
Wylie, Bryan H. Elected student member, 

40.

Yates, Harry. Elected member, 3.
Yates, Leonard James. Elected member,

183.
Yeomans, D. F. See  Richards, T . LI. 
Yorke, Terence. Elected student member, 

82.
Young, John Joseph. Elected member,

184.
Young, Melvin Henry. Elected member,

207.
Young, Richard Dilworth. Elected mem

ber, 94.
Youngkrantz, Howard R. Elected mem

ber, 194.
Yum, Yung Ha. Elected member, 223.

Zein, F. N. Elected junior member, 82. 
Zmeskal, Otto. Elected member, 223. 
Zullig, Alfons Jakob. Elected member, 

2 13 .
Zurek, Em il. Elected member, 2 13 .
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SUBJECT INDEX
Abstracting of metallurgical literature, 

joint scheme, 73.
“ Acta Metallurgica ” :

Institute of Metals representation, n o ,
137-

scheme for publication, n o . 
subscription rate, 207.

Adhesives for metals, summary of lecture, 
1 3 1 -

Alloys, constitution, B .I .S .R .A . research 
programme, 190.

Aluminium :
cross-slip, letter, 105. 
crystals, growth, letter, 225. 
deformation sub-structures, letter, 125. 
low-stress torsional creep properties, 

letters, 76, 106, 123.
American Society for Testing Materials :

H. W. Gillett memorial lecture, 19, 47. 
symposium on metal powders and 

powder products {1952), 26.
X-ray powder diffraction index, errors,

1 9 1 -
American Society o£ Mechanical Engineers,

discussion on heat transfer (19 51), 32. 
Analytical chemistry, international con

gress (1952), iS .
Applied physics, post-graduate lectures, 15. 
A.S.L.I.B., information service, 62. 
Associazione Italians di Metallurgia, activi

ties, 10S.
Atomic energy, metallurgical problems, 

summary of lecture, 33.
Atomic theory for students of metallurgy, 

monograph, 100.
Australian Institute of Metals : 

activities, 86, 179 . 
officers {1952—53), 96. 
symposium on wire drawing (1953), 2 15 . 

Autumn Lecture :
1952 (H. W. Swift), 65, 89, 10 1 .
1 9 5 3  (Maurice Cook), 1 8 1 .

Beilby memorial awards :
conditions, 1 3 1 .
recipients: (1950), 18 ;  (19 5x), 86, 1 3 1 ;

(1952), 2X2.
Birmingham Local Section :

activities, 25, 138.
chairman's address (1950) : “  The

Training and Status of Metallurgists ” , 
42, 92.

officers and committee {1952-53), 85 ;
(19 5 3 - 5 4 ), 2 1 1 .  

symposia : “  Making the Best of
M etals”  (1953), 1 3 8 ;  “ New Tech
niques o f Metallurgical Research ”
(1952), 25, 14 5 -17 2 .

Birmingham Metallurgical Society, officers
(19 5 3 - 5 4 ), 229.

Birmingham University, conference on 
“  Deep Drawing of Metals ”  and 
“  Continuous Casting of Ingots ”
(1 9 5 3 ), 1 4 4 - 

Brasses :
a-, cross-slip, letter, 105.
(3-, crystallization, letter, 210. 
intercrystalline cracking, letter, 120. 

Brassfoundry Productivity Team, report, 
18.

Bristol University, summer school and 
conference on theory of plastic 
deformation (1953), 19 1 .

British Iron and Steel Research Associa
tion :

conference on “  Heat-Treatment Prac
tice ”  (1953), 202. 

form for reporting failure of buried 
pipes, 18, 87. 

research on constitution of alloys, 190. 
symposium on “  Corrosion of Buried 

Metals ”  (1951), 14. 
zinc-rich paints, statement on, 70.

British Non-Ferrous Metals Federation,
officers (19 5 1-52), 8.

British Standards Institution, Institute 
representation on committees, 2 13 . 

British Welding Research Association, 
summer schools on welding : design 
and engineering (1952), 46 ; fabrica
tion and production (1953), 19 1.

“  Bulletin ” , binding, n o .

Cambridge University :
post-graduate course in theory of 

structures and strength of materials,
8 .

summer school on the use of electrons 
in the examination of metals (1953), 
206.

Capper Pass awards :
conditions, 14, 86, 100, 141, 214. 
Institute representation on committee, 

100.
recipients (1952), 214.

Casting of ingots :
continuous, Birmingham conference 

(t953), 144- 
lecture, summary, 60.

Castings, solidification, summary of lec
tures, 46, 95-

Chemical Plant Exhibition, Institute of 
Metals visit (1953), 206.

Chemical Society, research fund, 15.
Chemistry, international congresses, 6, 13 1.
Chromium and chromium-rich alloys, 

summary of lecture, 80.
City and Guilds of London Institute, 

Institute representation on Council, 
213.

Cold working of non-ferrous metals and 
alloys, monograph, 95.

Committees of the Institute : 
chairmen (1953- 54), 1 8 1 . 
constitution (1952-53), 93 i (1953—54),

208.
Copper :

stress-cracking by mercury, letter, 177 . 
whisker growth, letter, 186.

Corrosion of buried metals : 
form for reporting failure of pipes, 18, 

87.
symposium (1951), 14.

Corrosion prevention : 
by deposits of non-ferrous metals, 

summary of lecture, 68. 
use of zinc-rich paints, 70.

Council of the Institute : 
constitution (1952- 53), 8 3 ; (i953~54), 

196.
elections (1952- 53), 50 ; (1953-54),

129 .
honorary corresponding members, 84, 

197-
nominations (1952- 53), 2 ; (r953-54), 

100 .
representation : of the Admiralty, 30 ; 

of the Institution of Metallurgists,
1 4 7 -

Creep properties of metals at elevated 
temperatures, Government research 
programme, 6.

Creep-testing machines, paper, 168.
Cross-slip in aluminium and cc-brass, letter, 

105.
Crystal physics, lectures, 16.
Crystallography :

Institute representation on National 
Committee, 30.

X-ray, international tables, 118.
Crystals :

dislocations : relation to density, letter, 
45 ; summary of lecture, 179  ; 
theories, letter, 198 . 

grain boundaries : informal discussion 
(Oxford, 1952), 971 lecture, 95.

239

Deep drawing of metals, Birmingham 
conference (1953), 144.

Density, as affected by dislocations, letter, 
4 5 -

Deutsche Gesellschaft für Metallkunde,
Nürnberg meeting on hot working 
(4 9 5 3 ), 2 12 .

Diamond dust, for metallographic polishing, 
paper, 146.

Diary of meetings, 16, 19, 27, 34, 47, 62, 
70, 80, 124, 127, 132 , 144, 180, 192, 
202.

Dislocations :
lecture, sum mary, 179. 
relation to density, letter, 45. 
theories, letter, 198.

Ductility tests, summary o f lecture, 80.

Elastic properties of metals, measurement 
and importance, N .P .L . conference
(4952), 4 6 , 6 2 .

Elections of members, junior members, 
and student members of the Institute, 
3, 12 , 22, 30, 39, 52, 65, 73, 82, 94, 
10 1 ,  h i ,  1 17 ,  129, 136, 142, 173 , 183, 
194, 207, 2 13 , 222.

Electrodeposition, formation of Inter
national Council, 6 1.

Electrodepositors’ Technical Society, change 
of name, 26, 87.

Electrodeposits :
on aluminium, mechanism of adhesion, 

summary of lecture, 179. 
properties and engineering applications 

summary of lecture, 143.
Electrolytic polishing and bright plating 

of metals, letter, 85.
Electrons, use in examination of metals, 

Cambridge University summer school
(4953), 206.

Empire Council of Mining and Metal
lurgical Institutions, Institute of 
Metals representation, 137.

Empire Mining and Metallurgical Congress 
(4953). 59-

Engineering, Marine, and Welding Exhibi
tion, Institute of Metals visit (1953),
206.

Equipment for thermal treatment of non- 
ferrous metals and alloys : 

monograph, 18 1. 
symposium, (London, 1952), 2.

Extrusion : 
summary of lecture, 127. 
tool and die materials for, informal 

discussion (Birmingham, 1952), 2, 2 1, 
52-

Faraday Society, Jubilee celebrations, 206.
Fatigue properties of metals a t elevated 

temperatures, Government research 
programme, 6.

Fellows of the Institute, election of Sir 
Arthur Smout, 205.

Foundry, international congress (1952), 
3 4 -

Furnace design, sum mary of lecture, 188.

Galathea bronze, for deep-sea spheres, 
letter, 209.

Galvanizing, second international con
ference (Düsseldorf, 1952), 69.

Gas turbines, materials, summary of 
lectures, 32, 33.

Geiger counters, in X -ray  diffraction 
studies, paper, 152.

General Meetings of the Institute : 
Birmingham : (1952), 2, 2 1 ,  52 ; (1953), 

1 0 9 ,12 9 ,1 8 1 ,  199-202 ; (1954), 18 1. 
Bristol (1952), 109.
Ita ly  (19 5 1), 2 1 ,  23.



SU B JEC T IN D E X

General Meetings of the Institute :
London: (19 51), 10 ;  (1952), 2, 1 1 ,  37, 

50, 99, 1 8 1 ;  (1953), 9 9 , i ° 9 , 1 47 , 
4 3 3 , 441, 1 7 3 , 204. 

organization, report of special com
mittee, 9.

Oxford (1952), 65, S2, 89, 97.
Southport (1953), 129, 18 1 , 193, 206, 

218 .
Switzerland (1954), 18 1.

Gillett, (H. W.), memorial lecture, 47.
Grain boundaries : 

informal discussion (Oxford, 1952), 97. 
lecture, 95.

Groupement pour l’Avancement des 
Méthodes Spectrographiques, 16th 
congress (Paris, 1953), 2 12 .

Harrow Technical College, post-graduate 
lectures in applied physics, 15 .

Heat transfer, discussion (London and 
Atlantic City, 195 1), 32.

Heat-treatment practice, conference (1953), 
202.

Honours lists :
Birthday (1952), 95.
Coronation, 227.
New Y ear (1952), 4 1.

Hot working, discussion at Nürnberg 
meeting of Deutsche Gesellschaft für 
Metallkunde (1953), 2 12 .

Industrial chemistry, international con
gress (1 9 5 4 ), 6.

Industrial Donations Fund, lists of con
tributors, 30, 38, 5 1 , 65, 81, 92, 1 17 .

Industrial failure of engineering metals and 
alloys, symposium (India), 1 15 .

Industrial radiography, lectures, 15.
Information service, A .S .L .I .B ., 62.
Institute of British Foundrymen, activities,

87.
Institute of Metal Finishing :

formation of International Council for 
Electrodeposition, 6 1. 

formation of Organic Finishing Group, 
8 7 -

incorporation, 26. 
officers, 26.

Institute of Physics :
bibliography on protection from radia

tion, 4 9 4 .'
summer school on plastic deformation

(4 9 5 3 ), 491.
X -R ay  Analysis Group, activities, 61, 

19 1 , 2 12 .
Institute of Welding, conference on 

“  Notch-Bar Testing ”  (19 51), 6.
Institution of Electrical Engineers, Institute 

of Metals representation on com
mittee, 2 13 .

Institution of Mechanical Engineers : 
conference on 11 Marine Steam Tur

bines ”  (1953), 479. 
discussion on “  Heat Transfer ”  (1951), 32.

Institution of Metallurgists : 
admission regulations, 189. 
elections, 6.
examination results, 25. 
examinations, 6r, 190. 
representation at Institute of Metals 

Council meetings, 1 17 .
Institution of Mining and Metallurgy : 

activities, 1 3 1 .
symposium on "  Mineral Dressing ”  

(4952), 6.
Intercrystalline cracking of metals, letters, 

104, 120, 126, 187.
International Congress of Pure and Applied 

Chemistry, 13th (Sweden, 1953), 131.
International Congress on Industrial 

Chemistry (Paris, 1 9 5 1 ), 6.
International Congress on Rheology, 2nd 

(Oxford, 1953), 13 1 ,
International Council for Electrodeposition : 

formation, 61. 
officers, 61.

International Foundry Congress (Atlantic 
City, 1952), 34.

International Institution for Production 
Engineering Research, formation, 61.

International Union for X-Ray Crystallo
graphy, tables, 118 .

Inter-Service Metallurgical Research 
Council, programme covering creep 
and fatigue properties of metals at 
high temperatures, 6.

Iron, determination in high-nickel alloys, 
letter, 45.

Iron and Steel Institute : 
activities, 86.
symposium 011 “  Corrosion of Buried 

Metals ”  (1951), 14.

Joining of metals, summary of lecture, 6S. 
Joint Library Committee, Institute of 

Metals representation, 65.
“  Journal ”  :

binding cases, 1 1 ,  67, 82, 92, 206. 
binding charges, 1 1 .  
new format, 1.
notice to authors of papers, 20, 230. 
plates, binding of, 1 , 84, n o . 
printing and publishing costs, 67. 
printing of short notes, 84, 18 1. 
volumes wanted, 94, 137 , 2 13 .

Leeds Metallurgical Society :
conference on “  Problems Arising from 

Metal Scarcities and the Use of 
Alternative M aterials”  (1952), 108. 

officers (4951-52), 5.
Leverhulme research fellowships, con

ditions, 27, 132 .
Liquid metals, informal discussion (London,

4953), 473.
Load/strain recorders, autographic, paper, 

j 66 .
London Local Section :

activities, 32, 80, 95, 138, 143, 187, 2 12 . 
officers and committee (1952-53), 86 ; 

(4953- 5 4 ), 2 1 1 .
Lubricants for metal-working operations, 

informal discussion (Birmingham,
4954), 18 1 .

Magnesium Advisory Committee, 69. 
Manchester Metallurgical Society, officers 

( 4 9 5 4 - 5 2 ), 4 8 .
Manganese bronze, summary of lecture, 80. 
Marine steam turbines, conference (1953), 

4 7 9 - 
May Lecture : 

change of date, 9.
4952  (J- J -  P. Staudinger), 37.
49 5 3  (Sir Christopher Hinton), 1 1 7 .  

Membership of the Institute :
addresses missing, 92, 137. 
development, 2 1 , 8 1, 97, 222. 
reduced subscription for retired mem

bers, n o ,  18 1 .
Metal economy :

advisory committee, 15. 
conference (Leeds, 1952), 108. 
discussion (London, 4951), 4 0 . 
symposium (Birmingham, 4953), 138. 

Metal powders and metal-powder products,
A.S.T.M . symposium (4952), 26. 

Metallic surfaces, properties of, 
monograph, 206.
symposium (London, 4952), 99, 409. 

Metallographie investigation of failed 
high-temperature components, essay,
4 4 2 .

Metallographie polishing, use of diamond 
dust, paper, 446.

“ Metallurgical Abstracts”  :
abstractors wanted, 30, 447. 
decennial index, 206. 
symbols and abbreviations, 44. 
volumes wanted, 30, 54, 94, 448, 437, 

243.
240

Metallurgical education, joint committee : 
chairmanship, 6.
reports : on national certificates in

metallurgy (4954-52), 18 8 ; “ The 
Education and Training of Metal
lurgists ” , 139.

Metallurgical requirements of the chemical 
engineer, May Lecture (4953), 4 4 7 .

Metallurgical research techniques : 
sum m ary of lecture, 438. 
symposium (Birmingham, 4952), 25,

445- 4 7 2 .
Metallurgists :

education and training, report, 439. 
training and status, paper, 42, 79.

Metallurgy :
and transport, summary of lecture, 

6t .
physical, post-graduate course at 

Sheffield University, 245. 
refresher course for teachers, 489.

Microscopes : 
hot-stage, paper, 450. 
resolution, letter, 77.

Mineral dressing, symposium (4952), 6.
Mond Nickel fellowships :

aw ards: (4954), 25, 46 ; (4952), 439. 
conditions, 69, 4 0 0 , 489. 
representation of Institute on committee, 

400 .
Monograph and Report series :

No. 3  (“  Atomic Theory for Students of 
Metallurgy ” ), 4 0 0 .

No. 40 (“  Non-Destructive Testing of 
Metals ” ), 22.

No. 44 (" Thermodynamics of Alloys ” ), 
3 0 . 5 1 -

No. 42  (“  Cold Working of Non-Ferrous 
Metals and Alloys ” ), 95.

No. 4 3  (“  Properties of Metallic Sur
faces ” ), 206.

No. 44 (“ Equipment for the Thermal 
Treatment Of Non-Ferrous Metals 
and Alloys ” ), 4 8 4 .

National Certificates in Metallurgy, report 
(4952- 5 3 ), 48 8 .

National Committee for Crystallography,
Institute of Metals representation, 30.

National Metallurgical Laboratory, India,
symposium on “  Industrial Failure 
of Engineering Metals and Alloys ” , 
4 4 5 -

National Physical Laboratory :
conference on “  Measurement and Im 

portance of Elastic Properties of 
Metals ”  (4952), 46, 62.

Institute of Metals representation on 
General Board, 22.

Neutron diffraction, summary of lecture, 
60.

New Year message from President (4952), 
29 ; (49 5 3), 433.

Nickel alloys :
determination of iron, letter, 45. 
hardness of prim ary substitutional 

alloys, letter, 42 4.
Nimo4iic alloys, specification creep testing , 

paper, 468.
Non-destructive testing of metals : 

monograph, 22. 
summary of lecture, 68.

Non-magnetic alloy, spheres for deep-sea 
use, letter, 209.

Northampton Polytechnic, courses in ap
plied X -ray diffraction and industrial 
radiography, 45.

Notch-bar testing of materials in relation 
to welded construction, symposium
(495 4 ), 6.

Osmond (Floris) medal, presentation to 
Professor Andrade, 45.

Oxford Local Section :
activities, 59, 65, 68, 89. 
officers and committee (4952-53), 8 6 ; 

(495 3 - 5 4 ), 2 4 4 .



Parliamentary and Scientific Committee,
Institute of Metals representation, 137.

Personal notes, 5, 13 , 17 , 24, 3 1 ,  4 1, 5 3 , 
66, 74, 84, 95, 104, 1 18 , 126, 130, 
137 , 142, 1S5 , 197 , 209, 2 14 , 227.

Physical Society :
conference on “  Solid-State Physics ”  

(Leeds, 1953), 179- 
cxhibition (1952), 61 ; (1953), 190.

Physics :
applied, post-graduate lectures, 15. 
crystal, lectures, 16. 
solid-state, conference ( 1 9 5 3 ), J 7 9 .

Plastic deformation of metals :
Bristol U niversity summer school and 

conference (1953), 19 1 . 
lectures on, 34, 65, 89. 
theory of mechanism, letter, 19S.

Platinum Medal :
19 5 1 (Award to Dr. R . W . Diamond), 

22 2 .

1952 (Award to Mr. W. S. Robinson), 50, 
7 4 , 136.

1953 (Award to Professor G. Masing), 
14 1, 184.

Powder metallurgy :
in metallurgical research, paper, 157. 
pressing and sintering, summary of 

lecture, 34.
Production engineering research, formation 

of International Institution, 61.

Quality control in production of wrought 
non-ferrous metals, symposia :
I.— Melting and casting ( 1953), 99, 

109, 133.
II.— Working operations (1954), 109.
I I I .— Heat-treatment and finishing 

(1 9 5 5 ), 109.
Quantum theory of metals, lectures, 16.

Radiation, protection from, bibliography 
of information, 19 1.

Radioactive tracers in metallurgy, sum
m ary of lecture, 32.

Rheology, international congress (1953), 
131-

Robertson (W. H. A.) Medal :
1951 (Award to Mr. C. E . Davies), 50,

7 5 -
1952 (Award to Mr. J .  F . Waight), 1S 1 .
objects and design, 182.

Rolling mills at Rogerstone, sum mary of 
lecture, 127.

Rolls and their maintenance, informal 
discussion (Birmingham, 1953), 109, 
129, 18 1 ,  199-202.

Rosenhain Medal :
1952 (Award to Professor A. Guinier), 

50, 76.
1953  (Award to Dr. C. E . Ranslcy), 14 1 . 

Royal School of Mines, centenary, 26.

SU BJECT IN D E X

Scientific instruments and apparatus,
Physical Society exhibitions, 6 1, 190. 

Scottish Local Section :
activities, 32, 46, 68, 80, 143. 
officers and committee (1952-53), 86 ; 

(19 5 3 - 5 4 ), 2 1 1 .
Sheffield Local Section : 

activities, 32, 33, 46, 60, 68, 95, 179, 20a. 
officers and committee (1952-53), 86; 

(1953- 5 4 ), 2 1 1 .
Sheffield University ;

course on plastic deformation of metals 
(1 9 5 2 ), 3 4 . 

post-graduate school in physical metal
lurgy', 2 15 .

Sir John Cass College, courses on crystal 
physics and quantum theory of 
metals, 16.

Société Française de Métallurgie : 
activities, 15, 87, 2 12 . 
autumn meeting (19 51), 15 ; (1952), 87. 

Society of Chemical Industry, symposia : 
“  Caustic Cracking in Steam Boilers ”  
(1952), 12 7 ;  "C orrosion of Buried 
Metals ”  (1951), 14.

Solidification of metals, sum mary of 
lectures, 46, 95.

South Wales Local Section :
activities, 25, 33, 34, 46, 6 1, 68, 127,

13 1 ,  179 , 188.
officers and committee (1952-53), 86; 

(1953- 5 4 ), a n .
Steam boilers, caustic cracking in, sym 

posium (1952), 127.
Stratospheric flight, metallurgical problems 

imposed by, summary of lecture, 80. 
Stretcher-strain markings on metal sheet, 

measurement of surface topography, 
paper, 16 1.

Student members, needs, 9.
Students’ educational tours :

1952 (South Lancashire), 4 1, 50.
1953 (Birmingham area), 109.

Students’ essay prize competition :
aw ards: (1952), 99 ; (1953), tSx. 
conditions, 5 1, 99.

Symposia, organization, report of special 
committee of institute of Metals, 10.

Techniques in metallurgical research :
summary of lecture, 138. 
symposium (Birmingham, 1952), 25, 

145- 172.
Ternary alloys, theory, summary of 

lecture, 143.
Testing of metais, symposium ( 1951), 46.
Thermal treatment, equipment lor : 

monograph, 18 1. 
symposium (London, 1952), 2.

Thermodynamics of alloys, monograph, 30, 
5 1 -

Titanium, summary of lecture, 188.
Titanium alloys, constitution and pro

perties, summary of lecture, 202.
Tool and die materials for extrusion of 

non-ferrous metals and alloys, infor
mal discussion (Birmingham, 1952), 
2, 2 1 , 52.

Transformations in metals, summary of 
lecture, 32.

Transport and metallurgy, lecture, 61.
Tube manufacture, historical develop

ments, summary of lecture, 69.

United States of America, President’s 
visit, 51.

Welding, B .W .R .A . summer schools: 
(1952), 4 6 ; (>9 5 3 ), 1 9 1 - 

Whisker growth on metals, letter, 186. 
Wire drawing, Australian Institute of 

Metals symposium (1953), 2 15 .

X-Ray Analysis Group of Institute of 
Physics :

conferences: (1952), 6 1 ;  (1953), 2 12 . 
errors in A.S.T.M . X -ray powder 

diffraction data, collation, 19 1. 
exhibition of equipment, 2 1 2 .

X-ray crystallography, international tables,
118 .

X-ray diflraction :
equipment, exhibition, 2 12 . 
errors in A.S.T.M . data, 19 1 . 
lectures, 15.
studies, use of Geiger counters, paper,

1 5 2 .

Yield point, existence of two kinds, letter, 
58.

Zinc-rich paints, to resist corrosion, 70.
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SYMBOLS AND ABBREVIATIONS FOR USE IN “ METALLURGICAL ABSTRACTS”

A. Angstrom units =  1 x  10~® cm. M
abs. absolute m.
A.C. alternating current m.amp.
addn. addition(s) math.
amp. ampero(s) max.
amp.hr. ampere-hour(s) M e .

appn. application! s ) M e . /s.
approx. approximate! ly) mech.
aq. aqueous met.
at.-% atomic per cent. mg.
at. wt. atomic weightd) ml.
atm. atmosphere(s) [pressureJ min.
A.W .G. American wire-gauge mm.
B . S. Brown & Sharpo (gauge) m.m.f.
b.c.c. body-centred cubic mol.
°Bé. degreo Baum é [scale] m.p.
B.H .N . Brm ell hardness numberfs) mu
b.h.p. brake horse-power mV.
b.p. boiling pointd) N
B.Th.U. British thermal unites) N .P.L.
B.W .G. Birmingham wire-gauge No.
°C. degree Celsius (formerly centigrade) [scale] N.T.P.
C coulombd) Oe.
cal. calorie! s ) opt.
c.c. cubic centimetre (a) oz.
c.d. current density! ios) P.C.E .
C.G.S. centimetre -gramme-second (units) p.d.
chem. chemical p H
cm. centimetre! s ) phys.
coeff. coefficients) p.p.m.
compn. compo8ition(s) prepn.
conc. concentrated (adj.) prodn.
const. constant (adj. or noun) pptn.
contg. containing P.S.
cryst. crystalline qual.
crystn. crystallization quant
c./s. cycles per second °R
cwt. hundred weightd ) recrystn.
D.C. direct current ref.
d density(ie8) rosp.
detn. determination(s) r.p.ra.
dia. diamotord) sci.
dil. dilute (adj.) sec.
dm. decimetre(s) sepn.
D.P.N. diamond pyramid (hardness) number(s) soln.
elect. electric, electrical(ly) sp.
electrochem. electrochomical(ly ) sp. gr.
e.m.f. electromotive forced ) spectrochem.
estn. estimation(s) sq.
eV. electron voltd) S.W.G.
°F . degree Fahrenheit [scale] tech.
F Faraday’s constant temp.
f.c.c. face-centred cubic t.p.i.
f.p. freezing pointfs) U.T.S.
ft. foot; feet V.
ft.-lb. foot-pound(s) VA.
g- gramme! s) vol.
g.-atom gramme-atomd ) W.
g.-mol. gramme-moleculed) Wh.
gal. gallon(s) wt.-%
grav. gravimetric(ally) y d-
H .F. high-frequency Y.P.
h.c.p. hexagonal close-packed %
H-ion hydrogen-ion y
h.p. horse-power X
h.p.-hr. horse-power-hour! s ) V
hr. hourd) vu
in. inch(e8) n
in.-lb. inch-pound( s) o
indust. industrial /

°K . degree Kelvin absolute [temperature scale] 0
kc. kilocycle(s) /
kc./s’. kilocycle(s) per second <

kg« kilogramme(s) >
kg.cal. kilogramme-calorie(s) <
kg.m. kilogramme-metre(s) >
km. kilometre! b) <
kV. kilovolt! 8) >
kVA. kilovolt-ampere(s) *
kW. kilowatt! s ) =
kWh. kilowatt-hour(8)
kX Crystal Angstrom!a) =  1000  Siegbahn X-units
1. litre(s) CC
lb. pound(s) II
L .F . low-frequency ±
liq. liquid (adj.)

molar [solution]
metre(8)
milliampore(s)
mathema tical( 1 y )
maximum (adj. or noun)
raogacycle{8)
megacycled) per second
mechanical
metallurgical! ly)
milligramme(8)
raillilitre(8)
minute(s); minimum (adj. or noun).
millimetro(s)
magnetomotive forced)
molecule(e)
molting point{8)
millimicron(8) =  l x  10“7 cm. =  10 A.
millivoIt(8)
normal [solution]
National Physical Laboratory (Teddington, Middlesex) 
number(s)
normal temperature and pressure
oerstod(8)
optical(ly)
ounce(e)
pyromotric cone equivalent
potential difference [electric]
hydrogen-ion concentration
physical! ly)
partfs) per million
preparation
production
precipitation
proof stress
qualitative! ly)
quantitative! ly)
degree R6aumur [scale]
rocrystallization
reference^)
respective! ly)
rovolution(s) per minute
scientific
second(s)
separation(s)
8olution(s)
specific
specific gravity(ie8) 
spectrochemical(ly) 
square
standard wire-gauge (Imperial)
technical! ly)
temperature! s )
threads per inch
ultimate tensile stress!es)
voltes)
volt-ampere(s) 
volume(s) 
wattfs) 
watt hour{s) 
weight per cent, 
yard(s) 
yield pointfs) 
per cent.
microgramme =  1 x 10"* g. 
wave-length
micronfs) =  1 x 10-4 cm.
1 millionth micron =  1 x 10"ie cm. =  0*01 A.

ohm(s)
degreed) arc
minute of the arc
second of the arc
per
less than 
greater than 
not less than 
not greater than 
equal to or less than 
equal to or greater than 
not equal to 
identically equal to
approxim ately (or essentially) equal to
about
varies as
parallel
perpendicular
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1 — PROPERTIES OF METALS

♦Impact Tensile Test of Single Crystals of Metal [Aluminium].
I.—Preliminary Experiments. S. Sakui, Y. Sato, C. Okawa, 
and  K . Sato [Rep. Sci. Research Inst., Japan, 1951, 27, (4), 
309-315; A ppl. Mechanics Rev., 1953, 6, 77).— [In Japanese]. 
The tests were conducted principally on single A1 crystals to  
study  th e  mechanism of deformation, since it  was believed 
th a t  polycryst. specimens would exhibit less noticeable 
changes. The fractured specimens were exam ined for grain 
orientation, num ber of recrystallized grains, deformation 
angles, slip lines, asterism  in Laue patterns, and time/load 
relationship, as well as relationships between the ultim ate 
sta tic  and dynamic stresses and strains a t  failure. The la tter 
relationships were determ ined also for polycryst, specimens.

[Discussion on a Paper by M. E. Fine, E. S. Greiner, and
W. C. Ellis:] Transitions in Chromium. ------  (J. Metals,
1951, 3, (11), 1066-1067).—See M .A ., 19, 2.

Susceptibility of Non-Deoxidized Copper to the Action of 
Reducing Atmospheres. J .  M. Pouvreau (Cuivre, Laitons, 
Alliages, 1951, (4), 65-67).—Refined Cu contg. 0-02-0-07% O 
is susceptible to  th e  a ttack  of free H  in combustion gases a t 
tem p, as low as 500° C. or less. The H  penetrates the m etal 
and  combines w ith the Cu20  to  form Cu and H 2Q, the la tte r 
escaping and leaving voids', which cause loss of strength and 
ex trem e, brittleness. Care m ust be taken  when using this 
grade of Cu to  ensure th a t  oxidizing conditions are m aintained 
in the  flame in contact w ith the Cu, particularly in flame 
welding.—W . F. H.

♦Effect of Speed of Testing on the Tensile Properties of 
Copper and Copper-Base Alloys. N. H. Murdza (Proc. Amer. 
Soc. Test. M a t,  1952, 52, 178-193).—See M .A ., 20, 819.

♦Creep-Tension Relations at Low Temperatures of Metals 
[Copper and 61S-T Aluminium Alloy]. J .  D. Lubahn (Proc. 
Amer. Soc. Test. M at., 1952, 52, 905-932; discussion, 933).— 
See M .A ., 20, 819.

♦The Influence of Lead on the Modulus of Elasticity and the 
Damping of Copper, Silver, Brass, and Red Brass. (Koster 
and Bangert). See col. 994.

♦Measurement of the Vapour Pressure and Condensation 
Coefficient of Iron, Cadmium, and Silver. G unther Wessel 
(Z. Physik, 1951, 130, (4), 539-548).—The vapour pressure 
of Fe was m easured in the tem p, region 1500°-1800° K., 
by  a method due to Heller, Neumann, and Volmer. The 
inetal is contained in  a  small vessel suspended in a furnace 
on a th in  Mo wire. The vapour escapes in to  a  high vacuum 
from tw o small holes so arranged th a t the back pressure 
ro tates th e  vessel through a small angle. The results of 
the m easurem ents were in good agreem ent w ith those obtained 
by Marshall, D om te, and N orton (J. Amer. Chem. Soc., 1937, 
59, 1161; M .A ., 4, 482) using the Langm uir method, from 
which it  is concluded th a t  the condensation coeff., a, =  1 for 
Fe. A modification of the method enables a  to  be determined 
directly. M easurements on Cd and Ag show th a t for both  of 
these m etals a is very close to  1. 20 ref.—J . W. C.

[Discussion on a  Paper by L. H. Van Vlack:] Intergranular
Energy of Iron and Some Iron Alloys. ------- (J. Metals 1951
3, (11), 1067).—Sec M .A ., 19, 100.

♦The Hall Effect in Iron and Nickel a t Low Temperatures.
J . P. Jan  and H . M. Gijsman (Ilelv. Phxjs. Acta, 1951, 24 (6) 
636-637).—[In  French]. Cf. ibid., 1949, 22, 581; M .A .’, 
18, 84. D etn. have been made of the H all effect and the 
resistivity (p) of electrolytic Fe and commercial Ni, a t  14°, 
20 , 64 , and 83° K ., and a t  room tem p. The results can be 
ex-pressed by the equation : p„ =  R alj J {  +  P VJ  E 0(y^H  +  
a j) ,  where pu  — the Hall elect, field a t  un it c.d., R 0 and 
R 2 =  the  ordinary ” and the  “ extraordinary  ” H all const 
resp. (cf. Pugh, Rostoker, and Schindler, rfiys. Rev., 1950,
[ii], 80, 638 ; M .A ., 18, 692), a =  R tIR 0, the  field param eter, 
and is always > 1 ,  I I  =  th e  magnetic field inside the specimen, 
and J  — the observed m agnetization. R 0 and  a  could no t 
be measured for Fe, b u t for Ni B 0 increases slowly w ith increase 
in tem p., and a  is ~-2 a t  low tem p, and 13 a t  room tem p. 
The magnetogalvanic conductivity transverse to  const, 
intensity of magnetism, y n  —  pfl/p2, has been calculated, 
and lound to  increase steadily  w ith decrease in  tem p. The 
results confirm and extend the previous detn. 4 ref. E  N

♦Atomic Magnetic Moments of Iron, Cobalt, and Nickel. 
„ A '  A iulov and T - L K akushadze (Doklady Akad. N auk
S .S .S .R ., 1951, 77, (4), 593-596).—[In  Russian]. W ith  the 
aim of explaining the change in  atom ic magnetic moment 
w ith tem p., A. and K . considered the possibility of m utual 
exchange of electrons in two overlapping bands. Neglecting 
spontaneous exchanges, the num ber of m igrations from the 
i'th band to  the j t h  band/sec. (W {J) will be given by W„ =  
“ on i(i!oj — rij), where n, is th e  num ber of electrons in the 
ith  band, noj the  max. num ber of electrons in the j t h  band, 
and otfj the mean probability  o f m igration from the ith  to 
the j t h  band. A t sufficiently high tem p., a , =  a ,(, and in 
the case of therm odynam ic equilibrium IV12 =  IP ;j; hence 
n t(noj nj) — nj[noi ~~ n {)- For the case o f only two 
overlapping bands there is also the condition th a t  the num ber 
of electrons is const., i.e., ?i2 -f- n2 =  n. F rom  these two

n„.equations, % n  and n2 ■=
nai "T nc

■ n. F or the
10. Hence for Fe, which

«01 +  «02
s and d bands, n01 =  2, and w02 __
has 8 electrons hi the 3d and 4s bands, we have n — 1-33 
and nd — 6-67. Also for Co (n  =  9), n, =  1-5 and nd =  7-5; 
and for Ni (n =  10), n, =  1-67 and nd =  8-33. Hence the 
num ber of unpaired 3d electrons (10 — nd) for Fe, Co, and Ni 
will be 3-33, 2*5, and 1-67, re sp ,; values determ ined experi
mentally, from the magnetic saturation  a t  abs. zero, are
2-23, 1-7, 0-6, re sp .; values determ ined experim entally a t  a  
sufficiently high tem p, (above the Curie p o in t; 1450° K . ; and 
1173 K., resp.) are 3-31, 2-36, and 1-16, resp, (Cf. Vonsovsky 
and Shur, “  Ferrom agnetism  ”, 1948, p. 138).—G. V. E . T.

Extraction, Alloying, and Fabrication of Magnesium. C. J . P. 
Ball (Magnesium Rev. and Abs., 1949, 8, (2), 120-142).__

♦ Denotes a  paper describing the results o f original research. 
K k 977

f Denotes a  first-class critical review. 
978
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R eprinted from Proc. Fourth Empire M in . Met. Congr., 
1950, (II), 1004 ; soe M .A ., 17, 242.—N. B. V.

[Discussion on a Paper by W. M. Fassell, Jr ., L. B. Gulbran- 
sen, J . R. Lewis, and J. H. H am ilton:] Ignition Temperatures
of Magnesium and Magnesium Alloys. ------- (J. Metals, 1951,
3, (11), 1075-1076).—See M .A ., 19, 165.

♦Magnetic Properties of Mercury at Low Temperatures.
B. I . Verkin, B. G. Lazarov, and  N. S. R udenko (Doklady 
Akad. N auk S .S .S .R ., 1951, 80, (1), 45-46).—[In Russian]. 
The periodic field dependence of susceptibility first found by 
de H aas and van  Alphon in Bi (Proc. K . Akad. Wet. Amsterdam  
1930, 33, 680, 1106; Met. Abs. (J. In s t. Metals), 1931, 47, 
72, 264) also occurs in  Hg. M easurement of the couple acting 
on a single crystal of Hg suspended in  a uniform magnetic 
field showed th a t  th e  effect eould be observed in  fields stronger 
th an  ~14,000 Oe., a t  1-465° and 1-840° K ., b u t no t a t 4-2° K . 
E ven a t  1-840° K ., th e  am plitude of th e  oscillation is very 
small. The inability of earlier workers to  observe th e  effect 
in  H g is a ttribu ted  to  their using fields <12,000 Oe.

—G. V. E. T.
[Discussion on a Paper by T. H. Hazlett and E. R. P a rk e r:] 

Nature of the Creep Curve [Especially for H igh-Purity Nickel],
 (J. Metals, 1953, 5, (11), 1577-1579).—See M .A ., 20, 740.

[Physical] Properties of Electrodeposited Nickel. W illiam A. 
Blum (Materials and Methods, 1953, 37, (4), 101-105).— 
Based on a paper by A. Brenner, V. Zentner, and  C. W. 
Jennings, Plating, 1952, 39, 865; M .A ., 20, 324.

—R . P . H. F .
* Gases in  Electrolytic Nickel. E . Sh. Ioffe and A. L. 

R otinyan (Doklady Akad. N auk S .S .S .R ., 1951, 77, (1), 
91-92).—[In Russian]. Discrepancies in the published d a ta  
on gases in  electrolytic N i can be explained if i t  be supposed 
th a t  the so-called gases are realty present as organic com
pounds adsorbed from the b a th  during deposition. On 
heating or melting, H , CO, C 02, and possibly hydrocarbons 
will be liberated, b u t the relative am ounts produced will 
depend on the conditions. This hypothesis was verified by 
analysing N i deposits w ith various C contents for H  (by 
vacuum  fusion) and O (by H  reduction). On plotting the 
O or H  contents (in vol. of gas a t  20° C./vol. of Ni) against 
the C content (w t.-% ), stra igh t lines were obtained. T hat 
for O passed through th e  origin (i.e. O content oc C content), 
b u t for H  the graph showed th a t  there was also a  small 
am ount (~ l-8  vol. H /vol. Ni) of inorganic H  present.

—G. V. E . T.
♦The Temperature-Dependence of the Energy Constant of 

the Magnetic Anisotropy of Nickel. L. V. K irensky (Doklady 
Akad. N auk S .S .S .R .,  1949, 64, (1), 53-56).— [In Russian], 
The energy const, o f the anisotropy of N i has been investigated 
between —183° C. and the Curie point. The m ethod used 
was th e  autom atic recording o f mech. mom ents applied to  
a  disc-shaped test-piece inserted in  a strong uniform magnetic 
field. The equation : K  — K 0e~aT’ had already been derived 
from form er experim ental work, w ith K  =  const, of anisotropy 
a t  th e  given tem p., K 0 =  const, o f anisotropy a t  abs. zero 
( =  80 X 10-* erg/c.c.), T  =  abs. tem p., and a =  a  certain 
const. ( =  3-4 X I0 “6). F or low tem p., th e  log K /T  curve is 
linear, b u t for higher tem p. K  changes sign (at 130° C.) ; 
i t  reaches a  m ax. negative value of 0-6 X 10 1 between 200° 
and  250° C.—W. J .  K.

Rhenium. K arl W agenm ann (Z . Erzberg. u. Metallhiitten- 
wesen, 1951, 4, (4), 162-163).—A brief note on the extraction, 
properties, and  appn. of Re.—E. J .  E .

♦Variation of the Resistivity of Thin Metal [Silver] Films 
as a  Function of Thickness and Temperature. J .  P . Borel 
(Helv. Phys. Acta, 1951, 24, (4), 389-100).—[In  French]. 
Thin Ag films were formed by deposition in  vacuo, and their 
elect, resistance was determ ined as a function of tem p, up 
to  90° C., and  correlated w ith th e  structure. The results 
show th a t  below 10-11 m u the structures are probably 
granular, -with grains separated one from  th e  other, thus 
m aking regrouping difficult, and, therefore, there  is an 
irreversible increase of resistance w ith  tem p. In  th e  region 
of 11-14-5 m ji th e  structures are porous, b u t there is contact 
between different grains, and  the variations in  resistivity

as a  function of tem p, are reversible. A t a thickness of 
~20 m[x com pact structures aro formed, and the initial higli 
resistance soon drops to  th a t  of the massive m etal. 6 ref.

—E. N.
♦On the Change of Supraconducting Properties of Thallium 

under Pressure. L. S. K an, B. G. Lazarev, and A. I . Sudovtsov 
(Doklady Akad. N auk S .S .S .R ., 1949, 69, (2), 173-174).— 
[In  Russian], The influence of hydrostatic pressure on 
critical magnetic field and  critical tem p, was studied for 
Sn, In , Pb, Hg, Ta, and Tl. To eliminate any experim ental 
errors due to  th e  oasy oxidation of Tl, these specimens were 
encased in a th in  skin of celluloid, Bakelite, glass, or other 
m aterial. The m ost reproducible results were obtained w ith 
tho T l specimens in  glass. The percentage of pressure taken  
by  tho case was determ ined by  calibrating experim ents w ith 
Sn (for glass, 15%). In  all m etals except Tl, increase of 
pressure led to  decrease in critical tem p, and magnetic field. 
The effect in T l was the roverse, a  pressure of 1730 kg./cm .2 
causing an  increase in  th e  critical tem p, of T l of tho order 
of 0-02° C. A n effect of pressure on critical tem p, of the same 
sign as th a t in  T l has been found in  the alloys Bi3N i and 
Bi4R h by  Alekseevsky using K ., S., and  L .’s m ethod (Zhur. 
Ekspcr. Teoret. F iziki, 1949, 19, 358; M .A ., 17, 641); K .,

L., and S. found th a t for these alloys also has tho samo

sign as tho effect in  Tl.—Z. S. B.
*On the Volume Change of Tin During the Supraconductive 

Transition in a Magnetic Field. B. G. Lazarev and A. I. 
Sudovtsov (Doklady Akad. N auk  S .S .S .R ., 1949, 69, (3), 
345-347).—[In Russian]. Tho vol. change of Sn during the 
transition  from  the supraconducting to  th e  norm al s ta te  in 
a  magnetic field and  its tom p.-dependence were studied. 
The measurem ents were made using a  bim etallic spiral, 4  m. 
in  length, made of Sn and brass welded together w ith Sn on 
tho outside. Tho movem ent of th e  spiral was transferred to  
a  m irror and  road off on a  scale. The sensitivity o f the 
apparatus, calculated from th e  expansion coeff. o f Sn and 
brass and  the deflection on the scale/°C., was 3 X 10"8/division. 
A possible source of error lies in  th e  th in  layer of contam inated 
Sn a t  tho Sn/brass interface, b u t this is considered no t to  be 
serious. The m ax. vol. change for Sn calculated from tho 
eq u a tio n :

—y-  =  -^7  T’ w l̂oro 77x =  critical magnetic field,

is 9-1 X 10'8. Tho experim ental value measurod a t  1-4° K . 
was 9-08 X 10“8. Heisenberg has sta ted  th a t  the  m ain cause 
of th is vol. change is m agnetostrictional and  describes it  as

g~X, where /  is tho compressibility const. F or Sn a t  2° K .

H t  ~  200 Oe., /  =  1-7 x  10 e c.c./kg. Thus, th e  vol. chango 
=  2 x  10~9, b u t a  figure of this m agnitudo accounts only for 
~ 2 %  of tho observed effect.—Z. S. B.

♦Some Details of the Supraconductive Transition [in Tin].-
A. A. Galkin and B. G. Lazarev (Doklady Akad. N auk S .8 .S .R .,  
1948, 61, (6), 1017-1018).—[In  Russian]. Measurements 
on single-crystal Sn wires (0-03-0 05 mm. in  dia.), very 
slowly cooled, have revealed th a t  a fter the custom ary tran si
tion to  the supraconducting state , the elect, resistance 
retu rns to  th e  norm al value and  th a t this is repeated a 
num ber of times, th e  num ber increasing w ith the  current 
intensity. The w idth of a  single resistance peak is 10~* ° C. 
or less. I t  is thought th a t the phenomenon m ay be connected 
w ith th a t observed by  Silsbee, Scott, and  Brickwedde (J. 
Research Nat. B ur. Stand., 1937, 18, 295 ; M .A ., 4, 178).

—N. B. V.
Titanium . K . G. H rishikesan (Trans. Ind ian  Inst. Metals, 

1950, 4, 183-198; discussion, 198-202).—A b rie f review of 
tho occurrence, methods of extraction, phys. and  chem. 
properties, and uses of Ti. 26 ref.—P. F . N.

[Discussion on a Paper by F. C. Holden, H. R. Ogden, and 
R. I. Jaffee:] Microstructure and Mechanical Properties of
Iodide Titanium. ------ (J. Metals, 1953, 5, (11), 1562).—See
M .A ., 20, 743.
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*The Determination of the Absolute Coefficient of Ionization 

on the Surface of Hot Tungsten. U. Arifov, A. K h. Ayukhanov, 
and  V. M. Lovtsov (Doklady Akad. N auk S .S .S .E ., 1950, 
68, (3), 461-463).— [In  Russian]. The abs. coeff. of ionization 
of pure Ca vapour on a  ho t W  filament was determ ined by 
recording the ion current on an oscillograph fed w ith impulses 
o f rectangular form. I t  was shown th a t  the coeff. of ioniza
tion  is given by  k  =  I 0 -  I J I B, where I 0 and I K are the 
initial and final values of th e  ionic currents as recorded by 
th e  oscillograph. The plot o f abs. ionization coeff. against 
filament tem p, is given. In  the in terval 1275°-1325° C. the 
values agree w ith the calculations of Copley and Phipps 
(P hys. Rev., 1945, [ii], 48, 960); a t  higher tem p, th e  experi
m ental curve drops below the  theoretical.—Z. S. B.

The Properties of Metallic Coatings Produced by Evaporation 
and Sputtering. S. Tolansky (J. Electrodepositors’ Tech. 
Soc., 1952, 28, 155-165; discussion, 187-193).—See M .A ., 
20, 389.

Periodicity in the Group of Alkali Metals. G. G. Diogenov 
(Doklady Akad. N auk S .S .S .R ., 1951, 78, (5), S99-900).—[In 
Russian]. D. tabulates the values (in kg.cal.) of the  therm al 
effects for the systems M v  JT2|OH, N 0 3 for all 10 possible 
pairs of alkali m etals (M x, M 2), arranged in  four sets, as 
follows: (I) Li, N a 11-2; Na, K  6 1 ;  I£, Rb 2-0; R b, Cs
3-0; (II) Li, K  17-3 ; Na, Rb 7-9 ; K , Cs 4-7 ; (III) Li, R b 
19T ; Na, Cs 10-8; (IV) Li, Cs 22 0. Evidently , th e  values 
w ithin any set decrease on going from the first pair to  the last, 
b u t on going from set (I) to  sot (IV) corresponding values 
increase; i.e. there is a  periodicity in  the groups of the 
Mendeleev system as well as th a t  in the horizontal periods.

—G. V. E. T.
Some Fundamental Ideas on the Structure of Atoms and 

Metals in Relation to the Properties and Behaviour of Metals 
and Alloys. G. P . Chatterjco (Trans. Indian Inst. Metals, 
1950, 4, 163-172).—The fundam ental theory  o f the structure 
o f atom s and m etals is described in  simple term s and illustrated 
by  ref. to  the properties of diffusion, plastic flow, and elect, 
conductivity  in  m etals and alloys. 6 ref.—P. E. N.

The Mechanics of Metal Crystals. E. N. da  C. Andrade 
(Proc. Roy. Inst., 1951, 35, [i], (158), 237-251).—A short, 
general account o f present knowledge of the structure of 
m etals and of their behaviour under strain .—S. V. R.

»The Mathematics of the Tensile Test. H ans K ostron 
(Arch. Eisenhiittenwesen, 1951, 22, (9/10), 317-324; dis
cussion, 324-325).—The real stress/strain  curve for poly- 
cryst. m etals between tho Y .P. or 0-2% P.S. on the one 
hand and the U.T.S. on the other, is taken  to  follow tho 
equation a  —  a . 8 "  w ith reasonable accuracy, where g  is the 
stress, S tho elongation; a is a  measure of tho resistance to  
deformation, while n  indicates th e  work-hardening capacity. 
W ith  the aid of th is equation the values of any  agreed proof 
stress, o f th e  U.T.S., and of the real stress under max. loading, 
can be sta ted  in  term s of a and n ; the ratios of various P.S. 
and, if  present, of th e  Y .P. to  th e  U .T.S., as well as the 
stra in  corresponding to  the U.T.S., i.e. th e  strain  a t  which 
work-hardening and  reduction of cross-section are in balance, 
can bo expressed in  term s of n  alone. Thus tho  m utual 
interrelations between these various functions can bo ex
pressed in term s which have general validity. The theoretical 
“  balance strain  ” (strain corresponding to  U.T.S.) differs 
in m any cases from the experim entally determ ined value, 
which can be derived from elongation values referred to  
tw o different gauge-lengths. This difference indicates either 
th a t the equation given above for tho stress/strain  curvo 
does no t apply to  the m etal in question, which usually 
implies th a t the real value of the work-hardening capacity is 
higher, or th a t  there are weak zones present in th e  specimen.

—K . S.
*Nature of “ Viscous ” Fracture [of Materials Under Stress].

V. A. Pavlov and  M. V. Y akutovich (Doklady Alcad. N auk
8 .S .S .R ., 1951, 77, (1), 49-50).— [In  Russian], An investiga
tion  was made into th e  influence of plastic deform ation on tho 
form ation and  growth of microcracks in Plexiglas, in  which 
such cracks are more easily observed th an  they  are in  metals. 
Sheet specimens, 2 X 8 X 80 mm., were tested in tension,

non-uniform stress distributions being produced by  necks or 
holes. Microcracks formed in  places o f max. shear stress 
(i.e. where the plastic deform ation is m ost intense), and were 
always _L the line o f action of the norm al tensile stress. Micro
cracks can bo formed in regions of elastic deformation, and in 
this case they  close up on unloading. They aro always 
formed by  the action o f tensile norm al stress. P lastic 
deform ation increases th e  p robability  o f their form ation, even 
in anisotropic substances. Microcracks form only a t  tbe 
surface.— G. V. E . T.

* Anisotropy of the Elastic Modulus of Ferromagnetic Single 
Crystals. N. S. Akulov, I. P. Mazin, and Ya. I. Fel’dstein 
(Doklady Akad. N auk  S .S .S .R ., 1950, 71, (5), 851-854).— 
[In  Russian]. Tho im portance of tho magnetomechano- 
striction in the detn . o f th e  elastic const, of ferromagnetic 
substances is discussed. As i t  is difficult to  obtain single 
crystals of alloys for experim ental purposes, a  m ethod is 
developed for calculating the true  const, from da ta  on poly-
cryst. specimens. I t  is shown th a t — '=  K lz

  \jlii(<p2) *
where 27(<pi) and T((f>2) are free energies o f magnetization in 
two arb itra ry  directions, E fa )  and E(<j>„) are the moduli o f 
elasticity  in those directions, K  is the” const, o f energetic 
anisotropy, which can be determ ined from the law of approach 
to  saturation , e is th e  const, ol true  elastic anisotropy given 
b y e  =  l/(c12 — cn) +  l/Sc.n- The free energies were obtained 
from a magnetogram  for which an Akulov anisom eter was 
used. The value of s for annealed Ni was determ ined as 
— 6-6 X 10“:' mm .2/kg., which agrees well w ith  B ozorth’s 
result (B. et al., Phys. Rev., 1949, [ii], 75, 1954; 31.A ., 17, 
53).—Z. S. B. ’

Report on A.S.T.M. Task Group for Determination of 
Elastic Constants. IValter R am berg (A .S .T .M . Sym posium  
on Determination o f Elastic Constants, 1952, 3-9).—See 
M .A ., 20, 823. 1

The Fracture of Metals. Pau l Feltham  (Iron Coal Trades 
Rev., 1950, 161, (4302), 399-403).—A review. 24 ref.

—N. B. V.
»Characterization of the Brittleness of Steel [and Non- 

Ferrous Materials] by Means of Tension and Impact Tests on 
Notched Bars. W ilhelm K untze (Arch. Eisenhiittenwesen, 
1951, 22, (11/12), 387-392 ; discussion, 392-393).—A m aterial 
is b rittle  if th e  process o f relaxation which transform s elastic 
into plastic deform ation is slower than  the rate  a t which 
the stress is applied. Thus brittleness depends both on the 
m aterial and on the te s t conditions. K . distinguishes three 
characteristic types of b rittleness: (1) N atural brittleness, 
which is duo to  the presence of particles of a hard and brittle  
phase in the structure and can be detected m etallographically; 
i t  leads to  low values of tho reduction of area in  ordinary 
tensile tests on sm ooth bars. (2) N otch brittleness, which 
depends on tho response of tho m aterial to  tri-axial stresses; 
it  leads to  a  low ratio  of values for th e  reduction of area 
determ ined on smooth and  on notched bars. (3) L a ten t 
brittleness, which is due to  lattice disturbances of sub- 
microscopic dimensions and can be detected only a t high 
rates of strain. This group includes im pact brittleness, 
low-temp. brittleness, ageing em brittlem ent, &e., and i t  is 
claimed th a t a  low ratio  in  the values of the reduction of 
area determined on notched bars in ordinary and in im pact 
tension tests indicates this la ten t brittleness a t  norm al tem p, 
and in the un-aged condition, so th a t low-temp. testing  and 
ageing tests can be avoided. Tests o f these types were 
carried ou t on a varie ty  of steels, on Cu, Al and Al alloys, 
Mg, and Zn. K . believes th a t brittle  fractures in service 
can be accounted for on the basis o f this te s t procedure.

—K . S.
The Creep of Metals. P. Feltham  (Iron Coal Trades Rev., 

1950,161, (4300), 305-309).—A review. 31 ref.—N. B. V.
The Creep of Metals and Creep-Resistant Alloys. A. H.

Sully (Murex Rev., 1951, 1, (9), 211-228).—The historical 
developm ent of creep studies, th e  form of creep curves, 
in terpre tation  o f da ta , and theories of creep are reviewed. 
S tructural changes occurring during slow deform ation and
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the developm ent of orcop-resistaiit alloys are discussed. 
9 ref.—D. M. P .

^Prediction of Creep Curves from Stress/Strain Data. Yoh- 
H an  Pao and Joseph Marin (Proc. Amer. Soc. Test. -Mat., 
1952, 52, 951-957 ; discussion, 958-961).—See M .A ., 20, 746.

Fatigue of M etals: Consideration of Orowan and Dehlinger 
Theories. Paul Feltham  (Iron Coal Trades Rev., 1950, 161, 
(4308), 599-604).—A review. 35 ref.—N. B. V.

*An Investigation on the Coaxing Effect in Fatigue of Metals.
G. M. Sinclair (Proc. Amer. Soc. Test. Mat., 1952, 52, 743- 
751; discussion, 752-758).—See M .A ., 20, 746.

*The Fatigue of Metals: Notched Parts—Test Results, 
1948-50. Mirko ItoS (Met. Hal., 1951, 43, (12), 512-520).— 
The results o f tests are reported which have been mode on 
various types of steel, pure Al, and Avional D to  find the 
fatigue lim it for various uniaxial stress ranges as a  function 
of th e  notch cocff. The notched test-bars were almost 
homogeneous and testing tem p, normal. 22 diagrams 
illustrate the values obtained.—I. S. M.

Plasticity. Jam es B. Kelley (Physics Today, 1951, 4, (3), 
17—23).—A brief introductory  account o f th e  plastic flow 
and fracture of metals.—J . M. C.

*Tlie Basis of the M athematical Theory of Plasticity. 
F ritz  Stiissi. P . P . B ijlaard (Z. arujew. M ath. Physik, 1950,
I , (4), 254-267; 1951, 2, (2), 114-117; 118-119).—E xperi
m ents were carried ou t on a  hollow cylinder of an  Al alloy 
(Avional M) which was subjected to  internal pressure and/or 
longitudinal tension or torsion. S. claims th a t  the experi
ments show th a t the  effective Poisson’s ratio  in  plastic flow 
is n o t so th a t  there are vol. changes associated w ith flow, 
and further th a t th e  behaviour under combined stresses is 
n o t quasi-isotropic, as is usually assumed. H e criticizes 
B ijlaard’s trea tm en t of plastic buckling of stru ts. 11 ref.
B. claims th a t S.’s experim ental results are no t new, and 
can be explained fully in  term s of th e  assum ptions of 
p lasticity  theory. H e explains very carefully his m ethod 
of finding th e  stra in  increm ent from th e  stress increments, 
and finally cites experim ental evidence in  favour o f his 
theories, pointing out th a t the  experim ent quoted by  S. is 
a t  variance w ith  others. S. claims th a t B .’s theory  is no t 
self-consistent in  as much as a  change of orientation of the 
stress deviator d in ing plastic deform ation leads to  a  deforma
tion  which is no t quasi-isotropic, as had been assumed The 
experim ental work was deliberately done on a m aterial w ith 
a  long plastic range, since i t  is then  th a t th e  effects are m ost 
im portan t, and  this is w hy the departure from theory  was 
observable.—W. M. L.

*The Interaction of Stress and Deformation Gradients.
II.—Influence of Shape and Size. F ranz B ollenrath and 
Alex Troost (Arch. Eisenhiittenwesen, 1951, 22, (9/10), 327- 
335).—Cf. ibid., 1950, 21, 431; M .A ., 20, S24. H itherto , 
the  study of th e  effect o f stress and doformation gradients 
on the resistance to  plastic deformation, which depends on 
the size of the component, required an excessive num ber of 
tests. I t  is the object of th is work to  help achiovo a  position 
where the design of components of varying size and  shape 
can be based on the results of a  few simple tests of basic 
mecli. properties. I t  has been possible to  set up fairly simple 
equations showing the influence of non-uniform distribution 
of stress and stra in  on the resistance to  plastic deformation 
in  a  variety  of stress appn. and  w ith cross-sections o f different 
shapes. An expression for the dependence of the fatigue 
strength on th e  stra in  gradient, and thus a  simple form ulation 
of th e  size-effect, was also derived. F o r any  given m aterial, 
the  necessary da ta  for the required calculations can be obtained 
from a tension and a compression test, and two further tests 
in which geometrically similar specimens of different size 
are subjected to  bending or torsion. F o r fluctuating stresses, 
corresponding types of fatigue te s t m ust bo carried out.

—K . S.
^Increase in the Velocity of Plastic Flow of Metals [Lead, 

Zinc, Silver, Gold, and Platinum ] in  Electrolytes During 
Electrochemical Polarization. A ugust P fiitzenreuter and 
Georg Masing (Z. Metallkunde, 1951, 42, (12), 361-370).—A 
study  has been made of th e  velocity o f plastic flow under

const, load—in air, and in KC1 or KNOa electrolytes a t  
room tem p.—of Pb  (99-9%) foil, and wires of higli-purity 
(99-99%) Zn, Ag, Au, and P t  all of which had  boen ex
tensively recrystallized by  heating in a i r ; th e  apparatus 
and the techniques employed are described in  detail. The 
results show th a t under cathodic and anodic (for Au and  P t) 
polarization, the flow ra te  is increased up to  a  factor of ten, 
depending on the m otal and th e  electrolyte, while the Y .P. 
is decroased. The observations, therefore, confirm and 
extend th e  scope of those made b y  Rolibindor on Sn. The 
phenomenon is discussed in  relation to  previously published 
hypotheses as to  its origin, nono of which, i t  is considered, 
afford an adequate explanation. I t  is suggested th a t the 
effect is probably associated w ith  th e  form ation of an  elect, 
doublo layer a t  tlio motal/electrolyto in terface; there is an 
elcetrocapillary reduction of the surface energy which leads 
to  a  corresponding decrease in  th e  activation  energy for 
slip in the surfaco of the specimen. 11 ref.—E. N.

Thermodynamics of Plastic Deformation. N. S. Fastov 
(Doklady Akad. N auk S .S .S .R ., 1951, 78, (2), 251-254).—[In 
Russian]. M ath. F . deduces equations for the dependence 
of Y .P. and max. elastic deform ation on the speed of deform a
tion, the dependence of stress on deform ation and speed of 
doformation, and also the form of the creep curve.—G. V. E . T.

The Influence of the Surrounding Medium on the Plastic 
Deformation of Metals. Georg Masing (Met. Ilal., 1951, 43,
(11), 467-470).—[In  French]. Studies have been made to 
confirm the Rehbinder effect. Positive results were obtained 
up to  a  point. The mechanism is explained by  a  decrease 
in slip activation energy; no clear indication, however, has 
been forthcoming of any  influence on elect, resistance. 6 ref.

—I. S. M.
*The Influence of Experimental Conditions on the Adsorp

tion Effect in  Facilitating Deformation of Metal Single Crystals.
P . A. R ehbinder and  Y. I . L ikhtm an (Doklady Akad. N auk
S .S .S .R ., 1949, 69, (2), 219-222).— [In Russian]. The im 
portance of choosing the  m ost suitable experim ental con
ditions for work on th e  influence of surfacc-activo m edia on 
deform ation processes is discussed. The negativo results 
o f Kemslcy (Nature, 1(149,163,404; M .A ., 17,6) are explained 
b y :  (a) wrong etching o f the single crystals, (6) unsuitable 
ra te  of extension (0-2-0-35%/min. instead  of 5-10% /m in.), 
and (c) failure to  use non-polar grease in the control experi
ments. Maslennikov showed th a t  tho deform ation of Sn 
single crystals w ith no surface prepn. exhibits strong de
pendence on tho presence of surface-active media. The 
critical stress rises by  approx. 100% in an atm osphere 
sa tu rated  w ith n-butylic alcohol vapour, whereas no hardening 
is observed if the te s t is carried ou t in  vacuo. R.. and L. 
have recently shown th a t  th e  properties of surface-active, 
media are well studied in  respect o f the ir effect on creep. 
This is explained by  th e  fact th a t the microcracks cannot 
close. Yenstrem showed th a t  tho creep ra te  of Sn single 
crystals immersed in a  0-2% soln. of oleic acid in  kerosene 
is approx. twice th a t in  pure kerosene. In  tho presence of 
a 0-3% soln. of cetylic acid in  paraffin, tho creep ra te  ac
celerates earlier th an  in oleic acid.—Z. S. B.

Friction. F . P . Bowden (Proc. Roy. Inst., 1950, 34, (IY), 
(157), 634-646).—A review of the present s ta te  of knowledge 
of sliding friction. The m ain points discussed are the real 
area of contact between solids, friction and adhesion, the 
effect of surface films, the surface tem p, of sliding solids, 
friction on ice and snow, and the frictional properties of 
plastics.—S. V. R.

*Viscosity of Molten Metals. G. M. Panchenkov (Doklady 
Akad. N auk S .S .S .R ., 1951, 79, (6), 985-988).— [In Russian]. 
According to  the  theory developed by  P ., th e  dependence of 
th e  abs. viscosity (v;) o f a  liquid on th e  abs. tem p. T  is given 
by the expression:

■0 =  A '^ T ^ e ^ U T ii _  e-i./ii?’),
i o , / r

whoro A  — -y- ■;■,-■=  co2(3jlf-a/se&lSifi. In  these equations, R  is 
v  ixV N 0

the  universal gas const., N 0 Avogadro’s num ber, to th e  natu ral
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vol. of 1 g.-mol., p the d of tlio liquid, M  the  mol. weight, 
A S  tho change in  entropy on bond form ation (per mole), 
and  e0 th e  bond energy of a  mol. of liquid. A '  can bo con
sidered const., especially over a small tem p, range, since A S  
changes little  w ith tem p. To verify tho application o f this 
relation to  m olten metals, for each m etal th e  experim entally 
determ ined viscosities a t  any  tw o tem p, are used to  calculate 
s0 and A '.  Those values are then  used to  calculate tho 
viscosities a t  o ther te m p .; and  the calculated values are 
com pared w ith  tho experim ental da ta . This has been dono 
for N a a t  371-2°—628-2° K . (e0 =  1153 cal./molo, log A '  =  
■1-00200), K  a t  337-4°-625-7° I t .  (e0 =  887-5 cal./mole, 
log A '  =  4-12400), Ag a t  1273-2°-1433-2° K . (e0 =  4666 
cal./molo, log A '  =  5-02170), Cd a t  623-2°-873-2° K . (c0 =  
1156 cal./mole, log A '  =  5-58633), H g a t  253-2°-623-2° K . 
(e0 =  286-3 cal./mole, log A ' =  5-64700), Sn a t  533-2°- 
1073-2° K . (£„ =  1210 cal./mole, log A '  =  5-44150), P b  a t 
623-2°-873-2° K. (e0 =  2303 cal./mole, log A '  =  6-92237), 
Sb a t 973-2°-1373-2° K . (e0 =  2585 cal./mole, log A '  =  
5-08854), and Bi a t  577-2°-874-2° K . (z0 =  1447, lo g A ' =  
o-10295). Calculated and  experim ental values agree satis- 
factorily. Tho small values of c0 compared w ith vaporization 
energies are noted.—G. V. E . T.

♦The Change in  W ettability oi Metals and Sulphide Minerals 
Under the Action of Various Gases. I . N. Plaksin and S. V. 
Bessonov (Doklady Afcad. N auk S .S .S .R ., 1948, 61, (5), 
865-868).—[In  Russian]. The contact angles 0 between 
surfaces of Ag, Au, and Cu and a drop of w ater were measured 
a t  intervals up to  180 min. in  atm ospheres of 0 , N , and  C 02. 
Only O appeared to  have any  effect on 0 ; for Au 0 increased 
from .61° to  78° in 60 m in .; for Ag 0 increased from 52° to  
68° in  30 min. Results w ith Cu were som ewhat erratic, 
owing to  the presence of an oxide film.—N. B. V.

♦Experimental Researches on “ W etting Efiect ”  and 
“  Liquostriction ” . Carl Benedicks and R obert H arddn 
(A rkiv Fysik, 1951, 3, (22), 407-440).—[In English], E x 
perim ents on a  varie ty  of solids (sugar, gypsum, glass, steel, 
&c.) showed th a t tho bending strength  was usually reducod 
by immersion in  a  liquid, though oils generally raised the 
strength . Tho m agnitude of th e  weakening offect was 
roughly proportional to  th e  surface tonsion of th e  liquid, 
being therefore particularly  high for w ater and aq. alkali 
soln. F or steel there was a 20%  strength  reduction in  water. 
This w etting effect ” is a ttrib u ted  to  a redn. of th e  surface 
tension of tho solid as a  consequence of w etting it. Erom 
th is a  “ liquostriction ” effect was predicted and discovered. 
Wires of quartz and various metals (P t,F e ,N i, steel) lengthened 
spontaneously b y  several p.p.m . on immersion in a liq u id ; 
th e  effect sometimes takes some tim e to  build up. On 
drying, th e  wire contracts, sometimes below the original 
length. Tho effect is the greater, th e  higher the surface 
tension of th e  liquid. Oil (e.g. in traces in  water) reduces 
and slows down the effect, which is a ttribu ted  to  therm al 
agitation  in  the solid being less restrained a t  tho surface.

—R . W . C.
♦Experimental Studies of the “  W etting Effect ”  and 

“  Liquostriction ” . Carl Benedicks and  R obert H arden 
(Mel. Ital., 1951, 43, (9), 383-397).— Cf. preceding abstract. 
R esults of studies m ade have shown th a t tho “ w etting 
effect ” on solids is a  function of th e  surface tonsion of the 
w otting fluid. E xperim ental da ta  appear to  support the 
theory of “ liquostriction ” , which is the expansion of a solid 
body caused b y  a  w otting fluid. 13 ref.—I. S. M.

A Study of Gases in Metals. W. Bauldoh (Trans. Indian  
Inst. Metals, 1950, 4, 231-237; discussion, 238).—The basic 
theories of solubilities o f gases in m etals and m ethods of 
degasification are briefly reviewed. 5 ref.—P. F . N.

♦Adsorption and Hydrogenation of Gases on Transition 
Metals. M. E. Winfield (Australian J . Sci. Research, 1951, 
[A], 4, (3), 385-405).—Several principles are suggested which 
determ ine the location, and to  some ex ten t the behaviour, 
o f gas atom s chemisorbed a t  the surface of a  transition  metal. 
W ith these as basis, and the published experim ental evidence, 
the structures o f adsorbed 0 , H , C2H 4, and CO are deduced. 
F o r a diatomic mol. three kinds of" chemisorbed product are

d is tinguished: adsorbed mol., adsorbed atom , and adsorbed 
ion. Bond energies, together w ith solid models of surface 
and  adsorbate, are used to  arrive a t  th e  probable mechanism 
of C2H , hydrogenation on N i and of the Fischer-Tropsch 
hydrocarbon synthesis.—A u t h o r .

Symposium on Thin Films. F . A. H am m  (Analyt. Chem., 
1950, 22, (7), 958-959).—A brief report of a  Symposium 
sponsored by the A rm our Research Foundation of Illinois 
In s titu te  o f Technology in June  1950.—N. B. V.

♦The Investigation of “  Thick ” Metal Films and Their 
Surface Layers with the Aid of the Absolute Phases. Herwig 
Schopper (Z . Pliysik, 1951, 130, (4), 427-444).—An opt.- 
interference m ethod is described which allows the  refractive 
index, n, to  bo determ ined in  the interior of a m etal film, 
lior Ag n  — 0-11 for X =  546 mp. Methods are also described 
for measuring tho thickness of the transition layer between the 
m etal and  support, and of the surface oxide or other corrosion 
film. Tho surface film can be measured down to  thicknesses 
of a few mol. 16 ref.—J . W. C.

♦Thermal Conductivity of Metals a t High Temperatures.
P . H . Sidles and G. C. Danielson (U .S. Atom ic Energy Com
mission Publ., 1951, (ISC-198), 24 pp.).—The lim itations of 
th e jita tic  methods of Forbes (Trans. Roy. Soc. Edinburgh, 
1865, 23, 133) and Koblrausch (Ann. Physik, 1900, [iv], 1, 
132) are^ discussed, and  K ing’s dynam ic method (Phys. 
Rev., 1915, [ii], 6,437) was employed in  th e  present investiga
tion. M easurements were made on rods approx. 0-32 cm. in 
dia. and a t  least 50 cm. long, enclosed in a  vessel evacuated 
to  5 X 10-) mm. Hg. A detailed description is given o f the 
heating un it designed to  give a sinusoidal tem p, variation in 
tho specim en; th e  lim itations of the u n it are considered, a 
typical operating condition being a  period of 110 sec. and a 
power input of 0-30 W. resulting in a sinusoidal tem p, variation 
of 0-5° C. M easured in th is wav, th e  therm al conductivity 
of Cu is 3-988 ± 0 -0 4 9  W ./cm./°C. a t  36° C. and 3-517 ±  
0-009 W ./cm ./°C. a t  561° C.. in  good agreem ent w ith  pre
viously published figures. Values for Th are also given over 
th e  tem p, range 20°-410° C. 15 ref.—J .  W. T.

♦New Method for the Determ ination of Hall Effects in 
Series and in Parallel. A. L. Perrier (H dv. Phys. A d a , 
1951, 24, (6), 637—641).—[In  French]. M ath. The theoretical 
and practical aspects o f the  m ethod are discussed.— E. N.

♦On the Dependence of the Thermoelectric Power of Thin 
Metal Films on Their Thickness. E . Ju s ti, M. Kohler, and
G. L autz (Naturwiss., 1951, 38, (20), 475-476).—A theoretical 
and experim ental exam ination has been made of the effects 
of film thickness on the therm oelect, power o f films of Bi 
and Pb  as m easured against Cu. I t  is concluded th a t the 
effects cannot be explained theoretically  on a therm odynam ic 
basis, b u t can bo accounted for in term s of electron theory.

—S. V. R .
♦Measurements in  the Transition Region to Supraeon- 

ductivity.—I -n i. W ulther Meissner, F ritz  Schmeissner, 
and  H ans Meissner (Z. Physik, 1951, 130, (4), 521-528, 
529-538; 1952, 132, (5), 529-541).— [I.—] The external 
m agnetic field produced by  an elect, current in polycryst. 
coils and stra igh t single crystals of Sn was unchanged when 
th e  specimens were cooled through th e  supraconducting 
transition  region. The change of flux in stra igh t polycryst. 
specimens due to  an  external longitudinal magnetic field 
was also investigated in  th e  transition  region. The flux was 
expelled from a specimen in the norm al way if  i t  carried no 
elect, current, b u t there was an  increase in  flux before ex
pulsion in  specimens carrying 15 and 25 am p. [II— .] 
F u rth e r measurem ents o f the change in  flux were made 
w ith polycryst. Sn and  H g specimens. The increase in  flux 
occurs only when there  is a  min. current J 0 flowing through 
th e  specimen. J 0 is given by •/,, =  J ,  +  yH.d, where and  
y  are characteristics of each specimen, H  is the field strength, 
and  d  the  specimen dia. Values of J g and y  are given for 
Hg, Sn, In , and Tl, those of the la tte r  elem ents being obtained 
from th e  results o f Sterner (Z . Nalurforsch., 1949, [A], 4, 
271; M .A ., 19, 352). [ I I I .—] Hollow H g cylinders show an 
increase in  flux in  th e  cavity  when cooled through the
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transition  range. This proves th e  flux increase is due to 
a circular component o f th e  current and no t to  a  vol. 
magnetization. There is no critical current J 0 for increase 
in  flux in the c a v ity ; a  small increase occurs w ith very small 
currents. B y cutting  longitudinal slots in  hollow cylindrical 
specimens, the increase in  flux was prevented. The increase 
in  flux is believed to  correspond to  th e  am algam ation of 
separate supraconducting regions. Some experim ents w ith 
im pure Ta specimens are also described.—J . W . C.

On the Theory of Supraconductivity. Max Born and Kai- 
Chia Cheng (Doklady Akad. Nauk S.S.S.R ., 194S, 62, (3), 
313-318).—[In  Russian]. Sco 31.A ., 16, 328.—N. B. V.

♦Observations on Fröhlich’s Theory of Supraconductivity. 
M. R . Schafroth (Helv. Phys. Acta, 1951, 24, (6), 645-662).— 
[In  German]. M ath. I t  is shown th a t  the interaction 
between th e  conduction electrons and the lattice vibrations 
in  a  m etal, if  trea ted  by  perturbation  methods, can never 
yield th e  London equation for th e  supracurrent in  a magnetic 
field. This deviation from a  result obtained by Fröhlich 
(Phys. Rev., 1950, [ii], 79, 845; M .A., 18, 502) is considered 
to  arise from F .’s having made an  erroneous choice of the 
approxim ation for the expression relating to  c.d. However, 
since the  basic idea of F . is considered to  be true, other 
approxim ations have to  bo mado, and these are discussed. 
A  general expression for the diam agnetic susceptibility o f a 
gas of freely charged particles is derived by  a new m eth o d ; 
i t  is valid in  any system of statistics. 8 ref.—E . N.

♦Semi-Metallic Materials Having a Continuous Transition 
of [Electrical] Properties from Metal to Ceramic. V.— 
Capillary [Type] Semi-Conductors. E berhard Mej'or-Hartwig 
(Z . Metallkunde, 1951, 42, (10), 302-308).—The basic principles 
for assessing the possibilities of m etal-ceram ic combinations 
in respect o f the ir elect, properties are discussed and illus
tra ted . W hen the various types of semi-conductors arc 
considered—m etal-insulator combinations o f multilayer, 
sandwich, powder, and  capillary types—the last-m entioned 
are seen to  be very simple to  m anufacture. Their prodn. 
by  special sintering processes, which improve m etal-ceram ic 
and ceram ic-m etal diffusion, enables new materials w ith a 
wide range of variations in  properties to  be developed. The 
basic constituents and characteristics o f such semi-conductors 
w ith  elect, properties designed for sp. purposes (e.g. whose 
resistance increases or decreases w ith increase in  tem p., or 
which are to  be used as corrosion-resistant liigh-temp. heating 
elements) are outlined.—E. N.

fElectronic Conduction in Non-Metals. Georg Busch (Z. 
anyeiv. Math. Physik, 1950, 1, (1), '3 -3 1 ; (2), 81-110).—A 
very thorough review of theoretical principles and of experi
m ental results on semi-conductors of both ionic and valence 
crystal types. The elect, conductivity, H all effect, and 
change of resistance in a  magnetic field are dealt w ith in 
[I.—]. The special cases o f ZnO, Cu20 , SiC, Si, and  certain 
spinel-type oxides are discussed in  detail. [I I.—] The 
therm o-elect, properties are briefly discussed. 131 ref.

—W . M. L.
♦Emission of Electrons and Reflection of Ions from Metal 

Surfaces. M. A. Eremeev (Doklady Akad. Nauk S.S.S.R ., 
1951, 79, (5), 775-777).—[In Russian]. T a or W  targets, 
previously annealed a t  2500° K . and placed a t  the centre 
of a spherical collector for secondary particles, were bom barded 
w ith  narrow  beams of ions of the alkali metals. A t m oderate 
tem p, the targets were always coated w ith ions adsorbed 
from the prim ary beams, the am ount being measured by  the 
ballistic throw  of a  galvanom eter on sudden overheating of 
the  ta rg e t to  vaporize the  ions. The num ber of electrons 
em itted by  the targets increased linearly w ith the energy 
of the incident ions. W ith increasing ta rge t tem p., the 
num ber o f electrons em itted  and the num ber of ions adsorbed 
bo th  decreased. U p to  800° K . th e  reflection coeff. o f the 
ions is independent o f th e  nature  of the ta rge t and of the 
energy of the  ions. Above 1000’ K ., the  reflection coeff. 
for Ta and W  w ith K  ions are different, b u t independent of 
the energy of the ions between 1 and 13 k eV .; for Li ions 
o f these energies, th e  reflection coeff. rem ains th e  same a t  all 
tem p. A t high target tem p., ions o f very high energy are

reflected. Experim ents were also made w ith a  ta rget of 
m olten S n ; diffusion prevented the form ation of an adsorption 
layer o f alkali m etal atom s. R epeated purification of the 
surface by decantation reduces the reflection of slow ions 
and  the emission of elec trons; only fast ions are reflected 
from completely pure surfaces. The max. energies of those 
ions correspond to  the values obtained in  an elastic collision 
of a Iv ion w ith an isolated Sn atom . W ith  Sn th e  reflection 
coeff. is again independent o f the energy of the ions. The 
electron emission is due to  the  presence of adsorbed ions, for 
no electrons are em itted  from Sn surfaces freed from the 
adsorbed layer. The energy distribution o f ions reflected 
from solid surfaces was studied by magnetic analysis; graphs 
o f the results aro given for K  and Li ions incident on a  
T a target a t  45°. The energy corresponding to  the max.

on a  curve is given by  E  =  w i , . A70, where E0 is initial
r ni,

energy o f the incident ions, m 1 th e  mass of an atom  of th e  
target, and m 2 the  mass of an incident ion. By experim ent,

values of , m2 for K  and Li were found to  bo 0-60 and  wq -f- m 2
0-82, resp. (calculated values 0-64 and 0-92). E .’s results 
indicate th a t  there are elastic collisions between the incident 
ions and individual free atom s of the  ta rge t.—G. V. E . T.

♦Structure of the [Electron) Emitter of the Kubetsky 
[Electronic] Tube. S. M. Fainshtein and L. I . T atarinova 
(Doklady Akad. Nauk S.S .S .R ., 1951, 79, (3), 435-438).—[In 
Russian]. The secondary-electron em itter consists of a  
film (~10~5 cm. thick) produced by  reaction of electro
deposited Cu (on Ag basis metal) w ith an  aq. soln. of H 2S, 
and then  ac tivated  by trea tm en t w ith Cs vapour in  vacuo; 
th is is thought by  K ubetsky (Izvesl. Akad. Nauk S.S.S.R ., 
1944, [Fiz.], 8, 357) and by  Badikova (Zhur. Tekhn. Pi?.., 
1939, 9, 24, 2163) to  consist of th e  system  Cu-S-Cs. F . and 
T. have investigated the nature  of the film and  the mechanism 
o f its  form ation, b y  a  reflection m ethod o f electron diffraction, 
using MgO as a  standard . A fter the trea tm en t w ith  H 2S, 
th e  film consisted m ainly o f Cu20  w ith some Cu2S, CuS, 
and CuO, though in some samples Cu,S was absent. Cu 
deposits obtained from neu tral CuS04 a t  c.d. ~0-3 am p./dm .2 
were found to  be coated w ith a  th in  film of Cu20  even before 
treatm ent. The Cu2S in the em itter layer m ust be formed 
by  the reac tio n : C u ,0  +  H 2S Cu2S - f  H 20 . Film s of 
Cu2S were prepared on NaCl single crystals by condensing 
separately vapours of S and Cu, then  heating in vacuo to 
>300° C .; these films contained traces of Cu20  and  were 
unchanged a fter heating in a ir or w ater vapour for 1 hr. 
The effect of vacuum  heat-treatm cnt before activation  in 
m aking the colour of the em itter lighter m ust be due to  the 
reaction 2C u,0 - f  Cu,S ->  6Cu +  S 0 2.—G. V. E . T.

♦Electron Emission from Metal Surfaces as an After-Effect 
of Mechanical Working or Glow Discharge. O. Haxel,
F . G. H outerm ans, and K . Seeger (Z. Physik, 1951, 130, (1), 
109-123).—As reported by  K ram er (ibid., 1949, 125, 739; 
M .A., 20, 350), m etal surfaces rubbed w ith emery em it 
electrons, th e  c.d. decreasing w ith time. The effect was 
investigated, using an arrangem ent in which the  surface was 
placed inside the countor tube used to  measure the electron 
current. F o r any  one m etal, the  emission current J  and 
th e  tim e f since abrasion were simply related by  the eq u a tio n ; 
J t  =  const. This const, decreased for different m etals in 
the order Pb, In , Al, Au, Cu, Mo, Sn, Fe, W ood’s metal, and 
graphite. The dependence on tem p, of th e  surface was also 
investigated ; a  sudden increase in th is tem p, gave a sharp 
rise in electron emission, followed b y  a  rapid  decrease. A 
glow discharge in th e  counter tube  also produced a  tim e- 
dependent electron emission, b u t th e  effect wras more marked. 
The results are in terpreted  b y  assuming th a t th e  mech. 
deform ation or the  glow discharge removes a  layer of adsorbed 
O, which is then  re-formed during the electron emission.

-—J. W. C.
Magnetic Materials and Ferromagnetism. A. E . De B arr 

(Research, 1951, 4, (8), 366-371).— A short review. 20 ref.
—N . B. V.
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Effect of Tension on the Magnetization of Ferromagnetic 

Substances in the Region of the Para-Process. K . P. Belov 
(Doklady Akad. N auk S .S .S .R ., 1948, 61, (5), 807-809- C. 
A bs .,i 1949, 43, 4529).—[In  Russian]. E lastic deformation 
should affect tlio m agnitudo of saturation  m agnetization 
(region of th e  para-process). This is indicated by  tho fact 
th a t  th e  exchange forces corresponding to  the spontaneous 
orientation of spins depend on interatom ic distance, and  the 
fact th a t m agnetostriction takes place on account of tho para- 
process. Tests wore m ade of tho effect o f tension on the 
spontaneous magnetization of ferromagnetic materials. By 
testing near tho Curie point it  was possiblo to  elim inate the 

commercial ” m agnetization by  moans of a  relatively small 
magnetic field. The testing procedure consisted in  applying 
a  field, H Sf greater than  th a t for commercial m agnetization. 
The change of saturation  m agnetization, A I s, produced by 
quickly applying an elastic stress was measured by a  system 
o f sensitive coils and a  ballistic galvanom eter. The specimens 
were wires, 2 mm. in dia. and 250 mm. long, and the stress 
'™ mno10 Tests were m ade over the tem p, range
—200 to  + 400° C .,- points obtained on heating coincided 
w ith those on cooling. Curves of AI ,/p  against tem p, (p  
in  dynes/cm.2) were obtained for (1) Ni, (2) 8 0 -2 0  Ni-Cu
(3) 0 4 :3 6  Fe-N i, (4) 4 4 :5 6  F e -P t, ' in  a «¿Id of 1000 Oo! 
Metals (1) and (2) showed sm all negative effects, A I J v  =  
~ 10 X 10-« Oe. cm.2/dyne, (3) and (4) + 7 5  and +200 , 
resp. th ese  max. values occurred near 250° C. A t 0° C. 
th e  values should be zero. In  (3) and  (4) the curve of 
exchange forces against interatom ic distance m ust have a 
steep slope, in (1) and (2) a flat slope.

""Temperature Dependence of Magnetic Viscosity of Ferro
magnetic Metals. E. F . ICuritsyna (Doklady Akad. N auk
iS.S.S.R ., 1951, 79, (2), 233—236).—[In  Russian]. E xperi
m ents to  verify Telesnin’s first iaw of m agnetic viscosity 
(ibid., 1950, 75, 659; M .A ., 20, 77) which states th a t  relaxa

tion tim e v =  A  . '{d, where A  =  coeff. of magnetic viscosity,

P  '. a^3* t (' lnp., and y d is tho differential magnetic sus
ceptibility, d l/dH . K . gives curves of m agnetization, 
hysteresis, t ,  and  A  for Fe and Co a t  86°, 293°, 473°, 673°,

873°, and 1013° K . Curves showing the variation w ith tem p, 
ot max. values o f r  and y,; arc also given. Tho v curve for 

a  h,‘S1i Talu,° a t  86° K . to  a  miu. in tho region 
8UU -oOO C., and then  shows only a  slight increase. The 
curve for Co is similar, b u t tho values are less. Values of 
A  for F e and Co show more sca tter th an  those for N i (T. and 
K ., ibid., 1950, 75, 797 ; M .A ., 20, 78).— G. V. E . T.

*The Influence of Elastic Internal Stresses on the Law of 
Approach to Magnetic Saturation. L. V. K irensky and L. I. 
Slobodskoy (Doklady Akad. N auk S .S .S .R ., 1950, 70, (5), 
809-811).—[In  Russian], A calculation of the in tensity  
ot m agnetization of polycryst. aggregates a t  high field 
strength , tak ing  into account the magnetostrictivo effect, 
is given. The in ternal stresses present in  the sample aré 
shown to  a lte r th e  shape of the m agnetization curvo a t  high 
held strengths to  a significant ex ten t a t  room tem p. The 
shape of th e  curve can indicate w hether the original stresses 
are opposing or relieving those sot up by m agnetostriction.

'  —z - S. B.
""Magnetism of Free-Charge Carriers in Semi-Conductors.

G. Busch and  E . Moser (Helv. P/n/s. Acta, 1951, 24 (41 
829 -331 )._ [In  German]. The results of magnetic-suseepti- 
Dihty/tomp. measurem ents on grey Sn show th a t the tem p.- 
dependent and tho const, (temp.-independcnt) term s in  tho 
susceptibility relationship arise from the m agnetism  of the 
freo-electron carriers and  the diam agnetism o f the Sn atom s 
rcsp. Tins conclusion enables an  equation to  be derived for 
th e  magnetic properties o f th e  holes and conduction electrons 
in  sem i-conductors; its  valid ity  is confirmed by  tho experi- 
m ental observations.—E. N.

Solid-State Electronics. R obert G. Breckenridge (Physics 
Today, 1951, 4, (9), 7-11).—The band theory  of conduction 
(lor conductors, semi-conductors, and  insulators) is explained 
simply, and recent work in th is field a t  the N ational Bureau 
ol stan d ard s is reviewed.—J . M. C.

Correction to the Paper by A. E. Glauberman and I. I. 
Tal’yansky on: The Theory of the Escape of Electrons from 
a Metal in an Electric Field. A. E . G lauberm an and  I. I. 
Tal yansky (Doklady Akad-. N auk  S .S .S .R ., 1951, 81 (2)* 
124).— [In Russian]. See M .A ., 19, 440.—G. V. E . T. ’

2 — PROPERTIES OF ALLOYS
•'Effects of Machining Specimens on the Results of Tension 

Tests of Annealed [Aluminium and] Aluminium Alloys.
G. \v. Stickley and K . O. Bogardus (Proc. Amer. Soc. Test. 
Mat., 1952, 52, 1079-1085).—See Jf .A ., 20, 751.

""Fatigue of 76S-T61 Aluminium Alloy Under Combined 
Bending and Torsion. W illiam N. Findley (Proc. Amer. 
■Soc. T  est. M at., 1952, 52, 818-833 ; discussion, 833-836).— 
fcec M .A ., 20, 832.

* ^ e c t  0j prior Repeated Stressing on the Fatigue Life of 
75S-T Aluminium. Thomas J .  Dolan and H erbert F . Brown
{J n r~ , i f l" f . S °C: r T? sL M at-’ 1952’ 52> 733-740; discussion, 740-742).—See Jf .A ., 20, 831.

*Tlie Presence of Molecular Formations in Ternary Primary 
Solid Solutions of Aluminium. T. A. B adaeva (Doklady 
Akad. N auk S .S .S .R ., 1949, 64, (4), 533-536; C. Abs., 1949, 
43, 4534).—[In  Russian], Analogously w ith binary  solid 
soln., in which a  high value of tho heat o f form ation indicates 
a deviation from statistical distribution, in the direction of a 
distribution akin to  chem. mol. form ation, the ternary  
system  Al-M g-Si, along th e  section of const. A1 =  99 a t  -% 
shows, a t  all tem p, between 480° and 550° C., in unquenehed 
samples, a  d istinct min. of tho elect, resistivity  p a t  the 
M g: Si ra tio  corresponding to  Mg2Si. Consequently, tho 
ternary  solid soln. contains mol. of Mg2S i; the ir max. am ount 
corresponds to  tho section Al-Mg„Si. The effect is no t 
masked by an  interaction between Al and S i ; th e  binary 
diagram  shows absence of compound formation. In  the 
te rnary  system Al-M g-Zn, along tho section A1 =  90 or 
92 /0, p decreases continuously w ith increasing Zn (decreasinc 
Mg) a t  all tem p, between 410° and 440’ C. The isotherms

are nearly^ rectilinear and show no anomalies either in the 
concentration range of equilibrium between tho solid soln. 
and tho T  phase or of equilibrium w ith MgZn. and MgZn,. 
Consequently, both th e  T  phase, commonly considered as 
close to  Al^MgjZnj, and  the binary  M g-Zn compounds, are 
dissociated into atom s in the ternary  solid soln. in Al.

Tj+s® of the System AIuminium-Copper-Magnesium. 
M. b. Mirgalovskaya (Doklady Akad. N auk S .S .S .R ., 1951, 

289-292). [In  Russian]. I n  a previous investigation 
or the central p a rt of th e  Al-Cu-M g equilibrium diagram 
(Urazov and M., Referaly Nauchno-Issled. Rabot. Otd. K him . 
N auk  Akad. N auk  S .S .S .R ., 1944, 24), a  new interm etallie 
phase was observed and  designated Q. I t  greatly  resembles 
the U and T  phases, no t only in crystal form b u t also in its  

tow ards th e  usual etchants. Using alloys annealed 
a t  400 C. for 45 days and  air-cooled, M. has now established 
th e  extents of the phase fields by  microscopy. The solid- 
soln. region of the Q phase is very  small (-1 -5% ). A Thomson 
bridge was used for elect.-resistance measurem ents on alloys 
along the section U-^Al-M g a t  18° and 100’ C. The tem p, 
coefi. o f elect, resistance/compn. (w t.-%  Al) curve for these 
aU o p  shows a singular m ax. a t  the compn. Al 35-5, Cu 
36-8, Mg 27-7% (corresponding alm ost to  Al,Cu,Mgr), 
indicating th a t  th e  Q phase is interm etallie. An X -ray 
I t  X  single-phase alloy of compn. Al 36-5,
Mg 27-2, Cu 36-3% shows th a t  the Q phase has a b.c.c. lattice 
mi,-  37 > th e  sPace group is o f class Th-md or Oh-m3m.
Ih e  num ber o f atom s in  th e  unit cell, calculated from the
C ? ^ ed»rsp- g r- (3 '022 a t  25° C.), is 94 ; i.e. i t  contains 
6 Al7Cu3Mgc groups.—G. V. E. T.
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♦Region of Primary Crystallization of the Q-Phase of the 
System Aluminium-Copper-Magnesium. M. S. Mirgalovskaya 
(Doldady Alcad. N auk S .8 .S .R ., 1951, 77, (C), 1027-1030).— 
[In  Russian]. M. investigated th e  nature  o f the processes 
in which the Q phase (see preceding abstract) participates, 
by  the microscopical exam ination and therm al analysis of 
~60 alloys. Because of the  difficulty in  distinguishing the 
Q phase from tho U and  T  phases, the following etchants 
were used : 27%  U N O , +  7%  H P, 0-5% H P  +  1-5%
HC1 - f  2-5% H N 0 3, and 25% I IN 0 3 +  0-5% H P. W ith  tho 
first etchant, th e  centres of th e  grains of the T  phase wero 
tin ted  more darkly  th an  the ir external layers. The pheno
mena observed by Urazov, M., and N agorskaya (Izvest. 
Sekt. F iziko-K him . Anal., 1949, 19, 523) are the result of a 
typical peritectio transform ation of the darker Q phase into 
phase T . The Q phase takes p a rt in  the following invariant 
processes: liquid +  U + S  ->  Q (520° C .; A1 51*1, Cu 150, 
Mg 34-0% ); liquid +  Q ->  S  +  T  (472° C .; A1 -01-5, 
Cu 12-5, Mg 26 0 % ); liquid +  t/+ -< 2  +  8 (-4 3 5 °  C .; 
A 1-27 -8 , Cu 6-2, Mg 66 0 % ); liquid +  T  ->  y +  Q (~ 430°C .; 
A1 ~32-2, Cu 6-2, Mg 61-6% ); liquid ->  y +  S +  Q (425° C .; 
A1 31-0, Cu 6'0, Mg 63 0% ). The liquidus diagram for the 
region studied is given.—G. V. E . T.

The System Aluminium-Copper-Magnesium. G. G. Urazov 
and  M. S. M irgalovskaya (Doklady Akad. Naulc S .S .S . P., 
1952, 83, (2), 247-250).—[In Russian]. Gives the equilibrium 
diagram , isotherm al section a t  400° C., and liquidus surfaco 
for the system, based on results published in previous papers 
(see preceding abstracts). W ith  th e  exception of the region 
lying near the Cu corner o f the Al-Cu system, th e  Al-Cu-M g 
system  consists of the following 15 “ ind iv idual” ternary  
system s: Cu2Mg-CuMg2-  U, CuMg2-f7 -8M6, U-Q-8m , Q-Ym-ijs~ 
&Ms’ T~Q~Vjii-Vg> PAI-M8~2'-yAl-Mg> *5“ S -Q -T , CZ^-S-T,
a A r  ^ 1 - H A l'-i[g>  a S\~ Oil-Cu- O a , -C u ~  V S j V -U -S , V )a1-C u - £ A 1 Cu" F ,

eAi-co-P-U  (in th e  solid sta te , a t  400° C., 0,u_c,1-y]ai_Cj- F  
and -fiAi-ca~V-U  exist). Conclusions of o ther workers are 
criticized.—G. V. E . T.

The Production of Aluminium-Silicon Alloys in the Electric 
Furnace. Y. Dardol (J . Four elect., 1951, 60, (2), 37-39;
(3), 6S-70).—D. reviews available inform ation relating to  the 
reactions involved in th e  direct prodn. o f A l-Si alloys by 
reducing A l„0,-SiO , m ixtures w ith C in th e  elect, fumaco. 
37 ref.—N. B. V.

Aluminium-Silicon Alloys. P . P . B hatnagar and T. 
Banerjee (T ram . Ind ian  Inst. Metals, 1950, 4, 209-230).— 
A review of methods of prodn. and modification of Al-Si 
alloys. Phys. properties of the  alloys and  th e  effects on the 
5%  and  13% Si alloys of minor elements w ithin th e  A.S.T.M. 
specification are described. The characteristics and appn. 
of the binary  and complex Al-Si alloys are also discussed. 
37 ref.—P. F . N.

*Antimony -Lithium Photocathodes. FT. Schaetti and  W. 
B aum gartner (Z . angeiv. M ath. Physik, 1950, 1, (4), 268).—A 
le tte r. The spectral-sensitivity  curves of Sb-Cs and Sb-L i 
photo-cells are given, and show th a t  in th e  near ultra-violet, 
a t  ~3600-4500 A., there is a  d istinct advantage in th e  la tte r. 
This is th e  range of wave-lengths produced by  cathode-ray 
tubes, & c.; for example, the flying-spot microscope or a 
scintillation counter.—W. M. L.

♦Photo[-Electric] Efiect with Cs-Ga, Cs-In, and Cs-Tl 
Photocathodes. N. Schaetti, W. B aum gartner, and Ch. 
F lu ry  (Helv. Phys. Acta, 1951, 24, (6), 609-613).—[In  German], 
The "photoelect, characteristics o f Cs-Ga, C s-In, and Cs-Tl 
photocathodes have been determ ined. Their sensitivity 
is relatively low, being o f the order of 1-0, 1-5, and  0-5 ¡x am p./ 
lum en, resp., as compared w ith 30 p. am p./lum en for a Cs- 
Sb cathode. Although th e  shapes of the S-shaped spectral 
sensitivity curves are very similar, and, therefore, are alm ost 
independent of the nature of th e  elem ent used in conjunction 
w ith Cs, w ithin th e  region 5500 4500 A., there does appear 
to  be a slight relationship between emissivity and  at. w t. 
Anomalous results are obtained when th e  photocathodes 
consist of th in  evaporated films.— E. N.

♦Properties of Cs-Sb Photocathodes at Various [Low] Tem
peratures. N . Schaetti and W . B aum gartner (Helv. Phys.

Acta, 1951, 24, (6), 614—619).—[In  German]. Previous dotn. 
(of. ibid., 1950, 23, 524; M .A ., 18, 597) of tho spectral- 
sensitivity characteristics of Cs-Sb photocathodes, which 
were carried ou t in  the tem p, range -f-20° to  —120° C., have 
been extended to  —131°, —183°, and —196° C., and com
pared w ith the values a t  room tem p. (+ 25° C.). Tho results 
are given in  tables and graphs. They show th a t :  (1) in 
all cases cooling produces a  recession in the long-wave limit 
o f sensitivity, and  (2) if the cathode layer contains an  excess 
of Cs and  is slightly oxidized, tho characteristics deviate 
from norm al in having a  relatively low blue, and a much 
higher rod, sensitivity.—E . N.

♦On the Electrical Conductivity of a Ferromagnetic 
Chromium-Tellurium Alloy. I. G. Fakidov, N. P . Grazh- 
dankina, and A. K . K ikoin (Doklady Akad. N auk S .S .S .R ., 
1949, 68, (3), 491-492).—[In  Russian]. F ., G., and K . 
studied the influence of tem p, and m agnetic field on tho sp. 
resistance of the alloy contg. To 48-5, Cr 51-5 a t.-% , which 
was prepared by  m elting under A in  a silica tube a t  1250° C. 
The sp. resistance of th e  alloy a t  room tem p, was 5-l(H  
ohm/cm. and tho tem p, coeff. of resistance was positive, 
changing sharply a t  58° C., tho Curie point. A R J R  p lo tted  
against tem p, for fields from 3 to  15 kOe. show's a  m ax. 
near 58° C. Tho alloy differs from o ther ferrom agnetic 
m aterials in th a t A R J R  and A R J R  are both  negative and 
of alm ost equal m agnitude a t  20° C. Vonsovsky (Zhur. 
Teklm. F iziki, 1948, 18, 145) explained th is anom aly as being 
due to  a  “ volume ” effect. Though tho results do no t agree 
w ith  those of o ther workers, owing to  different methods o f 
prepn., they  are consistent w ith heat-capacity  and magneto- 
caloric m easurem ents on the same alloy.—Z. S. B.

♦Exploratory Investigation of High-Temperature Sheet 
Materials [Cobalt-Base Alloys]. D. Preston (Proc. Amer. 
Soc. Test. M at., 1952, 52, 962-986; discussion, 986).—See 
M .A ., 20, 833.

♦The Influence of Periodic Overstressing on the Creep 
Properties of Several Heat-Resistant [Cobalt-Base] Alloys.
G. J .  G uarnieri and L. A. Yerkovich (Proc. Amer. Soc. Test. 
M at., 1952, 52, 934-946; discussion, 947-950).—See M .A ., 
20, 833.

♦Appearance of Portions of Anomalous Values on the 
Logarithmic Curves of Dissociation Pressure of Cobalt 
Arsenides. M. I. Kochncv (Zhur. Priklad. K him ., 1948, 21, 
(12), 1210-1227).— [In  Russian]. K . determ ined th e  dis
sociation pressure, P , by  th e  effusion m ethod, using ~ 1  g. 
powdered alloy in a quartz  glass am pou le ; the ampoule 
orifice areas varied from 0-6 X 10~3 to  3-12 X 10 3 cm.2. 
Curves showing th e  variation  of log P  w ith  1/7’ (where T  is 
the abs. tem p.) are given for the following arsenides a t  th e  
ranges of tem p. (°C.) show n: CoAs2 (465°-060°), Co,Ass 
(550°-740°), CoAs (740°-1065°), Co3As, (75o°-1080°), Co.,As 
(768°-995°), and Co5As, (768°-1060°). The curves are 
stra igh t lines w ith discontinuities (either a  sharp decrease 
followed by an increase, or an  S-shaped kink resembling van 
der W aals curves) a t  the following tem p. (°C .): CoAs2, 
505°-542°; Co2As3, 550°-601°; CoAs, 768°-785° and 850°- 
870°; Co3As„, 778°-798° and 837°-885° ; Co.,As, 787°-805° 
and 844°-885°; and Co5As2, 798°-818°, 864°-885°, and 
885°-900°. A t any one tem p., the value of P  for CoAs2 >  
th a t  for Co2As3 by  ~100 X , and P  for Co2As3 >  th a t for CoAs 
by  ~ 1 000-10,000 x  ; values of P  for CoAs, Co3As2, Co2As, 
and Co5A s2 differ in  m agnitude b y  <  10 X • The tem p, a t  which 
the anomalies occur correspond w ith  the tem p, a t  which th e  
powders ignite in oxidizing atm ospheres. This is explained 
by  the hypothesis th a t changes in th e  crystal lattice occur 
a t  these tem p.—G. V. E . T.

♦The Thermodynamic Properties of the Cobalt Arsenides. 
M. I . Koclmev (Doklady Akad. N auk S .S .S .R ., 1950, 70, (3), 
433-435).—[In  Russian]. The therm al dissociation of th e  
Co arsenides was studied by  measuring th e  pressure of th e  
liberated As vapour by  th e  m ethod of flow. Synthetic 
C oA s2, C oA s3, CoAs, Co2As, and Co6As2 were studied, and  
equations for the ir dissociation are given. Temp, o f experi
m ent ranging from 460° to  1095° C. wore used, depending 
on the compu. o f the arsenide. The mol. of gaseous arsenic



1953 993 2—Properties o f  Alloys 994

was assumed to  be As4, and as the dissociation pressure of 
the arsenides in the given tem p, in terval was very low, the 
ideal gas laws were assumed to  be applicable. The dis
sociation pressures o f the  six Co arsenides a t  > 7 °  C. from 
their ignition tem p, are given, and the equilibrium const, of 
the dissociation reactions are calculated from them . The 
heats o f form ation of the Co arsenides and their heats of dis
sociation are also calculated. Solubility of the dissociation 
products in the Co arsenides affects the results slightly. 
Em pirical equations for the dependence of the equilibrium 
const, on tem p, are given.—Z. S. B.

♦Dissociation Pressure oi Copper Arsenide. M. I. Kochnev 
(Doklady Akad. N auk S .S .S .R ., 1951, 79, (3), 463-465).—[In  
Russian]. The dissociation pressure (P ) o f an alloy contgT 
71-40% Cu, 28-60% As (Cu3As contains 28-23% As) was 
measured over the range 505°-700° 0. by  the molecular-flow 
m ethod used previously for cobalt arsenide (Zhur. Priklad. 
Khim ., 1948, 12, 1210; preceding column). Over the 
range 505°-590° C., log Pec 1/T , where T  is th e  abs. tem p., 
bu t in  the interval 590°-595° C. P  drops sharply, and a t  
600° C. i t  could no t be measured. Beginning a t  605° C., 
however, P  again increases w ith tem p., so th a t a t  665° C., 
i t  has reached the value i t  had a t  590° C. By 700° C., P  
has begun to  fall gradually. Comparison of the log P  vs. 
1 /T  curve w ith  th e  equilibrium diagram  shows th a t  anomalies 
in the curve correspond to  tem p, of isotherm al transform a
tions in  alloys w ith compn. near to  Cu3As. Over the tem p, 
range 500°-590° C., th e  equilibrium const. K  for the forma
tion  of Cu3A s from the elements was given b y : log K  =  
2490—y  1-25. The free energy of form ation a t  590° C.

A<I>6!!3 =  —6472 cal./g.-mol. F or th e  interval 505°-590° C., 
th e  change in heat content A H  =  —11,395 cal./g.-mol., and 
the change in  entropy A S  =  -5 - 7  cal./g.-mol. The value 
of 25,600 cal./g.-mol. for th e  heat of form ation obtained by 
Savelsberg (Metall u . Erz, 1936, 14, 379) is criticized.

— G. V. E . T.
♦Influence of the Gaseous Atmosphere on the Formation 

of Blisters in Beryllium Bronze. A. K . Chcrtavskikh and 
Y u. A. K lyachko [Zhur. Priklad. Kliim ., 1950, 23, (10), 
1032-1039).—[In  Russian]. An investigation was made of 
blisters, dia. 0-5-1-0 mm. and wall thickness 0-1-0-25 mm., 
found in  annealed sheet. Sheets 0-5 mm. thick were prepared 
from ingots cast from Bo bronze m elted in  a H .F . furnace, 
w ith and w ithout charcoal fluxes (calcined or moistened). 
Specimens wore heated in  various atm ospheres and then 
quonched in w ater. W ith m oist charcoal, the am ount of 
scrap duo to  the presence of blisters was 2-3  times greater 
th an  w ith calcined or no charcoal. The greatest am ount of 
scrap was obtained on annealing in  steam  or m oist N H 3. 
W ith  ingots vacuum -cast from rem elted m aterial, cracking 
and  lam ination occurred on rolling. However, tho sheet 
produced did n o t give blisters when annealed in  steam  for 
30 min. a t  790° or 850° C. Annealing tests w ith cleaned 
strip  showed th a t strip  m ade from ingots vacuum -m elted 
b u t cast in air (I) gave ~31 times as much scrap and ~100 
tim es as m any blisters as th a t  made from ingots vacuum- 
m elted and vacuum -cast (II). I f  tho surface of strip  (13) 
was no t cleaned, blisters were no t produced on annealing in 
steam  or dissociated j 5 T H 3 .  Blisters were no t observed when 
cleaned strip  (II) was heated in air, b u t w ith (I) blistering 
occurred on heating a t  810° C. and  increased w ith  increase 
in tem p. Cleaned (II) heated in steam  a t  750°-850° C. was 
alm ost free from blisters, bu t w ith (I) blisters were formed 
even a t  750° C. (The num ber o f blisters produced rem ained 
alm ost const, up to  800° C., then  increased w ith increase in  
tem p.) Similar results wore obtained w ith m oist N H 3. 
B lister form ation is a ttribu ted  to  th e  initiation a t  a  critical 
tem p. (800°-810° C.) o f a  self-accelerating chain reaction, tho 
decompn. of adsorbed w ater vapour to  give H . The gas 
content of th e  blisters was determ ined by  heating to  1050° C. 
in  a vacuum  (2 X  10"4 mm. Hg). Be bronze cast in a ir had 
a gas content of 6-1 c.c./lOO g. m etal (the bronze contained 
0 00145% 0  and 0 00037% H ) ; w ith air-east and  quenched 
m etal the corresponding figures were 5-3 c.c./lOO g., 0 00108%

and 0 00034% ; and w ith vacuum -cast m etal, 1-9 c.c./lOO p., 
0 00059% and 0-000097%.—G. Y. E . T.

♦Investigation of the Ordering Process in the Alloy Cu3Au 
by Measurements of Electric Fluctuations. E. Ya. Pum per 
(Doklady Akad. N auk S .S .S .R ., 1950, 72, (6), 1033-1036;
G. Abs., 1951, 45, 9331).—[In  Russian]. A now m ethod of 
analysing th e  ordering process in  a conductor by  measuring 
the  e.m.f. fluctuation-level is applied to  Cu3Au. The noise 
tem p, t is measured a t  330° and 370° C. for periods up to  
30 hr. A t both  tem p, t decreases during th e  first 4 hr., th en  
increases to  a  max., and then  falls. For 370° C. I is higher 
up to  th e  max., which occurs sooner and has a larger valuo 
th an  for 330° C., b u t in  the descending branch of tho curves, 
t is lower for 370° C. Tho shift of tho max. is connected with 
the approach to  the critical point. Measurements a t  395° 
and 415° C., i.e. for higher critical tem p., show th a t tho form 
of the curves characterizes tho kinetics of the ordering pro
cess. Two stages of the  ordering process are assumed : in  
the first stage a  large num ber of sm all lattice-cells are ordered, 
the speed of th e  process and the resistance decreasing rapidly 
w ith tim e ; in  the second stage large ordered particles in the 
process o f form ation in teract, b u t only a t  the boundary 
layers, so th a t tho to ta l resistance is little  affected. This 
m ethod perm its more detailed study  of the ordering process 
in Cu3Au th an  does X -ray  analysis or the method of measuring 
resistances.

♦The Influence of Lead on the Modulus of Elasticity and the 
Damping of Copper, Silver, Brass, and Red Brass. W erner 
K oster and L othar B angert (Z . Metallkunde, 1951, 42, (12), 
391-394).—The m aterials studied, a t  tem p, up to  400° C., 
w ere : Cu and Ag, w ith and w ithout Pb  20 and 11%, re sp .; 
brass contg. Cu 58-64, Pb  3 -1% , balance Z n ; and  alloys 
contg. Cu 92, 88-5, and 75-2, Zn 3-5, 4-3, and 4-1, Sn 4-2, 3-7, 
and 6-2, and Pb 0, 3-5, and  14-5%, resp. The results o f th e  
detn. show th a t  while tho modulus of elasticity  o f tho leaded 
alloys corresponds to  th a t expected from theoretical con
siderations, the dam ping capacity is higher. As a consequence 
of the  viscosity o f P b  increasing rapidly when approaching 
the m .p., relaxation phenomena occur, the outw ard signs of 
which are an  increase in dam ping and a  decrease in elastic 
modulus. A t tho m.p. o f Pb, or o f the eutectic, if  formed, 
the viscosity o f the  low-m.p. constituent of tho alloy falls 
sharply, leading to  sudden decreases in dam ping and elastic 
modulus—which are proportional to  tho am ount o f Pb 
taking p a rt in the transition  and, therefore, in general, to  the 
P b  content o f th e  alloy. O ther discontinuities in th e  curve 
showing tem p.-dependence of the properties can be traced 
to  the onset of solid —>  liq. transitions.—E. N.

♦Some Studies on the Behaviour of Metals and Alloys 
[Brass] at Elevated Temperatures Under Vacuum. W . 
Baukloh and G. P . C hatterjee (Trans. Ind ian  Inst. Metals, 
1950, 4, 239-252 ; discussion, 252-254).—The apparatus and 
procedure for studying the behaviour o f a/3  brass when 
heated in  vacuo are described. Vacuum etching occurred 
a t  350° C. when specimens were heated for 1 hr. and a t  200° C. 
a fter 8 hours’ heating. The etching tem p, was lowered by 
40°-50° C. w ith 50%  cold reduction. Above 350° C. th e  
loss of w eight/unit area for a given tim e due to  volatilization 
is an exponential function of tem p, up to  ~750° C .; beyond this 
deviation occurs owing to  th e  conversion to  (3-brass.—P. F . X.

♦Diffusion of Zinc in Alpha Brass. G. P . C hatterjee 
(Trans. Indian Inst. Metals, 1950, 4, 255-268; discussion, 
269).—C. presents the theory  and m ethod of evaluation o f 
th e  diffusion coeff. o f an  elem ent in  a binary alloy by detn. 
of the ra te  of loss o f th a t  elem ent when th e  alloy is heated a t 
different tem p, in  vacuo. The results o f an  experim ental 
series on brass (39-8% Zn) are discussed, and  the conclusions, 
are th a t th e  values of the diffusion coeff. of Zn in  brass a t  
tem p. > 700° C. are too high, b u t below- 700° C. the values 
are comparable w ith  those found by o ther methods. 13 ref.

—P. F. N.
On Various Diagrams of the Effect of Alloying Additions 

on the Strength of Binary Copper Alloys at Elevated Tem
peratures. M. V. Zakharov (Doklady Akad. N auk 8 .S .S .H ., 
1949, 65, (3), 337-339).—[In  Russian]. Three diagrams a re



995 Metallurgical Abstracts 996 Vol. 20

given showing the effect of certain  alloying elements on the 
relative strength  of binary Cu alloys a t  elevated tem p. The 
first, examples of which are Cu-Cr a t  400°-500° C. up to 
5%  Cr, Cu-Ca a t  400°-500° C. up to  4%  Ca, Cu-NiAl a t  
400°-500° C. up to  15% NiAl, shows th a t  relative strength  
increases in every case w ith increase of alloying element. 
Tho second, examples o f which are Cu-Zn a t  350°-500° C. 
up to  48%  Zn, Cu-Si a t  400°-500° C. up to  7%  Si, Cu-Sb a t 
400°~500° C. up to  15% Sb, Cu-Be a t  400°-500° C. up to 
5%  Bo, &c., shows th a t  although a  progressive increase of 
relative streng th  w itli increase in alloying elem ent is m ain
tained a t  20° C., a t  500° C., tho curve rises to  a  max. a t  the 
optim um  concentration of the a  solid soln. and then  decreases. 
Tho th ird , examples o f which are Cu-Al a t  500° C. up to 
20%  Al, Cu-Sn a t  400°-500° C. up to  32-5 Sn, &e., shows th a t  
whereas the 20° C. curve is much the same as in  th e  o ther 
two cases, the 500° C. curve takes on an S-forin w ith a  max. 
in  the a solid soln. range followed by  a min. and then  another 
increase.—W. J .  K .

The “ Fictitious Value ” in Special Binary [Copper] Alloys 
and Their [Industrial] Applications. J .  Cournot (Cuivre, 
Laitons, Alliages, 1951, (1), 43-46).—A rem inder of the indust, 
im portance of the Guilict theory, first propounded in  1905, 
o f the fictitious values in  Cu-Zn (and similar binary  Cu alloys 
such as Cu-Al) in  which th e  addn. of small am ounts of certain 
o ther m etals capablo of forming solid soln. was shown to 
displace tho  boundary linos between the phase fields a, a  +  (3, 
and [3, thereby oxerting effects on tho properties, p a r
ticularly  in tho a  +  ¡3 range, similar to  changes in the Zn 
content. Tho use of th e  “ cooff. of equivalence ” worked out 
b y  G. enables proportions of th e  added m etals to  be exprossed 
in  term s of Z n ; thus 1% Al can replace 6%  Zn, based upon 
th e  following “ cooff. o f equivalence ” : Si + 1 0 , Al + 6 ,  Sn 
+ 2 ,  F e  + 0-9 , Cd + 0-7 , Mn + 0-5 , Co —1-0, N i -1 -2 . A 
num ber of examples are given showing tho appn. of the 
theory  to  brasses contg. addn. of N i and Al, as well as some 
compound alloys contg. Ni, Mn, Fo, and  Sn.—W . F. H.

*The More Accurate Determination of the Equilibrium 
Diagram of the System Iron-Chromium-Carbon. B. G. Livshits 
and K . V. Popov (Doklady Akad. N auk S .S .S .R ., 1950, 70, (4), 
633-635).—[In Russian], The equilibrium diagram of th e  F c - 
Cr-C system  has been more accurately determined. Chem. 
and  X -ray m ethods were applied to  the carbides separated 
from th e  steels by  air electrolytic method. The steels were 
melted in an  induction furnace and annealed a t  700° C .; 
those w ith  high Cr content were very  slowly cooled, especially 
in  the region 600°-400° C. An isotherm al cross-section of 
the diagram  below the critical tem p, is given.—Z. S. B.

*The Mechanism of Magnetic Jumps [in Iron-Nickel]. T. 
H ofbauer and  K . M. Koch (Z. Physik, 1951, 130, (4), 409- 
414).—The m agnetization of rolled F e-N i alloy sheet speci
mens was investigated in the presence of an  auxiliary field 
which was sm aller and  had a  higher frequency th a n  the 
m ain magnetizing field. The specimens had a  preferred 
direction of m agnetization. The auxiliary field was found 
to  in itia te  and propagate magnetic discontinuities (Bark- 
hausen jumps), and also to  increase th e  satu ration  m agnetiza
tion  and the remanence. 3 ref.—J . W. C.

^Constitution of Iron-Nickel-Aluminium Alloys for Per
manent Magnets. Yu. Skakov (Doklady Akad. N auk
S .S .S .R ., 1951, 79, (1), 77—SO).—[In  Russian]. S. studied 
alloys contg. 33-70 a t.-%  Fe in  th e  quasi-binary system 
N iA l-Fe. The phase rich in  NiAl (¡3') ivas separated elec- 
trolytically  from air alloy cooled a t  15° C./hr. from 1250° C. 
I ts  compn. (—30 a t.-%  Fe) agreed well w ith the X -ray  da ta  
of Bradley and Taylor (Proc. Roy. Soc., 1938, [A], 166, 353 ; 
M .A ., 5, 474), and corresponded to  equilibrium a t  850° C. 
H eating for S00 hr. a t  650° C. reduced th e  F e content o f the 
NiAl phase to  10 a t.-% . The suggestions of Snoek (Physica, 
1936, 6, 321; M .A ., 6, 508) and Ivanov  (Izvest. Sekt. Fiziko- 
Khim . Anal., 1949, 19, 503) th a t  a t  low tem p, th e  ([3 +  ¡3') 
region extends from the Fe com er to  NiAl were confirmed. 
On slow cooling below 800°-850° C. the sepn. of F e from 
ordered NiAl phase is sharply retarded. In  all the  alloys 
studied the transform ations are s im ila r: on cooling below

875°-900° C. tho solid soln. breaks down into alm ost pure 
Fe and  NiAl-base solid soln. In  the 70 a t.-%  Fe alloy, 
the Fe-rich (3 phase p redom inated ; in  the o ther alloys, the 
NiAl phase (¡3'). E lectron micrographs showed th a t in 
alloys contg. 50 a t.-%  Fe, the precipitate was in the form of 
th in  plates, b u t in  th e  70 a t.-%  Fo alloy the precipitated 
NiAl particles were spheroidal. On continuous cooling from 
1200° C. (at various speeds), alloys contg. > 5 0 %  Fe atta ined  
high coercivity (//,. =  500 Oe.), bu t w ith th e  70%  alloy, 
He mu. was only —70-S0 Oe. S. concluded th a t  the NiAl 
m atrix  was necessary for high coercivity. The effect of 
annealing a t  850° and 750° C. on th e  structure of th e  50% 
alloy quenched from tho solid-soln. range was studied. 
Pp tn . had  already occurred after 10 min. a t  750° C., when 
H c =  210 Oe. (pptn. took place throughout tho g ra in s ; only 
in  alloys contg. < 4 0  a t.-%  Fe was there a  tendency for 
preferential pptn . of the Fe phase a t  tho grain boundaries). 
The thickness of the precipitated plates on annealing a t  
850° C. was <200-300  A. after 30 min. (Hc =  140 Oe.), 
-500-600  A. after 10 hr. (Hc =  40 Oe.), and 1000-1500 A. 
after 200 hr. (Hc =  30 Oe.). The structure of the  continuously 
cooled alloys was essentially similar to  th a t  o f alloys annealed 
for max. IIc. The Fe-phase plates were —0-1 p. long x  —0-01 p. 
broad X some tens of interatom ic distances thick. This dis
proves the “ diffusion hardening” hypothesis o f Snoek (“ Pro- 
bleme der technisclien M agnetisierungskurve ” , 1938, p . 73) 
and verifies th a t  of Livshits (Trudy Mosk. Inst. Stall, 1941, 
(18)) concerning the heterogeneity of F e-N i-A l alloys in  the 
high-eoercivity condition. X -ray  analysis showed th a t  in 
alloys contg. 50 a t.-%  Fe th e  lattice spacing a fter 800 hours’ 
annealing a t  650° C. (He =  106 Oe.) was 15% less th an  th a t  
o f the same phase a fter electrolytic sepn. This is equivalent 
to  a stress of —100 kg./m m .2. A fter 100 hours’ annealing at 
850° C. (IIe — 35 Oe.), the  difference is negligible. S. con
cludes th a t  th e  high coercivity o f F e-N i-A l alloys is due to  
the form ation of isolated, uniformly-stressed, anisotropically- 
shaped, dispersed Fe-phase precip itate w ithin the weakly 
magnetic NiAl m atrix .—G. V. E. T.

*New Iron-Palladium and Nickel-Palladium Magneto
striction Alloys. Z. I. Alizade (Doklady Akad. N auk S .S .S .R ., 
1950, 73, (1), 79 -81; G. Abs., 1951, 45, 6984).— [In Russian]. 
Tho alloys F e -P d  and N i-P d  were prepared by  melting the 
components in  a  H .F . vacuum  furnace, followed by  long 
annealing in  vacuum  a t  950° C., and  they  were rolled into 
strips a t  the same tem p. A control sample of 99-985% 
pure Ni was also prepared. The samples wrere then  annealed 
in  vacuum  a t 1005° C. for 10 hr. and  cooled to  room tem p, 
a t  th e  ra te  o f 200°-210° C./min. The m agnetostriction was 
measured by the m ethod of wire tensom eters; for the 
6 0 :4 0  F e -P d  alloy the m agnetostriction X, =  + 7 0  X 1 0 +  
For pure N i X, =  —34 X 1 0 +  for the  alloy contg. 62-25% Ni 
and 37-75% Pd, X, =  —63 X 1 0 +  The saturation  m agnetiza
tion of these 2 alloys is given in  graphs. The sp. resistance 
a t  20° C. was found to  be pFe-rtl =  40 pG-cm., pK1_Pd =  26 
pG-cm.

*The System Iron-Phosphorus-Cobalt. Josef Berak (Arch. 
Eisenhiittenwesen, 1951, 22, (3/4), 131-135).—Tho portion of 
tho ternary  system  F e-P -C o  bounded by  th e  planes F c -  
F e2P-C o2P-C o was studied, and  an  equilibrium diagram  was 
constructed. Armco F e (0 01%  C), granular Co (99-4% Co), 
and pure violet P  were m elted in  20-g. heats in  Pythagoras 
crucibles. M aster alloys w ith 26-4% P  in F e and  23-4% P  
in  Co were made by  m elting the pure m etal under purified 
N  and  adding compressed P  lumps. In  all heats, tho tem p, 
never exceeded 100° C. above th e  liquidus o f the projected 
alloy. R apid  m elting and mixing, as well as the above 
precautions, k ep t P  losses to  a min. Supercooling was 
prevented by stirring or inoculation. Therm al analysis was 
carried ou t a t  cooling rates of 0-5°-l-0° C ./m in .; metallo- 
graphic and X -ray  exam inations were also performed to  
help to  establish a  reliable diagram. Fe2P  and  Co2P  form two 
series of solid soln., separated  b y  a  narrow  two-phase field. 
The compound Co3P  does no t occur in  th is system ; an 
equilibrium line from F e3P  in th e  direction of th e  compn. 
Co3P  extends only as far as 33%  Fe. The solid soln.
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(Fe,Co)3P  is stable between th e  solidus and 800° C. ; below 
this tem p, i t  decomposes to  a  and  (Fe,Co)2P . There is only 
a  very slight difference in the affinities of F e and  Co for P .

—K . S.
* Contribution to the Study of the Lead-Oxygen System.

Theodore K atz  (A nn. Chim., I960, [xii], 5, (Jan./Feb.), 
5-65).—A comprehensive investigation of the P b - 0  system 
has been made by means of chcm. analysis and X -ray  diffrac
tion, using a  focusing camera. Full details are given of 
the m ain m ethod of analysis used (reaction of the oxide w ith 
HC1 and estn. o f the Cl evolved—B unsen’s m ethod), of 
others examined, and of the X -ray  technique. The results 
show th a t the following oxides are formed : PbO  in the 
forms PbOp (yellow, orthorhombic) and PbO a (red, ortho- 
rhombic, psoudo-tetragonal when formed from PbO# and 
orthorhom bic when formed directly from another oxide) ; 
Pb30 4 tetragonal ; P b 0 2 ; a  series o f pseudo-cubic solid 
soln. PbO„ (1-33 <  n  <  1-57) ; and PbC+g,. A theoretical 
s tudy  of th e  D ebye-Sclierrer pa tte rn  of an  orthorhombic 
pseudo-cubic substance and  a  discussion on the structure 
and chcm. nature  of homogeneous psoudo-cubic solid soln. 
are given as appendices. 25 ref.—S. V. R.

*The Electrical Properties of the Intermetallic Compound 
Mg„Sn. B. I. Boltaks (Doklady Akad. N auk  S .S .S .R ., 
1949, 64, (5), 653-656).—[In  Russian], B. determ ined the 
sp. elect, conductivity  (cr) from —170° to  + 400° C., tho 
H all const. (E ), and the thermo-e.m.f. against Cu (a) for a 
series o f alloys in  th e  region of th e  compound Mg2Sn. A t 
20“ C. a  is min. exactly  a t th e  stoichiometric compn., and 
increases w ith excess of either m etal. The tem p, coeff. of a 
is positive in  tho im m ediate vicinity of Mg2Sn, b u t negative 
for alloys deviating from this compn. From  the temp, 
variation of E , i t  was found th a t th e  concentration of con
ductiv ity  electrons varies from 3 X 1018 a t  —170“ C. to  
3 x  1019 a t  + 400° C. a  has tho sign of an  electronic con
ductor, decreasing w ith rising tem p. On the basis of its 
elect, properties, Mg2Sn is classed as an im purity  semi
conductor w ith a  forbidden zone of ~0*2 eV. A t compn. 
rem oved from th e  stoichiometric, the sem i-conductivity is 
masked by  the norm al conductivity of the excess metal.

—N. B. V.
^Magnetic Susceptibility of the Intermetallic Compound 

Mg2Sn. B. I. Boltaks (Doklady Akad. N auk S .S .S .R ., 
1949, 64, (4), 487-490 ; C. Abs., 1949, 43,4528).— [In Russian], 
-theoretically, a  m ixture o f Mg and  Sn should show a tem p.- 
independent param agnetism , whereas a heteropolar compound 
Mg2Sn should be tem p.-independently diam agnetic. Measure
m ents a t  20“ C. showed M g-Sn alloys of a  compn. very  close 
to  Mg2Sn to  be diam agnetic, 1 0 V 0-025 ; w ith an 'exeess 
of either Mg or Sn, tho alloys are param agnetic, k  decreasing 
slowly w ith rising tem p, between —170“ and + 4 0 0 “ C. 
Samples close to  the stoichiometric compn. also show decreas
ing param agnetism  a t  lower tem p., b u t a t  150“-200“ C. and 
above, th is changes to  diam agnetism , increasing w ith the tem p. 
The diam agnetism of stoichiometric or nearly stoichiometric 
Mg2Sn increases w ith rising tem p., from room tem p, onwards. 
The results are thus incom patible w ith either o f the simple 
models. The apparen t rise o f th e  diam agnetism  w ith the 
tem p, is th e  result o f the simultaneous presence of a tem p.- 
indepondent diam agnetism  and o f a  param agnetism  th a t 
decreases w ith rising tem p., and  can bo due only to  ions w ith 
const, m agnetic mom ents, such as Sn+, Sn++, Sn2+, &c. ; 
such ions were detected by m ass-spectrography of Mg2Sn 
vapour. I  he bonding in Mg2Sn is partly  heteropolar, partly  
metallic.

*On the Equilibrium Diagram and Mechanical Properties 
of the Magnesium-Zinc System. E . M. Savitskv and V. V. 
Baron (Doklady Akad. N auk  S .S .S .R ., 1949, 64, (5), 693- 
696).—[In  Russian]. S. and B. determ ined tho hardness of 
Zn-M g alloys in the range 70-100%  Zn : (a) a t  20“ C., as- 
ca s t; (b) a t  20“ C. after ho t working and  annealing for 20 
days ; (c) as (6), b u t a t  tem p, corresponding for each alloy 
to  75%  of its m .p. on th e  abs. scale ; and  (d ) as (6), b u t a t  
325“ C. for all alloys. Sharp min. in tho hardness curves, 
particularly  in curve (c), indicated th e  existence of the com

pounds MgZn, MgZn2, and MgZns. M icro-examination 
confirmed single-phase fields in the regions of these compounds

—N . B. V.
New Magnesium-Zirconium Casting Alloys. R. J . M.

Payne, A. D. Michael, and R. IV. Eade (Magnesium Rev. and  
Abs., 1952, 8, (4), 173-176).—R eprinted from Metal Ind ., 
1952, 80, (6), 103 ; M .A ., 20, 14.—X. B. V.

Magnesium-Zirconium Casting Alloys Attain High Strength: 
Weight Ratios. H. J . Millward (Magnesium Rev. and Abs.* 
1952, 8, (4), 1 1 /—185). R eprinted from Amcv. Poujidrytnan 
1951, 20, (3), 44 ; M .A ., 19, 615.—N. B. V.

*The Constitution of Manganese-Rich Manganese-Copper— 
Nickel Alloys. U lrich Zwieker (Z . MelaUkwule, 1951, 42, 
(11), 331—335).—Tw enty alloys in tho range of compn. 
Cu 0-30 and N i 0-60%  wore prepared from electrolytic Mn, 
Cu, and Ni, by molting under H in a  Tam m ann furnace, p a r t  
of each molt being cast in  a  Fe mould and the rem ainder 
allowed to solidify in the crucible. A fter homogenization 
a t  tem p, o f 350°-1000“ C., the specimens were studied by  
m etallographic and X -ray  techniques, and detn. were made 
of their hardness and relative workability. From  the results, 
equilibrium diagrams have been prepared in tho form o f  
isotherm al sections a t  1000°, 700°, and  500° C., which show : 
(1) th a t  the heterogeneous region between the cubic and 
tetragonal form of y-Mn solid soln. (y,) which is common in 
binary systems w ith Mn, is perpetuated  in  tho ternary  
system, and (2) th a t  the following phase fields e x is t: (a) a t  
1000° C., p +  y t—in the Mn corner—followed by  y t, y t +  y, 
and y ; (b) a t  700° C., a  and (3—in tho Mn corner—a. +  ¡3 +  y, 
P +  y  +  yt, a  +  y, y +  P, an  extensive y region, S +  y, 
and 8 ; and (c) a t  500° C., a, y +  a, y, y -j- 8, and 8. Mn- 
rich alloys consisting of y +  yt crystals were d u c tile ; the 
hardness increased w ith increasing am ounts of precipitated 
P- and cc-Mn, and  8(MnNi), and pptn.-hardening could be 
carried ou t by  quenching from 900“-950° C. and  ageing for 
several hr. a t  500“—700“ C. The deformation characteristics 
o f specimens originally cast in  Fe moulds showed evidence 
o f N contam ination resulting from contact w ith air. P ho to 
micrographs show the typical structures encountered. ] 0 ref

—E. N.
^Ferromagnetic Interactions in Manganese Alloys. L.

Castolliz and F . H alla (Acta Pliys. Austriaca, 1949, 2, 348- 
355 ; C. Abs., 1949, 43, 4911).—The magnetic susceptibility/g. 
("A) was determ ined for te rnary  alloys prepared by  replacing 
w ith Ti, Cr, Fe, Co, Ni, or Cu up to  9 a t.-%  of tho Mn in th e  
ferromagnetic e phase of the system  Mn—Sb. A  fluxmeter 
method was used w ith a m ax. field of 1300 Oe. W ith increas
ing a t.-%  of replacing m etal, a t  1000 Oe., y g increases for Ni 
and Cu, lem ains const, for Cr, first decreases and then  increases 
for Co, and decreases for Fe. A plot of ■/,, against a t. num ber 
for tho alloys contg. 1*5 a t.-%  a t 1000 Oe. gives a  curve 
qual. similar to  th e  curve obtained by p lo tting  the at. m om ent 
against a t. num ber in a  given solvent such as Fe. ^„decreases 
from 1*69 for Ti to  1-60 for Co, increases sharply to  a m ax. 
of 1*82 for Ni, and then  falls to  1-72 for Cu. The concen
tra tion  lim its of tho e phase in the system M n-Sb were deter
m ined by X -ray  analysis to  bo 53*3-57*9 a t.-%  Mn (cf. 
H onda and Ishiw ara, Net. Rep. Tohoku Im p. Univ., 1917, 
[i], 6, 9 ; J . Inst. Metals (Abstracts), 1918, 20, 326). Sus
ceptibility/concentration curves were determ ined in  and 
about th e  e phase. W ith decreasing concentration of Mn 
thero is first a  slow increase of y g to  57-9 a t.-%  Mn, then  a. 
sharp increase in ya in the e phase to  a  pronounced m ax. a t  
53-3 a t.-%  Mn. Thus, the  m ax. forromagnetism occurs at. 
the  concentration corresponding to  tho smallest concentration 
of Mn consistent w ith tho existence o f a  homogeneous e phase.

*0n the Nature o£ the p-Phase of the System Nickel - 
Aluminium. L. N. Guseva (Doklady Akad. N auk S .8 .S .R ., 
1951, 77, (3), 415-418).— [In Russian]. Alloys contg. 43-3- 
62-7 a t.-%  Ni were prepared from 99*99% A1 and electrolytic 
N i in a  H .F. furnace in  a- corundum crucible under a m ixture 
of CaF, +  N aF  as flux. Because o f the considerable am ount 
o f heat liberated during the form ation o f th e  compound 
NiAl, the furnace was switched off from the  beginning o f  
melting un til the end of the reaction. Rods ~ 3  mm. in dia..
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an d  15-25 cm. long were cast in a porcelain tube, and homo
genized by  heating a t  1100° C. for 4 hr. in  vacuo. Rods free 
from surface defects were used for potontiom etric m easure
m ent of th e  elect, resistivity  (p) a t  25° and  100° C., and, were 
th en  broken to  seo w hether cavities were present, were 
analysed chem., and their structure determ ined by X -ray 
analysis, using Co radiation. The la ttice  const, a  was 
calculated from the doublet (SlOJcqoq, the powder being 
prepared in  a  m ortar and then  annealed a t  600° C. for 30 min. 
in  vacuo. Clear resolution of the doublet was obtained. 
The d a ta  obtained confirm B radley and  Taylor’s conclusions 
(Proc. Roy. Soc., 1937, [A], 159, 56 ; M .A ., 4, 241) concerning 
the boundaries of th e  3 phase, b u t the m ax. on the o/compn. 
curve is no t a t  50 a t.-%  N i b u t a t  a  compn. richer in  A1 
(~ 49%  Ni). The m ax. on th e  tem p, cooff. of resistivity/ 
compn. curve, and the  min. on the p/compn. curve, both 
occur a t  a  similar place. Isaichev and Sliretsky {Zhur. 
Tehkn. Fizilci, 1940, 10, 316) reported th a t  a t  600° C. the 
Al-50 a t.-%  N i alloy undergoes partia l disordering, two
b.c.c. lattices w ith  const, differing by  0-04 A. being 
p re sen t; to  determ ine these lattice const, more accurately,
G. has made X -ray  measurem ents on alloys contg. 49'4 and 
50-5 a t.-%  Ni a t  room tem p., 600°, and 900° C. All th e  photo
graphs indicated th e  presence of an  ordered cubic structure 
o f CsCl ty p e ; lines n o t corresponding to  th is structure  were 
no t observed, and photom etric measurem ent of the in tensity  
o f th e  (100) and  (110) lines on photographs taken  a t  900° C. 
showed th a t th e  ordering had no t changed on heating. The 
lattice const, of Al-49-4 a t.-%  Ni in  the quenched condition 
was 2-878 A. (compared w ith  2-880 A. in the  annealed s ta te ) ; 
the  difference is w ith in  the  experim ental error, and could be 
connected w ith  the appearance of la ttice  defects a t  high 
tem p.— G. V. E . T.

*On the Change of Electrical Resistance and Thermoelectro
motive Force in  a Longitudinal Magnetic Field in the Alloy 
Ni3Mn as a Function of the Amount of Ordered Phase. R . G. 
A nnaev (Dolclady Akad. N auk S .S .S .R ., 1948, 61, (6 ), 1009- 
1012).—[In  Russian]. E lectrolytic N i and Mn -were used 
to  make up  th e  alloy, which was m elted in  a corundum 
crucible in a H .E . furnace, homogenized by  prolonged heating 
a t  1000° C. in  vacuum , and th en  reduced to  wires 1-0-34 mm. 
in  dia. by repeated drawing and annealing. The wires were 
then  heated a t  370° C. for 8  different times ranging from 
20 min. to  30 hr. in order to  produce various amounts of the 
ordered phase, and th e  elect, and  magnetic measurem ents 
were m ade. From  these, diagrams were drawn show ing:
(1 ) in tensity  of m agnetization against magnetic field (up to  
1500 O e.); (2) longitudinal galvanom agnetic effect (A R /R ) 
against magnetic field; (3) A R /R  against in tensity  o f m ag
netiza tion ; and  (4) Thomson therm om agnetic effect (change 
o f thermo-e.m .f. in  a  magnetic field) against tem p, difference, 
using a  thormo-elemont consisting of Ni3Mn and  Cu w ith the 
cold junction a t  0° C. and  th e  ho t junction a t  tem p, up to 
480° C., in  a sa tu ra ted  m agnetic field o f 1500 Oe.—N. B. V.

♦On the Effect of Plastic Deformation on the Change in 
Electrical Resistance of the Alloy Ni3Mn in a Longitudinal 
Magnetic Field (Thomson Galvanomagnetic Effect). R . G. 
A nnaev (Doklady Akad, N auk S .S .S .R ., 1949, 64, (1), 45 - 
47).— [In Russian]. W ire specimens of N i3Mn (0-46 mm. 
in  dia.) v-ere first annealed in  vacuo a t  900° C. and w-ater- 
qucnched, and then  heated a t  466° C. for 11 or 20 hr. and 
rapidly cooled in air. Values of A R /R  were determ ined a t 
room tem p, in  longitudinal magnetic fields up to  ~ I100  Oe. 
on wires stressed by various am ounts up to  —50 kg./m m .2, 
which is beyond the elastic lim it. A t all stresses A R /R  first 
rises very  sharply as the magnetic field increases from zero ; 
i t  reaches a  max. a t  ~100 Oo. and then  very gradually 
decreases w ith  further increase in  field strength . A t low 
intensities of m agnetization (I), A R /R  cc P .  In  a  given 
field, A R /R  increases w ith stress in  th e  elastic range, b u t 
begins to  decrease once tho elastic lim it is passed. This is 
a ttrib u ted  to  disordering of the ordered phase during plastic 
deformation.—N. B. V.

♦On the Magnetostriction of Nickel-Manganese Alloys in 
Longitudinal and Transverse Magnetic Fields. D. I. Volkov

and V. V. Zubov (Doklady Akad. N auk S .S .S .R .,  1950, 71, 
(5), 863-865).—[In Russian]. V. and Z. checked th e  second 
law- of oven effects as applied to  th e  m agnetostriction of N i- 
Mn alloys. E lectrolytic N i of pu rity  99-9% and eleetrolytio 
Mn of p u rity  99-5% were used. Specimens in  th e  form of 
p lates of dia. ~15 mm. and thickness 0-8-I-0 mm., were 
annealed a t  380° C. for 50 hr. and w-ater-quenched. Curves 
showing the dependence of m agnetostriction on the strength 
of the applied m agnetic field for N i-M n alloys contg. 3, 6-5,
8-5, 12, 17, 19, and 21%  kin  are g iven; also the natu re  of 
the m agnetostriction of an  alloy near to  the compn. N i3Mn 
in longitudinal and  transverse applied magnetic fields is 
discussed. Tho results show-od th a t the second law o f even 
effects in  the usual form, X,, =  — 2Xj_ can bo applied to  N i-M n 
alloys contg. 0-19%  Mil, bu t, in  the case of alloys near to  
NijMn, Xu and Xx are of the same sign and nearly  equal in 
magnitude, i.e. XM =  Xx.—Z. S. B.

♦The Equilibrium Diagram Niekel-Silicon. N . F . Lashko 
(Doklady Akad. N auk S .S .S .R ., 19 5 1 ,  81, (4), 605-607).—  
[In  Russian], Alloys contg. 2, 4, and 7 %  Si w-oro prepared 
in a H .F . furnace and cast. The 2%  alloy was single-phaso; 
the as-cast 4 %  alloy was two-phase, b u t became single-phase 
on annealing a t  10 0 0 ° C. The 7 %  alloy ( 1 %  impurities) 
had  two phases up to  the beginning of molting and  had a 
typical eutectic s tru c tu re ; photom icrographs showed 
dendrites of inhomogeneous solid soln. surrounded by  a  white 
weakly-etched second phase. H eating to  600 °-700 ° C. 
caused partia l soln. inside th e  dendrites, so th a t their central 
bright portions broadened. A t higher tem p, th is broadening 
increased and the am ount of tho second phase decreased, 
m ost sharply a t  1 1 5 0 °  C. Melting began a t  1 1 5 0 °  C. The 
m ax. solubility of Si in N i is thus < 7 % .  The second phase 
can bo isolated by  anodic e tch ing ; X -ray  investigation 
showed th a t i t  has a face-centred lattice of the superlattice 
type  (Cu3A u), w ith param eter 3-50 ±  0-005 kX  a t all anneal
ing tem p. The da ta  indicate th a t th e  second phase is Ni3S i ; 
its  superlattico persists righ t up to  the  m elting tem p., and 
th e  properties do n o t change. Thus microhardness, m easured 
w ith M. M. K hrushchov’s apparatus, is ~ 4 0 0  I I „ (independent 
o f tem p.). T h a t o f tho solid soln. is ~  222I In. On in tro 
ducing Cr, Ni3Si is replaced by  N i3(Si,Cr). The param eter 
of the  alloy containing Si 7, Cr 1 4 % ,  is 3 -5 13  kX  ; there is no 
superlattice.—G. V. E . T.

♦On the Dependence of the Magnetic Permeability of 
Permalloy-Type Alloys on Frequency. K . A. Goronina 
(Doklady Akad.. N auk S .S .S .R ., 1948, 61, (3), 459-462).— [In 
Russian].—N. B. V.

♦The Effect of Environm ent on the Stress-Rupture Pro
perties of Metals (Steel and Hastelloy C] a t Elevated Tem
peratures. O. Cutler Shepard and Willis Schalliol ([A .S /P .M .] 
Sym posium  on Corrosion o f Materials at Elevated Tempera
tures, 1951, 33-38 ; discussion, 39-41).—See M .A . , 18, 355.

♦A Thermomagnetic Study of the Carbides of Iron and 
Nickel [and Nitrides of Nickel]. Roger Bomior (Ann. Chim., 
1951, [xii], 6 , (Jan./Feb.), 104-161).—A comprehensive 
study has been mado of the carbides of F e and  Ni, of the 
nitrides of Ni, and of the carbides of F e-N i alloys by  moans 
of a  therm om agnetic technique supplem ented by  chem. and 
X -ray analysis. H igli-purity m aterials wore used, and a 
dctaUod account is given of th e  prepn. of the compounds 
and  the ir exam ination. Tho results show th a t th e  carbide 
of N i first formed (h.e.p., param agnetic, richest in  C, corre
sponds to  Ni3C) becomes f.c.c. and ferromagnetic on heating 
in  vacuo a t 210° C., when the 0  atom s occup}7 th e  face-centre 
positions; th e  nitrides of N i first formed (h.c.p., param agnetic) 
become f.c.c. and  ferromagnetic on heating in  vacuo a t  
190° C .; cementite, both  artificial and th a t present in  steel, 
corresponds to  Fe3C and  there is no evidence of th e  existence 
of Fe2C ; carburizing of F e-N i alloys gives rise to  orthorhom bic 
“  cem entite ”  type of carbide (0-40%  Ni), two co-existing 
phases—orthorhombic and h.c.p. (40-70%  Ni), and h.c.p. 
(70-100% Ni).—S. V. R ,

♦Plutonium Hydride and Deuteride. I . B. Johns (U .S. 
Atomic Energy Commission Publ., 1947, (MDDC-717), 8 pp.).— 
Measurements indicated th a t the hydride had  the formula
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P uH 3 a t 26° C. when tho H  pressure was 350 mm. Hg. Tho 
ra tio  of H : P u  decreased as the pressure was reduced and was 
2-892 a t  2-4 mm. Hg. Isotherm al molecular ratio  ( H : P u)/ 
pressure measurem ents indicated th a t  tho first stage o f H  
adsorption  was tho form ation o f P u H „ ; a t  higher molecular 
ratios th a n  two, a  solid soln. of Pull., in P uH 2 was formed. 
H eats o f reaction are given for P uH , and the 'so lid  soln. of 
P uH 3 in  PuH ,. Replacem ent o f H "b y  99%  D had little  
effect on tho results.— -J. W. T.

♦The Internal Friction o£ Molten Potassium Amalgam. 
J .  Degcnkolbe and P . Sauerwald (Naturwiss., 1950, 37, (23), 
539).—The viscosity of molten K  amalgam has been measured 
in  a  high-vacuum viscometer. The results show, possibly 
for tho first tim e, a  d istinct max. in  the viscosity/concentration 
isotherm . I t  is concluded from th is and o ther evidence th a t 
m elts of K  amalgam have tho character of interm otallio 
compounds.—S. V. R.

♦The Reflecting Power o! Certain Alloys of Silver in  the 
Near Ultra-Violet. M. M. Noskov and  G. P . Skornyakov 
(Doklady Akad. N auk S .S .S .R ., 1949, 64, (G), 809-811).—[In 
Russian], Alloys of Ag w ith > 5 %  Sb, Sn, or P d  were p re
pared, the first two in  an  arc furnace in C crucibles, and the 
A g-Pd  alloy in  quartz under a  steady vacuum  in  a resistance 
furnace. The alloys wore annealed and polished, and  samples 
taken  for detn. o f elect, conductivity. The min. in  the 
reflecting power (cf. Al)/wave-length curve is shown to  be a t  
320 gji for pure Ag, b u t th is is shifted to 310 pp. for A g-Pd  
and  300 pp. for Ag-Sn alloys. Increase of alloying element 
causes th e  shift of the min. in  the reflective power in approach
ing the region of shorter waves according to  a linear law.

—W. J . K .
♦Thermal Conductivity of Silver-Cadmium Alloys from 

100° to 400° C. H . W . Deem and H. R . Nelson (U .S. Atomic 
Energy Commission Publ., 1951, (BMI-77), 12 pp.).—Tho 
therm al conductivities of Ag-Cd alloys contg. 5-36%  Cd 
were measured by  a  steady-heat-flow m ethod in  th e  tem p, 
range 100°-f00° C. The values ranged from 0-S5 to  0-95 
eal./em.2/cm,/°C./sec. a t  0%  Cd to  0-3-0-35 cal./cm.2/cm ./ 
°C./sec. a t  40%  Cd. An alloy contg. 1-7% Cd was found to  
have a  const, therm al conductivity over the tem p, rango 
100°-400° C.—J . W. T.

♦Quarterly Progress Report No. 8 on the Development of 
the Physical and Chemical Properties of the Sodium-Potassium 
Alloys. C. T. Ewing, R . E . Scebold, J .  A. Grand, and H . B. 
Atkinson, J r . (U .S. Atomic Energy Commission Publ., 1948, 
(NRL-C/3330), 8  pp.).—A com parative, steady-state m ethod 
is described for th e  detn. o f therm al conductivity of N a-K  
alloys, and a description of a modified calorim eter for sp. 
h ea t m easurem ent is included. The surface tension of N a is 
given as 71 dynes/cm. a t  102° C. and th a t  of K  as 30-7 
dynes/cm. a t  102° C., as measured by  a  m ax. bubble-pressure 
m ethod.—J . W . T.

♦A Study of the Param agnetic Susceptibility of Alloys of 
the Transition Metals with Tellurium. P . M. Gal’perin and 
T. M. Perekalina (Doklady Akad. N auk S .S .S .R ., 1949, 69, 
(1_), 19-22).— [In Russian]. Alloys of To w ith V, Cr, Co, and 
Ni were prepared by  heating in  vacuo the  fine, well-mixed 
powders o f the m etals pressed into cylinders. Their p ara 
m agnetic susceptibilities were measured, using a  modified 
Sucksm ith apparatus. The alloys were also exam ined by 
X -ray  and magnetic methods. CrTe, CoTe, and NiTe had 
th e  N iAs-structure. All Cr-Te alloys were ferrom agnetic; 
those contg. < 5 0 %  Te had a Curie po in t a t  91° C. and were 
m ixtures of Cr and C rTe; those w ith  > 5 0 %  Te were solid 
soln. and  had Curie points varying w ith compn. Cr-Te alloys 
contg. 50, 52, 54, and 56%  Te had the same param agnetic 
susceptibility above the Curie poin t (345° C.), the  dependence 
o f susceptibility on tem p, obeying the Curie-W eiss law ; 
those eontg. more Te follow th is law, b u t have different 
Curie points. The experim ental value o f pcB. for th e  alloy 
contg. 50%  Te agrees well w ith th a t  expected from a. com
pound formed by  combination of two unequal p-electrons 
from Te w ith two" ¿-electrons from Cr. A  N i-T e alloy contg. 
50%  Te had p.eII independent o f tem p., as would be expected 
if  two ¿-electrons from Ni combine w ith two p-electrons

from To, th e  param agnetism  being due only to free electrons. 
The m agnetization of VTe varied w ith tem p., and the experi
m ental curve was as expected from a compound w ith  one 
unpaired electron. The m agnetization of CoTe also varied 
w ith tem p .; the alloy m ay bo antiferrom agnetic.—Z. S. B.

[Discussion on a Paper by H. R. Ogden, D. J . Maykuth, 
W. L. Finlay, and R. I. Jaffee:] Mechanical Properties of
High-Purity Titanium -Alum inium  Alloys. ------  (J. Metals,
1953, 5, (II), 1561-1562).—See 31.A ., 20, 759.

♦Investigations into the System Titanium -Antim ony. H . 
N owotny and J . Pesl (Monatsh., 1951, 82, 336-343; C. Abs., 
1951, 45, 6984).—The system  T i-Sb has been studied up to  
60 w t.-%  Ti by X -rays and therm al analysis. I t  is found 
th a t T i is v irtually  insoluble in  Sb, and th a t homogeneous 
phases o f compn. TiSb2 and TiSb are formed. The crystal 
structures of these phases are given. A t least one o ther solid 
phase richer in T i is also formed. On the Sb side, the phase 
diagram  resembles th a t  of Cr-Sb.

[Discussion on a Paper by I. Cadofi and J. P. Nielsen:]
Titanium-Carbon Phase Diagram. ------ (J. Metals, 1953, 5,
(11), 1564-1565).—See 31.A ., 20, 759.

[Discussion on a Paper by J. L. Taylor and P. Duwez:] 
Constitution of Titanium -Rich Ti-Cr-Al Alloys at 1800° and
1400° F. [980° and 760° C.]. ------  (J. Metals, 1953, 5, (11),
1565-1566).—See 3 I.A ., 20, 840.

♦Investigations into the System Titanium -Lead. H. 
Nowotny and J .  Pesl (3Ionalsh., 1951, 82, 344-347 ; C. Abs., 
1951, 45, 6984).—A n X -ray study  of th e  system  T i-P b  shows 
the form ation of only one compound, of compn. Ti.,Pb or 
Ti5Pb. I t s  structure  is discussed, w ith ref. to  th a t  of related 
compounds.

[Discussion on a Paper by D. J. M aykuth, H. R. Ogden, and
R. I. Jaffee:] Titanium -M anganese System. ------ [J. Metals,
1953, 5, (11), 1566-1568).—Sec 31.A ., 20, 759.

♦Eleetron-Emission Experiments on the Systems Tungsten- 
Carbon and Molybdenum-Carbon. Enis Bas-Taymaz (Z . 
angew. 3Iath. Physik, 1951, 2, (1), 49-51).—A W  filament 
was carburized a t  2000° C., and  resistance m easurem ents 
showed i t  to  be W 2C. Thermionic measurem ents gave a 
stra igh t Richardson plot. The results w ith Mo are entirely 
d ifferen t; the eloctron-emission curve, and to  a  lesser .extent 
the resistanee/tem p. curve, show m arked steps a t certain 
tem p. There is some tem p, hysteresis, and th e  reproduci
b ility  of tho observations suggests th a t  the effects are due to  
phase changes. This m ay  be a useful m ethod of searching 
for new high-tem p. phases in  alloys of rare, high-m.p. m etals, 
and in  compounds.—W. M. L.

♦Oxides of Transuranium  Elements. D. M. Gruen and 
J .  J .  Ivatz (U .S. Atomic Energy Commission Publ., 1948, 
(AECD-1892), 5 pp.).—The propn. and study  of higher oxides 
th an  PuO a and  N p 0 2 were undertaken and, in  view of in terest 
in  th e  actinide hypothesis, a  comparison of tho O systems of 
the heaviest m etals and the rare earths was made. 
Oxidation was effected by  NO„ or by  atom ic O. The oxides 
P r 0 2, Tb.,0- and T b 0 2, N p30„", and U 0 2.2-U 0 3 were formed 
in the range 250°—450° C .; th ey  were of comparable therm al 
stability , yielding, in  vacuo a t  450° C., P r20 3, Tb40 7, U30 8, 
and X p 0 2. The dioxides of P r  and Tb have a  fluorite structure, 
while N p30 8 is isomorphous w ith tho orthorhombic U30 8. 
B oth methods of prepn. gave th e  same crystal modification 
of U 30 8, whence i t  is suggested th a t both agents oxidize by  a 
similar mechanism. A separate investigation confirmed the 
formula N p30 8.—J . W. T.

♦On the Plasticity of Intermetallic Phases. E . M. Savitsky 
(Doklady Akad. N auk S .S .S .R ., 1948, 62, (3), 349-351).—[In 
Russian]. Extrusion tests on MgZn, MgZn2, and MgZn5, com
pression tests a t  400° C. on [I and -/ phases in  the Mg-Al system, 
and microhardness tests a t  various tem p, on Cu-Zn alloys 
contg. up  to  40%  Zn, show th a t all these m aterials are plastic 
a t  elevated tem p. Phases of the p type  soften more w ith 
increasing tem p, than  do those of th e  y  type. The rapid  
increase in  plasticity  w ith rise of tem p, is thought to  be 
greater than  can be accounted for simply by  the increasing 
am plitude of vibration of the atom s, and some change in  the 
lattice of tho  interm etallic phases is presumed.—N . B. V .
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The Fundam ental Bases o£ the Alloying of Metals Having 
Strength a t Elevated Temperatures. K . A. Osipov (Doklady 
Akad. N auk S .S .S .R ., 1948, 60, (9), 1535-1538).—[In 
Russian]. An explanation of th e  properties of solid soln. 
based on a- and y-Fe is attem pted  in term s of the N (E ) curves.

—N. B. V.
*On the Relation Between Melting Temperature and the 

Strength of Metallic Alloys at Elevated Temperatures. K . A.
Osipov (Doklady Akad. N auk S .S .S .R ., 194S, 61, (1), 71- 
74).— [In Russian]. Mecli. tests carried ou t a t  1100° C. on 
solid-soln. Fc-C r, Fo-N i, Co-Ni, and M n-N i alloys quenched 
from 1150° C. showed a  correlation between strength a t 
elevated tem p, and  the solidus curve in  each case.—N. B. V.

■■"Magnetic Viscosity and the P art Played by the Displace
ment of Domain Boundaries in the Process of Remagnetization 
of High-Coercivity Alloys. N . Bulgakov and E . Kondorsky 
(Doklady Akad. N auk S .S .S .R ., 194 9 , 69, (3), 3 2 5 -3 2 8 ) .—  
[In  Russian]. The magnetio viscosity in the alloys (1) Ni 
24, A1 72, Cu 1 ‘5 % , rem ainder Fo, after various therm al 
treatm ents causing different docompn. o f the  solid soln. 
and (2) N i 1 3 ,  A1 8 , Cu 3, Co 2 4 % , rem ainder Fo, cooled in a 
magnetic field and also given various therm al treatm ents, 
was studied. Experim ents were carried out a t  various 
tem p. The tim e interval, T , from th e  mom ent of appn. or 
change of the  magnetic field to  th e  mom ent of measurement 
of the change of magnetization of th e  specimen varied between 
th e  limits 2  X 10  3 to  8 1  sec. F or T  =  1 5  X 10 ' 3 sec. a 
H elm holtz pendulum  breaker w ith a  ballistic galvanom eter 
was used for the measurements ; for T  =  0-1 sec., a  m anually 
operated fluxmeter. The m easurem ents wore taken  on the 
downward branch of the hysteresis loop and also a t  the 
beginning of th e  m agnetization curve. In  the la tte r case 
the specimens were carefully demagnetized before the 
experim ent. The influence of eddy currents and au to 
induction was shown theoretically to  be unim portant. 
The results indicate th a t  th e  high viscosity which occurs in 
relatively magnetically soft m aterials also occurs in high- 
coercivity alloys. I t  is concluded th a t the movem ent of 
domain boundaries plays an  im portant p a rt in the romag- 
netization of such alloys, which is contrary to  th e  views 
currently accepted. B. and K . also show theoretically th a t 
th e  growth of therm ally nucleated domains of favourable 
orientation is possible a t  fields greater than  th e  critical value. 
A purely rotational process can take place only in  very fine 
powders.—Z. S. B.

*On the Constant of Magnetic Anisotropy of High-Coercivity 
Alloys. N. V. Bulgakov (Doklady Akad. N auk S .S .S .R .,
1949, 69, (4), 521-522)..—[In Russian]. B. determ ined the 
anisotropy const, of a  spherical single crystal of an alloy 
contg. A1S, Ni 12, Co 24, Cu 3% , rem ainder Fe. Although 
th e  alloy has a  cubic structure, th e  crystal had  tw o directions 
o f easy m agnetization a t  righ t angles to  one another. 
Measurements were made of the mech. moments on th e  single 
crystal when th e  direction of easy magnetization was a t  
various angles to  the direction of the  applied field. W hen 
the axis of ro tation  of th e  specimen was through a  dia. a t 
righ t angles to  both directions of easy m agnetization, the 
const, of anisotropy was 1-63 X 10’ ergs/e.c. W hen the axis 
o f ro tation  was one of the directions o f easy m agnetization, 
th e  const, of anisotropy was 2-3 X 105 ergs/c.c. The dis
crepancy in the two values is due to  the approx. formuhe 
used. The coercive force calculated from the value 1-63 X 10" 
ergs/c.c. was 295 Oe., the theoretical value being 225 Oc. 
The discrepancy' in these values is due to  m ovem ent in  the 
domain boundaries which was no t taken  in to  account.

—Z. S. B.
*On the In ternal Demagnetization Factor of High-Coercivity 

Alloys. N . V. Bulgakov (Doklady Akad. N auk S .S .S .R .,
1950, 70, (2), 205-208).—[In  Russian], The internal de
m agnetization factor of three high-coercivity alloy's which 
had  been given various heat-treatm ents were studied and 
values are given.— Z. S. B.

*Optical Properties of Metallic Alloys. S. V. Vonsovsky,
A. A. Smirnov, and A. V. Sokolov (Doklady Akad. N auk
S .S .S .R ., 1951, 80, (3), 353-356).—[In  Russian]. According

to  th e  D rude-Zener theory, th e  elect, conductivity c  and  the- 
dielect, const, e are given by a =  Ne2y/[2 jtm*(v2 +  y2)] and 
e =  1 — (2a/y), where th e  free p a th  (relaxation) tim e 
t  =  l/(2ny) and m* is the effective mass of the  electron in 
th e  lattice. I f  this be extended to  a  b inary  disordered alloy 
in  which the concentrations of the components are c and 
1 — c, y =  cy4 +  (1 — c)y2 +  Dc( 1 — c), where -cy =  l/(27cyx). 
and t 2 =  l / ( 2vry.,) are the  relaxation times for the scattering 
of the electrons on th e  atom s of th e  first and second kinds, 
resp., and D  corresponds to  th e  relaxation tim e for the 
residual resistance. This gives a  =  {JVe3/2Tcm*}. [D c(l — c) -f- 
cVl +  (1 _  C)y 3]/{ V2 +  [H c(l -  c) +  Cy4 +  (1 -  c)y2]2} and 
e =  1 — {2cr/[15c(l — c) +  cyl 4- (1 — c)y2]}. A reflectivity'/ 
compn. curve has been computed for low frequencies (infra
red  region) using these formula; and  the following d a t a : 
v =  1011 sec.-1, yL — 4 X 1012 sec.-1, y2 =  5 4  x  1012 sec."1, 
and  D  =  6 X 1014 sec.-1. The curve is a catenary w ith min. 
value (~89) a t  50 a t.-% . This cannot bo compared w ith 
experimental results because of the lack of da ta , b u t Bergman 
and Guortlor’s work on Cu-N i alloys (Z . lechn. Pliysik, 1935, 
16, 235; M .A ., 3, 3) indicates a tendency tow ards catenary 
curves as the wave-length is increased. Form ula; arc also 
derived for partially  ordered alloy's w ith b.c.c. la ttice  (cf. 
Sergeev and Chornikhovsky, Zhur. Eksper. Teorct. F iziki, 
1934, 4, 235; 31.A ., 2, 93 ; Sergeev, ibid., 1938, 8, 948; 
31.A ., 10, 135). The formula; for c  and  e in  th e  vicinity o f  
the order/disorder transform ation tem p, reduce to  expressions 
which are alm ost analogous to  corresponding formulae for 
ferromagnetic m etals w ith th e  long-range order param eter p 
replacing the relative m agnetization y. I t  is thought th a t 
th e  opt. properties of ordered alloys in the visible p art of the 
spectrum  m ust exhibit anomalies a t  tem p, below th e  tran s
formation point.—G. V. E . T.

Solid Solutions of Metallic Compounds. I . I . Kornilov 
(Doklady Akad. N auk S .S .S .R ., 1951, 81, (4), 597-600).—[In  
Russian], Continuous solid soln. can be formed between 
metallic compounds in the following cases: (1) between 
compounds w ith  ordered structures formed b y  transform a
tions o f continuous solid soln. of m e ta ls ; (2 ) between daltonide 
compounds formed during the cry'stn. of m ixtures o f metals ;
(3) between bcrthollide compounds of variable com pn .; 
and (4) between daltonide and bcrthollide compounds. 
Necessary conditions for th e  form ation of continuous solid 
soln. are t h a t : (1) th e  crystal lattices of the compounds are 
of the same ty p e ; (2 ) their chem. bonds are of th e  sam e 
ty p e ; (3) the atom s of th e  components from which the 
compounds are formed are sim ilar; and (4) the compounds 
have a  common constituent elem ent, isomorphous structure, 
and th e  same stoichiometric compn. Many' examples a re  
given to  illustrate these rules.—G. V. E . T.

*A Study of the Refractory Borides. Leo Brewer, Dwight L . 
Sawyer, D. H. Templeton, and Carol H. D auben (J . Amar~ 
Ceram. Soc., 1951, 34, (6 ), 173-179).—The phases present 
in  the binary' systems of B w ith Ce, Ti, Zr, N b, Ta, Mo, W, 
Th, and U  were determ ined by  X -ray exam ination of samples 
prepared by  heating various m ixtures of B and the resp. 
m etal to  elevated tem p, in an  atm osphere of A. The following 
phases are shown to  e x is t: W 2B, WB,.yH * ,  W B,. 
Mo-B, MoB0.,,_j.06, MoB,.33. TaB„„ Ta„B, 1’aB, Ta3B4, 
T aB j.7g_5.57, NbB,,,, N bB ’, NbB, N b3B4I N bB 2± I, ZrB2, 
TiB2, CeB.,, CeB6, ThB4, U B ,, and UB4. The isomorphism 
of these compounds is indicated. Mo and W  borides have 
very high m .p., b u t are less stable tow ards reduction th an  
the o ther borides. TaB and NbB, both melting a t  tem p. 
>2000° C., appear to  be the m ost promising refractory 
borides for highly reducing conditions.—N. B. V.

Crystal Chemistry of the Metal Carbides and Its Importance 
in Metallurgy. W. E pprecht (Chimia, 1951, 5, (3), 49-60).— 
The influence of C, now recognized to  be present as carbide, 
in Fe and steel is first discussed, followed by an  investigation 
into th e  chem. and phys. properties of o ther m etal carbides 
as revealed by  X-ray-diffraction and back-refiection technique. 
Sections are devoted to  the principal carbide-forming metals, 
Ti, N b, Ta, V, IV, Mo, Cr, Mn, Fe, Co, Ni, and Si, and their 
modes of form ation and compn. in  pure m etals and  various
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alloys are discussed. I t  is suggested th a t the diffusion of 
th e  atom s of tho individual constituents of an  alloy is the 
determ ining factor in  the form ation of carbide crystals in 
solid m etal and th a t  tho chom. behaviour of tho m etal towards 
C is o f minor im portance, tho space requirem ents of tho 
m etal atom s boing of greater weight. As diffusion itself 
is a  product of tem p, and time, both those factors m ust bo 
taken into account in  any study  of carbide formation. 35  ref.

— YV. P . H .
'"Study o£ Metal-Ceramic Interactions at Elevated Tem

peratures. P . H . N orton and W. D. K ingery (U .S. Atomic 
Energy Commission Publ., 1951, (NYO-3136),' 13 pp.).—The 
tendency for a  reaction to  occur was studied in pairs made up 
from th e  oxides A L 03, Z r0 2, MgO, TiO„ ThO„, and  BeO 
and  the m etals Zr, Ti, Ni, Mo, Si, Be, and Nb tho tem p, 
studied were 1400°, 1600°, and 1800° C. The results are 
classified as no, slight, and pronounced reaction. A  num ber 
o f therm odynam ic calculations of possible reactions in these 
system s were made, neglecting effects due to  solid and liquid 
soln. Similar calculations have been carried out for m ctal- 
m etal carbide, —m etal nitride, and  —m etal sulphide systems. 
A n apparatus is described for studying th e  surface tension 
and  th e  w ettab ility  of liq. m etals simultaneously. Pe and 
Ni are non-w etting on the oxides m entioned above; Si 
v e ts  the oxides, Fe, Ni, and  Si tend  to  w et the carbides. 
W etting  was generally accompanied by  intorfacial reaction. 
.The surface tension of Fe—N i alloys decreases gradually 
from 1580 ergs/cm .2 for N i to  a value of 1420 ergs/cm .3 for 
Fe in  H .—J . W. T. °  '

How To Evaluate High-Temperature Performance of 
Materials. L. B. Pfeil (Materials and Methods, 1953, 37 , (3 ), 
79-84).—Condensed from Schweiz. ArcU v angew. Wiss 
Tcchn., 1952, 18, 8 8 ; M .A ., 20, 471.—R. P . H. P .

*Surface Tension of Eutectic Alloys. Yu. A. K lyachko 
and L._L. Ivunin (Doklady Akad. N auk  S .S .S .R ., 1949, 64,
(1), 85-86). [In  Russian]. The surface tensions of the 
pure m etals Pb, Sn, and Bi, of the ir binary  eutectics, and of 
alloys w ith  compn. closely approxim ating to  tho eutectics, 
were determ ined a t  various tem p, up to  340° C. The following 
conclusions were arrived  a t :  (1 ) On considerably super” 
heating above the crystn. tem p, the eutectic point does not 
lie on the curve of surface tension versus compn. (2) A t a 
superheat ju s t above th e  crystn. point th e  surface tension 
of the eutectic and alloys adjacent falls sharply. The surface 
tension of eutectic alloys close to  th e  crystn. tem p, is less 
th an  th a t of each of the components of the alloy a t  th e  same 
superheat. (3) The surface tension of eutectic alloys in  the 
region of, for example, 1 0 0 3 above the crystn. point possesses 
a  positive tem p, cooff. The theoretical im plications of these 
results are discussed.—W . J .  K.

The Quantitative Micrographic Analysis of Ternary Alloys. 
Salvatore Amari (Met. Ilal., 1951, 43, (1), 6-12).—A fter a

detailed theoretical investigation of the triangular constitu
tional diagrams of ternary  alloys, A. considers the applic
ability  of quant, micrographic analysis to  this type of alloy.

Rate of Growth of the Nucleus of a New Phase During the 
Isotherm al Decomposition of a Solid Solution. B. Ya.
Lyubov (Doklady Akad. N auk S .S .S .R ., 1950, 72, (2) 273- 
275 , C. Abs., 1950, 44, 10426),—[In  Russian], A  theoretical 
expression was derived to  account for a  slower ra te  o f growth 
o f sm all nuclei th an  th a t  given by  the  diffusion ra te  o f th e  
solute. This slow ra te  is especially noticeable in  the pptn. 
of a  new phase from a  supercooled hypoeutectoid solid soln. 
having a  different compn. and structure. Two processes are 
necessary for tho grow th o f such n u c le i: re-form ation of the 
solute lattice and movement of solute atom s across the nucleus 
interface. In  the in itial stage o f nucleus growth, when its 
size is ju s t above th e  critical size, change in  the solvent occurs 
slowly and the solute concentration a t  the surface of the nucleus 
is alm ost unchanged. However, the equilibrium concentra
tion of such a  nucleus is large. A t this stage the ra te  of growth 
is wholly determ ined by the kinetics of lattice deformation. 
Beyond a  critical nucleus size the ra te  o f growth is determined 
by diffusion.

Mechanism of Diffusion in Substitutional Solid Solutions.
I .  A. Lebedev (Doklady Akad.. N auk  S .S .S .R ., 1949, 65 (2) 
163-165; C. Abs., 1950, 44, 9760).—[In Russian], A 
mechanism wherein the displacem ent o f an  elem ent in a 
substitu tional alloy is brought about in  the ac t of rotation 
of a complex of atom s is used to  account for the diffusion, in 
particu lar in  tho difficult instance of alloys of stoichiometric 
compn., e.g. CuAl.,, FeSi, &e. Calculations on a  model show 
th a t the pertu rbation  o f tho lattice produced by such a 
ro tation  is one-tenth or one-twelfth th a t caused by simple 
displacem ent of single atom s. The activation  energy of 
ro tation  is lowered considerably if  tho complex involved is 
no t one atom ic layer th in , b u t represents a “ packet ” of 
several layers. T h a t ro tational can give rise to  a  unidirec
tional flow o f a  given atom ic species is determ ined by  tho fact 
that- a  concentration gradient favours preferential ro tation  
in a given sense. R otations also account for back diffusion, 
which is brought about in  the same w ay as tho direct diffusion.

[Discussion on a Paper by L. C. C. da Silva and R. F. M ehl:] 
Interface and Marker Movements in Diffusion in  Solid Solu
tions of Metals. ------ (J. Metals, 1951, 3, (11), 1080-1062).—
See M .A ., 19, 115. '

Segregation in Regular Ternary Solutions.—H. J . L.
Meijering (Philips Research Rep., 1951, 6 , (3), 183-210).__
Cf. ibid., 1950, 5, 333 ; M .A ., 19, 184. M ath. A  m ethod for 
tho calculation of tie-Iines is described. The solubility curves 
o f a  pure solid component and the ir interference w ith a 
miscibility gap are also treated , and  some observations are 
made on m ulticom ponent systems.—N. B. V.

3 — STRUCTURE
(Metallography; M acrography; Crystal Structure.)

[For all abstracts on the constitution of alloy systems, including X -ray  studies, see 2—Properties of Alloys.]
, New Surface Structure on Strained Aluminium- Heinz 
W dsdorf and Doris K uhlm an-W ilsdorf (Naturwiss., 1951, 38, 
(21), 502).—The structure of slip lines in  strained polycryst! 
and single-crystal 99-99% A1 has been examined under the 
electron microscope. An im proved replica technique has 
been developed, involving th e  spu ttering  of S i0 2, which has 
the advantage th a t  th e  surface of strained specimens is 
faithfully reproduced. E xtrem ely  fine surface markings are 
levealed by shadow casting w ith W  oxide. The existence of 
a  fine struc tu re  w ithin the  slip bands has been confirmed, 
and in  addn. a  fine line or step structure has been found 
between slip bands. These line structures—term ed 

elem entary structures ’’—are || existing slip b a n d s ; they  
become clearer w ith increased strain , and have been observed

in crystals contg, no slip bands. The elem entary structure 
is considered to  be an  early  stage of slip-band formation.

*An Electron-Microscope Study of the Development' of 
Fatigue Failures [in Aluminium, Brass, and Iron]. W. J .
Craig (Proc. Amer. Soc. Test. M ai., 1952, 52, 877-889) —See 
31.A ., 20, 765.

[Discussion on a  Paper by H. C. Chang and N. J . G rant:] 
Gram-Boundary Sliding and Migration, and Intercrystalline
Failure [of Aluminium] Under Creep Conditions. ------  (J
Metals, 1953, 5, (11), 1579-1581).— See 31.A., 20, 763.

*CaIculation of the Intensity of Diffuse Scattering of X-Rays 
for Ageing [Aluminium] Alloys. Yu. A. B agarvatsky 
(Doklady Alcad. N auk S .S .S .R ., 1951, 77, (1), 45-48).—[In



1007 Metallurgical Abstracts 1008 Vol. 20

Russian]. B. considers th a t  during the  natu ra l agoing of 
A1 alloys regions o f atom s w ith  a  slightly distorted lattice 
are formed inside the lattice o f th e  solid so ln .; th is leads to 
th e  appearance of a supplem entary diffuse background in  the 
X -ray  scattering pictures (cf. Zhur. Tekhn. F izik i, 1950, 20, 
4 24 ;“ 1948, 18, 827; M .A ., 19, 647, 648; also E listratov 
ei al., Doklady Akad. N auk S .S .S .R .,  1949, 68, 1017; M .A ., 
19, 192). The proposed method for calculating the intensity  
of this diffuso scattering is explained by use of a particular 
example, a  chain of atom s w ith  a “  fau lt ”  repeated along it  
according to  some law. This example can be used to  explain 
diffuso scattering observed w ith  Al-Mg alloy. I t  is shown 
th a t  in  alloys contg. chem. different atom s of equal scattering 
ability  i t  is no t necessary to  a ttrib u te  the diffuse scattering 
to  small regions w ith the lattice of the precipitatm g phase. 
The m ethod can also be used to  calculate the in tensity  of 
th e  diffuso background in  substitu tional solid so ln .; B. 
shows th a t  th is will be a  max, w hen the scattering angle, 
4> ~  Vvmcan, where X is the wavo-length and ymeM the mean, 
m ost probable distance between the dissolved atom s for an  
ideal solid soln. This is confirmed by the experimental 
d a ta  for A u-A g alloys (Guinier, Proc. Phys. Soc., 1945, 57, 
310; M .A ., 12, 321). As an example o f th e  use of the 
proposed method, B. gives curves for the distribution o f the 
in tensity  of the diffuse scattering for Al-Cu alloy according 
to  various hypotheses about the  structure of the aged a llo y :
(i) th a t  the  principal feature is th e  displacement o f neighbour
ing planes and no t largo local concentrations of Cu atom s 
(Jagodzinski and Laves, Z . MetaUkunde, 1949, 40, 296; 
M .A ., 17, 639); (ii) th a t  of Guinier (Nature, 1938, 142, 569 ; 
M .A ., 5, 589 ; Mesures, 1946, 11, 305) and of Preston {Proc. 
Roy. Soc., 1938, [A], 167, 526; M .A ., 5, 590) concerning the 
form ation during natu ra l ageing of layers of Cu atom s in 
2-3 atom ic layers (001) accompanied by some displacem ent of 
these atom ic planes; and (iii) the appearance o f a  super
structu re  of period 2a in  regions where the Cu atom s collect. 
Curves (ii) and (iii) agree w ith  the  experim ental da ta . Certain 
assumptions were made in the calculations.—G. V. E . T.

*X-Ray Data on the Ageing of the Aluminium -[4% ] 
Copper Alloy. Yu. A. B agaryatsky (Doklady Akad. Naulc
S .S .S .R ., 1951, 77, (2), 261-264).— [In Russian]. D ata  on 
th e  diffuse scattering of X -rays by  A l-4%  Cu alloy enable 
a  num ber of questions to  be answered. On a  monochromatic 
photograph of the naturally  aged alloy there are no two- 
dimensional diffraction spots w ith  30. and 03. indexes (in the 
co-ordinates of the reciprocal lattice of the solid so ln .; the  
full stop replaces th e  non-integral th ird  index k3), b u t spots 
w ith 11. indexes are p resen t; hence the two-dimensional 
diffraction a t  th is stage o f the ageing is no t produced by th in  
layers of the 0'-CuA12 phase. This agrees w ith  Zakharova’s 
conclusions (ibid., 1950, 70, 55 ; M .A ., 18, 93) for A l-2%  
Cu alloy. The observed asym m etric d istribution  of the  
in tensity  o f two-dimensional diffraction agrees well w ith
B.’s calculations (ibid., (1), 45 ; preceding abstract) based 
on th e  hypothesis th a t  Cu atom s collect in  regions contg. 
2-3 atom ic layers (001), w ith some change in  interplanar 
distances. I t  does n o t support th e  suggestion th a t  the 
displacement o f neighbouring planes plays th e  predom inant 
p a rt. The apparen t discrepancy between these conclusions 
and th e  results o f Buinov and Lerinm an (ibid., 1950, 74, 
707, 929), who observed th e  same formations in both  naturally  
and artificially aged alloys, is th a t  regions of low' Cu con
centration were etched out, so th a t  th e  parts  contg. collections 
o f Cu atom s and the  strained regions o f solid soln. around 
them  appear iso la ted ; th e  atom s in  these regions rearrange 
themselves to  form a stable phase, probably O-CuAL. Guinier’s 
explanation (Mesures, 1946, 11, 305) for the form ation of 
a  superstructure a t  a  certain stage of heat-treatm en t is no t 
considered satisfactory'; B. suggests th a t  the  regions w ith 
th e  superstructure consist o f 12 atom ic layers (001), and  the 
concentration of Cu atom s in them  corresponds to  th e  compn. 
CuAL,; layers Nos. 2, 6, and 10 consist wholly o f Cu atom s, 
0, 4, 8, and 12 only of Al atom s, and  th e  odd layers contain 
an  average of 1/6 Cu and 5/6 Al atom s. This structure 
easily rearranges to  the Q'-phase, which forms in layers 4c

thick interlinked w ith the lattice o f the solid soln. D uring 
th e  grow th of th e  0'-phase nuclei, c falls from 6-06 to  5-8 A. 
In  the form ation of 0 or 0 ' phase nuclei, a  considerable 
increase in the elastic energy of the lattice is necessary', and 
th e  form ation of the bonds a t  one lattice point causes stra in  
in  th e  surrounding regions, although th is is reduced by 
directed diffusion of Cu atom s to  this point. Hence as 
regards energy, structures in  which th e  Cu atom s collect in 
2-3 atom ic layers are preferable to  those w ith th e  max. num ber 
of Cu-Al bonds. A t higher tem p, the Cu-Al bond is weaker 
and th e  role of elastic energy is reduced, so th a t there are 
a  large num ber of Cu-Al bonds and a  more even distribution 
of Cu atom s throughout the lattice. The mechanism of 
natu ral ageing of Al-Cu alloy is thus determ ined by th e  
large difference in  sp. atom ic vol. of the solid soln. and  the 
precipitating phase. In  Al-Cu-M g and Al-Ag alloys the 
difference is small and the ageing mechanism is essentially 
different.—G. V. E . T.

♦Metallography o£ Commercial Alloys o£ the Duralum in 
Type.—HI. A nand S. Sharm a (Trans. Indian Inst. Metals, 
1949, 3, 279-307).—Cf. ibid., 1948, 1, (1), 39 ; 1949, 1, (2), 
11; M .A ., 17, 15, 797. The previous investigations havo 
boon extended to  tho following quaternary  sy s tem s: A l-C u- 
Eo-Mn, A l-C u-Fe-Si, A l-Cu-M n-Si, Al-Cu-M g-Si, A l-C u- 
M g-Fe, and Al-Cu-M g-M n. The m icrostructures o f the 
alloys wero oxaminod in  various conditions and correlated 
w ith hardness measurements made on samples immediately' 
after quenching from tho soln. tem p, and  a t  intervals during 
ageing a t  room tem p, and a t  160° C. Hardness curves and 
photom icrographs are presented. The constituents re
sponsible for ago-hardoning, and  effects of the various alloying 
elements, are discussed.—-N. B. V.

♦Investigations on Aluminium-Silicon Alloys: A Con
tribution on the Problem of [the Structure o£] Silumin. Roland 
Mitscho and Emm a-M aria Onitsch-Modl (Z . MetaUkunde, 
1951, 42, (11), 341-344).—The close relationship which exists 
between tho structures of eutectic A l-Si and Ee-C  alloys, 
and which has led to  the developm ent of M.’s “ slag-cloud” 
theory o f grain refinement (Carnegie Schol. M em., Iron Steel 
Inst., 1934, 23, 65; M .A ., 2, 220), has been extended to  
cover hypereutectic alloys. B inary Al alloy's contg. 12, 15, 
and 24%  Si were superheated to  tem p, of ICHF-ICOCF C., and 
poured into C or cast-Eo moulds, a t  casting tem p, of 700° C. 
and S00° C. for the 12 and 15% Si and tho 24%  Si alloys, 
resp. Observations of the grain structure of the resulting 
ingots lead to  the conclusion th a t  th e  structures encountered 
can be adequately interpreted only on tho basis of M.’s 
hypothesis as to  the  grain-refining effects of tho submicro- 
scopic non-m etallic particles which are present in  such melts.

— E. N.
Micrographic Measurement of Grain-Size in Copper and 

Copper Alloys. J .  Herenguel (Cuivre, Laitons, A lliar/es, 1951,
(2), 51-54).—H . shows m ethods of preparing specimens and 
taking micrographs for the  estn. of particle size in  metals, 
w'ith particular ref. to  Cu and its alloys. E lectrolytic polish
ing is followed by trea tm en t w ith various reagents, chiefly 
HCI-FeCl3 and H N 0 3. Typical micrographs of 70 : 30 brass, 
trea ted  w ith different reagents, are shown. A  more recent 
m ethod of chem. polishing in  a  ba th  of H 3P 0 4 and H N 0 3 a t  
70°-80° C. is also described.—W. F. H.

♦The Cubic Texture of Face-Centred-Cubic Metals [Copper 
and 50: 50 Nickel-Iron Alloys]. E . Schmid and  H . Thomas (Z . 
Physik, 1951, 130, (3), 293-303).—Experim ents on the cold- 
rolling and  annealing of Cu and 50 : 50 N i-F e  alloy were 
m ade to  determ ine th e  conditions necessary for the prodn. 
o f th e  [100], (001) cubic recrystn. tex ture. A fter very  large 
reductions, the cold-rolled plates showed a  th ird  deform ation 
texture, [110], (001), in  addn. to  th e  norm al textures [112],
(110) and [111], (112). F or Cu, th e  sharpness of the recrystn. 
tex tu re  increased w ith increase in  the am ount of cold reduction 
from 95 to  99-9%, and then  decreased a g a in ; th e  decrease 
corresponded to  th e  form ation of th e  th ird  rolling texture . 
Sim ilar results were found for N i-F e . Specimens annealed 
to  give a  sharp cubic tex tu re  and then  cold rolled, approxi
m ated to  the norm al rolling texture, though the change w as
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incom plete even a fte r 95%  reduction. D espite the presence 
of a  strong [100], (001) component, such specimens gave 
very  im perfect cubic textures when re-annealed. Two 
conditions are necessary for th e  form ation of the cubic 
rccrystn. tex tu re  : (1) the presence of a considerable am ount 
o f th e  [111], (112) tex tu re in  the cold-rolled strip  and (2) the 
m aterial m ust be elastically very  anisotropic.—J . W. C.

♦The Form ation o£ Facets on Copper Crystals a t High 
Temperature. E rich Menzel (Naturwiss., 1950, 37, (4), 
166).—A continuation of previous work on the form ation 
o f facets—(111) and  (001)—on spherical single-crystal 
specimens of Cu during heating in  vacuo. Similar experi
m ents on freshly cu t specimens have no t resulted in the 
form ation of facets, and i t  is concluded th a t  the ir presence 
is associated w ith preferential oxidation of the crystal surface 
and  subsequent rem oval of the oxides. H eating in  H  causes 
th e  surface of th e  crystal to  become glass-like, b u t the  facet 
structure can be regained b y  repeated strong oxidation. 
H eating in A or C 02 causes the (110) and (001) facets to  ap p ea r; 
in th e  case o f the C 02 reflecting planes also appear a t  the 
octahedral and dodecahedral poles. The type of chemical 
used for pre-etching the crystals influences the final appearance. 
I t  is considered th a t the soln. of H  in  the crystal lattice of 
th e  Cu renders the O present inactive—C 02 is less effective 
in  altering the surface appearance, because of its  lower 
solubility. Experim ents on polycryst. Ag have revealed 
plane-like structures on heating in  a ir which are no t formed 
on heating in  vacuo.— S. V. R.

[Discussion on a Paper by W. A. Backofen:] Torsion of
Copper. ------  (J. Metals, 1951, 3, (11), 1062-1064).—See
M .A ., 19, 25.

Corrections [to “ Crystal Structure of the Ternary Phase 
CUjMgSn ” ]. E . I. Gladyshevsky, P . I . K ripyakevich, and 
M. Yu. Teslyuk (Doklady Akad. N auk S .S .S .R ., 1952, 87,
(4), 516).— [In  Russian], Sec M .A ., 20, 697.— G. Y. E. T.

[Discussion on a  Paper by L. G uttm an:] Crystal Structures 
and Transformations in Indium -Thallium  Solid Solutions.
  (./. Metals, 1951, 3, (11), 1056-1057).—See A L A ., 19,
27.

[Discussion on a Paper by J. S. Bowles, C. S. Barrett, and 
L. G uttm an:] Crystallography of Cubic-Tetragonal Transfor
mations in  the Indium -Thallium  System. ------  (J. Aletals,
1951, 3, (11), 1057-1060).—Sec A LA ., 19, 27.

*An Electron-Difiraction Investigation of the Structure of 
Electrodeposited Coatings on Iron Single Crystals. D. J . 
E vans and  M. R . Hopkins [J. Electrodepositors’ Tech. Soc.,
1952, 28, 229-238; discussion, 245-251).—See A LA ., 20, 408.

[Discussion on a  Paper by J. S. Bowles:] Metallographic
Study of the Martensite Transformation in Lithium. ------- (J.
Aletals, 1951, 3, (11), 1056).— See A LA ., 19, 28.

[Discussion on a  Paper by R. S. B usk :] Lattice Param eters
of Magnesium Alloys. ------ (J. Aletals, 1951, 3, (11), 1067).—
See A LA ., 19, 29.

♦The Gamma Phase of Manganese, n .— High-Tem- 
perature Observations in  the Gamma Region [of Binary Alloys 
with Copper, Gallium, and Germanium]. U lrich Zwicker 
[Z. Aletallkunde, 1951, 42, (11), 327-330).—Cf. ibid., (8), 
246; AT. A ., 20, 690. A study  of tlio Mn-rich side of th e  system  
M n-Ge shows th a t addn. o f Go lower th e  y  ->  ¡3 transform ation 
tem p, of Mn, whilo raising th a t of th e  8 ->  y  transform ation 
from 1148° to  1154° 0 . (at ~ 3 %  Ge), a t  which tem p, a 
peritcctic reaction occurs between tlio S phase and th e  m elt 
contg. 7-75% Go, to  form y-Mn solid soln., the  homogeneity 
range of which lias been determ ined down to  500'3 C. W ith 
fu rther addn. o f Ge, the liquidus decreases to  900° C., the tem p, 
o f th e  periteetic reaction, y (solid soln.) +  m elt =  Mn3.25Ge. 
W hen wires o f b inary  Mn alloys, contg. Ge 10-9 and 12-5, 
Ga 17'6 and 19-2, and Cd 13-3%, were annealed for long 
periods a t  630°-890° C., and examined by  high-tem p. X -ray- 
diffraction m ethods, a  f.c.c. structure was always found, 
thus im plying th a t  in  the  tem p, range where i t  is stable, 
y-Mn solid soln. has th is typo of lattice—and is designated 
Yc- The tetragonal form o f th e  y phase— y t—was found only 
a fter quenching a t  rates which exceed th e  critical ra te  of 
cooling for form ation of the stable ¡3 phase. The yt -S-yc 

L  L

transform ation is reversible, and  y¡, therefore, can be con
sidered as an unstable modification of Mn. The lattice 
param eters of the y c phase of all the  alloys studied had the 
same tomp. coeff. This leads to  a  calculated value of a ==3-83
A. a t  1100° C. for the u n it cell of th e  yc phase of pure M n; 
the corresponding value a t  room tem p.—obtained by  ex tra 
polation—is a =  3-694 A., which gives a cubic coll of vol. 
equal to  th a t of the tetragonal cell of tlio y t phase. All 
coinpn. are in a t.-% . 8 ref.—E. N.

[Discussion on a  Paper by N. K. Clien and R. Irladdin:] 
Coid-Rolling and Annealing Textures of Molybdenum Single
Crystals. ------ (J. Aletals, 1953, 5, (11), 1509).—See ALA.,
20, 766.

♦Structure of Alloys of Nickel w ith Aluminium in the 
p-Phase Region a t High Temperatures. L. N. Guseva and
E. S. M akarov (Doklady Akad. N auk S .S .S .R ., 1951, 77, (4), 
615-616).—[In  Russian]. Alloys contg. 60-66 a t.-%  Hi 
quenched from 1340° C. are single-phase and have a tetragonal 
structure. X -ray  analysis o f these alloys in th e  annealed 
s ta te  shows the presence of two phases, p +  a.' (Ni3Al), in 
agreem ent w ith the equilibrium diagram  of B radley and 
Taylor (Proc. Roy. Soc., 1937, [A], 159, 56 ; A LA ., 4, 241). 
The quenched alloys have a partia lly  ordered body-centred 
structure. F or the  alloy w ith 60-6 a t.-%  N i (Ni3A]2), a =  
2'663, c =  3-237 kX , c/a =  1-125; d — 6-66 ; num ber of 
atom s in  unit cell =  1-96. F or the alloy w ith 66-6 a t.-%  Ni 
(Ni2Al), num ber of atom s in un it cell =  2-01. The observed 
intensities o f the reflections in  an  X -ray  photograph of an 
alloy contg. 60-6 a t.-%  N i, quenched from 1340° C., agree 
satisfactorily w ith  the values calculated for N i3Al2.

—G. V. E . T.
♦Crystal-Structure Studies of Plutonium  and Neptunium 

Compounds. W. H . Zachariason (U .S. Atomic Energy 
Commission Publ., 1946, (MDDC-67), 6 pp.).—In  the liexa- 
valent s ta te  U, Np, and  P u  are crystal-cliom. similar, w ith a 
decreasing a t. size accompanying increasing a t. number. 
This suggests the presence o f a t  least ono 5 / electron in Np 
and two in  Pu . In  addition, a  close sim ilarity is found in the 
te travalen t s ta te  between these throe m etals and Th, Ce, 
P r, suggesting th e  previous electronic structure. N ear 
identity  exists between N p4L P u4+, Ce4+, and P r1+. In  the 
trivalen t sta te , th e  three are again similar, bu t a  striking 
sim ilarity exists w ith the series La-Sm . In  metallic-typo 
compounds, the size of P r, Np, and P u  is nearly th e  sam e; 
Th and Ce are larger in these compounds. The available 
evidence is n o t sufficiently clear-cut to  decide betw een an 
actinide and a  thoride scries.—J . W. T.

♦The Crystal Structure of Electrodeposited Silver. D. N. 
Layton (J. Electrodepositors' Tech. Soc., 1952, 28, 239-244; 
discussion, 245-251).—See A I.A ., 20, 409.

♦Two-Dimensional X-Ray Diffraction Effects in  Aged 
Polycrystalline Silver-Copper Alloys. A. I . Pashilov (Doklady 
Akad. N auk S .S .S .R ., 1950, 72, (2), 281-2S3; C. Abs., 1950, 
44, 10489).—[In  Russian]. Cf. ibid., 1949, 68, 1017; A LA ., 
19, 192. Flat-film  X -ray studies w-ith unfiltered Cu radiation 
were made on 0-5-1 O-mm.-dia. wire specimens o f coarse
grained Ag-6-5%  Cu alloy aged to  various degrees. Speci
mens were placed in  C for soln.-treatm ent, and  quenching 
was carried ou t in  a vacuum . Ageing a t  tem p, to  350° C. 
was done in  an  open furnace. Even in  quenched specimens 
th e  first type  of two-dimensional diffraction effect was 
observed, consisting o f fain t streaks from the white radiation 
and intense spots from the  characteristic radiation. This 
effect became stronger during.ageing up to  20 min. a t  250’’ C., 
b u t th e  Laue spots were no t blurred. In  th e  rare cases th a t 
two streaks w ent through a  Lane spot, th e  angles between 
th e  cylindrical diffracting regions in reciprocal space were 
determ ined and  were found to  be 55° 44', 45°, and 35° 16'. 
Thus, the two-dimensional effect was associated w ith the
(111), (100), and (110) planes. However, i t  was no t possible 
to  assume th a t  G uinier-Preston zones |] these planes were 
causing the  effect. Ageing for > 2 5  min. a t  250’’ C. caused 
a second effect, viz. narrow streaks due to  w hite radiation 
and  occurring chiefly a t  small diffraction angles. The 
associated Laue spots became weaker b u t n o t blurred, and
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th ey  alm ost disappeared after 1-5 hours’ ageing. A t small 
diffraction angles, streaks occurred a t  places where no Laue 
spots appeared in films from th e  quenched specimen. Agoing 
for short tim es a t  higher tem p, caused the same effects, and 
these times were about th e  same as those reported by Ageev 
for the appearance of blurred lines of th e  new phase and the 
disappearance o f lines of the supersaturated solid soln. Like 
the first effect, th is second one was associated w ith  two- 
dimensional diffraction from the  (111), (100), and (110) 
planes. The effect m ay be the result of non-coherent lattice 
displacements during non-liomogeneous pp tn . caused by  the 
influence of grain boundaries. Other alloys w ith a  large 
vol. change during pp tn . should also show two-dimensional 
diffraction effects caused by  plastic deformation. Thus, an 
effect of the first type has been observed in polycryst. Cu-Be 
alloy associated w ith  the (111) and (100) planes, although 
only (100) plane effects have been found in single crystals of 
th is  alloy, perhaps because of poorer sensitivity of the method 
used.

[Discussion on a  Paper by C. J. McHargue and J. P. 
H am m ond:] Preferred Orientation in Iodide Titanium. ------
(J. Metals, 1953, 5, (11), 1563).—See M .A ., 20, 700.

A Correction and Note on the Structure of TiBe12. R ichard 
P . Raeuchlc and R . E . Rundle (A da  Cryst., 1953, 6, (1), 
107).—Cf. ibid., 1952, 5, 85 ; M .A ., 20, 23. An equation 
is corrected ; the structure previously proposed is no t affected.

—N. B. V.
♦Fractographic Study of Zinc-Rich Zinc-Aluminium Alloys.

C. A. Zaplfe, C. O. Worden, and F . K. L andgraf (Met. Ital., 
1951, 43, (3/4), 97-109).—After briefly dealing w ith funda
m ental fractographic principles, the fractographic properties 
of puro Zn are examined in  relation to  th e  mechanism of 
deform ation of the m etal. F o r some phenomena, such as 
rum pling and ltink-band and rifle-mark formation, theories 
aro advanced, particularly  Z.’s “ micellar ” theory  of the 
solid s ta te  (Trans. A/ner. Soc. Metals, 1950, 42, 387 ; 31.A ., 
18, 31). Then th e  influence on the  fractographic structure 
of Zn of hypo- and hyper-eutectic A1 addn. of up to  25%  
is discussed. 35 ref.—I. S. M.

[Discussion on a Paper by R. K. McGeary and B. L ustm an:] 
Kinetics of Thermal Re-Orientation in Cold-Rolled Zirconium. 
 (J. Metals, 1953, 5, (11), 1573-1577).—See M .A .. 20, 768.

♦Transformation Mechanism of Zirconium. E . E . Hayes 
(U .S. Atomic Energy Commission Pvhl., 1951, (AECU-1960), 
66 pp.).—P ertinen t inform ation available regarding the 
transform ation of Z r is reviewed and brief consideration is 
given to  th e  two possible transform ation processes, viz. 
nucleation and  growth, and dilfusionless processes. To 
establish th e  type  of process in  Zr, th e  following methods of 
investigation were em ployed: (i) investigation of retained 
“ -Zr, (ii) high-speed therm al analysis o f the transform ation 
tem p, as a function of cooling ra te , (iii) investigation of 
resistivity changes during cooling, (iv) investigation of the 
hab it plane for the a ->-(3 transform ation, and (v) micro- 
structure of single crystals of (3-Zr when cooled in  a  preferred 
direction. E xperim ental details are given for each of these 
studies. The following results were obtained, viz. (a) No fi- 
Zr was found to  be retained even w ith  cooling rates of 3000° 
C./sec. (b) An increased cooling ra te  was found to  lower 
the transform ation tem p., e.g. 65° C. lower for a ra te  of 
1000° C./sec. G reater am ounts o f O and  N  in the  Zr lower 
the transform ation tem p, w ith faster cooling rates. A  single 
transform ation arrest was detected, (c) Sharp discontinuities 
in th e  resistiv ity  curves were sometimes present, b u t never 
in  a  fresh Z r sample. No significant effect was found on 
the  resistivity  curves of altering th e  quenching tem p. From  
these measurements an  Umlclapp-time lapse of 2-8 X 1 0 4 
sec. was deduced ; th is agrees w ith a value found by Forster 
and Scheil (Z . Metallkunde, 1940, 32, 165; M .A ., 8, 290). 
(d) In  four- and six-sided crystals o f (3-Zr crystal bar, i t  was 
confirmed th a t  the boundary faces are the (110) planes w ith 
the [100] and  [111] directions along th e  axes, resp. Certain 
features were observed in  th e  crystal bar which were 
characteristic of a  m artensitic type o f reaction, b u t the 
evidence was no t entirely conclusive. In  water-quenched

crystal-bar specimens, i t  appeared th a t  the transform ation 
occurred as a  norm al nucleation and grow th process; when 
small am ounts o f im purity , such as O and  N , are introduced, 
this results in  features common to  th e  m artensitic type 
o f process. In  th e  la tte r  case th e  hab it plane is possibly the 
(223) plane, (e) Increasing cooling ra tes resulted in  a finer 
crystal structure. Growth of an <x crystal did no t extend 
beyond the  original ß-crystal boundary. The la tte r  suggests 
th e  oriented relationship of the a  w ith the original ß crystal. 
I t  is concluded th a t im pure Zr transform s by  a  m artensitic 
type of reaction, b u t i t  is no t clear how th is alters when the 
pu rity  o f m aterial increases; several factors, e.g. high tem p., 
allowing ready relaxation of stress, favour the alternative 
type of process in  high-purity  Zr. 22 ref.—J . W . T.

*0n  the Crystal Structure of Disilicides of Lanthanides 
[R are-Earth Metals]. Georg B rauer and Heinz H aag (Natur- 
wiss., 1950, 37, (9), 210-211).—A study  of th e  ability  o f the 
rare-earth  m etals to  form disilicides. The existence of CeSi., 
and LaSio was confirmed, and these and o ther rare-earth  
m etal disilicides were formed in  a very pure s ta te  by  reactions 
of the type : Me20 3 +  7Si =  2MeSi, +  3SiO ; MeO, +
4Si =  MeSio +  2SiO. The crystal structure of these com
pounds was found to  be sim ilar to  th a t  of ThSi2, e.g. LaSi2 
a =  4-27, c =  13-74 kX . D etn. o f d gave the values expected 
from the constitution of these compounds.—S. V. R.

Report of [A.S.T.M.] Committee E-4 on Metallography.
  (Proc. Amer. Soc. Test. M at., 1952, 52, 540-542).—See
M .A ., 20, 849.

♦Electrolytic Brightening of Metals.—H. R oberto Piontelli 
(Met. Ital., 1950, 42, (6), 205-224).—Cf. M .A ., 20, 850. 
After a  review of existing theories, P . advances a  compre
hensive theoretical thesis on the mechanism of electrolytic 
brightening. The concepts introduced and  discussed a t 
length include levelling powor, micro-planing power, brighten
ing action, and  selective attack . The influence of ba th  
compn. and of the anodes is also considered. 20 ref.—I. S. M.

♦An Experimental Study of Electropolishing. J .  Edwards 
(J. Electrodepositors' Tech. Soc., 1952, 28 ,133-148; discussion, 
149-154).—See M .A ., 20, 409.

The Physical and Chemical Changes W hich Accompany the 
Polishing of Metals. A. J .  W. Moore (J. Elcelrodepositors' 
Tech. Soc., 1952, 28, 117-124; discussion, 125-131).—See 
M .A ., 20, 409.

[Discussion on a Paper by C. S. Smith and L. G uttm an: 
Measurement of Internal Boundaries in Three-Dimensional
Structures by Random Sectioning.] ------  (J. Metals, 1953,
5, (11), 1561).—See M .A ., 20, 702.

On the Nature of Eutectic Alloys. S. V. A vakyan and 
N. F . Lashko (Doklady Akad. N auk S .S .S .B ., 1949, 65, (1),
29-32).—[In  Russian]. See M .A ., 20, 574.

*0n  Eutectic Crystallization in the Presence of Surface- 
Active Substances. S. V. A vakyan and  N . F . Lashko (Doklady 
Akad. N auk S .S .S .R ., 1949, 64, (6), 827-830).—[In  Russian], 
See M .A ., 20, 574.

On the Solidification of Molten Metals. E . Scheil (Oiesserei 
(Techn.-wiss. Beihefte), 1951, (5), 201-210).—S. gives an 
up-to-date review of experim ental and  theoretical work on 
nucleation and ra te  o f solidification. Spontaneous nucleation 
is considered in  relation to  th e  theories of Turnbull and  of 
Becker and Döring. However, in  casting, nucleation is 
generally hotorogencous. A comparison is made between 
inoculation of m elts w ith foreign nuclei and heterogeneous 
catalysis. D e-activation b y  adsorption of other substances 
on the surfaces of nuclei is seen to  be the same effect as 
“ poisoning ” in  catalysis. S. concludes w ith a  description 
o f th e  form ation of cast structures.—J . M. 0.

♦Lamellar Growth of Crystals. I.—Experimental. H .— 
Mechanism of Growth of Crystals Far from Phase Equilibrium. 
Ludwig G raf (Z . Metallkunde, 1951, 42, (11), 336-340; (12),
401-409).—[I.—] A fter a  review of previous observations on 
lam ellar structures in  m etals and salts, and  th e  conditions 
under which they  are formed, G. describes his own studies 
on rapidly  solidified—by placing a  drop of th e  m elt on a  cold 
polished inert-m etal plate—e.g. Cr-plated F e—m etals and 
salts, and on dendrites which have grown in  th e  m elt. Opt.
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and electron photomicrographs show the structures encountered 
when Au, Cd, Cu, NaCl, Pb, W, and Zn arc solidified under 
each condition. [II.—] Prom  the results, which are described 
in detail, and from considerations of the interfacial energy, 
i t  is concluded th a t  th e  lam ellar structure  found in dendrites 
grown in the m elt originates from spherical nuclei and not, 
as has previously been thought, from m inute plate-liko 
structures of low crystallographic indices. I t  is only later, 
when various forces, including surface tension, come into play, 
th a t  crystal boundaries and faces develop. The m anner 
in which fu rther developm ent o f the crystal takes place 
depends on w hether grow th occurs (1) near to equilibrium 
conditions, i.e. low supersaturation, and, therefore, extrem ely 
slowly, or (2) far removed from equilibrium , i.e. high supeT- 
saturation, and, therefore, extrem ely rapidly—a mechanism 
for which is described a t  length, and  applied to  the develop
m ent of lam ellar and  dendritic structures. Reasons are 
given for assuming th a t “  mosaic structures ” or “ block 
structures ” are similar in type to  lam ellar structures. 32 ref.

—E. N.
Contribution to the Theory of Nucleus Form ation. 0 .

K nacke (Z. Physik, 1951, 130, (3), 259-268).—Tho classical 
theory  of nucléation as derived by  Yolmer, Becker and 
Döring, and others is described, and” the possibility o f both 
therm al and athorm al nuclei is emphasized. K . gives the 
expression for the steady-state nucléation current as J  — 
wk • — A KjkT ), where A K is the  free energy of nucleus
formation, vp the num ber of mol. in  th e  original phase, and wK 
the probability th a t a  mol. will pass from the original phase into 
a  nucleus in un it time. This is the same as V .’s expression, 
bu t the possible im portance of a  condensation coeff. con
tribu ting  to  wK is mentioned. Heterogeneous nucléation 
round imperfections is also considered, and  P ran k ’s theory 

. o f dislocation-catalysed crystal growth is described. [Note 
by  A bstractor : The paper appears to  contain no new con
tribu tion  to  the theory.]—J . W. C.

On the Statistical Theory of First-Order Phase Changes.
B. T. Gcilikman (Doklady Akad. N auk  S .S .S .R ., 1949, 69,
(3), 329-332).—[In  Russian]. M ath.—Z. S. B.

♦Thermodynamics of Phase Transitions of the Second 
Order. V. A. Sokolov (Doklady Akad. N auk S .S .S.U .,
1951,. 77, (5), 843-846).—[In  Russian], The theory  of phase 
transitions o f the second order is characterized by th e  in tro 
duction into the equation for therm odynam ic potential (Q 
of an additional param eter k, whose m agnitude is determ ined 
by th e  additional internal energy A cd (zero or very small for 
one phase), heat capacity, expansion, &e. Then A ^  =  
ax2 and the in ternal energy E  — U (T, v, k) +  a«2, where 
U (T , v,  k ) is the vibrational pa rt, w hilst Ç  =  E  — T S  — aK- 
=  4) ax2 and  dÇ = —S d T  — p d v — laxdu. A t equilibrium 
(min. Ç) and const, v, 2ax will be a  function only of tem p. 
Hence the additional heat-capacity  cai =  2aT(SLIdT)t . and 
in  th e  ideal case c;dUieal) =  2aLdL]dT. Expressions are also 
given for the additional heat-capacitv  a t  const, pressure :

_ m ( 8 L y  (d L \  f d L \
cp,ai — -» ~  V \g ^ J  T \ ^ p )  ’ ^ e additional pressure-

COeff‘ ! ( Ä ) ^  =  20 ( S U S ) ,  and the additional com

pressib ility : — — ̂ ( 1 ^ )  ' According to  Bragg

and  W illiams’ theory of disordering (Proc. Roy. Soc., 1934,
[A], 145, 699 ; H .A .,  1, 348), A ad =  \N W  (1 -  Ç /) , where N  
is Avogadro’s num ber, IF the work for tw o atom s changing 
place, and Ç the degree of disorder. Hence for th e  general

case c ^ i —  T  —¿5-  ̂^ (^ ) and ôr îe Ideal case =
X I F .d F  “

2~ s jrp  (the equation obtained by  B. and W.). By means
of the approxim ation tanh- ,Ç s: Ç (as in obtaining Curie’s law 
for param agnetics from Langevin’s equation), S. derives the

expression -  Ç =  t a n h ( i L  T  , which in  the

ideal case reduces to  B. and W .’s equation. W hereas B.

and W. obtained the value § R  (R  being th e  gas const.) for the 
lim iting cad a t the Curie point, S. shows th a t it  is co, i.e. in  the 
case o f non-ideal disordering cod increases rapidly  near the 
Curie point, as observed experimentally. I f  the param eter 
5 =  — a/ß (where a  and ß arc th e  coeff. in  th e  resolution of the 
therm odynam ic potential in to  a series: <I>(5, p, T) =
®o(p, T) -f  a(p, T%  ■+- £ß(p, T)5a) introduced by L andau and 
Lifshits (“ Statisticheskaya F izika ” , 1940) be used, th en  the

T  f  d ct \  2equation for cad becomes cai =  as obtained by  L.

and L. An expression for the heat capacity  near the Curie 
point similar to  th a t  obtained b y  L. and L. can also be deduced. 
This scheine of reasoning can be applied to  orientation m elting 
and  to  the consideration o f anomalous heat-capacity  in 
pseudo-binary systems. The explanation of Sm its’ phase 
transitions of the second order is obtained as a special case ; 
they m ay be divided in to  two classes (cf. also S., Doklady 
Akad. N auk S .S .S .R ., 1949, 65, 883): (1) non-variant, which 
take place a t  the  transition  point, a fter the s ta te  of one of 
the phases had gradually changed on approaching the point, 
consequent upon changes in k, and (2) monovariant. The 
first represents Semenchenko’s false Curie point (Zliur. F iz. 
K him ., 1947, 21, 1461); the second, the true  Curie point.

—G. V. E . 1’.
The Classical Picture of Recrystallization After W ork- 

Hardening. D. I. Cameron and  A. Stein (Proc. Australasian  
Inst. M in . Met., 1947, [N.S.], (145), 15-30).—Deals specifically 
w ith the recrystn. of low-C steel. 12 ref.—N . B. V.

♦Application of Fluorescence X-Rays to Metallurgical 
Microradiography. H . R . Splettstosser and H . E . Seemann 
(Non-Destructive Testing, 1953, 11, (5), 34-39).—R eprinted 
from J . A ppl. Physics, 1952, 23, 1217 ; M .A ., 20, 634.

—L. M.
[Discussion on a  Paper by J . E. B u rke :] Form ation of

Annealing Twins. ------  (J. Metals, 1951, 3, (11), 1068-
1070).—See M .A ., 18, 764.

[Discussion on a  Paper by W. C. Ellis and R. G. Treuting:]
Atomic Relationships in  the Cubic Twinned State. ------  (J.
Metals, 1951, 3, (11), 1070-1074).—See M .A ., 19, 31.

♦A New Method for the Determination of “  Thermal- 
Vibration-Like ”  Lattice Disturbances. F . H und and  R . 
Frickc (Naturwiss., 1950, 37, (18), 424-425).—An X -ray 
m ethod using th e  Geiger-Müller counter has been developed 
for the detn. of “ therm al-vibration-like ”  disturbances which 
does no t require a standard  specimen for th e  purpose of 
comparison. From  experim ental results on one specimen, 
the value of B  in  th e  derived equation

j .   _______>3_______ F yJ ,
2(sin202 — sin20x) ' n  F„.Ji

is calculated and hence V p x2 from th e  Debye equation 
B  =  8~2Vy.x2. The appn. o f th e  m ethod to  active Ni is 
described, and the results compared w ith those obtained by 
o ther methods.—S. V. R .

♦Distributions of Dislocations in Static Equilibrium. G. 
Leibfried (Z . Physik, 1951, 130, (2), 214-226).—M ath. The 
distribution of dislocations in  a  glide plane under an  external 
shear stress is considered. I f  the num ber o f dislocations is 
large, all problems reduce to  a  type of integral equation 
for which the general soln. is known. Dislocations o f like 
sign confined to  a  fixed region of the glide plane (anchored 
a t  both ends of the distribution), and  to  a semi-infinite region 
(anchored a t  one end only) are first considered, and soln. 
given for the problems previously trea ted  by  Eshelby, F rank , 
and N abarro (Phil. M ay., 1951, [vii], 42, 351; M .A ., 19, 837). 
Soln. are also obtained for distributions of positive and 
negative dislocations in tw o separated regions, and for a 
periodic arrangem ent of positive and  negative dislocations.

—J .  W. C.
♦Theory of Dislocations in One-Dimensional Atom Rows.

H .—Arbitrary, Arranged, and Accelerated Dislocations.
Alfred Seeger and A lbert Kochendörfer (Z . Physik, 1951, 
130, (3), 321-336).—Cf. ibid., 1950, 127, 533; M .A ., 19, 
193. Math. F u rther work on th e  Frenkel one-dimensional
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model is described. Soln. for the s ta tic  interaction of disloca
tions are obtained in  closed form by a  perturbation  method, 
.and interaction w ith  a  surface is also considered. Soln. are 
also found for accelerated motion, and for the effect of a 
tim e-dependent fo rce ; this is used to  discuss th e  damping 
o f dislocations by  therm al waves. The relation of the 
m ethod of soln. to  th e  Peiorls integral equation, used in 
three-dimensional problems, is briefly considered.

- J .  W. C.
* Theory of Dislocations in One-Dimensional Atom Rows.

III.—Dislocations, Eigen-Motions, and Their Interaction.
Alfred Seeger, H ans D onth, and A lbert Kochendorfer (Z. 
Physik, 1952-53, 134, (2), 173-193).—Cf. ibid., 1951, 130, 
321; preceding abstract. M ath. An analysis is made of 
the in teraction  between dislocations and sound waves in  the 
one-dimensional Frenkel model. Dislocations are desirable 
as translational eigen-motions. The relation of the results 
to  the still largely unsolved problem of the energy dissipated 
by  a moving dislocation and its  lim iting velocity is briefly 
discussed.—J. W. C.

The Application of the Group Theory to the Analysis of the 
Anisotropy of Crystals. N. S. Akulov and  Ya. I . Fel’dstein 
( Doklady Akad. N auk S .8 .S .R ., 1950, 70, (4), 593-596).—[In 
Russian]. M ath.—Z. S. B.

*On the Use of Energy Band Models in  the Crystal Chemistry 
of Alloys. K onrad Schubert (Naturwiss., 1950, 37, (24), 
561-562).—Calculation of th e  valence-electron concentration 
of a  tetragonal A l phase in which the Ferm i sphere touches

5 — POWDER
investiga tions on Sintered Aluminium Powder [S.A.P.].

E d ith  Boenisch and Wilhelm Wiodorholt (Z . Metallkunde, 
1951, 42, (11), 344-348).—Cf. v. Zoerleder, ibid., 1950, 41, 
228; M .A ., 19, 293. A report of a study  of the phys., 
mech,, and corrosion-resisting properties o f a  rod  of S.A.P. 
of the compn., S 0-16, Fo 0-50, T i 0 02, Cu 0 01, Zn 0 00, 
A120 3 10-49% (~ 5 %  combined O), balance Al (88-82%, by 
difference), and of sp. gr. 2-717 g./c.c., sp. elect, resistance 
0-0364 £2-mm.2/m ., and elect, conductivity 27-5 m ./O /m m .2. 
Metallographic observations showed th e  m aterial to  be 
porous, and to  contain inclusions (probably A120 3) in a fine
grained m atrix  of sintered Al partic les; no appreciable 
directional j>roporties wore evident. Mech. tests a t  tem p, 
of —50° to  +  SOO3 C. indicated th a t  in  traversing this tem p, 
range the U.T.S. decreases steadily from 35 to  10 kg./m m .2, 
while the elongation and rodn. of area decrease only slightly. 
Corrosion tests were carried out, (1) in  a  hum idity  chamber 
(100% hum idity  a t  40° C.) for 4 weeks, (2) by  alternate 
immersion in distillod w ater and in 3%  NaCl soln., (3) in  a 
3%  NaCl spray, and (4) in lN -N aO H  and in  IN-HOI. They 
showed th a t S.A.P. is alm ost as resistant to  weakly corrosive 
media, e.g., distilled w ater, and condensate, as is sheet Al 
contg. Si 0-02, Fe 0-53, and Mn 1-14% ; S.A.P., however, (i) 
corrodes more rapidly in the presence o f Cl ions, which 
penetrate  through weak spots in  th e  surface layer of oxide, 
and  (2) is extrem ely susceptible to  a ttack  b y  N aOH  and HC1, 
which dissolve the oxide surface and penetrate  to  th e  interior 
of the m aterial via the fine pores and oxide inclusions. 
Photom icrographs show the typical structures encountered. 
5 ref.—E. N.

[Discussion on a Paper by F. N, Rhines and H. S. Cannon:] 
Rate of Sintering of Copper [Powder] Under a Dead Load.
—  (J. Metals, 1951, 3, (11), 1076).—See M .A ., 19 ,193; 20, 
108.

*A Metallographic Study of the Sintering of Brass Powders.
C. J . Bier (Proc. Metal Powder Assoc., 1951, 49 -56 ; d is
cussion, 56-58).—An account o f some experim ental work on 
the effect of sintering time, sintering tem p., and briquetting 
pressure on th e  m icrostructure o f sintered brass. Several 
photomicrographs are reproduced to  illustrate the experi
m ental results. 5 ref.—W. A. M. P .

Heat-Resistant Materials Produced by Powder Metallurgy. 
W . D. Jones {Met. Ital., 1951, 43, (10), 425-431).—J . dis-

th e  Brillouin zone boundary (111) shows th a t  the concentra
tion  is a  min. when th e  ratio  c/a =  1. This phenomenon 
provides a  struc tu ra l argum ent for tetragonally  shortened 
phases—NiZn, &c.—and tetragonally  elongated phases, 
Au3Zn, &e. The argum ent is extended to  provide an  explana
tion of peculiarities of Zn-A l alloys and o ther alloy phases.

—S. V. R.
*Space-Group Symmetry and Methods of Calculating 

Crystal Structure Factors.—I.- II . Alfred Niggli and Paul 
Niggli (Z. anyew. Math. Physik, 1951, 2, (4), 217-232; (5), 
311-336).—A m ethod is developed in  which th e  com putation 
of sum m ations over reciprocal la ttice  points or over crystal 
planes is simplified as far as possible by  direct use of the 
spaee-group symmetries, and tables of characters o f the various 
operations for all crystal classes are given. The effects of 
th e  space-group sym m etry in th e  P a tte rson  space is also 
discussed in some detail.—W . M. L.

Crystallographic Research in  the Cavendish Laboratory. 
(Sir) Lawrence Bragg {Proc. Roy. Inst., 1951, 35, [i], (158), 
103-113).—A short account o f th e  early work in X -ray  
crystallography and a  comparison w ith  th e  modern techniques 
in use a t  th e  Cavendish laboratory. A num ber of examples 
are given of the investigation of the structure of complex 
organic crystals and  of m etals and alloys by th e  use of the 
Fourior synthesis for tho detn . of electron d. The micro- 
beam technique for investigating tho shape, size, and stra in  
of the crystallites in cold-worked m etals is briefly described.

—S. V. R.

METALLURGY
cusses the prodn. by powder m etallurgy and th e  properties 
of Ni, Co, Fe, Zr, V, P t, Cr, Ti, Mo, and W  bodies and  of 
those of the ir oxides and alloys, w ith special ref. to  kigh- 
tem p. properties. Sintered carbides and Cermets are also 
dealt w ith in  some detail. 10 ref.—1. S. M.

*The Influence of Surface-Active Lubricants on the Pro
cesses of Pressing and Sintering of Powdered Metals. V. I. 
L ikhtm an an d  P. A. R ehbinder {Doklady Akad. N auk
S .S .S .R ., 1950, 70, (5), 851-853).—[In  Russian]. The 
influence of surface-active m edia on th e  processes o f pressing 
and sintering of m etal powders was studied. The surface- 
active medium employed was a  soln. o f oleic acid in  either 
benzene or Vaseline grease, and  the m etal powders studied 
were Fo, Cu, and  Sn. 5-10 mg. oleic acid in soln. to  1 g. of 
the m etal powder ensured a monomolecular adsorbed layer. 
Pow der trea ted  w ith  th e  benzene soln. had im proved flow 
properties a fter evaporation of the benzene. The powders 
were pressed in cylinders of 12 mm. dia. The pressure 
necessary to  obtain  a  given d was decreased by  10-20%  by 
the presence o f the adsorbed layer. This lowering is too 
great to  be accoimted for merely by the prevention of friction 
against the walls o f the cylinder, and m ust be due to  the 
facilitation of plastic deform ation of the particles. The 
presence of surface-active m edia also influences the m agnitude 
of the elastic expansion of compacts a fter pressing ou t of the 
cylinder. F or Cu compressed a t  20-40 kg./m m .2, the elastic 
expansion was decreased 2-3 times, and  for Sn made a t  
5-10 kg./inm .2 i t  was decreased by 5-8 times. The presence 
of surface-active media increases resistance to  corrosion. 
D uring sintering the surfaco-active medium is completely 
bu rn t away, bu t tho physico-mcch. properties of the product 
are b e tte r in comparison w ith  those of the dry  compacts 
prepared a t  the same pressure. Even a t  the same porosity, 
th e  quality  of the com pact m ade in the presence of surface- 
active media is somewhat better, as a  result o f the more even 
distribution of in ternal stresses introduced during pressing.

—Z. S. B.
Theory and Practice of Powder Pressing. Carl Ballhausen 

{Arch. Eisenhiittenwcsen, 1951, 22, (5/6), 185-196).—The 
apparen t d in  different parts  of a  compact varies as a  result 
of non-uniform distribution of pressure, particularly  in  the 
direction in  which tho pressuro is applied. Tho local variation 
in pressure depends largely on the friction a t th e  walls o f tho
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dio. I t  1ms been found th a t the m utual interrelation of tho 
local pressures follows an  equation analogous to  the friction

of a rope running on a  p u lley : P JP *  =  exp ta il a p J ,

where I I  is th e  height and  D  tho dia. o f tho compact, 
a  tho anglo of roposo, and p tho cooff. o f friction. An 
equation for annular and conical dies is developed, and 
the accuracy of tho equation is confirmod by experim ental 
detn. on rubber, P b , Fe, and Cu. This equation makes it  
possible to  elim inate the  effect of th e  variation in  pressure 
d istribution in calculating the relation between pressure 
and  m ovem ent of tho plunger. Tho following equation is 
found to  bo valid under tho m ost varied conditions: 

F iP  — • I'd, where F,- is th e  area under pressure, h/  tho free

height of tho powder in  th e  dio, and kd th e  compressive 
s tren g th ; tho variation of those factors w ith plungor move
m ent is illustrated. Tho results are shown to  agree w ith 
earlier work by  Konopicki.—K . S.

Relationship Between Properties and Structure oi Sintered 
Compacts. G. F . H iittig  and K . Torkar (Kolloid Z., 1949, 
115, (1/3), 24 -35 ; discussion, 35-36).—M ath. The subject 
is considered under throe main hoadings : (1) thermodynam ics 
and onorgy levels, (2) kinetics of sintering and  diffusion 
phonomona, and (3) properties as influenced by  structure.
H. and T. propound a num ber o f questions regarding th e ' 
lim its w ithin which properties are influenced by  different 
variables and p u t forward a  num ber of formulas, based upon 
experim ental and  theoretical considerations, in  ah a ttem p t 
to  answer these questions. Finally, diagrams and curves are 
presented connecting th e  principal variables w ith properties. 
20 ref.—W. F . H .

♦The “ Flywheel ” Effect in Infiltrated Metal-Powder 
Parts. George S tern  {Proc. Metal Powder Assoc., 1951,
14-18 ; discussion, 18-21).—S. gives an  accom it o f some 
experim ental -work to  determ ine the effect o f tho complete 
and incomplete infiltration of a Cu alloy in bodies having 
various uniform Fe skeleton d. M ech.-test d a ta  are given.

—W. A. M. P .
Powder Metallurgy vs. Drawn-W ire Method oi Producing 

Gears. John  R igby {Proc. Metal Powder Assoc., 1951, 59- 
66 ; discussion, 66-67).—A general review.—W. A. M. P.

Metal Powders in  Some Small-Arms Ammunition Applica
tions. G. A. Miller, J r . {Proc. Metal Powder Assoc., 1951, 
30-38; discussion, 38-40).—A comprehensive review.

—W. A. M. P .
Metal-Powder Applications in  the Home-Appliance Field. 

J .  D. Carey {Proc. Melal Powder Assoc., 1951, 68-76; d is
cussion, 76-77).— A  general review.—W. A. M. P .

Considerations in Designing Tools for Powder Metallurgy. 
Irving J .  Donahue {Mech. Eng., 1950, 72, (11), 886-889).—D. 
reviews some of th e  factors involved in  die design, w ith special 
ref. to  th e  dies required for pressing a  simple bushing and a 
flanged bushing.—E . J .  E.

Some Design Aspects oi Metal-Powder Parts. D. C. 
B radley (Mech. Eng., 1951, 73, (2), 123-127; also Machine 
Design, 1951, 23, (3), 167, 206).—B. describes briefly tho 
process of making sm all parts by  powder m etallurgy j and 
indicates, by ref. to  practical examples, considerations th a t 
m ust be borne in m ind in  designing products for manufacture 
in  th is way.—N. B. V,

Report of [A.S.T.M.] Committee B-9 on Metal Powders and
Metal-Powder Products.  • (Proc. Ainer. Soc. Test. M at.,
1952, 52, 210-211).—See M .A ., 20, 778.

6 — CORROSION AND RELATED PHENOMENA
♦The Initial Oxidation Rate of Aluminium a t Low Pressures 

and a t Room Temperature. N . K . Andrushchonko and P. D. 
D ankov (Doklady Alcad. N auk  S .S .S .R ., 1948, 62, (3), 353- 
356).—[In  Russian]. Tho first stages in the oxidation of 
Al wore studiod by  adm itting  O a t a controlled ra te  (3-5 X 1014 
mol./scc.) into an  evacuated vessel contg. a 1000-A. layer of 
freshly deposited Al and. comparing the changes o f pressure 
with tim e w ith those observed in an  identical vessel contg. 
no Al layer. Absorption was very  rapid  during tho first 
10-15 tnin., b u t then  became increasingly slower until a fter 
~ 30  min. i t  practically stopped. D uring th e  first 8-9 min. 
tho am ount of O absorbed was approx. 2-83 X 1012 mol./sec./ 
cm.2 of fresh Al surface. A t 18° C. absorption stopped when 
a  to ta l o f ~31 x  1014 mol. O/cm.2 Al surface had been 
absorbed, corresponding to  ~ 5  atom ic layers of O if  the true 
surface area =  apparen t surface area. I t  was likely th a t  in 
fact tho true  area =  5 tim es apparent area, so th a t coverage 
would be approx. one layer thick, in contrast to  the results 
of Vernon (Trans. Faraday Soc., 1927, 23,113 ; J . Inst. Metals 
(Abstracts), 1927,38,443), whose experim ents were carried out 
with Al already covered w ith oxide. Tho results do, however, 
confirm other work on Fe, which tends to  show th a t initial 
absorption of O on a  virgin m otal surface coases after a  layer 
a  few atom s th ick  has been formed. Thicker films formed 
a t higher O pressures are bu ilt up b y  a  different mechanism.

—N . B. V.
[Discussion on a Paper by M. Stern and H. H. Uhlig:] 

Corrosion of Aluminium by Carbon T e tra c h lo r id e . (J.
Electrochem. Soc., 1953, 100, (6), 292).—See M .A ., 20, 415.

*The Relation Between the Deformation Textures of an 
Aluminium-Magnesium Alloy and Its Behaviour in the 
Presence of Mercury. P . A. Jacquet and  A. R . Weill (Met. 
Ital., 1951,43, (2), 51-65).—[InFrench]. Cf. Rev. A lum inium , 
1950, (172), 442; 1951, (173), 4 ;  31.A ., 19, 389. In  tho 
course o f investigations on the  cause of occasional explosions 
in  m arine sendee of compressed-air cylinders m ade of A l-7%  
Mg alloy, a  relation was found between th e  rup ture  in  contact

w ith Hg, th e  m icrostructure, and th e  crystallographic texture. 
Tho present study was carried ou t on six cylinders, two of 
which had exploded in  service. Micrographic and X -ray  
examinations, as well as tes ts  in  Hg salt soln., were carried 
out. Exam ination of th e  fracture showed th a t  rup tu re  was. 
due to  stress-corrosion probably caused by  the pptn. of a 
high-Mg (P) phase. In ternal stresses were thought to have 
played a secondary role. X -ray  exam ination and a  series 
of Hg corrosion tests, however, indicated th a t internal 
stresses played an  im portant p a rt in tho rup ture  mechanism 
w ith Hg. 11 ref.—I. S. M.

♦Stabilization of Powdered Copper as Regards Corrosion. 
A. I . Levin and A. V. Pomosov (Zhur. Priklad. K him ., 
19 5 0 , 23, (9), 949-957).—[In Russian]. Cu powders electro
deposited from acid CuS04 were washed w ith distilled w ater 
to  which a stabilizer had been added, then  dried in a vacuum 
( 15 - 2 0  mm . Hg) a t 1 1 0 ° - 1 2 0 °  C. Corrosion tests were mado 
in C 0 2 sa turated  w ith w ater vapour for 24 hr. a t  4 0 3 ±  1 °  C. 
The gains in  weight w ith stabilizers o f tho high-molecular, 
hydrophobic type  were (% ): no addn., 1 - 4 5 ;  benzoic acid, 
0 0 3 ;  hydroxybenzoic acid, 0-27 ; anthranilic acid, 0 - 1 6 ;  
oleic acid, 0 -0 8 ; N a oleate, 0 - 1 0 ; N a oleate w ith cerosin, 
0 - 1 0 ; N a oleate w ith rosin, 0 - 0 5 ; soda soap, 0 -0 2 ; liq. 
soap, 0 09 ; soln. of Vaseline in bonzene, 0 -12  (powder washed 
in benzene alone, 2 - 3 % ) ; soln. of thiocresol in  alcohol, 
0 -3 1 (powder washed in alcohol alone, 0 - 8 1 % ) ; soln. of th io 
cresol in 0-lit/-N aO H , 0 07. W ith 0-5, 0 - 1 , 0 0 1 ,  0-001, 
and 0 0001% soda soap in  tho wash w ater, th e  %  gains in 
weight were, rosp., 0 04, 0-02, 0-03, 0-35, and 0 -5 4 ; w ith 
0-5 and 0 - 1 % - oleic acid, 0-53 and 0 0 8 ; w ith 0-1, 0-0 1, and 
0 0 0 1%  N a oleate, 0 08, 0-10 , and 0 -2 2 ; and w ith  0-5 and 
0 - 1%  thiocresol/NaOII, 0-56 and 0-07. Using various 
proportions of flotation agents, the %  gains in  w eight were 
as follow s : 0-01 and 0 -0 0 1%  aeroflot, 0 -10  and 0 - 5 1 ;  0 -1, 
0 -0 1, and 0 -0 0 1%  am yl xanthogenato, 0-98, 1 - 1 2 ,  and 0 -0 9 ;
0-5, 0 -1, 0 -0 1, and 0 -0 0 1%  of a  soln. of toluene sulphoehloride 
in  alcohol, 0-29, 0-32, 0-28, and 0-33. Finally, th e  stabilizing
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action of hydrophilic substances was investigated, tho %  
gains in woight be in g : 0-5% glucose, 0-18; 0-5% pyrogaJlol,
1-10; 0-5% gallic acid, 1-10; 0-5 and 0-1% tannin, 0-49, 
and  0-58; 0-5 and 0 01%  hide glue, 0'25, and  0-22; 0-5, 0-1, 
0 01, 0 001, 0 0001, and 0 00001% gelatin, 0-50, 0-40, 0-24, 
0-69, 0-34, and 0-40; 0-5, 0-1, and 0 01%  alkali sulphite,
0-11, 0-30, and 0-01. I t  was also found th a t  stabilized 
powders having good corrosion-resistanco were no t easily 
wotted by w ater, 10% H 2S 0 „  or 10% NaOH. L. and P . 
concluded th a t th e  best stabilizers were tho hydrophobic 
substances, especially soda soap.—G. V. E . T.

[Discussion on a  Paper by E. A. Gulbransen and W. R. 
McMillan:] Electron-Diffraction Studies on the Oxidation of
Pure Copper and Pure Zinc Between 200° and 500° C. ------
(./. Eleclrochem. Soc., 1953, 100, (6), 292-293).—Seo M .A ., 
20, 418.

‘ Black Marks on Brass. Paul Ducommun (Pro-Metal, 
1951, 4, (24), 924-927).—[In  French and German]. Although 
brass does no t norm ally corrode in water, a  galvanic couple 
may arise as a result of differential aeration, if tho anodic 
and cathodic zones are close together. This m ay occur 
noar tho edge of a drop of w ater on a free surfaco or of a film 
of w ater entrapped botweon two sh ee ts ; in tho la tte r  case 
corrosion occurs along a lino which moves relatively slowly 
because tho ra te  of evaporation is slow, and black bands of 
Cu oxido and  white ones of ZnO aro fo rm ed ; interference 
colours m ay also bo obsorved. Experim ents have shown 
th a t  th e  phenomenon does no t occur in tho absence of O, 
th a t  tho condition of tho surfaco and the pu rity  of tho w ater 
have no significant influonce, and th a t alloys w ith > ~ 2 0 %  
Zn, including nickel silvers, are subject to  severe corrosion, 
while Cu-rich alloys are comparatively immune.—K . S.

‘ Stress-Corrosion in Special Copper Alloys. O. Lissner 
(Sheet Metal Ind ., 1953, 30, (309), 45-55).—See M .A ., 20, 
264.—R. J .

‘ The Role of Peroxides in the Corrosion of Lead by Lubricat
ing Oils. B. S. Wilson and F . II. Garner (J. Inst. Petroleum, 
1951, 37, (329), 225-238).—The corrosion of P b  by  lubricating 
oils undergoing oxidation a t  ~150° C. has been studied. 
Methods have been devised for tho estn. of acidity, peroxide 
content of tho oil, and  ra te  o f corrosion of Pb . F or white 
oils, the experim ents showed a  sim ilarity between th e  slopes 
o f the curves obtained for peroxide content and  ra te  of 
corrosion, b u t a  dissim ilarity between these and the curve 
for acidity. Tho peroxides generated in  white oils can cause 
corrosion in th e  absence of air, provided th a t  acids are 
present. Though O is necessary for max. corrosion, per
oxides still have a  controlling influence on the ra te  of cor
rosion. F o r engine oils, th e  curves for peroxide content 
and ra te  of corrosion showed some sim ilarity during con- 
tinuous-oxidation tests, b u t there was no sim ilarity between 
either of theso sets o f curves and tho curves for acidity. 
After a  period of oxidation in the absence of Pb, the engino 
oils proved extrem ely corrosive to  Pb, b u t th is heavy ra te  of 
a ttack  decreased quickly if  th e  oils rem ained in contact 
w ith tho metal. W ith these oils tho peroxides generated 
were capable of producing only very slight corrosion in the 
absence of air. A theory  is p u t forward to  explain the effect 
o f atm ospheric O on th e  ra te  of corrosion by engine oils 
which have been previously oxidized for several hr. in  the 
absonce of P b .— A u t h o r s .

[Discussion on a Paper by J. J . Lander:] Effect of Cor
rosion and Growth on the Life of Positive Grids in the Lead-
Acid Cell. ------- (./. Eleclrochem. Soc., 1953, 100, (6), 294).—
See M .A ., 20, 491.

‘ Electrodeposited Tin-Nickel Alloy Coatings [and Their 
Corrosion-Resistance]. (Parkinson, B ritton , and  Angles). 
See col. 1020.

‘ W eathering Tests of T in-Zinc Alloy Coatings on Steel.
S. C. B ritton  and  R . M. Angles (MetaUurgia, 1951, 44, (264), 
185-191).—The results of outdoor exposure tests o f electro- 
deposited Sn-Z n alloy coatings on steel in  (a) urban, (b) 
suburban, and (c) m arine atm ospheres are reported. In  
(a) and  (b) th e  protection afforded by  coatings of equal 
thickness diminished in  the o rder: Zn,*50: 50 Sn-Z n alloy,

80 : 20 Sn-Z n alloy, Cd. In  (c), an  alloy w ith 50% Sn was 
ra th er be tte r th an  Zn and Cd, b u t an  80%  Sn alloy was 
inferior to  Zn and no b e tte r th an  Cd. In  tes ts  involving 
more continuously humid conditions, Sn-Zn alloy was 
superior to  Zn. Conclusions draw n from visual observation 
of panels exposed to  the w eather were confirmed by cupping 
tests on corroded specimens. I t  is considered th a t although 
Sn-Z n alloy coatings cannot challenge Zn coatings for use 
solely as a protection against th e  w eather, they  have 
advantages for use in situations of prolonged high hum idity  
and  when a  coating easily solderable w ith a non-corrosive 
flux is required.—N. B. V.

Report of [A.S.T.M.] Committee A-5 on Corrosion of
[Galvanized] Iron and Steel. ------  {Proc. Amer. Soc. Test.
M at., 1952, 52, 103-122).—See M .A ., 20, 778.

‘ The Process of Scaling and Short-Time Life-Tests in 
Resistance-Heating Alloys. H elm ut K rainer, Leopold Wot- 
ternik, and  Carl Carius (Arch. Eisenhiittenwesen, 1951, 22, 
(3/4), 103-110).—The scaling of m etals and  alloys is briefly 
reviewed, and  ref. is m ade to  various methods for increasing 
the life of high-tem p. alloys b y  the addn. of very  small 
am ounts o f Ce, Zr, Ca, or Th, or by surfaco treatm ents, such 
as dipping in T h(N 03)4. Tho au thors’ own experiments 
wore carried ou t on alloys representative of those whose 
scale consists of Cr-bearing spinels (Cr 25, N i 20%, balance 
Fe), of Cr20 3 (Ni SO, Cr 20% ), and of A120 3 (Cr 24, A1 55%, 
balance Fe). Cylindrical specimens were scaled in freely 
circulating air a t  1200° C. A fter a  given tim e the scale was 
rem oved in  a N aH  bath , and tho remaining m etal was weighed. 
The 80 : 20 N i-C r alloy followed approx. a  parabolic la w ; 
the others oxidized more slowly. Sim ilar tes ts  w ith  in ter
m ediate cooling, and life-tests on wires indicate th a t the 
80 : 20 N i-C r alloy is able to w ithstand rapid tem p, fluctua
tions b e tte r th a n  the others, and th a t the scale rich in  A120 3 
is particularly  susceptible to  flaking. I t  is shown th a t there 
is no clear-cut relation between th e  ra te  o f scaling and  tho 
life of wires and the type  o f short-tim e life-test which is m ost 
representative of actual service conditions is discussed. A 
m ethod of calculating the tem p, of the wire in resistance- 
heater coils is described. In  th e  discussion, L . Horn 
describes experim ents on the effect of small addn. o f eloments 
w ith large atom ic radii to  80 : 20 N i-C r alloys and  concludes 
th a t th ey  speed up initial oxidation and  probably favour tho 
form ation, a t  a  vory early stage, of a  scale consisting pre
dom inantly of Cr20 3.—K. S.

*The Corrosion of Metals by Solutions of Iodine in Hydro
carbons. L. G. Gindin and M. V. Pavlova (Doklady Alcad. 
H auk S .S .S .R ., 1949, 69, (3), 377-380).—[In Russian], The 
corrosion of Cu, Pb , and Fe by soln. of I  in benzene and iso- 
octane was studied. Tho required weight o f I , m any times 
resublimed, was p u t into a  glass vessel, and the hydrocarbon 
was distilled, dried w ith  N a, and  added to  the I . The 
strength  of the I  soln. was determ ined by titra tion . A strip  
o f th e  m etal o f dimensions 2 X  20 X 60 mm. was left in 
contact w ith th e  soln. and  the I  and  m etal losses were deter
mined. The nature of the corrosion products was also 
investigated. The ra te  of corrosion of Cu b y  a benzene 
soln. o f I  was up to  1 g./cm .2/hr., th e  corrosion product being 
Cul. I n  all experim ents the actual loss o f I  from th e  soln. 
was less th an  i t  would have been if all the  Cu lost from the 
strip  had  been converted into C u l; th e  same discrepancy was 
observed in th e  case of P b . I t  was concluded th a t  some 
of the Cu had combined w ith 0 . The corrosion products 
took th e  form  of th in  layers on the specimen, which separated 
and deformed when dried. Soln. of I  in iso-octane acted  
similarly on Cu, b u t as the solubility of I  in  iso-octane is 
small, only dil. soln. could be used. The corrosion product 
of the benzene soln. on P b  was P b l2 ; the iso-octane soln. 
acted  more vigorously, giving tho same corrosion product. 
The results for F e were explained by  assuming th a t  the 
prim ary  corrosion product decomposed -with tim e in to  I  
and  F e20 3. A nalytical and X -ray  m ethods showed th a t  
only 3 -7%  of th e  corrosion product was F e l2. W hen Fe 
was sealed in  a tube  contg. de-oxygenated I  soln. under an 
inert-gas atm osphere, the corrosion product a fter 20 m onths
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was pure F e l2. Only in  the presence of soln. contg. 0  did 
the corrosion product on Fo form a  layer s tru c tu re ; this 
indicated th a t the layer structure was "connected w ith tho 
process F oI2 ->  Fe„03.—Z. S. B.

♦Corrosion o£ Metals hy Cracked Petroleum and Some 
Other U nsaturated Fuel Oils. L. G. Gindin (Doklady Akad. 
N auk S .S .S .R ., 1950, 71, (2), 361-363).—[In Russian]. Tho 
corrosion of metals by cracked petroleum  is due m ainly to 
a ttack  by acids formed by the atm ospheric oxidation of the 
unsatm-ated organic compounds contained in it. The 
influence of tho corrosion products on auto-oxidation pro
cesses is also discussed.—Z. S. B.

* Corrosion of Metals by Hydrocarbon Solutions of Fatty 
Acids. L. G. G indin and V. A. K azakova (Doklady Akad. 
N auk S .S .S . it., 1951, 80, (3), 389-392).—[In  Russian]. The 
corrosion of Mg, Fe, and  Pb  in soln. in  benzene, i’so-octane, 
and petroleum  ether, of acetic (I), propionic (H), butyric (HI), 
valeric (IV), caproic (V), and lauric (VI) acids was studied a t 
room tem p., by  immersing specimens 2 x  20 X 60 mm. in 
50 ml. of soln. in  diffuse light for —40 days. The hydrocarbons 
were dried -with N a. The aggressivity o f the acid increases 
w ith its  mol. weight. Thus, in  one experim ent w ith Mg in 
0-5N-iso-oeta.no soin. of I-V , the losses in  weight after 66 hr. 
were 0 0098, 0-0220, 0-0900, 0-0880, 0 0896 g„ rosp., w hilst 
w ith P h  in 70 ml. of 0-lAr-soln. in  iso-octane of I-V I they 
were 0-0452, 0-1795, 0-4690, 0-4266, 0-4965, and 0-1502 g„ 
resp. I f  the dependence of the ra te  of corrosion (p) on the 
acid concentration (c) of iso-octane soln. be represented by 
p =  K cn, then  for Pb w ith II  and Mg w ith V, n  <  1, b u t for 
Fo w ith I, Mg w ith  I, and Mg w ith H, n  >  1. W ith  Pb in  V, 
p is the same for both the O-orV and 1-42V soln. W ith  Mg in 
benzene soln. of I, th e  neu tral acetate is obtained, h u t in 
iso-octane soln. th e  product is (CH3COO)2Mg.2CH3C O O H ; 
over the range 0-1-2-0M th e  acid concentration docs no t 
affect tho compn. o f the corrosion product. In  0-oN  soln. 
of I I  and 0-lAr soln. of V in iso-octane the neu tral salts are 
produced, bu t in the N  soln. o f I I  and 0-5/Y-soln. o f V the 
acid salts are obtained, tho solubility of these salts in iso- 
octanc increasing w ith  increasing mol. w eight o f th e  acid. 
The corrosion product of Fo in iso-octane soln. of I  is the 
neu tra l ferrous acetate, which is oxidized by the air to  ferric 
acetate. The corrosion of Mg in ~l-5iV  soln. o f I  in petroleum 
ether is twice th a t  in  a similar soln. in  benzene. Saturating 
the solvents w ith  w ater did no t affect tho corrosion of Mg. 
The m ean rates of corrosion in  iso-octane soln. are (g./m.2/hr.) 
as follows: Fe in  0-26Ar, 0-51LV, l-00Ar soln. of I , 0049, 
0-166, 0-431; Mg in  0-25Ar, 0-541V, l-OCLV soln. of II, 0-008,
0-027, 0-075; Pb  in n  a t  same concentrations, 0-489, 0-879,
1-320; Mg in 0-54.V, 1-14A' soln, of V, 0-111, 0-157; P h  in 
V a t  same concentrations, 0-420, 0-421, resp. The initial 
corrosion rates are much greater. In  spite of the dielectric 
nature  o f these soln., the  corrosion process is electrochem. 
(cf. G., ibid., 1950, 73, 515; M .A ., 20, 420; ibid., 1950, 74, 
311; 1960, 71,361). Mg corrodes w ith evolution of H ; Pb, 
w ith O depolarization; Fe, w ith mixed H 2/ 0 2 depolarization. 
The practical significance of th e  results is discussed.

—G. V. E . T.
♦Stress-Corrosion Tests on Turbo-Supercharger Materials 

in the Products of Combustion of Leaded Gasoline. G. B.
Wilkes, J r .  ([A.fS'.T.jlf.] Sym posium  on Corrosion o f Materials 
at Elevated Temperatures, 1951, 11-23; discussion, 24-25).— 
See M .A ., 18, 533.

♦Coal-Ash Corrosion of Metals a t Elevated Temperatures.
C. T. Evans, J r . ([A .S .T .M .] Sym posium  on Corrosion of

Materials at Elevated Temperatures, 1951, 3—8 ; discussion,
9-10).—See M .A ., 18, 273.

High-Temperature Reactions Between Gas and Metals. 
Andrew Dravnieks and H ugh J .  MacDonald (Met. Hal., 
1950, 42, (4), 113-120; (5), 167-172).—Tho factors playing 
a  p a r t h i gas-m ctal reactions are analysed, and th e  laws 
governing them  are exam ined in this detailed study. Sub
jects dealt w ith include the mechanism of scale formation, 
the influence of im purities on tho ra te  of reaction, variation 
in  phase compn., and  the structure of the transition  zone. 
A good deal of rescarcli was carried ou t in connection with 
the study, and descriptions are given of methods and apparatus 
used. 71 ref.—I. S. M.

♦Corrosion Experiments with Gaseous Boron Fluoride. 
F . Hudswell, J .  S. N airn, and K . L. W ilkinson (J. A ppl. 
Cheni., 1951, 1, (S), 333-336).— Experim ents carried ou t a t 
tem p, up to  200° C. showed th a t a  wide range of metals and 
alloys suffered no apparen t a ttack  by  gaseous BF3.

—N. B. V.
♦The Vertical Distribution of Photographically Active 

Particles Em itted by Metals During Atmospheric Corrosion.
I. L. Roikli (Doklady Akad. N auk  S .S .S .R ., 1950, 70, (2), 
253-256).—[In  Russian], The range of photoactive particles 
produced during atm ospheric corrosion of some m etals was 
studied. The air-wedgo m ethod was used, a  foil of the m etal 
being placed horizontally w ith a  photographic plate a t  an 
angle to  it  varying from 16° to  90°. The experim ents were 
carried out a t  tem p, between 25° and  80° C. and controlled 
t °  1°—2° C. Tho influence of th e  working of tho surface of 
tho m etal was studied for four Zn specimens prepared by :
(a) filing, (b) rubbing w ith fine emery, (c) rubbing w ith coarse 
emery, and (d ) a ttack  by  10% 1I2S 0 4. The photoactive 
particles from tho four specimens were recorded on the same 
plate and th e  blackening was m easured photom etrically. 
The specim en-plate distances were p lo tted  against th is opt. 
d, and the relation was found to  be linear. The slope did 
no t depend on th e  prepn. of tho surfaces. Analogous experi
m ents on Zn, Al, and Mg gave lines having the same slopo 
b u t different positions. This indicated th a t  the num ber of 
particles from each m etal is different, b u t th a t  th ey  are of 
the same typo. The blackening for these three m etals was 
in  the order Zn >  Al >  Mg, which is different from the order 
of their electrochem. potentials. The num ber of particles 
coming from the surface increases exponentially w ith tem p. 
R . also shows th a t  the num ber of particles falling on tho 
plate is given by n  =  ?i0~GVr/iD)A, where n  is the  num ber 
of particles falling on tho plato a t  h — 0, y =  contrast 
factor, D 0 =  max. opt. d, and h0 =  max. range of particles.

—Z. S. B.
Corrosion-Fatigue of M etals: A Critical Survey. A. J .

Gould (Iron and Steel, 1951, 24, (1), 7—10).—20 ref.
—N. B. V.

♦Influence of W etting Agents on Corrosion. Luigi P ia tti 
(Chimia, 1951, 5, (1), 9-10).—An investigation into the 
influence of small am ounts of surface-active agents contained 
in- synthetic detergents on aq. corrosion. Steel plates were 
agitated  a t  50° C. for 1-40 days in ordinary tap  w-ater o f
15-7° to ta l hardness, and in the same w ater contg. 4%  Teepol. 
The la tte r  showed greater loss of weight, b u t were clean and 
free from corrosion products, while the former had adhering 
corrosion products and much pitting. This is show-n in 
photom icrographs of sections. Conclusions are th a t the 
presence of tho dotergont is on th e  whole beneficial in p re
venting p itting. 7 ref.—W. F . H.
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7 — PROTECTION
(Other than  by Electrodeposition)

♦The Anodic Oxidation of Aluminium in Oxalic Acid Baths.
A. von Zeerledcr and W . H iibner (Cliimia, 1949, 3, (4), 77- 
84).—Most anodic films are transparen t and colourless, bu t 
by incorporating T i salts in  the b a th  opaque films can be 
produced, as T i0 2 has a  refractive index of 2-61-2-90, against
1-5-1-7 for ALOj. This is the basis of the E m atal process, 
and v. Z. and H . present results of researches into the operat
ing conditions to  give optim um  properties. The b a th  con
tains T i-N a oxalate, and is operated a t  50° C. for 40 min. 
a t  a  c.d. of 2 am p./dm .2 D.C.—W. E. H.

♦Vitreous Enamel for Aluminium. William F. Carroll 
(Bull. Amer. Ceram. Soc., 1951, 30, (7), 232-233).—A low- 
m.p. enamel for use on Al has been developed, based on a  
phosphate glass. Tho enamel was attacked  by strong acids 
and alkalies, b u t was unaffected by extended exposure to  
boiling w ater. Some protective layer was found to  be 
necessary to  prevent reaction between Al and th e  enamel, 
Cu being found th e  most successful in th is respect. A good 
w hite colour was obtained by using T i0 2 as an opacificr, 
and  there was some evidence th a t  other colours could be 
satisfactorily produced.—N. B. V.

♦Mechanism and Kinetics of the Chromizing of Mild Steel 
in  Atmospheres Containing Chromous Chloride. T . P . H oar 
and  E . A. G. Croom (J. Iron Steel Inst., 1951, 169, (2), 101— 
107).—I t  is shown experim entally th a t 0-1% C Bteel exposed 
to  atm ospheres contg. CrCl2 a t  950°-! 100° C. becomes coated 
w ith a Cr-rich layer, owing to  the reactions CrCl2 +  Fo 
Cr +  FeCl2 and, if  tho atm osphere contains H , CrCl2 -f- H ,
Cr -j- 2HC1. The la tte r  reaction proceeds catalytically on the 
growing surface. The overall ra te  of chromizing is lim ited, 
in  tho early stages, by  tho rates of the reactions (both of which 
aro increased by increase of partial pressuro of CrCl2) and, 
in the la ter stages, by  tho ra te  of metallic interdiffusion in the 
growing alloy la y e r ; tho overall rato is a t  first const., and 
la ter falls off parabolically, w ith timo. Tho apparent energy 
of activation of the diffusion process is 57 kg.-cal. Various 
practical chromizing processes aro discussed in tho light of 
the experimental results.— A u t h o r s .

The Use of Magnesium Anodes for the Protection of Pipe 
Lines. W. F . Higgins (Magnesium Rev. and Abs., 1949, 8,
(2), 99-119).—R eprinted from Civil Eng., 1949, 44, 712;
1950, 45, 43 ; M .A ., 17, 941.—N. B. V.

The Hot Tinning of Cast Iron. ------  (Melalloberßäche,
1951, [B], 3, (2), 19-21).—An account, largely based on 
“  H o t Tinning ” , published by the T in  Research Institu te .

—E. J .  E.
Calculation of Costs and Wages for Zinc Coating. K .

Grimm (Metall, 1951, 5, (13/14), 307-308).—A brief outline 
o f  costing m ethods and  of some of tho factors involved in 
galvanizing and Zn plating.—E. J .  E .

Sherardizing: Modern Developments and Applications.
A. E . W illiams (Iron and Steel, 1951, 24, (13), 529-533).

—N. b . V.
♦Mechanism of Protection of Iron Apparatus from Corrosion 

with the Aid of Inhibitors and Protective Coatings. I. L.

Rozenfel’d (Doklady Akad. N auk S .S .S .R ., 1951, 79, (3), 
471—474).— [In Russian]. A n investigation was made of the 
relation between ohmic and  polarization resistances for flat 
specimens protected by both  inhibitors and  protective 
coatings. A microm eter apparatus was used to  measure 
the potential (e) d istribution on an  Fo specimen 14 cm. 
long, coated w ith Zn for 4 cm. a t  one end. From  the experi
m ental polarization curves for Zn and Fe, tho distribution 
of c.d. on th e  specimen was determ ined, and hence the relation 
between th e  resistances could be calculated (cf. Tomashov 
and  Timonova, Zhur. F iz. K him ., 1948, 23, 221). Tho 
electrolytes used had the following compn. (g ./l.): (I) NaCl 
0-030, Na.BO,, 0-070 ; (II) NaCl 0-030, N a„S04 0 070, Z nS04 5, 
Ca(N 03)2 1; (IH) NaCl 0-030, N a2S 0 4 0-070, K 2C r,0 7 1. The 
introduction of the inhibitors in to  th e  electrolyte caused the 
values of s for the Zn and Fc to  approach one another, so 
th a t the curves showing the d istribution of s and c.d. along 
the specimens became more sloping ; thus in n , ep„ ~  eA1. 
From  the polarization curves tho new distribution of e and 
c.d. is no t solely connected w ith an increase in  th e  elect, 
conductivity of the soln. bu t also w ith an  increase in  the 
cathodic polarization resistance. The c.d. on th e  bare Fe 
are greater in  I  (25-30 ;x am p./cm .2) th an  in I I  (20-23 (x 
am p./cm.2) or n i  (5-7 p. am p./cm .2), b u t despite th is Fe in 
I is no t cathodically protected by tho Zn alone. Inhibitors 
readily pro tect i t  a t the sm aller c.d. R . gives curves showing 
the variation w ith distance along th e  bare F e of the relative 
influences of anodic, cathodic, and ohmic control. In  the 
presence of inhibitors th e  p a r t played by the cathodic control 
is m arkedly increased (from 40-60%  in I  to  75-80%  in H 
and  65-80%  in ni), and th a t  o f th e  ohmic control decreased. 
In  each electrolyte, w ith increasing distance from the Zn, 
th e  p a rt played by the  cathodic control decreased, and th a t 
of the ohmic control increased, b u t they  became const, a t 
distances >  ~ 5  c m .; the  share of the anodic control was 
alm ost const. The ohmic control on three-dimensional 
articles is always greater th an  on flat shapes.—G. V. E . T.

♦On the Anti-Corrosive Action of Emulsive Oils: Electro
chemical Analysis of Their Protective Action in  W ater in 
Conjunction with Other Inhibitors. Antonio Eerri (Met. 
Ila l., 1950, 42, (7), 261-267).—F . carried ou t electrochem. 
analysis o f the mechanism o f tho inhibiting action of emulsive 
oils alone and w ith the addn. of other corrosion inhibitors 
(K2Cr20 , ; K 2Cr20 7 +  K OH  ; K 2C r04 ; m ixture of N a
sa l ts : N a2S i03, N a2C 03, and  N a2H P 0 4 ; NaNO,). I t  was 
found th a t emulsive oils alone were anodic and liable to  
cause localized corrosion; tho host additive was found to  be 
K ,C r20 7. 18 ref.—I. S. M.

Metal Spraying in the Motor Industry. H . Reininger 
(Automobiltechn. Z., 1951, 53, (4a), 125).—A short review of 
recent advances in  the  construction of metal-spraying pistols 
and  their uso in  the m otor-car industry, particularly  for 
treating  chassis and o ther parts  as protection against cor
rosion. The design and operation of a  recent type of wire 
pistol are dealt w ith  and  illustrated. 9 ref.—W. F . H .

8 — ELECTRODEPOSITION
The Plating of Aluminium Articles as a Production Process. 

[The Vogt Process.] A. W . W allbank (J. Electrodepositors' 
Tech. Soc., 1952, 28, 209-217; discussion, 218-227; also 
Metal Ind., 1952, 80, (22), 442-444).—See M .A ., 20, 423.

Current Methods for the Copper Plating of Iron and Steel 
and the Nickel Plating of Copper Alloys (Copper, Brass, 
Bronze).—I.-H . Roger Zirilli (Pro-Metal, 1951, 4, (19), 
778-792; (20), 811-820).—[In  French and German], [I.—] 
Post-w ar electroplating m ethods, using baths capable of 
operating a t  high c.d., are described in  considerable detail. 
Perfect cleanliness o f the articles in  th e  p lating  b a th  is 
essentia], and  great care is taken  to  ensure th is : th e  machined,

ground, or polished article is degreased, pickled if  oxides are 
present on tho surface, degreased cathodically, and  then  
pickled anodically to  eliminate H  pick-up. Cu plating is 
carried ou t in a variety  of baths, m ostly based on cyanide 
w ith Rochelle sa lt addn. A  Cu undercoating is recom
mended for steel articles to  be N i plated because Cu deposits 
are more uniform and  adherent and  offer a  very fine-grained 
base for th e  N i plate. Cu-plated articles m ust be washed 
and  im m ediately dried to  avoid s ta in in g ; they  are then  
electroplated w ith o ther m etals or protected b y  a  varnish. 
[II.—] The m ethods used for N i plating Cu alloys also apply 
to  Cu-coated steel. The work is degreased, pickled, de
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greased electrolytically, and pickled in dil. ac id ; th is is 
followed by  a  Cu flash, which reveals any areas th a t  have 
been insufficiently cleaned. F o r brigh t Ni plating, baths 
contg. Co are recom m ended; organic baths are unstable, 
and  the N i deposits aro highly stressed and therefore not 
very  adherent. In  Switzerland, experience has shown th a t 
tho  m ost economic method of obtaining a bright N i-plated 
surface is to  use a bright Cu bath  followed by  a  bright N i- 
Co b a th ; i t  is no t necessary to  polish tho article before 
plating. A nnular baths for continuous mass-prodn. plating, 
and  barrel-plating installations aro also described.—K . S.

The Electrodeposition o£ Molybdenum and Its Alloys.
F . W. Salt (M u n x  Rev., 1951, 1, (9), 201-210).—A review of 
work on the deposition of Mo and its  alloys w ith Fe, Co, and 
Ni. Details are given of b a th  compn., pH , c.d., efficiencies, 
and compn. and character of tho deposits. 19 ref.

—D. M. P .
Some Experiences and Experiments on Bright-Nickel 

P lating of Copper and Brass. A. H ofm ann (Metalloberfldche, 
1950, [B], 2, (3), 38).—The occurrence of areas of incomplete 
N i deposition is no t due to  incomplete degreasing b u t to  
tho presence of a  th in  oxide layer. Degreasing causes a  
lowering of adhesion between the m etal and aq. soln., so 
th a t  tho surface, particularly  on tho upper p a rt and edges 
of the article, becomes exposed to  atm ospheric O if transfer 
from washing to  plating ba th  is delayed for > 1 -2  sec.

— E. J .  E.
Hard-Nickel Plating. A. Pollack (Metalloberfldche, 1950,

[B], 2, (4), 54-55).—A brief account of tho hard-N i plating 
process and its advantages, w ith particu lar ref. to  British 
practice.—E. J .  E .

Modern High-Quality Nickel Anodes: Their Purity and 
Solubility. A. Meyer (Pro-Mclal, 1951, 4, (20), 822-823).— 
[In  French and German]. The use of very  pure anodes 
elim inates contam ination of the bath , which m ight cause 
difficulties in  p lating  or even render th e  entire plating b a th  
useless. Modern methods of m anufacturing anodes—not 
specified in detail—also ensure th a t  th ey  dissolve uniformly 
in the electrolyte, avoiding uneven a ttack , which would cause 
loss of metallic N i and a  d irty  ba th , on the one hand, and 
passivity, which would load to  N i im poverishment of the 
electrolyte, on tho other. Irregular soln. m ay  occur even 
w ith modern anodes if  tho bath  is insufficiently a c id ; i t  is 
clearly apparent in the rough surface of the anode.—K. S.

Beating the Nickel Shortage. ------  (J. Electrodepositors'
Tech. Soc., 1952, 28, 253-272 ; also Metal Ind ., 1952, 80, (20),
402-405; (21), 423-425).—A general discussion on means of 
overcoming shortago of Ni in respect of the trad itional Ni/Cr 
deposits. S ubstitu te  undercoats, substitu te  plates, and 
periodic reverse and Cu/Cr deposits were considered.

—N. B. V.
Material Econom y: Cardinal Points in Nickel Conservation.

[■—H]. F rank  Taylor (Electroplating, 1951, 4, (9), 285, 
291).— Cf. ibid., (8), 249; 31.A ., 19, 665. A ttention  is 
draw n to  the im portance of the following for obtaining the 
m ax. m aterial economy in electroplating sh o p s: adequate 
polishing of base metal, replacing p art N i by  Cu ; direct Cr 
plating of Zn-base die-castings; the use of auxiliary or bipolar 
anodos.—H . A. H.

The Development, Production, and M anufacture of Electro- 
Tinplate. W. E . H oare (Sheet Metal Ind ., 1951, 28, (288), 
309-321).—Abridged version of a paper presented to  the 
W est W ales Section of the Institu tion  of Production 
Engineers.—N. B. V.

♦The Electrodeposition of Tin-Antimony Alloys from 
Chloride-Fluoride Electrolytes. J . W. C uthbertson and N. 
Parkinson (J. Electrodepositors' Tech. Soc., 1952, 28, 195— 
201; discussion, 202-207).-—See 31.A ., 20, 424.

♦Electrodeposited Tin-Nickel Alloy Coatings [and Their 
Corrosion-Resistance]. N. Parkinson, S. C. B ritton , and 
It. M. Angles (Sheet 3Ietal Ind ., 1951, 28, (292), 757-767, 
770).—Summarizes papers b y  P . (J. Electrodepositors' Tech. 
Soc., 1951, 27, 129; see 3 I.A ., 19, 138) and by B. and A. 
(ibid., p. 293 ; 31.A ., 20,419).—N. B. V.

Automatic Barrel P lating [of Zinc], ------  (Iron and Steel,
1951,24, (6), 217-220).—An illustrated  description of a p lan t for 
tho Zn plating of screws, bolts, and nuts.—N. B. V.

♦A Method for the Determ ination of Stresses Produced on 
Electrodeposition Using Electrical Strain Gauges. E . G. 
R am achandran and I t .  V. Chinnappa (Trans. Indian Inst. 
Aletals, 1950, 4, 173-181).— Experim ental and theoretical 
details are given of a  m ethod of m easurem ent of surface 
stresses, produced by  electrodeposition, using elect, strain  
gauges. R esults of the in itia l tes ts on the  deposition of Ni 
on steel are discussed. 11 ref.—P. F . N.

Chromate Recovery. C. F . Paulson- (Metal Ind ., 1952, 80, 
(26), 523-524).—Abridged from Metal Finishing, 1952, 50, 
(5), 48 ; M .A ., 20, 36.

9 — ELECTROMETALLURGY AND ELECTROCHEMISTRY
(Other than  Electrodeposition.)

♦The Galvanic Behaviour of Aluminium. Leo Cavallaro 
and  Giampaolo Bolognesi (Met. Ital., 1951, 43, (1), 13-17).— 
Measurements have been carried ou t on galvanic cells con
sisting of 99-9935% pure Al and varying types of cathode in 
a  3%  NaCl soln. w ith or w ithout the addn. of HgCl to  bring 
tho attacking medium to  A/5000 w ith respect to  the H g ^ ' 
ion. Together w ith o ther m easurem ents, the results showed 
th a t  high-purity  Al had  a very  low potential in  spontaneous 
corrosion w ith Cu, P t, Co, Ni, and Ag. Theoretical and 
experim ental results obtained by  other workers are also 
discussed. 14 ref.—I. S. M.

♦Influence of Temperature on the Irreversible Electrode 
Potential of Aluminium. V. V. Rom anov and G. V. Akimov 
(Doklady Akad. N auk S .S .S .R ., 1951, 79, (6), 989-991).—[In 
Russian]. Specimens of commercial Al rod (0-43% Fo, 
0-13% Si) were fixed in a  polystyrene clamp to  give a working 
surface of ~0-3 cm.2. Before the experim ent they  were ground 
w ith a  bare tte  file, then  polished w ith A120 3, washed, dried 
w ith alcohol, and kep t for 18-20 hr. in a desiccator. The 
volume of electrolyte used was 250 c.c., and the apparatus 
was placed in  a therm ostat having an  accuracy of ±0-1°. 
Tho electrolytes used were I N  in Cl ions, containing NaCl 
alone or w ith HCI or N aOH  to  give various p H  (1, 3, 6, 
11, 13). The potential referred to  the sa tu ra ted  calomel

electrode was determ ined a t  various intervals, and the results 
were converted into potentials relative to  the norm al elec
trode. M easurements were m ade a t 0°, 20°, 50°, and  80° C .; 
potential/tim e and  potential/tem p, curves aro given for 
various p H  values. In  noutral and acid soln. th e  potential 
becomes more negative w ith increase in  te m p .; a t  p H  1 
the potential varies linearly w ith tem p. For all tem p, a t  
p H  1 and for 0° and 20° C. a t p H  3 or 6, tho potential is 
alm ost independent of tim e, b u t in  neu tral soln. a t  50° and 
S0° C. i t  becomes more negative. A t these tem p, in  tho soln. 
of p H  3, there is a  sharp change in potential in  the  negative 
direction in  the first 10-15 min., a fter which there is a smooth 
b u t small change in tho positive direction. In  tho alkaline 
soln. the dependence of potential on tem p, is determ ined by 
tho shape of the potential/tim e curves. Initially , th e  potential 
a t  20° C. is more negative th an  those a t  0°, 50°, and 80° C. 
A t 80° C. tho potential changes sharply in  the positive 
direction during tho first 10 min., th en  slowly becomes more 
negative. A fter 2 hr. the m ost negative potential is th a t  a t 
80° C, A t p H  13 the m etal surface tu rns black im mediately 
it  is immersed, except a t  0° C., where there is an  induction 
period of 3—4 sec. R . and A. suggest th a t  the natu ra l oxide 
film is replaced by  a  more complex film which is stable a t 
0°, 20°, and 50° C., b u t no t a t  80° G —G. V. E . T.
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♦Anode and Cathode Polarization Curves for Iron and 
Copper in  Sulphate Solutions Containing Oxidizing Additions.
N. D. Tomasliov, G. P . Sinel’shchikova, and M. A. Vedeneeva 
(Doklady Akad. N auk S .S .S . 11., 1948, 61, (4), 669-672).—[In 
Russian]. In  potential measurem ents on Cu in  NaCl and 
N a2S 0 4 (0-5 and  0-01A) soln., the  cathode depolarizing 
efficiency of H 20 2 was found to  be similar to  th a t  of 0  from 
the atm osphere, whereas the effect of addn. of Iv2Cr20 ,  to  
the  soln. was negligible.—N. B. V.

♦Cathodic Polarization in the Electrodeposition of Nickel. 
A. T. Vagramyan and  Z. A. Solov’eva (Doklady Akad. N auk
5 .5 .5 .R ., 1951, 77, (4), 629-631).—[In  Russian], V. and  S. 
obtained th e  dependence of polarization (rj) on c.d. by 
uniformly increasing th e  current (i) through th e  cell from 
zero to  some max. value and then  returning i t  to  ze ro ; this 
was done w ith in  a  short tim e (15, 1-5 sec., and less), 7) being 
recorded photographically. In  some experim ents i was 
varied linearly, in others logarithmically. The cell used 
contained (g ./l.): N iS 04.6H20  140, H 3‘BOs 30, KC1 19, 
tem p. 20° C. A fter switching off th e  current, the  electrode 
potential had a high negative value which gradually changed 
in tho positive direction. This change also occurred in  the 
polarization of an  electrode by  a  small current. P rom  curves 
showing changes in 7] for a  N i electrode when the  c.d. varied 
linearly from 0 to  30 to  0 m .am p./cm .2 the  value of -t) a t  zero c.d. 
was —306 rnV. for a  I5-sec. cycle, and —212 mV. for a 1-5-sec. 
cycle. Taking 306 mV. as the equilibrium potential cp0, the 
overvoltage is 486 m V .; if  tho “ steady ” value (at c.d. of 30 
m .am p./cm .2) be taken  as tp0, the overvoltage is 790 mV. The 
curves of 7)/log c.d. are linear over a  greater range of c.d. for 
a  1-5-sec. cycle th an  a  I5-scc. cycle, h u t the max. value of rt is 
independent of speed. Glasstono’s explanation of chem. polar
ization in  term s of an  active or m etastable deposit (J. Cliem. 
Soc., 1926, 129, 2887; J . Inst. Metals (Abstracts), 1927, 37, 
627) is no t supported by  tho  fac t th a t scraping activates tho 
surface of th e  elec trode; more probably a  completely puro 
N i surface cannot exist for a prolonged tim e because foreign 
particles are absorbed on i t  and cause passivation. The 
passive film is absent from a  scraped surface or from freshly 
deposited Ni, and  hence the  potential is more negative. 
The change in  potential of freshly deposited N i w ith tim e to  
a  more positive value is explained either b y  passivation or 
b y  the as-deposited surface no t having a  norm al equilibrium 
lattice, b u t contg. an  excess o f active places, and  then  under
going ordering as tim e elapses. In  any  case, polarization is 
no t wholly reduced to  the slowness of th e  discharge on the 
pure surface, bu t indicates some change in  its  physico-chem. 
condition.—G. V. E . T.

♦Nickel-Hydrogen Electrode. S. 1. Berezina, G. S. 
Vozdvizhensky, and  G. P . Dezider’ev (Doklady Akad. N auk
5 .5 .5 .R ., 1951, 77, (1), 53-55).— [In  Russian]. The behaviour 
of th e  N i-H  electrode (Ni p late 10 X 10 mm.) was studied in
0-1, 0-01, and  0-001.V-HC1 and NaOH, and  in  buffer soln. 
(Na acetate  and HC1 or N aH 2P 0 4 ; H 3B 0 3 and borax).

A sm ooth electrode of sheet N i, even after long treatm en t 
w ith  gaseous H , did no t give a  stable and reproducible 
potential. In  la te r experiments, the  N i electrode was coated 
w ith  “ black N i ” by  electrodeposition from soln. contg. 
(g./l.) N i ammonium sulphate 33, N a -K  ta r tra te  14, a t  c.d.
0-1 ainp./cm .2, 20° C., p H  6-6, w ith  electrolytic N i anodes. 
B y varying th e  conditions, deposits of different shades could 
bo obtained, b u t tho m ost stable potentials wore given by 
greyish-black deposits. Tho black-velvety deposits (re
sembling P t  black) obtained a t  higher c.d. were less useful 
for determ ining pH , as their H  potentials changed w ith time. 
F o r the 's tandard  deposits, the  N i-H  electrode gave p H  
values of 1-6, 2-35, and 3-3 when the P t- H  electrode indicated 
p H  of 1-1, 2-0, and 3-1, resp. F o r higher values (up to  pH  
12-8) tho N i-H  and  P t- H  electrodes gave identical values. 
O ther electrodes were prepared by electrodeposition from 
baths contg. (g ./l.): N1S04 250, H 3B 0 3 30, KC1 5, a t  c.d. 
1 am p./cm .2, 25° C., p H  4-8. These N i-H  electrodes indicated 
p H  values of 2-38, 1-95, 3-50, 5-84, 7-10, 10-6, and  11-5, 
when th e  values according to  the P t- H  electrode w ere :
1-10, 2-05, 3-90, 6-18, 8-10, 11-5, and  12-7, resp. The use of 
th e  N i-H  electrode in  determ ining th e  p H  of the cathode 
region in  electrolysis, and especial!}7 in N i electrodeposition, 
is discussed.—G. V. E . T.

Some Comments on Papers of A. L. Rotinyan [on Current 
Efficiency in the Electrolysis of Fused Salts]. G. A. Abramov 
(Zhur. Priklad. K him ., 1950, 23, (9), 942-948).— [In  Russian], 
Cf. th e  papers on electrolysis of fused salts by  R otinyan 
(ibid., 1948, 21, 755 ; M .A ., 18, 282 ; Tsvetnye Metally, 1948, 
(5), 45). R .’s equation dy — /r[(y0 — y)ID ']dD ' (in which 
d y  is the increment in the am ount of m etal liberated, y0 — y  
is tho loss o f m etal, and  D ' the  ratio  D[Dcril , where D  is tho
c.d. and jDcrit the min. c.d. a t  which m etal is deposited) is 
no t a  true  sta tem ent of tho relation between y  and D ; also, 
in integrating this equation i t  was wrongly assumed th a t y0 is 
an  independent quantity . The equations -0 =  1 — (DcMJD )K, 
7]= 1 — (D0CTil jD l)K, and  tj == 1 — (A  . erB,T/D l)K do no t agree 
w ith the experim ental d a ta  (tj is th e  current efficiency, I 
the  distance between th e  electrodes, and  T  th e  te m p .) ; in 
tho absence of any  numerical values for D „u. the first two 
of these three equations cannot be used. The coeff. K  is 
not independent of tem p, and values > 1  are impossible. 
B oth Alabyshev (Zhur. Priklad. Kliim ., 1947, 20, 558) and R. 
have m istakenly identified th e  solubility o f tho m etal in tho 
molten salt w ith th e  loss of m etal on electrolysis.—G. V. E . T.

(Discussion on a Paper by S. B arnartt:] Primary-Current 
Distribution Around Capillary Tips Used in  the Measurement
of Electrolytic Polarization. ------ (J. Electrochem. Soc., 1953,
100, (6), 295-296).—See 31.A ., 20, 504.

Electrochemistry and the Science of Metals. R oberto 
Piontelli (Met. Ital., 1951, 43, (9), 361-368, 373).— 1951 
A utum n Lecture to  the In s titu te  o f M etals; see 31.A ., 19, 
303.—I. S. M.

10 — REFINING
♦Preparation of R are-E arth Metals. F . H . Spcdding and 

Win. J .  McGinnis (U .S. Atomic Energy Commission Publ., 
1951, (ISC-149), 29 pp.).— B rief consideration is given to  the 
electronic struc tu re  o f th e  rare-earth  m etals and  to  their 
usefulness in  understanding alloying behaviour. This is 
followed by a  detailed review of extraction  techniques used 
for these metals, th e  present report being on th e  prepn. of 
high-purity  Gd and  Y. The oxides, Gd20 3 (98% pure) and 
Y „03 (90% pure) were converted to  th e  anhydrous chlorides, 
which were u ltim ately  reduced b y  high-purity Ca. The 
reductions were carried in  welded T a  crucibles under a  He 
atm osphere to  minimize contam ination of the  reduced 
m eta ls ; th e  charge, contg. 10% excess Ca, was compressed

before reduction. In  the case of Gd, the m ixture, a fter 
firing, was raised to  1300° C. to  allow sepn. of slag and m e ta l; 
the slag was leached ou t w ith  w ater. I t  was observed th a t 
the  2%  SmCl3 contained in  th e  charge was n o t reduced, only 
0-06% Sm20 3 being in  the final m etal. R eduction yields 
were in  the range 97-100% . The 5%  Ca contained in  the 
m elt was removed b y  vacuum  distillation a t  1200° C. The 
vacuum  casting and th e  prodn. o f powdered Gd are described. 
The process for Y  was identical, except th a t  a fter firing the 
tem p, was raised to  1750° C. to  allow the sepn. of the slag; owing 
to  the  fac t th a t  th is  tem p, is above the b.p. o f bo th  th e  slag 
and  th e  Ca the %  yield in  th is case was only 69-5%. The casting 
technique for Y is identical to  th a t for Gd. 55 ref.—J . W . T.
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11 — ANALYSIS
♦New Highly Specific Spot Reaction for the Detection o! 

Aluminium. L. M. K ul’berg and  X. S. Mustafin (Doklady 
Akad. Nantc S .S .S .R ., 1951, 77, (2), 285-288).—[In  Russian]. 
K . and M. studied a series of a-hydroxyanthraquinoncs as 
reagents for detecting Al. 5 : 8-dichlorquinizarin seemed 
especially interesting ; if  a  few drops of a satu rated  alcoholic 
soln. o f th is reagent are added to  1-2 ml. of an almost 
neutral tes t soln. contg. Al3+, the colour of th e  soln. changes 
on boiling from yellow-green to bright rose (an orange-rose 
fluorescence in ultra-violet light). The colour and fluorescence 
do no t change on adding conc. HC1 unless the acidified soln. 
is then  boiled. However, th e  coloration is no t obtained on 
adding th e  reagent to  acid soln. of Al. The sensitivity  is 
given as 0-5 y Al3+ a t  a  lim iting dilution o f 1 : 2,000,000 
(0-1 y Al3+ a t  a  lim iting dilution of 1: 10,000,000). The test 
m ay also be carried out as a fluorescent spot te s t on fxlter- 
paper, and th e  sensitivity  is th en  0-002 g. Al a t  a  limiting 
dilution of 1: 1,000,000. Cu, Be, Zr, Th, U, and Fe3+ also 
react w ith  the l-eagent in  xieutral soln., bu t except in  the case 
of Fe3+ th e  colorations are removed on adding HC1. For 
detecting Al3+ in the presence of Be2+, Th-*+, or Cu2+, the test 
soln. is heated w ith a  few drops of reagent and a little  chalk, 
cooled, and acidified; < 0-1%  Al3+ can be detected in  the 
salts of Be or Th, < 0 -5%  Al in  Cu. In  the presence of largo 
am ounts o f Fe, the reaction m ixture m ust be diluted 5-10 
tim es and a control te s t ixxade w ith a  soln. o f pure Fe sa lt; 
1% Al in  Fe can be detected. Metals which do no t interfere 
are listed.—G. V. E . T.

*Rapid Photometric Determination of Aluminium in Zinc 
and Steel. L uther C. Ikenberry  and  A rba Thomas (Analyt. 
Chem., 1951, 23, (12), 1808-1809).—A simple photom etric 
m ethod has been developed for the detn . of small amouixts 
(0-002-0-10%) of acid-soluble Al in  Zn and  steel. I t  is based 
on th e  reaction of Al w ith eriochromecyanin R  to  form a 
violet-rcd-coloured complex. Al m ay  be determ ined in 
Zn in  20 min., and reproducibility is a t  least equal to  th a t 
obtained by  the grav. method. Details are given.

—N. B. V.
♦Substituted Benzidines and Related Compounds as Reagents 

in  Analytical Chemistry. VIII,—3 : 3 -Dimethylnaphthidine 
as Indicator in the Titration of Cadmium, Calcium, and 
Indium  w ith Ferroeyanide. R . Belcher, A. J .  N utten , and 
IV. I . Stephen (J. Chem. Soc., 1951, (Dec.), 3444-3447).—Cf. 
ibid., (Feb.), 550; M .A ., 20,1030. [P arts  V I and V II are of no 
met. interest], N aphthidine and  3 : 3 '-dim ethylnaphthidine 
can be used as internal indicators in the titra tion  of Zxx w ith 
ferroeyanide. I t  is now shown th a t Cd, Ca, and In  can be 
titra ted  w ith ferroeyanide and th e  la tte r indicator. Naph- 
thidine, o-dianisidine, and ALV'-diphexxylbenzidine are less 
satisfactory.—H. A. II.

♦Application of the Trioxalatocobaltate (IH) Colour System 
to the Spectrophotometric Determination of Macro Quantities 
of Cobalt. J .  P . Mehlig and  G. J .  Zeagas (Chemist Analyst, 
1951, 40, (4), 76-80).—The green trioxalatocobaltate ( i l l )  
complex w as m easured a t  605 m u, in  samples contg. ~ l-7 0 %  
Co, w ith an  average accuracy of ■§■% compared w ith the 
iodide method. Factors affecting the colour system, including 
the effect o f interfering ions, were investigated.—L. D. H.

♦The Determination of Copper in  Uranium-Copper Alloys. 
M. Gibson (Atomic Energy Research, Establishment Rep., 
1950, (C/R 526), 5 pp.).—A procedure is described for the 
e3tn. of Cu in U -C u alloys w ithout prelim inary sepn. Cu is 
deposited from an acid soln. (H2S 0 4-H N 0 3) by  electrolysis 
on to  a  P t  cathode. Complete sepn. is obtained by dissolving 
the deposit and repeating th e  electrolysis. The current 
required for the standard  type of ro tating  cathode is 2 amp. 
Alloys contg. 0-1-100%  Cu can bo readily analysed. The 
accuracy ranges from ± 0 -2 %  of Cu present a t  high levels to  
± 4 %  a t  low levels.—C. E . A.

♦X-Ray Analysis of Two Gold Plates Obtained in  Archaeo
logical Excavations. (Mme) A. R . Weill (Met. ItaL, 1951, 43,
(12), 507-511).—[In French]. Two non-destructive metlxods 
(d m easurem ent and  X-ray-diffraction study of th e  crystal

structure) were used to  examine the compn. of two Roman 
Au objects a t  th e  Louvre. In  one of th e  plates 1% Cu was 
found, while th e  o ther contained 16% Ag and 3%  Cu. 
Annealing and strain-hardening in  the process o f working 
could be established, and some inform ation was gained on 
the way in  which th e  decoration was carried out. I t  is 
hoped th a t  th is and a  series of sim ilar investigations will 
eventually assist archaeologists. Cf. A I.A ., 20, 20. 9 ref. 
—I. S. M.

♦Substituted Benzidines and Related Compounds as Reagents 
in Analytical Chemistry. V.—New Indicators for the Micro- 
Volumetric Determination of Gold. R . Belcher and A. J .  
N utten  (J. Chem. Soc., 1951, (Feb.), 550-551).—Cf. ibid., 
p. 548 ; abstrac t below. 3-Methyl- and 3 : 3f-diethylbenzidine 
are good ixxdicators for the m icro-titration of Au w ith quinol 
in  neuti-al or slightly acid soln.—H . A. H.

♦A Supersensitive Colour Reaction for Ruthenium  and 
Osmium. V. I. K uznetsov (Doklady Akad. N auk S .S .S .R ., 
1950, 70, (4), 629-632).—[In Russian]. The reaction depends 
on the reduction of H N 0 3 to  H N 0 2 in the presence of R u or 
Os. The H N 0 2 s o  formed is then  made to  take p a rt in an  
azo-dye reaction. K . used a  soln. of 2-5 c.c. H N 0 3, 250 c.c. 
ILO , 1 g. a-naphthylam ine, and 1-5 g. sulphanilio acid. This 
soln. was filtered and added to  a tes t soln. in equal vol. and 
heated in  boiling w ater. A dil. soln. o f Ru or Os gives a 
p ink coloration after ~10-30  m inutes’ heating. The colour 
is compared w ith  th a t  of a  control soln. Most elements do 
no t interfere w ith th e  tes t.—Z. S. B.

♦Substituted Benzidines and Related Compounds as Reagents 
in  Analytical Chemistry. IH .—3-Methylbenzidine and 3 : 3 '- 
Diethylbenzidine as Indicators in Argentometry. R . Belcher 
and A. J .  N u tten  (J. Chem. Soc., 1951» (Feb.), 547-548).—Cf. 
ibid., p. 546 ; M .A ., 20, 1031. 3-M ethylbenzidine and 3 : 3 '- 
diethylbenzidine are claimed to  be superior indicators to  
conventional adsorption indicators for the titra tion  of Ag 
sohi. w ith  B r or I .—H . A. H .

♦Determination of Sodium Monoxide in  Sodium. Leonard 
P . Pepkowitz and  W illiam C. Ju d d  (Analyt. Chem., 1950, 22,
(10), 1283-1286).—The m ethod described depends on the 
physical sepn. of N a from N a20  by repeated extraction w ith 
Hg. The N aaO is insoluble in  th e  resulting N a amalgam 
and floats on th e  surface of th e  la tte r. A fter extraction, 
th e  N a ,0  is dissolved in  w ater and titra ted  to  a phenol- 
phthalein end-point or, alternatively, th e  Na equivalent to  the 
O is determ ined w ith  a  flame photom eter. The size of the 
sample is determ ined by titra tion  of the separated N a amalgam. 
From  these two detn . th e  %  O can be calculated. A novel 
sampling technique is described.—N. B. V.

♦Determination of Milligramme Quantities of Vanadium in 
the Presence of Uranium. R . H . Gale and Eve Mosher 
(Analyt. Chem., 1950, 22, (7), 942-944).—The m ethod depends 
on the selective reduction of V6+ w ith standax-d Fe(N H 4)2(S04)2 
soln., the  sexxsitivity and precision beixxg increased by  a w t. 
m icroburette and modified dead-stop procedure. R esults 
of detn . in  the range 0-10-4-0 mg. V are reported.—N . B. V.

♦Substituted Benzidines and Related Compounds as Reagents 
in  Analytical Chemistry. IV.—Naphthidine as Indicator in 
the Determination of Zinc w ith Ferroeyanide. R . Belcher 
and A. J . N u tten  (J. Chem. Soc., 1951, (Feb.), 548-549).—Cf. 
ibid., p. 547 ; abstract above. N aphthidine is a  very sa tis
factory in ternal iudicator for the titra tio n  of Zn w ith ferro- 
cyanide.—H . A. H .

Notes on the Analytical Use of Cupferron. L. A. Prince 
(Chemist Analyst, 1951, 40, (3), 59, 62-63).—The m ethod of 
prepn. and m ost suitable working conditions for the analytical 
use of cupferron are outlined, and its  appn. to  th e  detn. of 
Cu and Fe in  the  same soln., and  to  th e  detn . o f U, are 
described.—L. D. H.

Complexones in  Gravimetric Analysis. R udolf Pribil 
(Chimia, 1950, 4, (7), 160-163).—P. refers to  th e  fundam ental 
work of Schwarzenbach on th e  appn. of complex organic com
pounds of carboxylie acids (complexones) to  m etal analysis. 
The anions o f ethylenediam ine tetra-acetic acid (1I4 Y ) form
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w ith m ost m etal ions complex combinations of the 
typo. S. studied theso complexes and determ ined their 
phys.-chem. const. Ho also suggested m ethods for the 
volum etric dotn. of a  num ber of metals based upon the above 
reactions. P . gives a  reviow of m ethods of grav. dctn. of 
Be, W, Mo, Bi, and Sn in the presence of Al, Pb, Cu, Ni, Co, 
Mn, and Zn. 9 ref.—W. P . H.

♦Substituted Benzidines and Related Compounds as Reagents 
in Analytical Chemistry. II .—Reaction with Oxidizing Agents. 
R. Belcher and A. J . N u tten  (J . Chem. Soc., 1951, (Feb.), 
546-547).— [P art I . is of no m et. interest]. Benzidine is 
readily oxidized to  a blue colour; a  reaction frequently 
employed in  analytical chemistry. A study  was made of 
the behaviour of a  num ber of substitu ted  benzidines and 
related compounds w ith special ref. to  colour reactions of a 
potential analytical use. Several amines were found to  be 
more sensitivo th an  benzidine.—H . A. H .

Spectrographic Analysis of Pure Metals. D. M. Sm ith 
(Met. Ital., 1951, 43, (3/4), 121-128).-—Following a  sum m ary 
of spectrographic m ethods and apparatus, a  brief review is 
given of published work oir th e  detn. o f im purities in  Al, Cu, 
P b , Mg, Ag, Au, P t, and Zn. An account is given of methods 
developed by S. for qual. trace analysis. Stigm atic spectra 
were used for the study  o f the spectral characteristics of the 
const. D.C. a r c ; by  correlating arc voltages w ith successive 
stigm atic spectra, a  ten ta tive  theory  was advanced for the 
mechanism of tho Ag globule arc. 20 ref.—I. S. M.

♦Rational Spectrographic Determination of Trace Elements. 
A. G atteror (Met. Ital., 1950, 42, (7), 244-248).—G. p a r
ticularly  deals w ith the tw in problems of obtaining the max. 
blackening of trace-elem ent lines and inin. blackening of 
the background, and w ith  the  correct reading of spectra 
obtained. 14 ref.—I. S. M.

Some Photom etric and Sensitometric Determinations in 
Spectrography. Oscar Masi and Cesaro Rossi (Met. Ital., 
1950, 42, (11), 403-409).—Photom etric and  sensitometric 
measurem ents were carried ou t to arrive a t  a  correct evalua
tion of “ absolute ”  spectro-quant. results. Amongst tho 
factors particularly  considered was tho size of the slit of the 
photom eter. On blackened plates in  white light, two types 
of lack of blackening uniform ity were defined as “ macro
defect ”  and “  micro-defect The la tte r  m ay lead to  
analytical errors am ounting to  several % . Sensitometric 
ourves for various X wore determined in the la tte r  p a rt of 
tho study. 9 ref.—I. S. M.

The Im portance of Plate Calibration in  Spectrochemical 
Analysis and Methods for Putting It into Practice. F . Baldi 
(Met. Ital., 1951, 43, (3/4), 135-142).—In  tho course of an 
investigation of th e  internal-standard m ethod of quant, 
spectrochem. analysis, tho different methods used in  plate 
calibration are critically discussed. A method in  which a

tw o-step filter is used, tho second step having a  transparency 
< 4 0 %  of tho first step, is described. 11 r e f—I. S. M.

The Calibration of Step Filters in  Ultra-Violet Light. F . 
Baldi (Met. Ital., 1951, 43, (3/4), 129-134).—Tests were 
carried ou t to  determ ine the transparency in ultra-violet 
light of the throe steps of a  filter. In  a Qu 24 Zeiss spectro
graph w ith a H g vapour lam p as light-source a  num ber of 
spectra obtained w ith various apertures of the interm ediate 
diaphragm  were compared. F or the filters studied and  tho 
typo of plates used transparencies and tho contrast factor 
as a  function of X aro reported, using tho simpler graphic 
m ethod of interpreting the photom etric readings.—I. S. M.

♦The Application of the Hollow-Cathode Source to Spectro
graphic Analysis. I.—Apparatus. F . T. Birks (Atomic 
Energy Research Establishment Rep., 1950, (C/R 601), 16 pp.).— 
Constructional and experim ental details are given for a 
liollow-cathode source, gas-circulation system, and excitation 
unit. Halogens and alkali elements have been estim ated 
in 10-mg. samples w ith sensitivities ranging from 0-1 to  
10 p.p.m ., using a  gas m ixture of A and He. The medium 
quartz spectrograph was found to  have adequate dispersion 
for these elements. Interchangeable cathodes enable ready 
appn. to  routine use. 22 ref.—-C. E . A.

Polarographic Analysis in Metallurgy. Giovanni Semerano 
(Met. Ital., 1950, 42, (4), 121-128).—A fter dealing w ith general 
principles, S. describes some appn. of quant, polarographic 
analysis in m etallurgy. The m ain use is in the analysis of 
m etals (Al, Cd, Fe and steels, Mg, Ni, Pb , Cu, Zn, and U) 
and various alloys. The exam ination of protective m etallic 
coatings and the study  of corrosion are also briefly referred 
to. 101 ref.—I. S. M.

Instrum ental Method of Analysis. A. B. Hollebon and 
J .  F . Finlayson (Proc. Australasian Inst. M in . Met., 1951, 
[N.S.], (162/163), 121-136).—H. and F . describe th e  use of 
tho spectrograph and polarograph in mot. analysis, and  give 
methods for (a) detn. o f Cu in P b  during drossing operations ;
(b) analysis o f refined P b ; and  (c) detn. of Cu in  antim onial 
P b .—N. B. V.

♦The Application of Electronic Probes to the Chemical and 
Crystallographic Analysis of Very Small Areas. R . Castaing 
(Recherche aeronaut, 1951, (23), 41-50).—Cf. M .A ., 18, 296.
C. outlines the underlying principle o f the m ethod and 
describes the necessary modifications to  be made to  a  com
mercial electrostatic electron microscope. The ab ility  o f the 
m ethod to  analyse accurately very small areas (~1 p. sq.) 
enables i t  to  be used in a num ber o f m et. studies, e.g. detn. 
of interm etallic diffusion curves and th e  study  of local 
variations of compn. w ith in  an  alloy, in particu lar the analysis 
of segregates, precipitates, or inclusions. Some examples are 
quoted. In  favourable cases tho crystal structure, p ara 
meters, and  orientation m ay also be determ ined.—N. B. V.

12 — LABORATORY APPARATUS, INSTRUMENTS, & c.
(See also “ Testing ”  and “  Tem perature M easurement and Control ” .)

Design of a High-Temperature Resistance Furnace. F . H.
M cRitehie and N. N. A ult (J. Amer. Ceram. Soc., 1950, 33, 
(1), 25-26).—A n elect.-resistance furnace is described th a t  is 
capable o f operating a t  tem p, up to  3770° F . (2075° C.) in  
vacuo or in H  or inert-gas atm ospheres. I t  consists essentially 
of a  Mo or Ta elem ent surrounded by  a  water-cooled brass 
case which is Ag-plated on the inside to reduce radiation 
losses. Problem s of outgassing and  atm osphere contam ina
tion  by furnace m aterials are largely circum vented by 
elim inating insulation.—N. B. V.

A High-Temperature Vacuum Induction Furnace. H arold 
T. Sm yth, R obert H . Meinken, and Leonard G. W isnyi 
(J. Amer. Ceram, Soc., 1951, 34, (5), 161-163).—A furnace 
has been designed which is capable o f m aintaining tem p. 
>2000° C. indefinitely while phys. properties o f m aterials 
are measured. H eat is developed by induction in a  Mo or 
Ta tube located inside a  helix of water-cooled Cu tubing.

Powrer is supplied from a vacuum -tube H .F . generator. The 
entire furnace is enclosed in  a  brass shell and  operated in 
vacuum .—N . B. V.

♦Precision Equipment for Metallurgical Analyses. L. L. 
W ym an (U .S. Atomic Energy Commission Publ., 1950, 
(KAPL-663), 153 pp.).—W. discusses special apparatus 
developed a t  the Knolls Laboratory  for th e  investigation of 
alloy systems. This includes full constructional details of 
a  precision dilatom cter operating on tho rotating-m irror 
principle w ith autom atic photographic recording for use in 
th e  tem p, range 0°-1650° C. A more simple type of dial- 
gauge dilatom eter is described for low-temp. work. In  a 
therm o-resistivity  unit, a  p lo t of the change in  resistance 
w ith tem p, is obtained photographically by  moans of a series 
of mirrors operated b y  a  galvanom eter in  the  resistance 
circuit o f a  double-bridge type and a thermocouple. F or 
th e  therm al-analysis equipm ent, a  const, tem p, difference
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between the specimen and an  outer Nichrome container is 
m aintained by  means of a  Speedomax differential controller. 
S ref.—B. W. M.

♦Apparatus for the Automatic Recording of Heat-Content 
Curves and for Thermal Analysis a t Low Rates of Heating. 
W erner Jellinghaus (Arch. Eisenhiitlenwesan, 1951, 22, (1/2), 
05-71).—Sykes’ method of determ ining sp. heats was adapted 
for therm al analysis on small specimens a t  low rates of heating. 
Tho specimen is a hollow cylinder w ith a heating coil in the 
b o re ; it fits into a Cu container which is ~5-7 times as heavy. 
A differential thermocouple has ho t junctions embedded in 
the specimen and  tho Cu box, and  is connected to  a  sensitive 
m irror galvanom eter which throws a  beam of light on to  a 
photo-cell connected, through amplifiers and relays, to  the 
switch controlling th e  heating co il; i f  the specimen is cooler 
th an  the Cu box, which is placed in a  vacuum  tube heated by 
a  tube furnace w ith a  commercial programme controller, the 
heating coil is switched o n ; when the specimen gets ho tter 
th an  tho Cu box, the heating current is switched o ff; the 
difference in tem p, never exceeds 1° C. The current in  the 
heating coil is measured on an  integrating w attm eter, assum
ing const, voltage and  neglecting the effect of tho change 
in the resistance of the heating coil w ith tem p. This instru 
m ent is calibrated in amp. sec. and  carries a  reduction gear 
w ith a  ratio  o f 1 : 8100, the last cog of which carries a pin 
which deflects a  lever actuating  a  m irror on a  horizontal axis. 
Thus the vertical deflection of a beam of light throw n on this 
m irror is proportional to  tho heat content of the specimen, 
and can be calibrated in  cal./g. The light beam is deflected 
horizontally by a  m irror galvanom eter ac tua ted  by a  base- 
m etal thermocouple in the Cu container, so th a t the point 
o f light can be used to  p lo t the curve of heat content against 
tem p, on a  suitably large photographic plate. Tho method 
is very sensitive, being capable o f detecting the decompn. 
of as little  as 5%  retained austenite in steel.—K . S.

The Granulometric Separator. B. Bianchi [Met. Ital., 
1950, 42, (4), 128-130).—A new apparatus is described which 
is a  developm ent o f th e  sedim entation type of separator. I t  
gives a  granulom etric d istribution  curve o f any  powder, 
&c., passing through i t  by  a m ethod of selecting particles 
according to  the ir dia. The basis of calculation is the Stokes

formula : V =  g . L  (8 — p)r2, where V =  velocity of fall in

cm./see. ; g =  gravity  acceleration in cm./sec.2 ; yj =  coeff. 
of viscosity of tho liquid ; 8 and p =  d of the granule and 
liquid, resp., h i g./e.c. ; and  r  =  radius of the granule in  cm. 
A num ber of curves show examples of the appn. of tho formula 
and apparatus. 6 ref.—I. S. M.

A Magnetostatic Electron Shadow Microscope as Electron- 
Diffraction Instrum ent. Bodo v. Bornes (Kolloid Z ., 1950, 
118, (2), 110-111).—W here a  perm anent m agnet is used for 
th e  pole pieces of an  electron lens, a  secondary lens can be 
energized from th e  same source. The specimen chamber, 
the  objective, and  projector lenses, together w ith th e  two 
magnets betw een them , can then  bo built as a complete 
mech.-opt. unit. I f  tho electron beam  is made to  traverse 
this un it in  th e  direction Object ->■ Objective -5- Projector, then  
wo have tho standard  electron microscope. If, howover, the 
electron beam  is allowed to  traverse the  u n it in the  opposite 
direction, then  the projector lens becomes a  condenser lens, 
reducing tho imago o f the  electron source. The objective 
lens, by a still fu rther reduction in tho im m ediate vicinity 
o f tho object, causes a  strong concentration of the electron 
beam, as in  an  electron shadow microscope. B y th is means 
one can change over a t  will to  an  olectron-diffraction camera 
by  slowly cutting  down tho refractive power of tho objective, 
so th a t  the image o f th e  electron source produced in  the 
condenser lens is reproduced in  th e  plane of tho final image. 
5 ref.—W . If. H .

13— PHYSICAL AND MECHANICAL TESTING, INSPECTION, AND 
RADIOLOGY

Report of [A.S.T.M.] Committee E - l  on Methods of Testing.
 (Proc. Amer. Soc. Test. M at., 1952, 52, 515-532).—See
M .A ., 20, 791.

♦Examination of Fatigue-Testing Machines with the Aid 
of Strain Gauges. K u rt F ink  and  Max Hempel (Arch. 
Eisenhiittenwesen, 1951, 22, (7/8), 265-273).—The nominal 
stresses imposed by  a  num ber of fatigue machines were 
cheeked by actual stress detn. on a  variety  of rod and sheet 
specimens which carried strain  gauges. The investigation 
covered a  bending and torsion machine made by  Seheiick 
and two Losenhausen universal fatigue machines. Philips 
600-ohm strain  gauges were used. The fluctuating strain  
in  the specimens was projected on to  the screen of a  cathode- 
ray  oscillograph as a  sta tionary  image. E ach specimen was 
calibrated in its testing machine w ith sta tic  stresses, and the 
calibration was checked after the fatigue test. I t  was found 
th a t th e  nominal stress was incorrect in  a  num ber of cases 
and th a t  th e  error frequently exceeded the perm itted value 
of ± 3 % . I t  is suggested th a t  in  somo tests i t  m ay be de
sirable to  determ ine th e  actual stress directly by  means of 
Btrain gauges attached  either to  the specimen itself or to  a  
weigh-bar which is subjected to  the same stresses.—K . S.

♦The Problem of the Fatigue Strength of Test-Pieees of 
Different Size. Max H em pel (Arch. Eisenhiittenwesen, 1951, 
22, (11/12), 425-436).—The effect of the  size of the test- 
piece on the fatigue properties of a  m aterial has never been 
clearly established, largely because other effects tend  to  
mask it. The bend fatigue strength of test-bars of increasing 
size approaches a  lower lim it which is believed to correspond 
to  the fatigue strength in alternating  tension and  com
pression. A ttem pts to  explain this observation on the basis 
o f elasticity theory  led v. Philipp (Forsch. Ingenieuncesen, 
1942, 13, 99) to  predict th a t  the  ratio  of th e  bending fatigue 
strength  to  th e  tension-com pression fatigue strength  of small 
test-bars (7-10 mm . in  dia.) should be ~T 70. A detailed

study  of the literature gives ratios in  tho range 0-93-1-13 
and H .’s own experim ents on polished bars (< 1 0  mm.) 
give substantially  th e  same fatigue limits in both  types of 
test. Tension-compression tests on bars w ith and  w ithout 
changes in cross-section involving inhomogoneous stress 
distribution (e.g. flat specimens w ith holes) showed th a t a 
variation in th e  cross-sectional area by as much as five times 
does no t significantly affect th e  results. The factors re 
sponsible for the size effect in bonding fatigue tests were 
investigated, and the influence of tes t-bar propn., internal 
stresses, and te s t conditions on th e  fatigue strength of small 
specimens is dealt w ith. Meeh. polishing leads to  compressive 
stresses of 40-60 kg./m m .2 to  a  depth of 0-02-0 05 mm. 
below the  surface in  norm al ro tating  (Wohler) fatigue bars, 
7-52 mm. in dia. These internal stresses can be reduced 
or elim inated by a  stress-relief anneal or by  electrolytic 
polishing. Tho surface stresses of shot-blasted test-bars 
were determ ined in various conditions of heat-treatm ent 
and surface finish and  a t  various stages of tho fatigue test, 
and were shown to  decrease w ith increasing num ber of 
reversals un til th ey  settled down to  a  const, value ; th e  higher 
the fatigue stress, the lower th e  num ber o f cycles required 
to  achieve th is equilibrium. Tests on electrolytically 
polished specimens showed th a t the fatigue lim it was lowered 
by  tho rem oval of tho cold-worked surface layer. Test 
conditions, particularly  cooling of the specimen and any 
superimposed stresses, also affect th e  results obtained on 
different-sized test-bars. Although some detailed questions 
rem ain to  be solved, it  can be concluded th a t the effect o f 
the size of tes t-bar on the result of a  fatigue te s t is prim arily 
a  m atte r concerning the mechanism of th e  te s t itself and  no t 
any  properties o f the m aterial. 105 ref.—K . S.

♦Alternate Torsion Tests on Metal W ires. R . Zoja (Met, 
Ita l., 1951, 43, (10), 421-124).—Tests were carried ou t on 
steel, Cu, brass, Ni, Ni alloy, Al, and Al alloy wires. I t  is
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shown th a t the alternate  torsion tes t is superior to  the con
tinuous torsion and  a lternate  bending tests as a useful 
supplem ent to  the tensile test.—I. S. M.

Pneumatic Gauging Applied to the Measurement oî Surface 
Finish. M. Graneek and H . L. W unsch (Engineering, 1953, 
175, (4551), 505-507 ; also Machinery (Land.), 1952, 81, (2080), 
701-706).—See M .A ., 20, 791.—D. K . W.

Relief Methods for [Studying] Metallurgical Problems of 
Surface Finish. L. Locati and B. Bianchi (Mel. Ita l., 1951, 43,
(5), 176-179).—A num ber of problems of a m et. nature  related 
to  a  study  of surface roughness were examined by  the B rush 
Surface Analyser. They included the finishing properties 
o f metals (a light alloy being cited b y  w ay of oxample), the 
tendency of light alloys to  “ tea r ” while being machined, 
lubrication, the w ear of sliding surfaces, and  a study  of sheet 
finishes. 7 ref.—I. S. M.

Non-Destructive Testing of Materials.—I.-IEf. Hch. 
Zoller (Pro-Metal, 1951, 4, (21), 839-844; (22), 871-877; 
1952, 5, (25), 957-963).—[In  French and German]. [I.—■] Z. 
deals w ith tho various use3 to  which X -rays can be p u t in 
non-destructive testing. Normal methods of X -ray  crystallo
graphy are only used for detn. of internal stresses. [II .—] 
The use of radioactive isotopes as a sourco of -/-rays for the 
radiography of liigh-d m aterials is briefly described. U ltra 
sonic m ethods aro discussed, th e  use of m agnetostriction and 
the  piezo-elect, effect for th e  transmission of ultrasonic 
waves is explained, and four m ethods of utilizing them  for 
non-dcstructivo testing aro dealt w ith : transmission, echo- 
sounding, resonance, and  tho generation of an  opt. imago 
w ith a  suspension of A1 flakes. [ I I I .—] Z. deals w ith methods 
which do no t give an  image of the test-piece and defect bu t 
m easure the effect o f tho defect on somo phys. p roperty  of 
th e  m aterial. Measurements o f resistivity  or eddy-current 
losses are discussed, and various instrum ents are described. 
Among methods specially applicable to  ferromagnetic 
m aterials., ref. is made to magnetic crack detection and to  
hysteresis measurements ; th e  la tte r aro said to  bo too 
sensitive to  variations in hardness, which tend  to  mask more 
serious defects such as cracks. Tho increased sensitivity of 
differential m ethods is emphasized.—Iv. S.

The Non-Destructive Investigation of Surface Defects.
IV. Stauffer and A. K eller (Escher-Wyss News, 1950-51, 
23/24, 98-101).—N. B. V.

New Instrum ents for Non-Destructive Magnetic Testing. 
W erner Jellinghaus (Arch. Eisenhiiltenwesen, 1951, 22, (3/4), 
111-115).—A num ber o f instrum ents designed by  Forster 
aro described. All aro based on tho detn. of tho inductivo 
field. The A.C. induced in  th e  te s t circuit is balanced by 
a circuit using a  specimen of standard  dimensions and  m ag
netization characteristics ; th e  difference is projected on to  
the screen of a  cathode-ray oscillograph. I t  is claimed th a t 
th e  indication for different characteristics is m ost sensitive 
a t  certain phase angles, so th a t  by  selection of the phase 
angle th e  instrum ent can detec t cracks, or in ternal stresses, 
or segregation. A probe of small dimensions has been 
developed which can move over a  component previously 
m agnetized by  D.C. and  can reveal local differences in  the 
magnetic field. This procedure is more sensitive th an  
magnetic powder m ethods and does no t depend on the 
surface condition of the work. The lack o f detailed correla

tion  between size of defect and  the quant, indication of the 
instrum ent is pointed ou t.—K. S.

Development of Methods for Testing Ferromagnetic 
Materials. W erner Jellinghaus (Arch. Eisenhütlenwesen, 
1951, 22, (11/12), 401-409; discussion, 409-410).—'Tho 
developm ent o f magnetic testing in the last twelve years is 
reviewed, and a  num bor of testing installations and circuits 
aro illustrated. The measurem ent of the induction and 
perm eability of m agnetically soft m aterials is carried ou t to  
an  increasing ex ten t in A.C. fields, using phase-sensitive 
measuring rectifiers and D.C. voltm eters. In  the detn. of 
th e  rom agnetization losses, efforts are made to  reduce tho 
size of tho specimen ; th is m ay load to  low voltages and the 
need for amplification in the measuring circuit. High- 
perm eability m aterials for use in transform ers aro very 
sensitive to  mech. stresses, and instrum ents for testing 
finished cores have been developed. Tho now porm anent- 
m agnet alloys of the F e-N i-A l typo have led to  tho uso of 
much smaller m agnets ; measuring technology has no t y e t 
fully caught up w ith these developments. Tho m easure
m ent of magnetic fields and of the saturation  has been 
facilitated by the developm ent of new designs of probes. 
Tests for m agnetostriction and H .F . m agnetization charac
teristics have also been improved, b u t fu rther developments 
arc required.—K . S.

Recent Developments in  Non-Destructive Testing [of 
Ferromagnetics]. F ritz  Forster (Berg- u. hiUtenmânn. 
Monatsh. Montan. Hochscliiile Leoben, 1950, 95, (12), 284- 
291).—A description of developments in  magnetic flaw- 
dotoction and testing of m aterials.—E. J .  E.

*A Non-Destructive X-Ray Method for the Determination 
of the Thickness of Surface Layers. P . Gay and  P . B. H irsch 
(Brit. J . A ppl. Physics, 1951, 2, (8), 218-222).—The method 
requires th a t  th e  X -ray  absorption coeff., p., of the surface 
layer be known. A pencil o f m onochromatic X -rays is 
diffracted from a  suitable fam ily o f planes of the substrate, 
w hether th is is mono- or polycryst. The in tensity  o f the 
diffracted beam is measured, photographically or by  Geiger 
counter, as a  function of the angles of incidence and emergence 
of the X-rays. The variation  of in tensity  is due to  the varying 
effective thickness of the surface layer, the true thickness of 
which can hence be found. One appn. was the m easurem ent 
of the thickness t of a layer o f A1 on polycryst. Cu, ~20 p. 
thick, to  an  accuracy of ~1 p. The approx. lim its of I 
over which the m ethod is applicable aro 0-1-50 p.

—R. W. C.
Pin-Pointing of Defects by X-Rays. Francesco Baldi 

(Met. Ital., 1950, 42, (4), 133-136).—A m ethod is described 
for the three-dimensional pin-pointing of defects below tho 
surface of specimens. Two radiographs aro made, using two 
different films. 13 ref.—I. S. M.

The Radiographic Examination of W elds: An Attempt at 
the Quantitative Evaluation of Defects. Oscar Masi (Met. 
Ital., 1951, 43, (7), 261-269).—Photom etric measurements 
and m icrophotometric tests were carried ou t on test-bars 
representing three typical defects (insufficient penetration  of 
th e  weld, porosity, and  non-metallio inclusions). Tho film 
used was calibrated according to  the relation D — f(s), D  
being photographic d, and s the  thickness o f th e  piece tested. 
5 ref.—I. S. M.

15— FOUNDRY PRACTICE AND APPLIANCES
Casting Characteristics of Some Aluminium Alloys. ------

(Mech. World, 1951,130, (3365), 35-37).—N. B. V.
Direct-Chill Casting of Aluminium Ingots. W. E . K ing 

(Mech. Eng., 1951, 73, (11), 887-891).—A description of the 
direct-chill m ethod of semi-continuous casting, as developed 
and  used in  the plants o f the Aluminum Company of America.

— N. B. V.
[Discussion on a Paper by W. Babington and D. H. Klep- 

pinger:] Aluminium [Pressure] Die-Castings: The Effect of
Process Variables on Their Properties. ------  (Proc. Amer.
Soc. Test. Mat., 1952, 52, 197-200).—See A L A ., 19, 805.

Aluminium Remelting. K . K . Bhasin (Trans. Ind ian  Inst. 
Metals, 1950,4, 203-207).—An outline of furnace requirem ents 
for the rem elting of A1 and operational notes on charging, s tir 
ring, fluxing, skimming, pouring, and  tem p, control.—P. F . N.

Review of the More Common Casting Defects and Their 
Respective Causes in  Aluminium-Alloy Castings. Mario 
B arbero (Met. Ital., 1951, 43, (11), 482—4S6).—In  an a ttem p t 
to  present a concise classification of casting defects and  their 
causes as far as A1 alloys are concerned, B. lists nine main 
classes, giving a num ber of possible causes for each. Illu stra
tions are given by w ay of example.—I. S. M.
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The Development of Casting Methods for Liquid-Cooled 

Cylinder Blocks in  Aluminium-Silicon-Magnesium Alloy.
Philipp Schneider and  Wilhelm P etzka (Neue Giesserei, 1950, 
37, (21), 461-466; (22), 488-491; (23), 515-520).—A
detailed account of th e  developm ent of moulding and casting 
techniques for the mass-prodn. of a  difficult Al-alloy cylindor 
block. The following methods of mould fabrication were 
investigated: (1) sand mould and  cores; (2) construction 
entirely from sand co res; (3) perm anent ha lf mould com
bined w ith a  “  mixed ” ha lf mould of sand and m etal parts ;
(4) a  perm anent steel mould. Of these, (3) is the most 
promising for further developm ent; i t  has the advantages of 
simplicity in assembly, of higher adap tab ility  than  (4), good 
accuracy and sand economy, w ith  a  casting tim e of 10-14 
min. (1) and (2) perm it of greater speed (6-7 min. cycle) and 
are more adaptablo. (2) obviates the use of moulding boxes 
and requires less sand, b u t more bonding agent, th an  (1) and  
is ra ther less accurate th an  (1). (4) offers the highest degree
of accuracy and sand economy, and a  to ta l saving of foundry 
space of 30% compared w ith (1). I ts  casting tim e is some
w hat longer (15 min.), the  cost of fabrication is high, and the 
mould cannot be adapted  to  any  changes in the  design of the 
casting.—E . J .  E.

M anufacture of an Aluminium Double Matck-Plate of the 
Monobloc Type for Moulding in  Sand. ——  (Fonderie, 1951, 
(64), 2439-2446).—D etailed instructions for making the 
m atch-plates are given, w ith numerous illustrations.—N. B. V.

*The Effect of Prelim inary Oxidation on the Corrosion of 
Cast Irons in  Molten Aluminium and Aluminium-Silicon 
Alloys. Paul Bastien and Pierre Azou (Fonderie, 1950, 
(55), 2111-2121).— Cf. B. and Daeschncr, ibid., 1948, (31), 
1217; M .A ., 16, 591. Tests carried ou t on specimens of 
grey Ee, malleable Fe, 32%  Cr cast Fc, and mild steel by  
immersing them  for 8 hr. in m olten A1 and A l-Si alloys 
contg. 11-57 and  15-92% Si a t  850° C. a fter exposure for 
varying periods up  to  96 hr. in a ir a t  850° C., showed th a t a 
short prelim inary oxidation trea tm en t notably  reduced the 
ra te  o f a ttack  by molten Al. The results confirm the con
clusion reached in  previous work th a t  the greatest resistance 
to  a ttack  by  m olten Al and A l-Si alloys is offered by a 
pearlitie grey cast Fo contg. fine and  uniform ly distributed  
graphite particles.—N. B. V.

Mechanized Job-Shop Foundry for Aluminium. C. H . 
D eLam ater (Mecli. Eng., 1950, 72, (3), 211-215).—An account 
o f th e  mechanized m aterials-handling and  conveyor system  
in  the Bridgeport, Conn., foundry of the Aluminum Company 
o f America.—E. j .  E.

^Moulding and Testing Non-Ferrous [Copper Alloy] Hydraulic 
Castings. W. Thomson (Proc. Inst. Brit. Found., 1951, 44, 
B102-B109).—D etails are given of tho moulding equipm ent 
and foundry p lan t. Moulding sands and  core mixes are given 
in full, th e  casting procedure and  core-drying technique are 
described and illustrated. The alloy used contains Cu 83, 
Sn 7, Zn 5, Pb 5% , -fd £ %  ctipro nickel. The various types 
of test-bar, both keel and shaped, and also cast-on and separate 
test-bars are discussed and th e  results of tensile and pressure 
tests given. I t  was found th a t w hilst th e  casting itself and 
tho separate tes t-bar were up to  specification, tho cast-on 
test-bar was always under specification. The effect of a  
cupro-nickel addn. to  83 : 7 : 5 : 5 alloy on th e  bursting 
pressure was investigated.—G. J . S.

The Melting and Casting of Aluminium Bronzes. E dm und 
R . Thews (Neue Oiesserei, 1948, 33/35, (4), 110-116).—A 
survey of th e  melting and casting properties o f Al bronzes. 
The effects of addn. of Fe, Ni, Mn, P b , and  Si are discussed, 
and melting, alloying, and casting techniques are described 
in somo detail.—E. J .  E .

The Production of Ships’ Propellers and Windows. ------
(Engineer, 1951, 192, (5004), 808-810).—An account o f the 
prodn, methods employed a t  B ull’s M etal and Melloid Co., 
L td ., Glasgow, in  the m anufacture of ships’ propellers and 
windows.—D. K . W.

Zinc Pressure Die-Casting [Outside Germany]. K u rt 
B ayer (Neue Oiesserei, 1949, 36, (8), 232-236).—A survey of 
the developm ent and appn. of Zn alloy die-casting in B ritain

and the U.S.A. Descriptions o f some American pressure 
die-casting machines are given.—E. J .  E .

Continuous-Casting Practice in  the Non-Ferrous Industries. 
R . Chadwick and J .  F . Hobbs (J. B 'ham  Met. Soc., 1951, 31,
(1), 13-24).—A short review, dealing particularly  w ith tho 
casting of high-strength Al alloys.—N. B. V.

Aspects of Continuous Casting. D. R . W ood (J . B 'ham  
Met. Soc., 1951, 31, (1), 25-30).—W. considers briefly the 
therm al equilibrium in the open-mould continuous casting 
process and examines th e  conditions under which various 
m etals and alloys m ay be cast by  such a m ethod.—-N. B. V.

Continuous Billet Casting: Application to High-Melting- 
Point Alloys. J . C. W right (Iron Oo<d Trades Rev., 1951, 
162, (4339), 1319-1323).—Based on a  prize-winning essay. 
Problems associated w ith tho continuous casting of high- 
m.p. m etals are reviewed. Tho Williams, Goss, and Junghans 
machines are said to  be suitable for high-m.p. metals.

—N. B. V.
The Manufacture of Multiple-Groove Pulleys. François 

Simorre (Fonderie, 1951, (66), 2513-2520).—S. comments1 on 
an article by Birch (Amer. Foundryman, 1950, 17, (1), 25; 
M .A ., 17, 853) and makes suggestions of his own for the 
successful casting of a  3-groove pulley.—N. B. V.

Determination of the Content of a  Casting Ladle During 
Pouring. P . Sahmel and  H . Pieper (Neue Oiesserei, 1950, 
37, (11), 211-213).—A formula is derived and tables and 
graphs are given for the detn. o f tho weight of m etal in a  
tilted  ladle of known dimensions.—E . J .  E .

Precision Casting by the Lost-W ax Method. -— - (Allum inio , 
1947, 16, (11/12), NdO 119-136).—R eport from tho Is titu to  
Sperimentale dei Motalli Loggeri. An account of tho historical 
developm ent of tho lost-wax process and of the modern 
technique ; compn. of ferrous and  non-ferrous alloys in 
common use are sta ted .—E. J .  E .

Pressure Die-Casting. P . Uebbing {Neue Giesserei, 1950, 
37, (25), 571).—A brief note.—E. J .  E.

Graphite and Its Applications in the Foundry. Charles 
Donnery and François Pensa (Fonderie, 1951, (67), 2547- 
2564).—A fter an account of th e  properties of graphite, 
various appn. in  the foundry are described, viz. : for crucibles 
and moulds, as addn. to  mould and  core sand, in th e  con
struction of melting and reheating furnaces, &c.—-N. B. V.

Recent Progress in  the Cement-Sand Moulding Process. 
M artin Boilhack (Neue Oiesserei, 1950, 37, (15), 296-300).— 
Criticisms of the ccm ent-sand process aro discussed; the 
advantages are hold greatly  to  outweigh tho disadvantages. 
Tho moulding technique is much simplified, th e  quality  of 
castmgs improved, costs are reduced, and lower demands 
are m ade on the skill of the foundry worker.—E. J .  E.

Synthetic Moulding Sand. H . Hersohenz (Neue Giesserei, 
1950, 37, (26), 595-596).—A brief account of tho use of 
synthetic sand for mould and core fabrication.—E. J .  E.

The Influence oi Coal-Dust Additions to Moulding Sand 
(for Non-Ferrous Castings). Edm und T. R ichards (Neue 
Oiesserei, 1948, 33/35, (5), 147-148).—The effect o f addn. of 
5 -7%  coal dust on the properties o f moulding sand and on 
the casting is described. Comparisons are m ade w ith saw
dust, which is, on the whole, preferred.—E. J .  E .

Study of Some Factors Influencing the Heat Characteristics 
of Foundry Sands. Mario Ongaro (Met. Ital., 1950, 42, (10), 
352-356).— O. studied tho influence on ho t perm eability and 
cohesion of hum idity  and  sand compn. and tho influence on 
therm al stability  o f grain-sizo and  cold cohesion properties.

—I. S. M.
The Siliceous Sands of Torre del Lago and Their Application 

in  the Foundry. Guglielmo Somigli and Antonio Catelani 
(Met. Ital., 1951, 43, (7), 281-295).—Properties, commercial 
types, and appn. o f Torre del Lago foundry sands are given. 
R esults of tests are reported which concern th e  appn. of th e  
sands in ferrous and  non-ferrous foundry work.—I. S. M.

Rational Analysis of Clay-Containing Foundry Sands. 
Ermenegildo Zan (Met. Ital., 1951, 43, (8), 337-338).—An 
analytical m ethod is described by  which i t  is possible to  
determ ine th e  proportions of sand constituents and their 
influence on foundry properties.—I. S. M.
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*A New Measuring Quantity for Testing Moulding Sands.
W . Reitm eistor (N ew  Giesserei, 1950, 37, (12), 225-231).— 
The “ sp. vol.” of sand (the vol. of 1 kg. subjected to  standard  
compression definod b y  R.) passes through a m ax. w ith increas
ing w ater content. This poak in  the “ swelling curve ” is 
characteristic of the s a n d ; i t  can bo used as a  basis for com
parison and can bo related to  grain-sizo and gas perm eability.

—E. J .  E.
The Nature of Moulding Sand and Its Examination by New 

Methods of Testing. W . Roitm cistcr (Ncue Giesserei, 1950, 
37, (26), 585-588).—The relation of the “ swelling curve ” 
(ibid., (12), 225; preceding abstract) to  changes of gas 
perm eability and strength  w ith increasing w ater content is 
fu rther examined. R . characterizes two m ain types of sand :
(i) the curves relating g.-vol. and gas perm eability w ith 
moisture content are roughly parallel, and th e  strength  rises 
sharply in  the swelling ra n g e ; (ii) the strength is low and 
rises slowly, and g.-vol. and gas perm eability curves are not 
closely related. (Sco also 31.A ., 20, 909.)—E. J . E.

*Evaluation of Sieve Analyses of Mould and Core Sands. 
Wilhelm B iiltm ann (N ew  Giesserei, 1949, 36, (9), 264-265; 
discussion, 265-266).—R eport to  the Verein Deutscher 
Giossereifachlcuto. The grain-sizo analysis of a  sand is 
plo tted  graphically in th e  form of an  additive (integral) 
curve. From  this, two values can be read off, "which are 
proposed as measures of grain-size d is tribu tion ; the “  m ean ” 
grain-sizo is th a t corresponding to  50%  of the grains, and the 
percentage of grains in the range from § to  f. of the “ m ean ” 
grain-size is taken  as an  index of the “ evenness of d istribu
tion  —E . J . E .

Core Blowers. Jakob  Hagen (Ncue Giesserei, 1950, 37,
(1), 2-8).—A general description of core blowers and  of tho 
factors affecting tho successful and  economical m anufacture

of cores. Recently, core blower's havo been adapted  to  
make simple moulds.—E. J .  E.

Compressed-Air Moulding M achines: Simple and Jolt- 
Ramm ing Lifting and Turnover Types. B. G ebhardt (Neue 
Giesserei, 1950, 37, (19), 397—405).—An illustrated  review 
of compressed-air moulding machines for small and medium- 
size moulds.—E . J . E .

The Problem of Dust Extraction and Ventilation in  the 
Foundry Industry. W olf Mulhard (Fonderie, 1951, (70), 
2671-2684).—N. B. V.

Foundry Practice and Research. G. Masing (Neue Giesserei, 
1949, 36, (9), 273-275).—A lecture. The interdependence of 
practico and research is illustrated  by  ref. to  the form ation 
of surface cavities in castings and  the developm ent of porosity 
in bronze castings.—E. J . E.

The Moulder’s Profession. L. Frede (Neue Giesserei, 1949, 
36, (5), 155-158).—A brief account of the professional require
m ents and prospects of apprentices in  th e  moulding profession.

—E . J .  E .
Theoretical and Practical Training of Apprentices, Skilled 

Men, and Engineers in the Foundry Trade. E rich Hugo 
(N ew  Giesserei, 1950, 37, (19), 405-412).—A review of tho 
work of a Committco of the Vorein D eutscher Giesserei- 
fachleute on educational and training requirem ents.—E . J .  E .

Training of [Foundry] Apprentices. W ilhelm Esch (Neue 
Giesserei, 1950, 37, (12), 231-232).—E. comments on the 
report of a Committee of the  Vorein Deutscher Giesserei- 
fachleute, which defines the technical standards for tho m ould
ing trade, and  its  significance in  training methods.—E. J .  E .

Do You Consider the Protection of Your Foundry W orkers ? 
H einz Bonig (N ew  Giesserei, 1950, 37, (2), 25-29).—A survey 
of accident and health  hazards in foundries and  measures 
for their prevention.—E. J .  E .

16 — SECONDARY METALS : SCRAP, RESIDUES, & c.

The Treatment of Aluminium Scrap in the U.S.A. G. observations made during a  visit sponsored by  the O.E.E.C. 
G ürtler (A lum inium , 1951, 27, (4), 98-101).—A report of (cf. H .A .,  20, 672).—E. J .  E.

17 — FURNACES, FUELS, AND REFRACTORIES
The Present State of Development of Melting Furnaces for 

Light Metals. Philipp Schneider (Neue Giesserei, 1950, 37, 
(14), 269-274).—A critical survey of gas- and coke-fired 
furnaces for melting A1 and  Mg and the ir alloys.—E . J .  E.

Electric Melting Furnaces for Light Metals. Philipp 
Schneider (Neue Giesserei, 1950, 37, (17), 339-346).—(Cf. ibid., 
(14), 269 ; preceding abstract). Elect, resistance hearth  and 
L .F. induction furnaces are reviewed, w ith  particular ref. to  
th e  m elting of A1 and Mg alloys,—E. J .  E.

The “ Bora ” Low-Frequency Induction Furnace for Melting
Non-Ferrous Metals. ------  (J. Four elect., 1951, 60, (3),
76-78).—Describes an  Ita lian  furnace suitable for molting 
Al- and Cu-baso alloys. Melting costs are compared w ith 
those for o ther types of melting furnace.—N. B. V.

[Discussion on a Paper by S. F. Radtke, R. M. Scriver, 
and J. A. Snyder:] Arc Melting of Titanium Metal [and the
Mechanical Properties of the Resulting Ingots].     (J .
Metals, 1951, 3, (11), 1046).—See 31.A ., 19, 319.

[Discussion on a  Paper by W. J. Kroll, W. W. Stephens, 
and J. P. W alsted:] Graphite-Rod Hairpin-Resistor Furnace 
for High Temperatures. ——  (J. Metals, 1951, 3, (11), 
1074).—See M .A ., 19, 551.

The Theory of the Generation of Heat in High-Frequency 
and Arc Furnaces. F ritz  W alter (Arch. Eisenhuttenwesen, 
1951, 22, (11/12), 355-365).—The natu re  of H .F . induction 
and  of the elect, arc are briefly discussed, and  the m ain 
characteristics of m elting furnaces depending on these

sources of heat are outlined. The influence of tho frequency, 
th e  perm eability, and  elect, conductivity  of th e  charge on 
th e  absorption of energy are discussed. The elect, resistance 
o f round and flat bodies is calculated, and  th e  energy' absorbed 
from th e  electromagnetic field of force of an  induction coil 
is determ ined. The influence of th e  natu re  of th e  supply 
and of th e  gas atm osphere on the heating effect of an  arc is 
considered, and the irregularities in  th e  arc energies in  three- 
phase furnaces are a ttrib u ted  to  the lack o f sym m etry in 
th e  linking of th e  three low-tension circuits.—K . S.

A Review of Progress in Electric Furnaces. D. M. Dovey 
and I. Jenk ins (G.E.C. Journal, 1951, 18, (4), 194-211).

—N. B. V.
General Features of Radio-Frequency Heating and Its 

Industrial Applications. M. G. Favre (Broivn-Boveri Rev., 
1951, 38, (11), 317-319).—N. B. V.

Power Required for the Radio-Frequency Heating of Metals.
A. Leem ann (Broum-Boveri Rev., 1951, 38, (11), 331-332).

—N. B. V.
Soldering, Annealing, Melting, and Sintering with Radio- 

Frequency Heating Equipment. G. K iichli (Brown-Boveri 
Rev., 1951, 38, (11), 339-343).—N. B. V.

Guide to the Choice, Construction, and Operation of Core 
Ovens. -------  (Fonderie, 1951, (66), 2521-2535).— A com
prehensive review.—N. B. V.

The Use of Infra-Red Radiation for Drying Moulds and 
Baking Cores. ------  (Fonderie, 1951, (69), 2659-2664).

—N . B. V.
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18 — HEAT-TREATMENT
Improved Annealing Methods: A Step Towards Raising

Quality. ------  (Pro-Metal, 1951, 4, (21), 850-S53).—[In
French and German]. The early  developm ent o f bright- 
annealing furnaces for Cu alloys is briefly reviewed and the 
m erits of continuous furnaces are discussed. A continuous 
bright-annealing furnace recently installed in Switzerland is 
described. B urn t and  purified tow n’s gas supplies the 
atm osphere, and 500 kg./hr. o f Cu or nickol silver sheet, 
plates, discs, tubes, wires, or sections, travel through the 
furnace. Gas consumption is unavoidably higher th an  in

older batch-annealing muffles, and  the process is moro ex
pensive; the improved quality  o f the product justifies the 
additional cost, however.-—K . S.

The I.S.M.L. Method for the Codification of Symbols for the
States of H eat-Treatm ent of Light Alloys. ------  (Allum inio,
1949, 18, (3), 297-304).—R eport from the Is titu to  Speri- 
m entalo dei Metalli Leggeri. The principal methods of hoat- 
trea tm en t (annealing, soln.-treatm ent, and  ageing) are 
classified and discussed. A notation is proposed for indicating 
tho condition of heat-treatm ent o f A1 alloys.—E. J . E.

19 — WORKING
Aluminium Seamless Tubing. M. F . Cook [Mech. Eng., 

1950, 72, (9), 723-726, 732).—A description of the processes 
involved in the m anufacture of A1 and A1 alloy tubes by 
direct extrusion and  by cold drawing of extruded blooms. 
Ref. is also made to  th e  heat-trea tm en t and straightening 
of the tubes.—E. J .  E.

Semi-Manufactures [in Copper]. [—I.-X .] M. Bourdier 
and  C. Lachaud (Cuivre, Laitons, Alliages, 1951, (1), 9 -13 ;
(2), 8 -14 ; (3), 9 -1 4 ; (4), 11-19; 1952, (5), 7 -15 ; (6), 9-16 ; 
(7), 9 -14 ; (8), 9-15 ; (9), 6-13 ; (10), 9-15).—A series of 
articles dealing w ith m ethods of fabrication (casting, rolling, 
drawing, &c.) of Cu (and to  a  m inor ex ten t of its alloys), 
mainly for th e  benefit of the users of such products. I t  is 
phrased in  fairly simple term s, and  is well illustrated w ith 
drawings and photographs of typical p lant. [I .—] Covers 
foundry w ork in producing tho shapes such as rolling slabs, 
wire-bars, extrusion billots, &c., used in fabricating plant. 
Descriptions are given of roverberatory, tilting, and ro tating  
furnaces, w ith the particular field of appn. o f each, details 
of working and the m ost suitable fuels. Briof m ention is 
also made of elect, arc furnaces. [I I .—] Deals w ith the types 
of furnaces employed in  tho melting and casting of Cu alloys, 
brass, cupro-nickel, bronze, &c. These include fixed crucible, 
tilting  crucible, L .F . and H .F . induction. Methods of opera
tion, capacities, and  fuel or power consumption are dealt 
w ith in some detail, particularly  for the elect, furnaces. 
[ I I I .—] Mainly devoted to  ancillary equipm ent in th e  foundry, 
and control of tho m elting and casting operations, such as 
prepn. of th e  charge, and  compn. control of the m olten m etal 
before casting, followed b y  descriptions o f the methods of 
casting, w ith some notes on th e  mechanism of solidification. 
A fairly comprehensive section is devoted to  continuous 
casting and a  description given of th e  Junghans-Rossi process, 
followed by some notes on centrifugal casting. [TV.—] 
Methods of scalping are touched on lightly, chiefly for ex tru 
sion billets, and the rest o f th e  instalm ent deals w ith extrusion 
presses, working on both  tho direct and inverted principle. 
Particulars are given of th e  range o f alloys th a t can be suc
cessfully extruded, including pure Cu, w ith details o f the 
tem p, and pressures employed for each. R esults of researches 
in to  th e  flow of m etal in both types of press are given, tho 
largest press illustrated being of 5000 tons. [V.—•] Covers 
the prodn. of tubes by  oblique rolling by  the M annesmann 
process. The operation and lim itations o f this process are 
discussed in  some detail, and descriptions given of a  Mannes
m ann mill, of a  Stcifel mill, and of a Pilger mill. The re 
m ainder o f the instalm ent deals w ith the prodn. of Cu tubes 
and plates by  electrolytic deposition, w ith particulars of tho 
Cegedur p lan t a t  Dives. [V I.—] Deals w ith the drawing 
of wire, sections, and  tubes on both chain and  hydraulieally 
operated drawbenches w ith bo th  single and m ultiple dies. 
The drawing of tubes is dealt w ith a t  some length, both w ith 
and w ithout internal mandrel. Methods of pointing are 
described, including “  push-pointing ”  equipm ent. [V II.—] 
Deals w ith various types of straightening machines for rod 
and  tubes, m ost o f  them  working on th e  m ulti-roll principle. 
An illustrated description is also given of a combined drawing, 
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straightening, and polishing machine. The operation of 
wire-drawing machines of the bull-block type, w ith coiling 
mechanism is described. [V III.—] Describes the ho t and 
cold rolling of wire stock from wire-bars. Descriptions are 
givon of preheating furnaces, breaking-down and finishing 
trains, w ith both vertical and horizontal layout and w ith 
autom atic loop guides. Methods of coifing finished rods, 
pickling and  rinsing tanks and o ther equipm ent are illustrated. 
[IX .—] Deals w ith equipm ent for tho high-speed continuous 
drawing of fine and  very fine wires on variable-speed tandem  
machines, w ith m ethods of guiding tho wire betw een suc
cessive machines to  avoid breakages. Methods of producing 
wire in  m etals too b rittle  to draw  down from rod are also 
described. [X .—] D evoted m ainly to  the prodn. of stranded 
and co-axial cables and of special types of bare and insulated 
cables, including hollow conductors. Illustrations are given 
of single and tandem  stranding machines, of stranders with 
tandem  spools and of squirrel-cago cabling machines. The 
drawing of special shapes o f wire, such as trolloy wire, taper- 
section wire for hollow conductors, and semi-hexagonal 
vires for close-packed strands, is also dealt w ith.—W . F. H.

Making [Textile] Printing Rolls in  France. Michel Denoix 
(Cuivre, Laitons, Alliages, 1951, (1), 21-24).—A short illus
tra ted  description of the prodn. of hollow Cu rolls, supported 
by  solid steel mandrels w ith conical fit, and methods of 
engraving, for uso in the silk- and calico-printing trades. 
Metal compn., phys. properties, m ethods o f fabrication, and 
heat-treatm ent are given, w ith notes on m ethods of engraving, 
which vary  w ith th e  class of m aterial to  be printed. Mention 
is also made of a lternative m etals—steel, Zn, Al, and brass.

—W. F. H.
The Manufacture of Clock Cases: Some Thoughts on 

Present-Day M anufacture of Clock Cases in Switzerland.
Charles H irschy (Pro-Metal, 1951, 4, (24), 93^936).— [In 
French and German]. The requirem ent for artistic  design 
adapted  to  mass prodn., or a t  least serial prodn., leads to  the 
use of m aterials which lend themselves easily to  a  varie ty  
of processes, pressing, hammering, machining, enamelling, 
electroplating, engraving, &e. The producers o f non- 
ferrous m etals in  Switzerland go ou t o f th e ir w ay to  make a 
wide variety  o f alloys and forms available, so th a t the 
designer has a -wide choice o f sem i-m anufactured m aterial 
on which to  base his conception.—K . S.

* Cold-Rolling Technique: The Application of Theory and 
Experiment to the Practice of Rolling. VI.—Methods of 
Calculating Roll Force and Torque Eased on Theories of 
Rolling (4). H ugh Ford (Sheet Metal Ind ., 1951, 28, (292), 
693-704).—Cf. ibid., (289), 427 ; M .A ., 18, 778. Concluding 
article of the series.—N. B. V.

A Note on the Cold Rolling of Very Thin Strip. R . H ill and
I. M. Longman (Sheet Metal Ind., 1951, 28, (292), 705-708).— 
I t  is shown th a t, owing to  elastic resilience of th e  rolls, there 
is a  min. thickness of strip  th a t can be rolled to  a  given 
percentage reduction. Calculations of min. thickness are 
given.—N. B. V.

A Large Swiss Hot-Rolling Mill. ------  (Pro-Metal, 1951,
4, (20), 804-810).— [In French and German]. The Schwei-
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zerische Metalhvorke Selves und  Co., Thun, have installed a 
new hot-rolling mill for cogging and blooming ingots of a 
variety  o f non-ferrous metals. The two-high reversing mill, 
driven by  D.C. motors, deals w ith ingots up  to  1000 kg. in 
weight and 200 mm. thick and rolls them  into slabs up to  
1400 mm. wide. Thcro is an auxiliary fine adjustm ent of 
the rolls by means of an  oil pressure cylinder. The rolls 
can be dism antled easily for dressing. The roller tab les are 
covered and th e  rollers are independently driven in  sets of 
four. The elect, installation ensures a  continuously variable 
speed and very rapid reversal.—K . S.

The Technological Mechanics of Deep Drawing. H ans 
Kostron (Arch. Eisenhiitlenwesen, 1951, 22, (7/8), 205-213).— 
The geometry o f deop drawing is considered, and th e  local 
deform ation is calculated in  relation to  the drawing ratio , 
th e  instantaneous position of tho edge of tho blank, and tho 
dep th  of the draw, assuming (i) th a t  the thickness of the sheet 
rem ains const., and (ii) pure compression w ithout radial 
extension. Assuming th a t  tho work-hardening follows a 
parabolic curve, tho radial “ drawing i n ” stresses are calcu
lated  for m aterials of different work-hardening capacities. 
Using tho principal-shoar-strcss theory, the tri-axial s ta te  of 
stress can bo established for all points in tho b lank and  for 
any instan t in th e  drawing process. This leads to  positive 
conclusions regarding tho actual conditions o f flow during 
deep d raw ing ; in the  inner p a rt of tho b lank tho thickness 
decreases in the early stages of tho draw, b u t increases after 
a  definite tim e, which is shorter tho greater the work-hardening 
capacity of tho m aterial.—K. S.

‘Investigation  of a New Hot Deep-Drawing Process. D ieter 
Lena (Arch. Eisenhultenwesen, 1951, 22, (7/8), 215-224).—A
30-ton press was adapted  for experim ents on th e  ho t deep- 
drawing process developed a t  th e  Vereinigte Leichtm etall- 
W crke a t  Hanover, which involves th e  use of a  high tem p, in  
the zone where deform ation is actually  taking place and a 
normal tem p, in  the p a rt which has already been draw n down 
and carries the  stress. The upper surface of the die and  the 
holding grip are heated eloct., tho vertical inner die face is 
w ater-cooled; the sheet is prc-heated in  a  b a th  of m ineral 
oil. Thus the resistance to  deform ation in the drawing zone 
is low, while tho strength  of tho draw n shell is h ig h ; as a  
result higher drawing ratios aro permissible in  th e  first 
draw. Thus, w ith an  A1 alloy a t  400° C., a  ratio  o f 3-92 
gave perfectly' satisfactory results, ■while a t  room tem p, the 
ratio  m ust bo kep t < 2-0 . Investigations of tho courso 
of tho stress variation during drawing and of tho  max. 
drawing stress in  relation to  the  drawing ratio  and th e  tem p, 
of deform ation laid th e  basis for a  theoretical consideration 
o f individual experim ents; i t  is shown th a t the drawing 
stress for various depths of draw  can be calculated for this 
ho t deep-drawing process, using the m ethod of K ostron and 
tho results o f dotailcd studies of the mecli. properties of the 
alloys employed. In  practice, the new process saves a num ber 
of draws. The necessary oquipm ent can easily' be bu ilt in to  
existing presses; i t  m ust be interchangeable so th a t different 
components can be draw n and different sheet thicknesses

employed. The tem p, in  th e  deform ation zone depends on 
the alloy, b u t i t  m ust be above the recrystn. tem p., and  i t  is 
necessary to  avoid tem p, ranges in which severe grain growth 
m ay occur.—K . S.

Some Technical Considerations on the Coining of Metals. 
P au l Huguenin (Sheet Metal Ind ., 1951, 28, (288), 345-352, 
356).—Translated from Pro-Metal, 1950, 3, 587 ; 21.A ., 20, 
918.—N. B. V.

*Some Friction Effects in W ire Drawing. G. D. S. McLellan 
(J. Inst. Metals, 1952-53, 81, (1), 1-13).

Practical Considerations of [the Role of] Cemented Carbides 
in the Mechanical W orking of Materials. Carlo Alfredo 
B ertella (Met. Ita l., 1950, 42, (8/9), 299-304).—A general 
survoy outlining the im portan t p a rt play'cd by cemented 
carbide tools in tho working of m aterials, particularly  m etals.
B. notes th a t  the ir use in  I ta ly  is less widespread th an  else
where, and  points tho w ay to  their progressively' increasing 
adoption. 7 ref.—I. S. M.

Contribution to the Study of the Cutting Capacity of Tools. 
M. Cociglio (Met. Ital., 1951, 43, (5), 170-175).—A fter review
ing various m ethods for determ ining an index value to  indicate 
the cutting  capacity  o f a  tool, a  testing procedure is described 
based on tho w ear o f tho tool a t  const, speed and uniform 
path . 6 ref.—-I. S. M.

The “  Building Up ”  of Chips in Machining. Giuseppe 
Carro-Cao (Met. Ital., 1951, 43, (7), 270-280).—A study  has 
been made of the  building-up phenomenon encountered in 
machining metals. An a ttem p t is made to  relate th e  em b ritt
ling factors in  plastic deform ation to  this problem.—I. S. M.

Precision Turning on Automatic Lathes ; A Swiss Speciality.
  (Pro-2Ietal, 1951, 4, (22), 859-866).— [In French and
Gorman]. The precision turning of small components for 
a  varie ty  o f  industries is undertaken by  a num ber of Swiss 
firms specializing in th e  developm ent and use of autom atic 
lathes. Much of the ir w ork is done in brass, becauso of its 
easy m achinability  and because th e  rods, tubes, sections, 
&c., are m anufactured locally and th e  largo quantities of 
scrap can be re-sold easily.—K. S.

Colloidal Graphite Serves as Lubricant in  Hot and Cold 
Forming of Metal. Alden Crankshaw (Materials and Methods, 
1951, 34, (4), 180, 182-183).—The use of colloidal graphite as 
lubricant in  deep drawing and stretch-form ing, wire drawing, 
extrusion, spinning, casting, &c., is described.—N. B. V.

Waxes Now Used to Process as Well as Protect Materials. 
K enneth Rose (Materials and Methods, 1951, 34, (4), 104-107). 
—W axes are now being used no t only for protective films on 
m etals b u t also as lubricants in such processes as cutting, 
deep drawing, cold heading, wire drawing, &c. Animal, 
vegetable, mineral, and  synthetic waxes are available in  m any 
forms for these purposes.—N. B. V.

Some Industrial Experiences with Synthetic Lubricants.
C. H . Sw eatt and T. W. Langer (Meek. Eng., 1951, 73, (6), 
469-476).—Tho appn. of polyalkylene glycols and their 
derivatives aro discussed, some ref. being made to  use in 
metalworking operations such as deep drawing, and  to  their 
behaviour in contact w ith bronze gear-wheels.—N. B. V.

20 — CLEANING AND FINISHING
(Sco also “ P ro tec tion” and “ Electrodeposition” .)

Experiences with Chemically Brightened Table W are in 
Reflectal [and Super-Pure Aluminium], W. Helling and
H. Neunzig (A lum inium , 1951, 27, (4), 95-97).—Air illustrated 
account of household and catering ware of brightened 
“  Raffinal ” (99-99% Al) and “ Reflectal ”  (0-5-2-3% Mg), 
w ith a  brief discussion of problems encountered in anodic 
and chem. brightening.— E. J .  E.

H igh-Purity Aluminium-M agnesium Alloys for Anodic 
Brightening. J .  Herengucl (Mel. Ital., 1951, 43, (2), 72-73).— 
[In French]. Conditions for obtaining bright surfaces by 
electrolytic polishing of Al-Mg alloys are briefly' se t out. 
They include the absence of separate phases and of macro
scopic segregations in th e  Mg content of solid soln., fine grain-

size, absence of preferential orientation, and  anodizing 
conditions no t conducive to  anisotropy in  the  grow th ra te  of 
the A1,0, film. 5 ref.—I. S. M.

The Chemical Descaling of Copper-Base Alloys. [—I.-IH .] 
Jean  Bigeon (Cuivre, Laitons, Alliages, 1951, (1), 15-1S ; (2), 
23-26 ; (3), 21-25).— [I.—] A genoral review of tho more 
common m ethods of pickling Cu and  Cu alloy w rought products 
a fter ho t working or heat-treatm ent. The principal oxides 
involved are CuO, Cu20 ,  and ZnO, all o f which are a ttacked  
by mineral acids, while any insoluble oxides such as S i0 2 
and PbO are precipitated in the bath  as slime. The acids 
used are H 3S 0 4, HC1, and H N 0 3. [II.—] Details are given 
of the methods employed, strength  of acid, tem p., &e., for
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Chi, brass, bronze, nickel silver, cupro-nickel, and Be-bronze, 
R ecent developm ents include electrolytic descaling, use of 
accelerators, and trea tm en t w ith chromic acid. [I II .—] A 
new process o f pickling is described, using F e2(S04)3 in 
place of H jSOj , which results in  a  big saving in acid. The 
process as applied to  Cu, bronze, and cupro-nickel is described 
in detail, w ith illustrations of items of p lant.—W. F . H.

Lacquering to Obtain Brilliance and Metallic Lustre. H. H. 
Yevers and G. E . Gardam (J . Electrodepositors' Tech. Soc.., 
1952, 28, 179-186; discussion, 187-193; also Metal Ind ., 
1952, 80, (23), 463; discussion, 463-464).—See 31.A ., 20, 
439.

Practical Considerations in the Application oi Vacuum 
Coatings ior Metal Finishing. L. H olland (J. Electrodepositors’ 
Tech. Soc., 1952, 28, 167-178; discussion, 187-193).—See 
31.A ., 20, 440.

Pickling Vats ior Copper-Base Alloys. ------  (Cuivre,
Laitons, Alliages, 1951, (4), 31-35).—Covers the choice of

materials of construction for pickling vessels to  contain th e  
acids commonly used—H ?S 0 4, HC1, H N 0 3, C r03, ZnCl2-EH.,Cl, 
and FoSO.,, The materials dealt w ith are Pb, Monel, s ta in 
less steel, pitch pine, stoneware, Neoprene, rubber, acid- 
resisting comont, and volcanic rock.—W. F . H.

More Careful W ashing [Degreasing]. F . Kauffungen (Pro- 
3Ietal, 1951, 4, (19), 795-797).—[In  French and German], 
Assembled components and  N i-plated surfaces frequently  
hold soln. used for chem. trea tm en t by capillary a ttrac tion . 
Unless great care is taken  in  washing, rem nants of these chem
icals are retained during storage or use, and corrosion m ay 
occur. Tap-w ater m ay leave Ca salts on the surface, and 
distilled w ater should be used for washing ou t alkaline soln. or 
for boiling; oil or grease should bo rem oved by  washing in  an 
organic solvent, b u t a  very fine film will still rem ain. The 
effectiveness of washing should be checked regularly by  testing 
for residues of the reagents used in the  earlier trea tm en t.

—K . S.

21 — JOINING
A New Method for Joining Aluminium and Steel and Its 

Use in the Motor Industry. [Al-Fin Process]. G. G ürtler 
(Aulomobiltechn. Z ., 1951, 53, (4a), 102-105).—An illustrated 
description of the A l-Fin process developed in  America for 
joining A1 and A1 alloy parts  to  cast Fe and steel, with 
particular ref. to  the securing of A1 fins to  the cylinders of 
air-coolcd engine cylinders. The process is based upon the 
prior form ation of a  th in  Fe-A l layer, 0-02-0-03 mm. thick, on 
th e  surface of the cylinder, on to  which th e  A1 fins are subse
quently cast or otherwise formed. Exam ples of o ther appn. 
of th e  process are also given.—W . F . H.

Hard Soldering (Brazing) of Aluminium and Aluminium 
Alloys. E m st Blolim (Automobiltechn. Z ., 1951, 53, (4), 
84-85).—A short illustrated  description of the process of hard 
soldering or brazing of A1 and its alloys by means of a th in  
layer of low-m.p. alloy rolled on to  or otherwise affixed to  or 
interposed between the two parts  to  bo joined and subse
quently  heated to  a controlled tem p., either in a  furnace or in 
a sa lt ba th .—W. F . H.

New Publications on Soldering. H . v. Hofo (Schweissen u. 
Schneiden, 1951, 3, (2), 63-64).—A short review. 62 ref.

—N. B. V.
*Welding of Aluminium Alloys : Value of Laboratory Tests. 

W. I. Pum phrey and D. C. Moore (Trans. Inst. Weld., 1949,12,
(5), 116-124; discussion, (6), 146-150).—Cf. J . Inst. Metals, 
1947, 73, 33, 197, 273; 1948, 74, 227, 425, 439; 1948-19, 
75, 203, 235,257, 727. To establish w hether laboratory ring- 
casting and  restrained-welding tests previously described 
accurately predict the tendency to  cracking of an A1 alloy 
when welded under industrial conditions, results o f such tests 
have been compared w ith those of large-scale patch-voiding 
tests on super-purity  and commorcial-purity AI, 3 Al-Si 
alloys of high purity , and 10 commercial A1 alloys. In  the 
case of all b u t two of the alloys (A1 +  14% Si and A1 +  1:[%  
Mn), th e  relative susceptibilities to  cracking during welding 
established in the laboratory tests were in  very close agreoment 
w ith  th e  results obtained in  th e  large-scale patch  tests. The 
three tests  are described in detail, and the results are discussed. 
The value of the  tw o laboratory  tests (in particular th e  re
strained-welding test) for predicting th e  probable behaviour 
o f an  A1 alloy when welded is emphasized.—N. B. V.

High-Effieiency Spot Welding in Light-Metal Road-Trans
port Construction. K . R upin (Glasers A nn ., 1951, 75, (4), 
83-84).—A short illustrated  description of a  special design 
of spot-welding m achine developed b y  Schlatter for fixing 
iiglit-metal panels to  light-m etal framework. The differences 
in  properties of steel and A1 are pointed out, calling for 
differences in  design and operation. The design incorporates 
autom atic switching on of the current a t  a  predeterm ined 
mech. pressure between the two parts  and autom atic switching 
off a fter a  predeterm ined tim e, according to  the thickness of

the m etal. Some notes are given of m ethods of sotting up, 
prepn. of surfaces, &c.—W . F . H.

*A.C. Argon-Arc Process for Welding Aluminium : An 
Oscillographic Analysis of Effects of W elding-Transformer 
Open-Circuit Voltage on Arc Re-Ignition. L. H . Orton and 
J . C. Needham  (Weld. Research, 1951, 5, (6), 252r-274r).— 
The elect, param eters of the welding arc were studied by 
oscillographic techniques using recording equipm ent w ith 
tim e resoln. extending from hundredths of a  see. down to 
microsec. The open-circuit voltage was varied between 45 
and 175 V. r.m .s., the  current was k ep t approx. const, a t  80 
amp. r.m .s., and 6-cm. m elting runs were m ade on A1 and an 
A1-5% Mg alloy. 45 sec. a fter the arc was in itiated  welding 
conditions were regarded as stable, and  the oscillographic 
recording was made. There are five types of arc re-ignition 
behaviour : (1) failure to  ignite, i.e. complete rectification;
(2) more than  one injected spark from an H .F. spark oscillator 
is required for re-ignition; (3) a  single spark is sufficient to  
break down the gap and re-ignite the arc (this is the condition 
for stable welding w ith an  H .F . oscillator in the c ircu it); (4) 
delayed self re-ignition (soft g a p ); and  (5) im m ediate self 
re-ignition (i.e. the open-circuit voltage is high enough to 
break down the gap). These stages occur a t  increasing open- 
circuit voltages and the precise values depend on welding 
conditions, such as the  alloy being welded and  its  surface 
condition, arc gap, &c. The use of an H .F . spark oscillator 
and a  series capacitor can lower th e  open-circuit voltage 
required for satisfactory A-arc welding to  ~45 V.—K. S.

*600-Amp. Argon-Arc Torch for Manual Welding Thick 
Aluminium Alloy Plate. J .  H . Cole ( Weld. Research, 1951, 5,
(2), 157r-162r).—Single-run welds give the best results on 
thick A1 alloy sheets, b u t w ith standard  300-amp. equipm ent, 
pre-heating is essen tia l; th is can be avoided by using 
higher welding currents, and a water-cooled m anual welding 
torch has been designed for currents up to  600 am p. I t  
weighs 21b. w ithout the lead, and experim ental b u tt and fillet 
welds on 1-in-thick p late  have been found satisfactory. 
W ith th ick  W  electrodes there is a danger o f m olten W  dropping 
into the  weld p o o l; for very high currents, C electrodes can 
be used in larger sizes, b u t they  are still ra ther fragile.

—K . S.
*An Investigation of the More Common Binary [Aluminium] 

Alloys During Argon-Arc Welding. D. C. Moore (Sheet 
Metal Ind ., 1951, 28, (292), 737-752).—An investigation was 
made of binary  A1 alloys w ith Cu, Fe, Mg, Mn, Si, and Zn, 
using methods sim ilar to  those employed in  earlier work by 
the Aluminium Development Association W elding Research 
Team (J. Inst. Metals, 1947, 73, 33, 197, 273; 1948, 74, 227, 
249, 439, &c.). I t  was found th a t alloys in  all 6 systems can 
be A-arc welded in  th e  as-received condition, though weld- 
ability  is improved if  the alloys are cleaned before welding.
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In  similar assemblies supported in  the same way, m uch less 
cracking occurred th an  during oxy-acetylene welding. A1 
alloys w ith  Fe, Mg, and  Mn were no t subject to  cracking 
during A-arc welding under severe conditions of re s tra in t; 
under the same conditions alloys contg. Cu, Si, and Zn 
cracked to  varying extents, depending on eompn. The 
relationship between cracking and  compn. shown by  alloys 
in  these 6 systems was found to be generally similar to  th a t 
reported for oxy-acetylene welds, viz. an increase in  cracking 
w ith in itial addn. o f alloying element, followed by  a  decrease 
w ith fu rther addn.—N. B. V.

Machine Characteristics for Flash Welding Aluminium 
Alloys. H . E . D ixon and  J .  H . Gameson (Weld. Research, 
1951, 5, (2), 163r-172r).—The high conductivity, low m.p., 
high oxidation rate, and  th e  softness of A1 alloys dem and 
great care in  the control o f the flashing and upsetting cycle, 
high currents, rapid welding, and fast appn. of the forging 
pressure. Surface oxide considerably affects th e  contact 
resistance, and m ust be pickled o ff; oxido formed during 
flashing m ust be squeezed ou t during th e  upsetting cycle. 
The forging action m ay lead to  strain-hardening of the m aterial 
near the joint, and  in annealed alloys th is m ay displace the 
flow lines aw ay from th e  joint. In  heat-treated  alloys over- 
ageing m ay occur near th e  joint, b u t i t  is possible for this 
softened m etal to  be elim inated by  adequato upsetting. 
Thus the essentials for strong welds are rapid flashing, sudden 
cut-off, and heavy and rapid upsetting. 26 ref.—K . S.

Copper Hand-Basins for Railway Carriages Made by Welding
and Brazing.     (Pratique du Soudage, 1951, 5, (6), 102-
104).—Deep concave blanks of Cu sheet are used uncut for 
basins to  be m ounted on a flat w a ll; for corner m ounting 
half the vertically divided blank has the cut edges acetylene- 
welded together. The oxy-acetylene flame is also used in 
brazing on th e  outlet and overflow pipes, soldering for the 
brass surround for the  outlet, and  braze-welding for fixing 
th e  back plates in  position. The whole assembly is plated.

—P. R.
*Welding of Molybdenum. W. H. Kearns, H. B. Goodwin,

D. C. M artin, and  C. B. Voldrich (U .S. Atomic Energy Com
mission P M .,  1951, (BM3-703), 36 pp.).—Factors causing 
brittleness in  Mo welds have been studied. Tests wero 
m ade on high-purity Mo and on commercial-purity m aterial 
in  the  form of swaged powder-metal bar and vacuum-arc- 
m elted ro d ; th e  m ain differences in  purity  were in the 0 , 
N , H , C, and S contents. U pset welds were made in a  flash- 
welding machine or in a modified vacuum-arc furnace, and 
could be carried ou t in  vacuo or in an  inert atmosphere. A 
const.-mom ent bend te s t was used to  measure ductility  and 
a  dye-penetrant m ethod to  detect cracks and porosity in 
th e  welds. H igh-purity  forged Mo welded in  H , and cast 
h igh-purity Bio welded in H , Ho, and in  vacuo gave b rittle  
welds w ith im purities present on the grain surfaces. Bletallo- 
graphic polishing of the surfaces before welding removed 
surface im purities, and welding in  vacuo gave a  ductile weld, 
(6%  and 14% elongation); meticulous mcch. prepn. also 
resulted in  a  ductile weld. Welding of powder-metal bar 
invariably resulted in  a porous weld. However, it  was 
found th a t  ductility , to  th e  ex ten t o f 1-2-5% elongation, 
could be induced by  post-weld heat-treatm ent. Several 
a ttem p ts were m ade to  purify the Bio by  heat-treatm ent in  
vacuo, H , and  O before w elding; these apparently  did improve 
ductility  o f th e  weld, b u t the high porosity of all the  welds 
obscured th e  effect. W ork is continuing to  elucidate the 
cause of pronounced porosity in  all welds m ade in powder- 
m etal bar. "Welds in arc-cast Bio were free from porosity 
and had a  ductility  which could be increased by  post-weld 
h ea t- trea tm en t; carbide was detectable a t  the grain 
boundaries of the  fracture.—J . W. T.

Welding the H igh-Heat-Resistant Materials. J .  L. Solomon 
(Weld. Eng., 1952, 37, (2), 38-42).—Seo M .A ., 20, 732.—P. R .

The Spot Welding of Thick Sheet with Multiple-Current- 
Impulse Control. F . Rosenberg (Schweissen u. Schneiden, 
1951, 3, (4), 115-116).—Spot welding o f thick sheet is difficult 
on orthodox machines because the tim e required for the 
welding tem p, to  be reached increases more steeply th a n  the

thickness o f the sh e e t; as a result heat is conducted away 
through the sheet and the ho t zone increases in  size. This 
no t only moans th a t a  larger area of the sheet suffors modifica
tion  of its mech. properties, b u t i t  m ay also lead to indentation 
of the surface by the welding electrodes and to  ho t m etal 
being squeezed ou t of the weld along the gap between the 
sheets. Similar difficulties m ay bo encountered in th in  
sheets w hen the jo in t before welding has been pressed together 
by an  earlier operation, so th a t the contact resistance plays 
a relatively m inor p a rt in the welding mechanism, and 
heating is due mainly to  the actual resistance of the metal. 
Successful welds can be m ade in th ick  sheets and  tig h t joints 
by  in terrupting  the  welding current so th a t i t  is broken up 
into a  scries of short impulses. Tho water-cooled electrodes 
conduct heat aw ay from th e  surface, which is kep t relatively 
cool, while heat is retained in the centre of the jo in t ; the 
resistance of th e  m etal increases a t  higher tem p., so th a t  in 
la te r impulses more hea t is generated in  th e  zones which have 
retained their high tem p, from th e  earlier impulses, and  heat 
is concentrated a t  the jo in t itse lf; thus welding occurs 
w ithout excessive heating of m aterial away from the weld.

—K . S.
Stud Welding. C. C. Blacfarlane (Trans. Inst. Weld., 

1949, 12, (5), 110-115).—A  description is given of 4 types 
of modern stud-welding equipm ent, followed by an  account 
of results achieved in  a wide range of appn. and a note on 
some developm ents in hand.—N . B. V.

New Publications on Resistance Welding. W. B ottlander 
(Schweissen u. Schneiden, 1951, 3, (4), 122-124).—A short 
review. 24 ref.—N. B. V.

Resistance W elding: Research Progress by the British 
Welding Research Association. H . E . Dixon and  H . G. 
Taylor (Sheet Metal Ind ., 1951, 28, (296), 1121-1130, 1136).— 
A paper presented to  th e  Sheet and Strip Bletal U sers’ 
Technical Association.—N. B. V.

A Review of the Theory and Practice of Inert-Gas Shielded- 
Arc Welding. IV. J .  Jackson (Sheet Metal Ind ., 1951, 28, 
(296), 1131-1136).—Student’s prize essay.—N. B. V.

Welding w ith Argon as a Protective Atmosphere. H. 
B uhler and W. G unther (Schweissen u. Schneiden, 1951, 3,
(4), 110-112).—The A-arc and Aircomatic processes are 
described, and their characteristic features are briefly reviewed. 
The need for H .F . stabilization of the arc is m entioned, and 
details of welding speeds, currents, &c., for different th ick
nesses o f sheet are given for Al, Big, and stainless steel. In  
the Aircomatic process tho filler wire forms one electrode 
and is fed to  th e  weld a t  a  controlled rate, which m aintains 
a const, arc len g th ; very high currents and  rapid welding 
are possible in  th is process.—K . S.

Systematic Classification of Welding Processes Reveals 
New Possibilities. H . v. N euenkirchen (Schweissen u. 
Schneiden, 1951, 3, (10), 311-314).—All existing welding 
processes are classified according to  three points o f v iew : 
(1) Type of weld (recrystn., pressure weld a t  tem p, between 
solidus and liquidus, and welds in which complete melting 
occurs); (2) source of heat (14 groups are enum erated);
(3) protection from atm osphere. I t  is possible to draw  up 
tables in  which vertical columns are groupings of one type 
(e.g. nature o f weld) and horizontal rows groupings of another 
type (e.g. source of h e a t) ; the information in 23 possible 
tables can conveniently be presented in three. Existing 
processes are incorporated in these tables, and gaps represent 
possible combinations which m ay be worth considering. 
The system  presented offers 252 possible combinations, bu t 
i t  is recognized th a t m anv of them  are not practicable.

—K . S.
A Survey of Modem Theory on Welding and Weldability. 

[I.-X]. D. Sefdrian (Sheet Metal Ind ., 1950, 27, (283), 
935-949, 952 ; 1951, 28, (285), 59-72, 76 ; (290), 553-565 ; 
(291), 643-652, 657 ; 1952, 29, (297), 53-61 ; (299), 239-248, 
254; (301), 441-446 ; (302), 529-532, 540; (303), 627-634,642; 
(305), 827-832, 840).—Cf. ibid., (280), 727 ; M .A ., 18, 444. [ I .-
I I .—] The weldability of C and alloy steels is considered in 
detail. [ I I I .—] S., in discussing the welding and w eldability 
of Al alloys, says w eldability depends on (1) overcoming the
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A120 3 film by the use of suitable flux which gives a light, easily 
elim inated slag and  (2) avoiding in  some alloys the therm al 
cycle th a t causes pp tn . in the basis m etal and molten zone 
which m ay lead to  loss of strength and resistance to  chem. 
a ttack . The incidence and effect of these phenomena are d is
cussed for the various alloys. The first section deals w ith oxy- 
acotylene welding, th e  second w ith elect, arc welding, and 
the th ird  w ith arc welding in  a  monatomic gas. The last 
section deals w ith th e  various kinds of brazing. [IV.—] 
W elding methods, prepn. of m aterials, &c., for Cu, Ni, Zn, 
Mg, and  P b  and  their alloys are described. [V.—] Oxy- 
acetylene and  arc welding of cast iron is discussed. [VI.—] 
Arc-welding electrodes are considered in detail. The 
functions of an electrode coating, including the phys. and 
elect, action, and m et. functions, are discussed. Acid and  basic 
slags from th e  welding operation are briefly described. [V II.—■] 
S. considers electrode coatings, in  particular : (a) the  refining 
effect of th e  coating—this depends on the type of coating. 
Metal m ay bo refined in the presence of a  reducing gas, by 
Mn in acid coatings, or by  the action of Mn or carbonate in 
basic coatings. Exam ples are quoted. (b) Refining by 
reducing agents—Mn, C, or Si. (c) The slag-m etal equilibrium 
depending on the  natu re  of the coating (acid or basic), (d) The 
Mn reaction. [V III.—] The consideration of arc-welding 
electrodes is concluded by S. discussing acid slags, the equilib
rium  of basic slags, and distribution of 0  between m etal and 
slag. [IX .—] A consideration of the mech. properties of welds 
begins w ith a  discussion of the influence of the electrode 
coating. The effect of H  is discussed, and S. concludes th a t 
H  m ay be the cause of flakes, blowholes, and cracks. 
Factors affecting flake form ation aro discussed. The F c-H  
equilibrium and the effect of C are also discussed. [X .—] 
Electrodes are m anufactured by  dipping or extrusion, and 
details of both m ethods of m anufacture are given. S. 
discusses the  operational characteristics of electrodes: 
elect, conditions, current intensity, and voltage necessary 
for m elting the  electrodes depend on several factors, and 
these are examined. S. concludes by  considering various 
faults which m ay occur in coated electrodes.—R. J .

Welding Technique in the U.S.A. II. v. Hofe, E . Kau- 
hausen, E . Koch, K . L. Zeyen, and E . Zorn (Schweissen u. 
Schtieiden, 1951, 3, (12), 359-370).—A report on visits made 
to  a  num ber of American works under th e  auspices o f O.E.E.C.

—N. B. V.
Maintenance by W elding: A Survey. M. R iddihough

(Trans. Indian Inst. Metals, 1949, 3, 347-357).—A review of 
hard-surfacing practice and of its  appn. in  various branches 
of engineering. 19 ref.—X. B. V.

The Metallurgy and Applications oi Hard-Surfacing. A. 
Schmidt (Derg- u . MUtcnmanri. Monatsh. Montan. Hochschule 
Leoben, 1950, 95, (12), 342-348).—An account of the m et. 
principles and practical aspects of hard-surfacing. Non- 
ferrous m etals are only briefly mentioned.—E. J .  E .

Hard-Facing of Mine Drills. E. Cosyns (Pratique du 
Sottdage, 1951, 5, (10), 189-190).—Mine drills for use on hard 
granitic s tra ta  were successfully refaced w ith a  m ixture of 
WC and  o ther refractory carbides (nature no t stated), over 
a  prelim inary coating of high-speed steel, which should be 
alm ost fused when the carbide is applied. Bonding is ensured 
by torch-heating w ith reducing flame. The tool can be 
ground 3 tim es w ithout fu rther refacing, which can eventually 
be done w ith  the carbides only.—P . R.

Safety in the Practice of Welding. E . Fuchs (Trans. Inst. 
Weld., 1950, 13, (3), 87-94).—A review of hazards due to  
radiation, explosions, and  fumes. Necessary precautions aro 
indicated.—N. B. V.

Welding Mask or Hand Shield P G. Zweiling (Schweissen u. 
Schneiden, 1951, 3, (10), 314-317).—The use of masks or 
helm ets instead of hand shields is making slow progress in  
Germany. The advantages of helmets are enum erated : 
the left hand is free and  can be used to  support the work, the 
welding torch, sometimes even the  welder, and the work is 
found less tiring. The requirem ents o f satisfactory masks 
and shields aro discussed, and th e  m ain features of some 
designs available in Germ any aro described.—K . S.

The Radiographic Exam ination of W elds: An Attempt at 
the Quantitative Evaluation of Defects. (Masi). See col. 1036.

22 — INDUSTRIAL USES AND APPLICATIONS
Applications of Cast Aluminium [and Aluminium Alloys].

K . Schneider (A lum inium , 1951, 27, (4), 88-94).—S. illustrates 
the use of cast A1 and A1 alloys in the m otor and marine 
engineering, textile, dairying, mining, building, and other 
industries, where lightness, good corrosion-resistance, non
toxicity, high elect, and therm al conductivity, and good work
ability  aro of im portance. Some of the engineering problems 
arising from the substitu tion  of A1 for steel are very briefly 
m entioned.—E. J .  E .

The Pakistan Government Survey Vessel “ Ain-el-Bahr ” 
with Prestressed Hull. André Chevrier (Rev. A lum inium , 
1951, (177), 196-200).—See M .A ., 19, 81 ; 20, 529.

—N. B. V.
Birth of a  [Light Alloy] Life-Boat. -----   (Alluminio, 1950,

19, (6), 548-553).—An illustrated  account o f the construction 
of a  life-boat from Al-3-5%  Mg alloy.—E. E .

Prefabricated Houses of Light Metal Standard Units. D. F . 
Reidem eister (A lum inium , 1951, 27, (4), 102-103).—A 
description of French A1 alloy houses designed by  Jean  
Prouvé. W all and  roof panels are supplied as finished in ter
changeable units o f standard  dimensions, and m ay be used 
in  conjunction w ith  o ther building materials.—E. J .  E .

135 Tons of Antieorodal in  the New Station in  Rome. 
—.—  (Alluminio, 1951, 20, (1), 45-53).—A1 alloy has been 
extensively used in  the construction of th e  frontage, con
course, and platform s of a  new railw ay term inus in  Rome.

— E . J . E .
The Economics of Light-Metal Construction in  Transport.

M. Preuss (Glasers A nn ., 1951, 75, (4), 76-7S).—Deals w ith 
the economics of weight-saving in rail and  road transport 
under 4 headings : (i) lower frictional losses on the level.

(ii) lower power consumption in accelerating, (iii) lower 
power consum ption on up-gradients, and  (iv) lower frictional 
losses in  braking. These savings are shown in the form of 
curves, w ith some notes on th e  weight-saving possible w ith 
m odem  forms of construction in  rail, tram w ay, omnibus, 
and  motor-coach designs, based upon published data . 7 ref.

—W. F. H.
The Use of Light Metals [Aluminium] in Stress-Bearing 

Coachwork of Buses, Trolley Buses, and Railway Vehicles.
A m e Brinck (A lum inium , 1951, 27, (2), 36-39; (3), 67-70;
(4), 106-110).— Over 300 vehicles have been constructed w ith 
stressed light-alloy coachwork over th e  past 20 years in 
Norway. B. discusses th e  savings in  w eight resulting 
directly from th e  substitu tion  of A1 for steel, and  indirectly 
from the use of lighter motors, th e  relatively higher capacity 
of th e  lighter bodies, &c. The problems encountered in  the 
construction and servicing of A1 coaches for the Norwegian 
railways and  of tram s and  trolley buses for service in Oslo 
are described in some detail. The higher initial cost of A1 
vehicles is offset by  resu ltan t savings, m aintenance costs are 
no higher th an  for steel bodies, and  corrosion can be combated. 
Repairs after accidents are, however, more costly th an  in  the 
case of steel vehicles. No definitive da ta  aro y e t available 
on the life o f such A1 vehicles.—E. J .  E.

The Talgo Train. J . M. G ruitch and O. H . Philips (Mech. 
Eng., 1950, 72,(10), 787-791; also (abridged) Eng. J .  (Canada), 
1950, 33, (7), 602-603).—An account o f th e  design and  con
struction of this tra in , bu ilt largely of A1 a lloys; see M .A ., 
18, 227.—E. J .  E.

General-Purpose Steel-Cored Aluminium Conductors. K arl 
K ohler (Z . Metallkuv.de., 1951, 42, (7), 213-216).—E quations
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are developed, from which nomograms have been constructed, 
for determ ining the weight and the mech. properties (modulus 
o f elasticity) of steel-cored A1 conductors, tak ing  in to  account 
the tem p, variations to  which they  m ay be subjected, this 
being of im portance when calculating th e  tension in, and  sag 
of, such cables. General principles governing the design 
of these conductors are discussed. Sheathing m aterials 
should have th e  highest possible U.T.S., sm all elastic modulus, 
and low sp. gr., if optim um  use is to  be made of the core. 
Very high-tensile steel clad w ith E lectron would appear to  
be suitable for extrem ely high-voltage cables where a some
w hat lower conductivity  can bo to lerated .—E. N.

The Use of Light Metals in  the Construction of Radar 
Equipment by the C[ompagnie] F[rangaise] T[homson]- 
H[ouston]. G. E rigot and G. T urre (Rev. A lum inium , 1951, 
(180), 329-334).—N. B. V.

Aluminium Photographic Process Has Industrial Applica
tions. Eugene W ainer (Materials and Methods, 1952, 35,
(4), 176, 178, 180, 182, 184, 186).—A  description o f the Swiss 
“ A luphot ” process; see M .A ., 20, 307.—N. B. V.

Standard Sizes of Aluminium and Aluminium Alloy Sheets 
[in France]. Maurice Bcsnard (Rev. A lum inium , 1951, 
(180), 345-346).—N. B. V.

Copper and Copper Alloys in  Industry. [—I.-IV ]. J .  
Bourguignon (Cuivre, Laitons, Alliages, 1951, (2), 17-20;
(3), 17-19; (4), 21-27; (5), 17-21).—A comprehensive
series o f articles dealing w ith th e  ehem., elect., and  pliys. 
properties of Cu and its  alloys in  th e  various forms employed 
in industry  (based largely on publications of the Copper 
D evelopm ent Association). [I.—■] Gives th e  properties and 
chief uses o f cathode Cu, electrolytically refined, fire-refined 
(blister), oxygen-free, high-conductivity, and standard  99-5% 
purity . Curves are given of effect of cold working on p ro 
perties of H.C. strip  and wire. [II .—■] Deals fairly shortly 
w ith special alloys o f Cu w ith Ag, Cd, Sn, Cr, Be, and Te 
and  various complex alloys. [ I I I .—■] D evoted to  Be- 
bronze, w ith 2%  Be, and deals w ith chem., phys., and mech. 
properties, corrosion-resistance, ho t and  cold working, heat- 
trea tm en t, descaling, soldering, brazing, arc welding, re 
sistance welding, and plating. [IV.—] Covers industrial uses 
o f Be-bronze in  measuring instrum ents, non-sparking tools, 
elect, and radio equipm ent, moulds for plastics, high-speed 
bearings, w atch  parts, and  parts  o f elect, resistance welding 
machines (Cu-Co-Be alloy).—W. F . H .

Notes on Copper Roofing and Coping. E . Laenneg (Cuivre, 
Laitons, Alliages, 1951, (1), 27-30).—A short note in the 
nature of a supplem ent to  a  pre-war publication on Cu 
roofing by  the Centro d ’Inform ation du Cuivre. The 
present article is concerned m ainly w ith illustrations of 
some recent installations o f Cu roofing in  France. Details are 
also given of a new m aterial called Cupraspha, consisting of 
long wide strips of soft Cu covered on both  sides w ith bitum en, 
used for coping (chape). Notes are added on the design and 
installation of Cu roofs, and  precautions to  be taken  against 
corrosion.—W . F . H.

[The Significance of] Copper in  the Brewing Industry. 
P eter Schoellhom (Pro-Metal, 1951, 4, (19), 776-777).—  
[In  French and  German]. Many of th e  large vessels, vats, 
and  conduits employed in brewing are m ade of Cu because it  
resists corrosion by the organic acids and  o ther constituents 
of beer, because it  is easy to  keep clean and  sterilized, and 
because i t  can be formed in to  th e  elaborate shapes required 
and is no t seriously affected by  internal stresses due to  
uneven heating, which m ay frequently  occur in  brewing. 
Brass is widely used for stirrers, piping, valves, and similar 
fitm ents.—K . S.

Copper W ater Pipes. ------  (Cuivre, Laitons, Alliages,
1951, (2), 29-33).—A short illustrated  account on m ethods of 
installing Cu piping in domestic w ater-supply systoms. 
Portab le  bending and jo inting equipm ent is illustrated, w ith 
details of standard  types of junctions and branches to  su it 
all sizes of piping.—W. F . H .

Copper and Copper Alloys in  H eat-Exchangers. E . Laenneg 
(Cuivre, Laitons, Alliages, 1951, (4), 37—44).—A well-illustrated 
account of methods of construction and  operating charac

teristics o f various types of fluid and vapour heat-exchangers 
made of Cu and  Cu alloys, mainly o f the tubu lar type, e ither 
plain or w ith fins. Temp, differences, speed of circulation, 
degree of turbulence, and m aterials used all affect the efficiency 
and the cost. Design calculations, governing choice of type 
and m aterials of construction, arc given.—W. F . H .

Duplex Copper/Lead Tubes for Sulphuric Acid. ------
(Cuivre, Laitons, Alliages, 1951, (2), 35).—A short no te  on the 
use of Pb-clad Cu tubing for the heating coils o f Pb-lined 
vessels contg. H 2S 0 4, and  of Pb-linod Cu tubing for convoying 
H 2S 0 4, m ade in  the  U.S.A. Cu gives strength  and  resistance to  
action of steam , and Pb  resists action of the  acid.—W. F . H.

Brass Curtain Rails. ------  (Pro-Metal, 1951, 4, (21), 834-
838).— [In  French and  Gorman]. Tho advantages of th in  
extruded brass sections for curtain  rails are discussed, and a  
num ber of suitablo sections and methods of m ounting them  
are illustrated.—K . S.

M anufacture of [Brass] Containers for Cosmetics. Leon 
Reboul (Cuivre, Laitons, Alliages, 1951, (4), 45-47).

—W. F . H.
Copper Alloys in  the W atchm aking Industry. ——  (Pro- 

Metal, 1951, 4, (24), 928-932).— [In  French and  German]. 
The various components of th e  case and works o f a w atch 
are briefly described, and  th e  alloys used for the ir m anufac
tu re  are discussed. Brass or nickel silver is used for m ost 
purposes ; components m ade principally by  cold working, i.e. 
cases, bridges, bearing plates, &c., are m ade in  a  alloys of 
high purity , rolled to  close tolerances o f dimensions and  hard 
ness ; for parts  which are m ade m ainly by machining, Pb- 
bearing free-machining alloys are preferred. A  num ber of 
special-quality products have been developed by  Swiss firms, 
such as brass strip  for th e  w atch face, which has an  exception
ally  good surface and  fine grain-size. Enam elled faces are 
m ade o f pure Cu, a special grade of which has been found 
particularly  suitable for enamelling. Cf. M .A ., 20,947.—K. S.

Copper Alloys in  the M anufacture of W atch Movement 
Blanks. Philippe de Coulon (Pro-Metal, 1951, 4, (24), 917- 
918).— [In French and German], The small components 
which hold th e  m ovem ent o f a  w atch  in  place comprise its 
housing ; they  are made from a free-machining brass, contg. 
38%  Zn and  1-5-2%  Pb. They m ust be rigid and stable, and 
m ust be machined w ith  great accuracy. Shapes are stam ped 
from strip , and  th e  location o f holes for bearings is m arked 
in  another stam ping operation. Excess m etal is then  machined 
away. A  de-burring operation is usually necessary, and  re 
search is in  progress w ith  th e  aim  of developing alloys and 
machines suitable for stam ping and machining w ithout 
subsequent de-burring. Cf. M .A ., 20, 947.—K . S.

Nickel Silver W atch Cases.  (Pro-Metal, 1951, 4, (24),
321-322).—[In  French and  Gorman]. Most w atch cases are 
made of nickel silver w ith a  separate base o f stainless steel. 
Brass is used for very  cheap watches, b u t its resistance to  
corrosion is inferior. Nickel-silver is oasily cold worked, 
machined, and  electroplated. Galvanic coatings of Ni, 
Cr, and  A u m ay be used ; there is a  recent trend  for Au 
coatings to  be applied in  a cladding process, so th a t  they are 
thicker and  more resistan t to  wear and corrosion th an  plated 
Au deposits. Cf. M .A ., 20, 947.—K . S.

Brass in the M anufacture of Anchor Escapements [for 
W atches]. A. Simon-Vermot (Pro-Metal, 1951, 4, (24), 923- 
925).—[In  French and  German].—The tee th  of the escapem ent 
wheels are subjected to  considerable wear against a jewelled 
seating, w ith  min. lubrication and under very  unfavourable 
conditions. In addn ., considerable fatigue and repeated  im pacts 
m ust be taken  in to  account. The brass m ust be very hard, 
w ithout, o f course, cracking during the cold-stamping operation. 
I t  is necessary for the grain structure to be fine in  relation to  
the extrem ely small size of the components, which implies 
an  exceptionally small actual grain-size. The brass strip  
m ust therefore be o f consistent quality  and m eet very rigid 
specifications, and each consignment is subjected to  chem. 
analysis, mech. tests, and m etallographic exam ination. Cf. 
M .A ., 20, 947.—K. S.

Problems of W atchmaking. André Chappuis (Pro-Metal, 
1951, 4, (24), 919-921).—[In  French and  German]. The
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severe dem ands on springs, bearings, and tomp.-componsating 
devices are pointed out, and the need for nori-magnetic, 
corrosion-resistant spring alloys o f high strength  and elastic 
lim it is emphasized. Temp, compensation by means of 
balance springs whose modulus of elasticity is no t sensitive to  
tem p., or b y  th e  nse of bi-metallic strip , makes i t  possible for 
modern watches to  keep good tim e under extrem e and very 
variable conditions.—K. S.

Report of [A.S.T.M.] Committee B-5 on Copper and Copper
Alloys, Cast and W rought. ------  (Proc. Amer. Soc. Test.
M at., 1952, 52, 165-177).—See M .A ., 20, 947.

Notes on the Metallurgical Design of Tungsten-Carbide 
Rock Bits. L. C. Bogan (Proc. Australasian Inst. M in . Met., 
1950, [N.S.], (158/159), 193-215).—B. discusses in detail the 
properties of the Co-cementod WC b it and the brazing of it 
to  the steel body.—N. B. V.

Notes on the Engineering Design of Tungsten-Carbide Rock 
Bits. Jam es E . Lewis (Proc. Australasian Inst. M in . Met., 
1950, [N.S.], (158/159), 217-262).—L. a ttem p ts to  determine 
and evaluate the characteristics of a  rock b it th a t make for 
efficient drilling performance.—N. B. V.

W hither Agriculture ? [Materials Used in  Agricultural 
Machinery]. Maurice V ictor (Rev. A lum inium , 1951, (177), 
201-214).—A review of the equipm ent exhibited a t  the 22nd 
A gricultural M achinery Show hold in Paris.—N. B. V.

W ear and W ear-Resistant Materials. A lbert ICnickenberg 
(JYeue Oiesserei, 1948, 33/35, (4), 104-110).—W ear m ay arise 
from mech., therm al, or ehein. causes, or from th e  in te r
action of any  of these. K . gives a  table classifying types of

wear and their occurrence. A fter a brief consideration of the 
constructional problems involved in reducing wear, a  survey 
is made of th e  w ear-resistant properties o f a num ber of ferrous 
matorials. Non-ferrous alloys are m entioned only very 
briefly.—E. J .  E .

Materials of Construction for Use at Low Temperatures.
E. W. Colbeck (Trans. Inst. Ohem. Eng., 1949, 27, 55-67 ; 
discussion, 67-69).—A review, concerned m ainly w ith ferrous 
matorials.—-N. B. V.

New Materials in Engineering. T. E. Allibono (Proc. Roy. 
Inst., 1951, 35, [1], (158), 200-210).—A comprehensive review 
of recent developm ents in  elect, engineering, including ref. to  
insulators (polythene and silicones), forro-olectrics (Ba and  Sr 
titanates), adhesive plastics, semi-conductors (Si and Ge), 
photoconductors (Cd and  Pb  sulphides), and  metals and alloys. 
Im portan t developm ents in m etallurgy have boon the  in tro 
duction of low-hysteresis-loss steel, high-permeability N i- 
Fe alloys, heat-resistant N i-C r alloys, and m etal-ceram ic 
mixtures and the prodn. on a  commercial scale of purer Zr, Ti, 
and o ther refractory m etals.—S. V. R.

Report of [A.S.T.M.] Committee B-2 on Non-Ferrous Metals
and Alloys. ------  (Proc. Amer. Soc. Test. M at., 1952, 52,
148-149).—See M .A ., 20, 954.

Report of [A.S.T.M.] Committee B-7 on Light Metals and
Alloys, Cast and W rought.     (Proc. Amer. Soc. Test.
M at., 1952, 52, 201-206).—See M .A ., 20, 945.

Report of [A.S.T.M.] Committee B-4 on Electrical Heating,
Resistance, and Related Alloys. ------  (Proc. Amer. Soc.
Test. Mat., 1952, 52, 152-164).—See M .A ., 20, 954.

23 — MISCELLANEOUS
The Circulation and Recovery of Aluminium. H erbert 

W egner (MetalI, 1951, 5, (23/24), 564—566).—A theoretical 
flow-sheet illustrates the consum ption and  recovery of A1 in 
the various stages of prodn. Actual figures vary  w idely; on 
the average, scrap accounts for ~  4 of to ta l consumption.

—E. J .  E.
Survey of the Development of the Aluminium Industry in 

Canada. E rnst Rauch (Metall, 1951, 5, (15/16), 353-355).— 
An account of the developm ent in Canada of the Aluminum 
Company of America, of its reorganization, in 1928, as an 
independent subsidiary, AJuminium, L td ., Montreal, and the 
present ex ten t of the  company’s activities.—E. J . E .

Bibliography on Beryllium Health Problems. N. W. 
Bass (Dull. Amer. Ceram. Soc., 1951, 30, (3), 79-80).— 50 ref.

—N. B. V.
*Notes on the Toxicology of Cobalt Metal. H . E . Harding 

(Brit. J . Indust. Medicine, 1950, 7, (2), 76-78).—A suspicion 
th a t  metallic Co dust was responsible for chronic damage to 
workers’ lungs in a particu lar factory  was unconfirmed. 
I t  was shown, however, th a t  Co m etal powder suspended in 
saline or a ir produced severe acute dam age to  capillaries and 
in  th e  lungs of experim ental anim als (principally rats) leading 
to  severe, usually fatal, oedema and haemorrhage. The action 
of Co is related  to  its solubility in protein-containing fluids.

—H . A. II.
Copper: Its Production, Consumption, and Supply Prospects.

  (Pro-Metal, 1951, 4, (23), 890-900).— [In French and
German]. The present and fu ture supply position for Cu is 
discussed, both  generally and from the poin t o f view o f Swiss 
user industries, in  relation to  th e  occurrence, mining, smelting, 
and  refining of the m etal, which are all briefly described. 
The im portance of scrap circulation is emphasized, and it is 
concluded th a t th e  overall supply should be adequate for our 
generation and the next, b u t th a t  any  sudden increase in 
consumption due to  political causes will lead to  tem porary 
shortages.—K . S.

Copper Through the Ages. R . L antior (Cuivre, Lailons, 
Alliages, 1951, (1), 39-41; (2), 46 -49; (3), 48 -51 ; (4), 
60-63 ; 1952, (5), 52-55 ; (6), 24-26 ; (7), 40413; (8), 44- 
47 ; (9), 50-53; (10), 34-37).—An historical Teview of the 
mining, smelting, working, and  uses (chiefly tho latter) of 
Cu and bronze from th e  earliest days. The present series

covers the period from ~6000 B.C. to  —a .d . 200 and consists 
m ainly of illustrations of Cu and bronze articles unearthed in 
various parts  of th e  world. I t  is thought th a t tho very 
earliest articles were fashioned by  hand  from pieces of native 
Cu and, after the discovery of fire, native Cu m ay have been 
melted and cast into rough shapes. I t  was probably first 
sm elted from th e  ore m alachite (Cu carbonate) ~3500 b .c .  
Castings made in proper sand moulds appeared ~3000 B.C. 
and the “ lost wax ” process was probably known to  the 
Egyptians. Tho greatest developm ent of bronze, which was 
also probably produced accidentally by using mixed ores, was 
due to  the Greeks and la ter to  th e  Romans. The develop
m ent of the industry  in Gaul up to  th e  tim e o f the Roman 
occupation, is dealt w ith a t  length, w ith m any illustrations 
of sta tuary , tools, im plem ents of war, domestic utensils, and 
ornam ents.—W. F . H .

Birm ingham Brass. C. H . M. Holden (J. B 'ham  Met. 
Soc., 1951, 31, (1), 5-12).—Presidential Address. A brief 
history of the brass industry  in England.—N. B. V.

The Application o£ Indium  Abroad [i.e. Outside Germany]. 
N orbert Lowitzki (Z . Erzberg. u . MetaUhiittenwesen, 1950, 3,
(3), 94-95).—A review, w ith  25 ref.—N. B. V.

Two Hundred Years o£ Nickel. R obert A. M aekay (Bull. 
Inst. Metallurgists, 1951, 3, (3), 15-27).—N. B. V.

Daniel Gabriel Fahrenheit’s Share in the Discovery of 
Platinum . Friedrich A lbert Meyer (Z. Erzberg. u. Melall- 
hüttenwesen, 1951, 4, (6), 221-222).—A brief account o f work 
done by  Fahrenheit on the d o f P t.—E. J .  E .

New Publications on Thallium in the Years 1938-48. N. 
Lowitzki (Z . Erzberg. u. Metallhiittenvxsen, 1950, 3, (6), 
201-202).—N. B. V.

H ealth Hazards in  W orking with Zinc. K arl H . Srolca 
(Metall, 1951, 5, (13/14), 309).—A brief account of the toxic 
action of Zn.—E. J . E.

[E.C.A.] Mission to American Non-Ferrous Metals Fabricat
ing Plants. M. Holleaux (Cuivre, Lailons, Alliages, 1951,
(4), 3-8).—Summarized report by tho H ead of the Mission 
arranged by th e  Chambre Syndicate des M étaux under the 
auspices of E.C.A. which visited the U nited S tates in  Ju ly  
and August 1951, and  made a  to u r of some of th e  leading 
brass and Ai fabricating plants. The general conclusions are 
th a t there are no outstanding differences in methods com
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pared w ith European practice, except in  some of the more 
recent large-scale mass-prodn. units. On the non-tech. 
side members were much impressed by the good relations 
between managem ent and  workmen and on the general 
atm osphere ruling in the works, and  on the tech. side by  
the ex ten t to  which mechanization and labour-saving had 
been introduced and the far greater use of elect, equipm ent in 
place of m anual operation, d ictated  largely by  the relatively 
high cost of labour and  cheapness of power. The various 
lessons to  be learned aro summarized.—IV. F . H.

Metalwork from Franconia. Max K örner (Metalloberfläche, 
1949, [B], 1, (9), 83-85).—A brief illustrated account of 
modern artistic  metalwork by  members of the school of the 
N ürnberg Akademio der Bildenden K ünste.—E. J . E.

The Metallizing (Making Conductive) of Glass and Plastics.
 (Metalloberfläche, 1950, [B], 2, (1), 9-11).—An accoimt,
based m ainly on th a t o f U pton (./. Electrodepositors' Tech. 
Soc., 1947, 22, 45 -72 ; see M .A ., 15, 415), of the deposition 
of Ag and o ther motals by the reduction of aq. soln., and of 
m etal films as a  basis for electrodeposition.—E. J . E.

Polychrome Effects in [Metal] Engraving. W. Braun- 
Feldwog (Melalloberßäche, 1949, [B], 1, (12), 133).—A note 
on th e  technique of metal-inlay work.—E. J .  E.

Amalgam Chemistry: The Future of the Amalgam Process. 
Jacques F leck (Ghimia, 1951, 5, (7), 145-147).—In  th e  pro
duction of Cl from salt, soda is produced a t  the same time, 
usually as N aOH . The rapid  increase in  consumption of 
Cl in recent years in  the pulp and paper industry , in plastics, 
and in th e  synthesis o f organic compounds, coupled w ith a 
decreased use o f soda in the soap industry  owing to  competition 
o f synthetic detergents, has led to  a  search for processes of 
producing Cl w ithout producing soda. F . compares the 
economics of the usual electrolytic diaphragm  process w ith 
th e  new electrolytic amalgam process, in  which Cl is liberated 
a t  th e  graphite anode and  alkali-m etal amalgam a t  th e  Hg 
cathode. This amalgam can either be used as such in  certain 
reactions or electrolysed to  recover th e  N a as m etal or as 
soda. Few tech. details are given. 3 ref.—W. F. H .

W ater Pollution by Industry : A Survey of State Legislation 
and Regulations. D. F . Othmer, M. D. Weiss, and R . S. 
Aries (Mcch. Eng., 1951, 73, (9), 706-708).—N. B. V.

Research Methods in Metallurgy. S. R am am urthy  (Trans. 
Indian Inst. Metals, 1950, 4, 151-154; discussion, 154).—R. 
presents a  classification of m et. research methods in chart,- 
form.—P. F . N.

The Physico-Chemical Viewpoint in Metallurgy. S. 
R am am urthy  (Trans. Ind ian  Inst. Metals, 1950, 4, 155- 
160; discussion, 161).—The developm ent of m et. therm o
dynamics and th e  physico-chem. view point of chem. potential 
and ac tiv ity  are briefly discussed. 2 ref.—P. F. N.

Some Metallurgical Aspects of Engineering. J .  M. 
Robertson (Bull. Inst. Metallurgists, 1951, 3, (2), 4 -18 ; 
discussion, 18-24).—N. B. V.

Le Laboratoire Fédéral d’Essai des Matériaux et Institu t de 
Recherches: Its Functions and Programme. W. B iihr (Pro- 
Metal, 1951, 4, (23), 902-910).—(In  French and German]. 
The history of the various establishm ents which combined 
to  form the In s titu t Fédéral (L.F.E.M.) is briefly reviewed, 
and  its present organization is described. There aro three 
main departm ents, dealing w ith mech. properties, w ith chem. 
analysis, and phys. properties, and  w ith the testing of textiles, 
leather, and paper. The 19 testing departm ents are organized 
into three “ job groups ” , for metals, for non-m etallic inorganic 
materials, and for organic chomieals, resp. A part from 
routino testing of samples subm itted  by industry, a  con
siderable am ount of research is carried out. The wide varie ty  
of testing machines and laboratory apparatus is illustrated .

—K . S.
The Organization of Metallurgical Research in  Great 

Britain. C. J .  Smithells (Met. Ilal., 1951, 43, (9), 369-373).— 
[In French]. Exchange Paper read a t  th e  5 th  N ational 
Convention of the Associazione Ita liana  di Metallurgia, 1951. 
A survey o f the organization of m et. research in  G reat B ritain  
w ith special ref. to  the  A1 industry , showing tho comple
m entary  character o f universities, Government, and  private 
research organizations, and individual companies’ rcsoarch 
establishm ents.—I. S. M.

Utilization of Power in Non-Ferrous Metallurgy [in India]. 
M. S. Thacker (Trans. Indian Inst. Metals, 1950, 4, 6-23).— 
Presidential address. T. reviews th e  elect, power consump
tion  of the In d ian  m et. industry  and compares the cost w ith 
th a t of o ther types of fuel for non-ferrous operations. The 
water-power potential is estim ated a t  ~40-50  million kW ., 
and the place of power and its  possibilities in m etal prodn. 
are discussed. The paper is directed tow ards tho conclusion 
th a t  full u tilization of th e  available resources of raw  m aterials 
and elect, power would enable Ind ia  to  become self-sufficient 
in tho mot. industry .—P. F . N.

Standardization: An Aid in  the Economic Production and 
Distribution of Commodities. W . K uort (Pro-Metal, 1951, 
4, (22), 879-883).—[In  French and  German]. A fter a  brief 
account of tho history' of the Swiss S tandardization Bureau, 
th e  economic advantages of the standardization  of alloy 
compn. and  properties, of th e  dimensions of various products, 
and of testing methods, are discussed.—K . S.

Critical Comparison of Italian, French, and U.S. Systems 
of Metallurgical Classification. Massimo Scortecci (Met. 
Ila l., 1951, 43, (3/4), 110-120).—A fter dismissing th e  U ni
versal Decimal Classification as being unsuited for th e  specific 
dem ands of m etallurgy, S. compares the French system  
A lpha Num érique w ith  tho Ita lian  system  worked ou t by 
the Associazione Ita liana  di M etallurgia, and  the U.S. system 
jo intly  evolved b y  th e  American Society for Metals and the 
Special Libraries Association. Theoretically th e  la tte r is 
thought th e  b e tte r ; b u t its use o f edge-punched cards in  
practice is seen as a lim itation.—I. S. M.

25 — BOOK REVIEWS
Metales y Aleaciones: Su Constitución, Estructura, Pro- 

priedades y Tratamientos. Tomo I .— Constitución y 
Estructura. P or R afael Calvo Rodés. 24 X 17 cm. 
Pp . xxxi +  627, w ith 333 illustrations. 1948. M adrid : 
In s titu to  Nacional do Técnica Aeronáutica.
This book, tho first o f two volumes, deals w ith Constitution 

and S tructure, while the second is to  cover Properties, T reat
m ents, and th e ir R elation to  Constitution and S tructure. 
The present volume is a  M etallography in the g rand sty le ; 
a fter reading i t  one is alm ost le ft w ith the impression th a t the 
au thor takes all knowledge for his province. In  the opening 
chapter, “  Generalidades ” , the scope of the subject is surveyed. 
Such a  comm ent as : “  The constitution of a  body reveals 
to  us, then, its essence or character and from i t  stem  its 
intrinsic properties . . .” conveys an impression of a  philo
sophical ra ther than a purely scientific approach, y e t when

the au thor comes to  grips w ith detail, his trea tm en t is usually' 
concrete (though never tau t) and i t  is often illum inating. 
A m arked predilection for fundam ental physics is apparen t 
throughout. Thus, m uch space is lavished on the structu re  
o f tho atom , wave mechanics, and zone theory  (which are 
very clearly' presented), valency and  the nature  of in te r
atom ic bonding, system atic crystallography, and  the physics 
o f the generation, diffraction, and  absorption of X -rays. 
Often th is is distinctly  helpful in  understanding th e  more 
experim ental parts  o f the book, such as some observed 
features o f binary  equilibrium  diagrams, b u t a t  o ther times 
one cannot avoid the impression th a t  a  disproportionate 
am ount o f space is devoted to  the physical aspect. Thus i t  
is unnerving to  be confronted, a t  the s ta rt of a chapter on 
grain  structure, w ith a recapitulation of the laws of the gaseous 
and  liquid states. Again, the excellent section on radio-
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graphy is prefaced by a pream ble on the quantum  mechanics 
o f X -ray absorption, which m ight well disconcert the industrial 
reader in  quest o f practical inform ation.

The experim ental parts  of the book are well organized 
and presented. The au thor has chosen to expound principles 
and  typical apparatus ra ther than  go into exhaustive detail, 
and th is makes for easy reading. The book does no t aim 
to be a  work of reference on, say, etching reagents or 
therm ostats. The theoretical background of technique is 
on the whole well presented, though some im portant topics 
are treated  in a  purely empirical w ay. Thus no a ttem p t is 
made to  explain the relation between the numerical aperture 
and th e  resolving power of an  objective, or the purpose of 
dark-ground illum ination. There are also a  few omissions. 
Two pages are devoted to  m eans of distinguishing diffraction 
lines due to  Kp  radiation from those due to  K a, bu t nothing 
is said about the methods and  principles o f filtering ou t the 
Kp  radiation. There is no discussion of precision param eter 
determ ination or the im portan t uses of th is technique in 
determ ining solid-solubility lim its.

The system atic trea tm en t of equilibrium  diagrams is in 
term s of the phase rule ra ther th an  of free-energy curves, 
b u t i t  is detailed and sound. The trea tm en t of the grain 
structure o f alloys, e.g. o f eutectics and  eutectoids, is 
illum inating, though inclined to  be empirical. Much has 
been published on the theoretical in terpretation  of micro
structure since the book was w ritten.

A weakness on the theoretical side is the mode of dis
cussion o f such topics as nucleation and the effect of im 
purities on grain-size, which are treated  in an old-fashioned

mechanistic m anner. Thus, the grain-refining influence of 
some im purities in  m elts is a ttribu ted  to  im purity  atom s 
getting in  the w ay of fast-m oving liqu id  atom s which, if  no t 
so prevented, would provoke a  sort o f nuclear fission on 
colliding w ith potential nuclei o f th e  solid. Statistical 
mechanics have no t been introduced, which is a  p ity  in view 
of the excellence of other theoretical sections. Old-fashioned, 
too, is tho discussion of the nature of grain boundaries. The 
au thor claims th a t  no evidence to  refute the amorphous 
boundary-cem ent theory has y e t been forthcoming, which is 
hardly  fair to  a t  least one em inent mem ber o f tho Institu te .

Few specific errors in  tables or figures have been found. 
The axial ratio  o f hexagonal titan ium  is 1-587, no t 1-501. 
The free-energy curve of Fig. 169 corresponds to an equili
brium  between two phases o f identical structure b u t different 
compositions (such as tho a  - f  of field in  tho A l-Zn system), 
not, as sta ted , to  an ordinary two-phase field. There are 
few m isprints, w ith the notable exception of the names of 
non-Spanish scientists, as Drs. H ummo R othery  and 
Smithclis would, among others, agree.

Tho book represents a  m onum ental effort and is a  pioneer 
of scientific m etallurgy in  tho Spanish language. N otw ith
standing the criticisms which have been made, i t  can bo 
confidently recommended to  Spanish-speaking undergraduates 
and also to  graduates seeking to widen their fundam ental 
knowledge. They can be certain th a t  there are few serious 
mistakes and th a t they  will acquire a reliable b ird ’s-eye view 
of the sta te  of the whole subject as it  was a t the end of the 
War.

R .  W. C a h n .
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Sc K , 164.

van Ginneken, A. J .  J . ,  and W. G. Burgers.
H abit piano of Zr transformation, 257. 
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Girschig, Robert. Book : “  Metallurgie
des Poudres ” , 6 1 (review).

Gitzen, W. H. See  Wagner, G. H.
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Hyde, Lawrence K . Speed control for 
testing machines, 895.

Hyler, W. S. Sec Grover, H. J .

Iandelli, A, Intermetallic compds. of 
more-electropositive elements, 158.

Ibl, N., and G. Triimpler. Electrolytic 
pptn. of metal pow ders: (diffusion
processes at cathode) 7S3.

1077

Name Index

Ichikawa, Rieh, and Chffyd Hisatsune.
Recrystn. of Mg &  Mg a llo y s : (iii.
recryst. grains annealed at higher temp, 
after severe deformation) 479.

Ichimura, Hiroshi. Statist, thermo
dynamics of supraconducting state, 
9, 749.

Icough, H. W. H. TVoven wire cloth, 534.
Iddings, G. M. See  Huffman, E . H.
Ignatov, D. V. See  Dankov, P . D.
Ikenberry, Luther C., and Arba Thomas. 
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 F . J .  C. Rossotti, and J .  G. Drysdale.
Solvent extraction of In, 7 17 .

Irwin, G. R ., and J .  A . Kies. Fracturing 
&  fracture dynamics, 556.

Isakoff, Sheldon E ., and Thomas B . Drew. 
H eat Sc momentum transfer in turbulent 
flow of Hg, 387.

Isard, Walter, and Vincent Whitney. 
Book : “  At. Power, Economic Sc Social 
Analysis ” , 544 (review).

Ishii, Seiichi. See Yasumori, Akiyoshi.
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F . Aubertin, and C. Crussard. Transi

tion point of tensile curves &  effect on 
ageing of Al alloys, 333.

Jardine, Frank. Al cylinder heads, 291.
Jarm an, Hugh G. Al for lluid packaging, 
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Jennings, C. W . See Brenner, A.
Jenny, A., and W. Lewis. Book : “  Anodic 

Oxidn. of Al ” , 2nd impression, 214 .
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“  Corrosion-Resistant Materials in 
Marino Eng.” , 3S0.

Johnson, Otto H. See Krause, Horatio H.
Johnson, Ralph A., and Donald R . Fred

rickson. Titration of quadrivalent Te 
with thiosulphate, 39.

Johnson, R. B. High-temp. problems in 
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Ziegler, G. W ., J r .
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 and M. Smirnov. Contact difference
of potential between liq. H g &  solid Pb 
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(iv.) 737 ; plastic deformation of Zn 
bicrystal : (i.) 481, (ii.) 700.

Kawaguchi, Toranosuke. Retainer m a
terials for ball bearings : (i. wearing
properties) 403.

 and Tetsuro Yamaguchi. Retainer
materials for ball bearings : (ii. running 
test results) 403.

Kawam ura, Tukasa. Anti-corrosive treat
ments for Mg, 497.

Kaw asaki, Masayuki, Kenkichi Yam aji, 
and Osamu Izumi. Cu-rich solid soln. 
in Cu-Mn binary system, 84.

Kawashim a, Namio, and Yuzo Nakamura. 
Recrystn. temp, of high-purity Al : 
(iii. effect of small amts. of impurities) 
(iv. relation between purity &  recryst. 
temp.) (v. effect of heating time) (vi. 
effect of initial grain-size) 406.

 Yuzo Nakamura, and Takuji Oku-
gawa. Effect of impurities in high- 
purity Ai on dielect, film of electrolytic 
condensers : (ii. Mg, Zn, Mn, &  Ti) 449.

Kawashima, Sukeo, and Haruo Kimura. 
Detn. of internal friction of metal wires 
&  ropes by longitudinal vibrations, 329.

K ay, Otto, and Robert A . Lubker. Less- 
familiar metals of comm, importance, 
950.

Kazakova, V. A. See Gindin, L. G.
Kê, T. S., and C. Zener. Detn. of col/1 - 

worked structure from anelastic measure
ments, 17 1 .

Kearns, W. H., H. B. Goodwin, D. C. 
Martin, and C. B. Voldrich. Welding of 
Mo, 1047.

Kearsey, H. E . Prodn. management 
technique : (i.-iv.) 974.

Keck, Paul H. Photoconductivity in 
vacuum-coated Se films, 229.

Kee, W. W. High-conductivity Cu alloys,
1 1 .

Keefe, E . J .  See Hipperson, A . J .
Keel, C. G. Welding &  soldering of Cu Sc 

Cu alloys, 928.
Keeler, J .  H. Development of Zr-base 

alloys, 567.
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Keesom, P. H., and N. Pearlman. Sp.
heat of Si below 100° K ., 550.

Kefeli, L . M. See Pogodin, S. A .
 and N. G. Sevast’ yanov. Degree of

dispersion of Ni skeleton catalyst, 703.
Kehl, George L., and Max Metlay. Mech

anism of metallographie etching, 1G5.
 and Irving Moch. Electrolytic cut

ting of metals, 257.
Kehres, Paul W. See Fassel, Velmer A.
Keil, Ernst. Sec Wellinger, K arl.
Keilholtz, Gerald W., and Martha J . 

Bergin. Micro-analysis of gases evolved 
from metals, 890.

Kellar, J .  N. Sec Hirsch, P . B .
Keller, A. See Stauffer, TV.
Keller, F. Metallizing process, 866.
Keller, J .  D. Cold rolling strip, 918.
Keller, Joseph M. See Campbell, L . Lorne.
Keller, Ugo. Moulding in cemented sand,

909.
Keller, W. H., Robert P. Ericson, and . 

Clifford Hach. Prodn. of Ce Sc Da in 
massive metallic state, 37.

Kelley, F . C. Pressure welding : (i.-ii.) 54.
Kelley, Jam es B. Plasticity, 983.
Kelley, M. T., and H. H. Miller. High- 

sensitivity recording polarograph, 116 , 
591.

Kelley, S. G. J r .  Drawing brass with good 
finishing properties, 602 ; knitted metal 
parts, 3 1 1 .

Kellner, M. J .  Patternmaking, 520.
Kelley, J .  C. R. Nee Okress, E . C .; 

Wroughton, D. M.
Kelm an, LeRoy R ., Walter D. Wilkinson, 

and Frank L. Yaggee. Resistance to 
attack by liq. metals, 638.

Kember, N. F ., and R . A . Wells. Sepn. &  
detection of Zr Sc H£ on paper strips,
432.

Kende, George. L ight weight die-castings 
for dictation machines, 953.

Kennedy, A . J .  Low-stress torsional creep 
properties of pure Al, 818.

Kennedy, J .  D. Cr carbide in indust, 
appns., 577 ; Cr carbide of high cor
rosion-resistance, 35 1.

Kenner, Charles T. See Jarnagin, Richard C.
Kennicott, W. L. See Graham, Joh n  W.
Kenny, G. S. Sec Barnett, S. J .
Kent, Francis Lawrence. See  Smith, 

William ¿Ulan.
Kentzler, H., and J .  Schroeder. A l roof of 

Wostfalennalle at Dortmund, 803.
Keravel, Jean. L ight metal bodies of 

Paris’ buses, 940.
Kerlin, W. W. Bonding clays in synthetic 

moulding sand, 519 .
Kern, H. E . See  Lander, J .  J .
Kerns, E . E ., and W. E . Baker. A l in 

petroleum refinery, 306.
K err, Eugene C. See Adams, George B ., 

J r .
Kessler, H. D. See Bumps, E . S . ; Hansen, 

M .; Rostoker, W .; Van Thyne, R . J .
Kessler, S. W. See Pond, R . B .
Keulegan, Garbis H. Hydrodynam ics of 

cathode films, 282.
K ew , D. J . ,  M. D. Amos, and M. C. Greaves. 

Bromate titration of tervalent As, 429.
Keyes, Robert W. Elect, conductivity of 

liq. Go, 1 .
Keyser, Carl A . B o o k : "  Basic Eng.

Metallurgy ” , 3 14 .
Khandros, L. G. Sec Kurdyum ov, G. V.
Kheiflts, A. L. Spectral detn. of small 

amts. of Ir, P t, &  1th in Pd, 720.
Kheinmann, A. S. See K irillov, N. I .
Khlapova, A . N. Sec Ageov, N. V . ; 

Kornilov, 1 . 1 .
Kholodenko, L. Ordering phenomena in 

alloy Cu3Au, 342.
Khomutov, N. E . Regularities in H &  O 

overvoltage phenomena, 427.
Khovyakova, P. F . Sec Tananaev, N. A.
Khrushchev, M. M., and E . S. Berkovich. 

Electron-microscope measuring of small 
indentations in microhardness testing,
431.

Kibisov, G. I. Low-voltage spark as light 
source for emission spectrum aualysis, 
642.

Kiefer, G. C. Evaluation of corrosion- 
resistance of Ti, 638.

Kieffer, R . Sintering of carbides, 27.
 and F . Benesovsky. Heat- &  oxidn.-

resistant sintered materials, 261.
 and F . KSlbl. Heat- Sc scale-resistant

hard alloys based on TiC with N i-Co-Cr 
binders, 487 ; scaling Sc oxidn. of heat- 
resistant hard metals based on TiC, 
178,

Kies, J .  A . See Irwin, G. R .
Kiessel, W. R ., and M. J .  Sinnott. Creep 

properties of comm, pure Ti, 743.
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Kiessling, R . See Hägg, G.
 and Y. H. Liu. Thermal stability of

Cr, Fo, Sc W borides in streaming am 
monia &  existence of W nitride, 83.

Kiestra, S. Fine structure near X -ray  
absorption edges of cryst. matter, 412.

Kihara, Hiroshi. Fatigue strength of spot- 
welded light-alloy joints, 927.

Kikoin, A. K . See  Fakidov, I .  G.
K ikuta, Sadao. See Masuda, Yoshimichi.
Killaby, P. J . ,  E . J .  Taylor, and W. C. 

Winegard. Segregn. during casting 
shown by radioactive Sb, 655.

Killeffer, D. H., and Arthur Ling. Book : 
“ Mo Compds., Chemistry &  Tech
nology ” , 2 15 .

Kimmei, R. M. See Wenk, S. A.
Kim ura, Haruo. See  Kawashim a, Sukeo.
Kim ura, Hirozo. Detn. of N a in welding 

flux for Al alloys, 720 ; sec also Adachi, 
M asao; Shigematsu, Tsunenobu.

Kim ura, Yasuo. See Mishima, Tokushichi.
Kim ura, Yasuyuki. Sec Tajim a, Sakao.
King, A ., and D. McAllister. R aw  m a

terials for elect, cable-m aking: (Al)
305, (Pb) 20S.

King, Cecil V., and Frances S. Lang. 
Corrosion rate of Ag in forric perchlorate 
solns., 177.

 Em il Goldschmidt, and Natalie Mayer.
Inorg. corrosion inhibitors in acid solns., 
420.

King, F . E . Thin, ductile carbide coatings 
by flamo plating, 581.

King, Ronald. Effect of surface films on 
twinning of Cd crystals, 476.

King, William. Sec Schaefer, Ralph A.
King, W. E. Direct-chill casting of Al 

ingots, 1035.
Kingery, W . D. See Norton, F . H.
Kingm an, F . E . T., E . H. Coleman, and 

Z. W. Rogowski. Ignition of inflam
mable gases b y sparks from Al paint &  
rusty steel, 955.

Kingston, R . H. Spectroscopy of K  Sc 
Ca, 70.

Kingston, W. E . Book edited b y : 
“  Physics of Powder M etallurgy ” , 60 
(review).

 and G. F . Hiittig. Problems of sinter
ing processes, 27.

Kinney, Joseph, J r .  Stainless steel-clad 
Cu for high-temp. service, 806.

Kinsey, H. V. High-temp. alloys for gas 
turbines : (i.-ii.) 807.

Kinzel, A. B. CrlsC* in stainless steel, 1 1 .
 D. Swan, H. Biers, and H. R . Pufahl.

Powder cutting process, 2 10 , 935.
Kirensky, L. V. Temp, dependence of 

energy const, of magnetic anisotropy of 
Ni, 979.

 and V. F . Ivlev. Counter inversion in
ferromagnetics, 78.

  and L. I. Slobodskoy. Effect of
elastic internal stresses on law of ap 
proach to magnetic satn., 990.

Kirillov, N. I., and A . S. Kheinman. 
Photoreprodn. on anodized A ,  709.

K irk , R . C., P. F . George, and A . B. 
Fry. High-capacity Mg dry cells, 359.

Kirkwood, John G. Crystn. as co-op. 
phenomenon, 166.

 and Frank P. Buff. Statist, mech.
theory of solns. : (i.) 158.

Kirshenbaum, A. D., and A. V. Grosse. 
Detn. of O in metals &  oxides b y  isotopic 
method, 507, 885.

Kishi, Matsuhei. Cr barrel p la tin g : (i. 
baths) 355.

Kislyakova, E . N. See A vakyan, S . V .
Kitahara, Saburö. Detn. of small amts. of 

Mg in Ni, 39.
Kittel, C. See Knight, W . D.
Klain, Paul. Inert-gas-shielded metal-arc 

welding of Mg, 52.
K lare, Paul. Formation of CujO-rich 

layers b y air on horizontally cast Cu 
wire bars, 708.

Kleese, W. Appns. of R e &  R e alloys, 309.
Klein, Gilbert E . See Gordon, Samuel G.
Klein, Julius. A  die-casting stands flame 

in gas stove without blistering, 943.
Klein, Myron W. See Sm akula, Alexander.
Klein, O. Theory of supraconductivity, 682.
Kleinschmidt, B. Book : “  Wörterbuch

der Schleif- &  Poliertechnik: I . Deutsch- 
Englisch. I I .  Englisch-Deutsch, 2 15 .

Klemens, P. G. 0 values in resistance of 
metals, 9.

Klemm, W., and K . Wahl. MgTe, 337.
Kleppa, O. J .  Thermodynamic properties 

of binary metallic mixtures, 247 ; 
thermodynamic study of liq. metallic 
solns. : (Iv. data from phase diagr. for 
systems C u-B i, Cu-Pb, &  Cu-Tl) 622 ; 
(v. systems Z n -B i & Zn-Pb) 627.

Kloppinger, D. H. See Babington, W.
do Klerk, J .  Effect of magnetic field on 

propagation of sound weaves in Ni, 
325.

Klimenko, I. E . Diagr. of universal 
generator for spectral analysis, 646.

Kline, B. F ., and J .  R . Davidson. Manuf. 
of bronze boiler plugs, 292.

Kling, H. P. See A exander, B . H.
Klingeman, Wm. E ., and Harold H. Kruer- 

Spot Sc projection welding with m ag
netic electrode force, 932.

Klingler, Wilhelm. See Hahn, Harry*
Klopfert, A. Flash-bntt welding of light- 

alloy sections, 527.
Klyachko, Yu. A . See Chertavskikh,

A. K .
 and L. L. Kunin. Surfaco tension o f

eutectic alloys, 1005.
 and S. A . Shapiro. Relation of phase

diagr. of Mg alloys Sc corrosion-resist
ance, 708.

Klyuchnikov, N. G. CrCL Sc H s in thermal 
Cr coating process, 354.

Knacke, O. H istory Sc state of theory o f 
crystal growth, 9 7 1 ;  theory of nucleus 
formation, 10 13 .

Knapp, Alfred P. Pb-clad steel Sc Cu, 
583.

Knappwost, Adolf. Measuring elect, con 
ductivity of crystals &  melts, 287.

Knickenberg, Albert. W ear Sc w’ear-re- 
sistant materials, 1053.

Knight, Lester B . Modernization without 
mechanization, 204.

Knight, Ron L. Gas cavities in rimming 
steel &  tough-pitch Cu : (i.) 67.

Knight, W. B . White brass plating, 34,
781.

Knight, W. D., and C. Kittel. N uclear 
resonanco &; electronic structure o f 
transition metals, 555.

Knowles, E . G. Sec Jew ell, R . C.
Knudsen, Arthur W. Metallic vacuum - 

tight gasket, 648.
Knyazheva, G. V. Col. detn. of Pd in 

refined A g &  A g products, 365 ; see also 
Ryabchikov, D. I.

Ko, T. Sec Morgan, E . R .
Kobayashi, Takeo. See  Masumoto, H a- 

karu.
Kobin, I. I. See Gulyaev, A. P.
Koch, — . Inert gas welding, 302.
Koch, E . See v . Hofc, H.
Koch, G. H. Elect, appliances, design for 

Al die-castings, 306.
Koch, K . M. See Fieber, H .; H ofbauer, 

T .
Koch, Paul. Relation between grain- 

size of sprayed metal coatings Sc con
ditions of spraying, 27 1.

Koch, W. Micro-analysis in metallurgy* 
591.

Kochendorfer, A . Investigations of plas
ticity, 972 ; quant, explanation o f 
crystal structures in terms of disloca
tions, 773 ; recorder for contraction 
stress/temp, curves, 8 9 1; theor> o f 
glide-hardening, 557 ; see also Seagcr, 
Alfred.

Kochnev, M. I. Anomalous values on 
log. curves of dissocn. pressure of Co 
arsenides, 992 ; dissocn. pressure of 
Cu,As, 993; prepn. of arsenides of 
precise compn., 397 ; thermodynamic 
properties of Co arsenides, 992.

Koda, Shigeyasu. See  W atanabe, R yoji.
 and E iji Isono. Heat-treatable C u -

Cr alloys, 464.
Koehler, J .  S. Nature of work-hardening, 

456; prodn. of large tensile stresses by 
dislocation, 4 1 1 ;  see also Blowitt, 
T. H . ; Marx, J .

Koehler, W. C. See Shull, C. G . ; Tucker,
C. W.

——  Joseph Singer, and A. S. Coffinberry. 
X -ray  Sc neutron-diffraction studies o f  
M Bet, intermetaliic compds., 252.

Koenig, R . F ., and S. R . Vandenberg. 
Liq . N a as non-corrosive coolant, 265, 
780.

Koenigsberg, Ernest. See  Campbell, L . 
Lorne.

Koenigsberger, F . Training of W'elding 
engineer, 936.

Kogan, V. S., and B. Ya. Pines. Propn. 
of alloys of varying concn., 650.

Koh, P. K ., and Betty Caugherty. Met- 
appns. of X -ra y  fluorescent analysis, 
198.

 B . Caugherty, and R . E . Burket.
Intensity calcn. for detg. wt.- % in
binary alloy b y X -ra y  fluorescent- 
analysis, 249.

Kohler, K arl. Steel-cored A l conductors,.
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Kohler, M. Change of elect, resistance of 

different conductors in magnetic field, 
829 ; relation of thennoelect. powers of 
metals to ideal purity, 828 ; sim ilarity 
rule for thermal conductivity of metals, 
827 ; theory of deviations from Matthics- 
sen’s rule, 560 ; thennoelect. effects at 
very low temp., 619 ; sec also Justi, E . 

 and G. Zielasek. Temp./time varia
tion in elect, contacts, 619.

Kohler, W. P. A l coins, 532.
Kohlmeyer, E. J . ,  and H. W. Retzlaff. 

A1S, S iS 2, & system  A l-S i-S , 8 1.
 and Karin v. Sprenger. Oxidn. of

liq. Ag-Cu alloys, 178.
Kohn, A. Radioactive elements in study 

of steels Sc indust, processes, 964.
Kohn, W. Variational methods for 

periodic lattices, 752.
Koike, K . See  Asada, H.
Kolb, E . D. Nee Slichter, W. P.
Kolb, John. Electroforming, 1 1 2 ;  etched 

pattern for identification of tinplate 
coats, 865.

Kolb, Wolfgang. Thickness measurement 
by y-rays Sc counting tubes, 353.

Kölbl, F . See Kieffer, R .
Kolontsova, E . V. Sec Bagaryatsky, Y u . A. 
Kolotti, A . A . See Delimarsky, Y u . K . 
KolthofT, I. M., and J .  J .  Lingane. B o o k : 

“  Polarography, I - I I . ” , 2nd edn., 2 15 .
 and E . P. Parry. Detn. of Os by

Polarographie kinetic H aOa current, 
788.

Kom ar, A ., and I. Portnyagin. Elect, re
sistance change of N i3Mn in magnetic 
field, 9 1 ;  elect, resistance of Cu3Pd in 
transverse magnetic field, &  long-range 
order of atoms, 84.

 and N. Volkonshtein. Dependence
of Hall const, of N i,M n on spontaneous 
magnetization, 91.

Kom arek, K . See Nowotny, H.
Kom arov, N. L. See Mashovets, V . P. 
Komers, — . Amer. welding practice, 302. 
Koncz, Istvdn. Appn. of ultrasonics to 

metal industry : {i.—ii.) 966.
Kondic, V. Indust, m etallurgy at Birm ing

ham U n iversity : (ii.) 962 ; see also 
A tchison, Leslie ; Yao , T . P.

 and T. P. Yao. Flow ability of binary
Sn-Zn Sc A l-Z n  alloys, 155.

Kondorsky, E. Single-domain structure 
in ferromagnetics, Sc magnetic proper
ties of finely dispersed substances ; (ii.) 
683; sec also Bulgakov, N.

König, Paul. See Glomser, Oskar.
K on ’kov, V. L. See Samoylovich, A . G. 
Konobeevsky, S. T. Solid phases * of

variable compn. Sc laws of structure, 
248 ; see also Umansky, M. M.

Konrad, Alwin. See Hahn, H arry. 
Konried, G., and A. C. Rankin. Weld 

testing by ultrasonics, 900.
Konstantinov, V. A. Viscosity of liq.

S n -B i Sc Sn-Zn eutectic alloys, 402. 
Konusov, V. F . See Zhdanov, V . A.
K 6nya, A . See Hoffmann, T . A.
Koopman, K . H. Hard-facing with inert- 

gas-arc welding, 446.
Kopecky, A ., and R. Schamschula. Book : 

“  Mech. Technologie ” , 314 .
Kopelman, Bernard. Metal powders propd. 

by redn. of oxides, 2 8 ; see also Holden, 
Robert B .

Koppe, H. Contribn. of surface to sp. 
heat of disperse systems, 330 ; non
linear extension of London theory, 829.

 and J .  M. Bryan. Hall effect, 148.
Koppe, R . See Hofmann, W.
Korbelak, A ., and E . C. Okress. Ni-plating 

for brazing of stainless steel, 499. 
Körfgen, G. Ni itch, 970.
Körner, Max. Metalwork in Bavaria,

1055.
Kornilov, I. I. Continuous solid solns. 

of transition elements, 629; rule for 
temp, dependence of soly. of metals in 
Fe, 689; solid solns. of metallic com
pounds, 1004; see also Ageev, N. V.

 and A. N. Khlapova. Isothermal
transformation of supersat. solid solns. 
of A l &  Mn in Mg, 337.

 and V. S. Mikheev. Study of trans
formation of a solid soln. in Fe-C r 
system  b y transformation-rate method,
623.

Korringa, J .  See Gerritsen, A . N.
Kortüm, G., and J .  O’M. Bockris, B o o k :

“  Electrochemistry, I . - I I . ” , 62 (review). 
Köster, W. Age-hardening of A - A g  

alloys, 972 ; magnetic measurements of 
internal stresses set up during age- 
hardening of N i-B e  alloys, 972 ; re
building &  work o f M ax Planck Institut, 
972 ; system  Cu-N i-M g, 831.

Köster, W., and Lothar Bangert. Effect of 
Pb on modulus of elasticity &  damping of 
Cu, Ag, Sc brass, 991.

 and Josef RafTelsieper. Magnetic
study of diffusion during sintering of 
N i-Cu alloy powder compact, 703.

 and Fritz Sautter. M g-C a-B i system,
690.

Kostron, H. Detn. of H content of light 
m etals: (i.—iii.) 7 17 ;  forms Sc method 
of corrosion attack on Al alloys : (i.-ii.) 
705; gases in Al, 9 7 1 ;  mathematics of 
tensilo test, 9 8 1; technological mechanics 
of deep drawing, 1043.

Koshuba, W. J .  See Gordon, Samuel G.
 and J .  A. Stavrolakis. Cermets in

jot design : (i.-ii.) 857.
Kotani, Seiichi. See Aiizumi, Tetsuya.
Kottmann, A. See Seith, W.
Kouvelites, J .  S. See Beck, F . J .
 and L. W. McKeehan. Magneto-

strictive vibration of prolate spheroids: 
(N i-Fe Sc N i-Cu alloys) 758.

Kovacs, KIdra. See Bdcskai, Gyula.
Kovalenko, P. N., and V. L. Dmitrieva. 

Electrolytic depn. of Pb in presence of 
Zn, &  detn. of Zn, 1 15 .

Köves, Elemör. Sequence of rolling passes 
for slabs, 48.

Koziarski, J . ,  and K . B. Gillmore. Factors 
in aircraft w'elding design, 442.

Kozlovsky, M. T., and S. P. Gushchina. 
Chronometrie detn. of Bi, 1 1 3 .

Krabacher, E . J . ,  and M. E . Merchant. 
Factors in hot machining of metals, 378.

Krainer, H. Phys. studies of bard-metal 
TiC alloys, 841.

 Leopold Wetternik, and Carl Carius.
Process of scaling &  short-time life-tests 
in resistance-heating alloys, 1020.

Krakower, Gerald. Sec Levine, E . M.
Kramer, I. R ., and R. Maddin. Delay time 

for initiation of slip in single crystals, 
475.

Kram er, J .  Point counter &  counter tube 
in met. surface study, 350.

Kräm er, O. Electrodepn. of brass, 499 ; 
jigs for plating baths, 279.

Kramer, Paul. Manuf. of spoons &  forks 
in Switzerland, 915.

Kraus, Kurt A., and George E. Moore. 
Anion-exchango stu dies: (iii. P a  in 
H C 1-H F mixtures, sepn. of Nb, Ta, Sc 
Pa) 885.

Krause, Hugo. B o o k s : "  Galvano
technik ” , 13th  edn., 1 2 2 ;  “  Metall-
ftirbung ” , 3rd edn., 320 (review); 
lacquering equipment, 298.

Krause, Horatio H., and Otto H. Johnson. 
Analyt. methods for Ge, 787.

Krautkrämer, H. See Krautkräm er, J .
—  and J .  Krautkrämer. Ultrasonic 

material-testing, 900.
Krautkrämer, J .  See Krautkrämor, H.
— —  and H. Krautkrämer. Ultrasonic 

testing apparatus, 724.
Krautz, Erich. Hall effect in Rb, 820.
Krebs, H. Lattice distortion in hexagonal 

Se, 16 4 ; structure of glassy Se Sc 
catalytic conversion into hexagonal 
cryst. form, 849.

Krekeler, K . Development of metal 
spraying, 866.

Krenzien, O. Scattering of slow electrons 
by solid A l surfaces, 546.

Krepelka, J .  H., and M. Houda. Col. 
detn. of TI, 1 15 .

Krider, H. S. See Hidnert, Peter.
Kriessman, C. J .  See McGuire, T . R .
 and T. R . McGuire. Magnetic suscep

tibility of U, 138.
K rijff, A . Ph. Argon-arc welding of Al 

Sc resistance to sea-water, 54.
K rill, F . M. See Aust, K . T.
Kripyakevich, P I. Relationship between 

lattices of NiAs, N i,In , Sc rhombic type, 
409 ; see also Gladyshovsky, E . I .

Krishnaji, — . Detn. of elastic consts. of 
solids by pulse-method, 651.

Krishnamurty, K . V. S., and A. Purushot- 
tam. Vanillic acid as reagent for Th, 366.

Krishnan, A. A. Pow'der met. industry in 
India, 490.

Kroll, W. J .  T i metallurgy, 138  ; vacuum 
metallurgy, characteristics Sc scope, 362.

  ■ W. R . Carmody, and A. W. Schlechten.
High-temp. experiments with Zr &  Zr 
compds., 744.

—  W. W. Stephens, and J .  P. Walsted. 
Graphite-rod hairpin-resistor furnace 
for high temp., 1039.

Kromer, J .  See Nowotny, H.
Kroncke, G. Effect of chem. transform a

tion on plastic deformation, 971.
Kronig, R . Description of electron inter

actions, 776.

Analyt.Kronstadt, R ., and A . R . Eberle.
detn. of Th, 788.

Kropschot, R . N. See Bowen, Dw-ain.
Krotz, Laird C. See Fossel, Volmer A.
Kruer, Harold H. See Klingeman, Wm. K.
Krumbeck, Walter J .  Electroforming in 

dentistry, 426.
Kruschwitz, Henry W., Jr .  See Gibb, 

Thomas R . P ., J r .
Kruse, J .  M., and Warren W. Brandt. 

Analyt. appns. of Zn-phenanthroline 
complexes, 286.

Krynitsky, A. I., and F. W. Raring. 
Sieve analyses of silica sands, 294.

Krysko, W. W. See D avcv, R .
Kryukova, O. N. See Mikheeva, V . I.
Kubaschewski, O. See Allen, N. P.
 and B . E . Hopkins. Book : “  Oxidn.

of Metals & Alloys ” , 604.
— and R . Hörnle. d of molten M g,Pb 

Sc M g,Bi*, 243.
Kiichli, G. Soldering, annealing, melting 

Sc sintering with radio-frequency heating 
equipment, 1040.

Kuczewski, Wladyslaw. M arxist dialectics 
&  m etallurgy, 963.

Kuczynski, G. C. Mechanism of sintering 
(Cu), 385 ; see also Alexander, B . H.

Kudelya, E. S. Standards for spect. 
analysis, 646.

Kudernatsch, G. Sec Wogrinz, A.
Kudryatvsev, D. L. See  Grigor’ev, A . T.
Kudryavtsev, N. T., and E . A. Tereshkovich. 

Electrolytic prodn. of highly-dispersed 
Pb pow'der, 872.

Kuert, W. Standardization for economic 
prodn. Sc distribn. of commodities, 1056.

Kuhlman-Wilsdorf, Doris. See Wilsdorf, 
Heinz.

 J .  H. van dor Merwe, and H. Wilsdorf.
Structure &  slip-band formation in Al, 
569.

Kuhm , M. Bearings of A l alloys, 941.
Kuhn, W. E. Graphite electrodes & 

heat losses in single-electro do inert-atm. 
arc-furnace for Ti melting, 205, 5 19  ; 
prodn. of T i ingots from sponge metal 
in inert atm. arc furnaces, 5 17  ; Ti &  
Zr casting, 794.

Kiihnel, R . B o o k : “  Werkstoffe für
Gleitlager ” , 2nd edn., 536.

Kul'berg, L. M., and I. S. Mustafln. 
Spot reaction for detection of Al, 1029.

Kulin, P. A . See Magel, T . T.
Kum agai, Tatsuo. See Sekigucbi, Toshi- 

yuki.
Kunin, L. L. Formulae for calcg. surfaco 

tension of metals, 390; see also Klyachko, 
Y u . A .

Kunitomi, Nobuhiko, and Teruko Ogura.
Anelastic measurement on recovery of 
cold-wrorked Al, 545.

Kuntze, Wilhelm. Characterization of 
brittleness by tension & impact tests on 
notched bars, 982.

Kunz, F . W. See Holden, A. N.
Kunz, J .  Welding &  hard soldering, 924.
Kunze, C. T., and A. R. Willey. Electro

lytic  detn. of Sn Sc Sn—F e alloy coating 
weights on tinplate, 355.

Kuperschmid, Norman. High-speed phos
phate coating, 182.

Kura, J .  G. T i casting in shell-moulded 
refractories, 5 17  ; see also Grube, K .

Kurdyumov, G. V. Diffusionless marten- 
sitic transformations : (i.-iii.) 577.

 and L. G. Khandros. Thermoelastic
equilib. in martensitic transformations, 
578.

Kuritsyna, E. F . Temp, dependence of 
magnetic viscosity of ferromagnetic 
metals, 989 ; see also Telesnin, R . V.

Kurnakov, N. N. System  Cr-Si, 240.
 and M. Y a. Troneva. System  M n-Ni,

565.
Kushner, Joseph B, Surface-tension 

control in plating, 358.
Kutsch, H. J .  See Carbon, M. W.
Kutzelnigg, Arthur. Reagent papers for 

testing porosity of electrodeposits Sc 
identification of metals, 279.

Kuzmak, J .  M. See Campbell, A . N.
Kuzmick, Jerome F . Appns. of hot press

ing, 580.
K u z ’mina, N. N. See Chovnik, N. G.
Kuznetsov, V. G. Crystallo-chemistry of 

binary Al alloys, 237 ; X -ray  study of 
system  P t-C u -N i, 401.

Kuznetsov, V. I. Colour reaction for Ru 
&  Os, 1030.

Kuznetsova, L. I. See Filippova, N . A.

LaChance, M, H. See Bruckart, W . L* 
Lachaud, C. See  Bourdier, M.
Lacombe, P. See Ballay, M. ; Chaudron, G,
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Lacourt, (Mile) Alice, (Mlle) Ghislaine 
Sommereyns, and Georges Wantier. 
Quant, inorg. paper chromatography,
510.
— (Mlle) Ghislaine Sommereyns, (Mile) 

Jeannine Hoffmann, (Mme) Anne Stad
ler, and Georges Wantier. Direct detn. 
of chromatographizcd elements on 
paper with y scale : (Mo Sc V) 430.

Lad, Robert A. Crack formation on NaCl 
single-crystal surfaces, 258.

Laenneg, E. Cu &  Cu alloys in heat- 
exchangcrs, 10 5 1 ; Cu roofing &  coping,
10 5 1.

van Laer, K . J .  Blok. See Meyer, M. A.
Lagrenaudie, J .  Rectification b y To 

contact, 137.
Laken, Thomas H. Finishing Parker pens,

922.
Lakshminarayana, D., and Bh. S. V. 

Raghava Rao. Analyt. chemistry of 
Th : (x. N H , furoato Sc N a sulphanilate)
367.

Lamb, Vernon A. Metal cleaning Sc finish
ing, 799.

Lambeir, R . See van Itterbeek, A.
Lambot, Honoré, and Lawrence Vassamillet.

Bragg reflection &  imperfections of 
crystals, 173  ; deformation & polygoniza
tion of Al single crystals, 474 ; detn. of 
lattice disorientation in single crystals 
bv  X -ray diffraction. 776.

La Mer, Victor K . Nucléation in phaso 
transitions, 576 ; sec also Pound, Guy M.

Lammie, G. A. Sec Osborne, John.
Lamourdedieu, Marcol. Continuous ther

mal treatment of Al-alloy strip, 5 2 1.
Lampitt, L. H. Chem. analysis in industry,

5 1 1 .
Lam ure, J . ,  and D. Henriet. Acetic 

anhydride in detn. of Si, 1 1 1 .
Land, Jam es E. Electrochem istry of Ge, 

281.
Land, T. See Drury, M. D.
 and R . Barber. Period immersion

pyrometer, 37 1.
Landau, L. D. See Ginzburg, F . L .
Landauer, Rolf. Elect, resistance of binary 

metallic mixtures, 246.
Lander, J .  J .  Effect of corrosion &  

growth on life of positive grids in P b - 
acid cell, 491, 1019 .

 H. E . Kern, and A. L. Beach. Soly.
&  diffusion coeff. of C in Ni &  reaction 
rates of N i-C  alloys with BaO, 675.

Landerl, H. See Thury, TV.
Landgraf, F. K . See Zapffe, C. A.
Landolt, P. E. Li survey, 958.
Landsberg, P. T. Theory of barrier-layer 

rectifiers, 682 ; theory of semi-con
ductors, 682.

Lane, C. A. Wire in radio valves, 954.
Lane, C. T. Sec Berlincourt, T . G.
Lane, Joseph R . See  Shahinian, Paul.
Lang, Frances S. See King, Cecil V.
Lange, E . Electrochem. fundamentals : 

(ii.) 283 ; sec also Lücke, K .
Lange, E. A ., and R . W. Heine. Test for 

hot-tearing tendency, 794.
Lange, Werner, and Heinz Schlegel. 

Equilib. diagr. of system s Fo -S b -S  &  
C o -S b -S ,689.

Lange-Eichholz, K . H. Sec Johannscn, F .
Langford, K . E. Detn. of total sulphate 

in Ni-plating solns. using disodium 
cthylenediamine tetra-acetato, 781 ; rapid 
detn. of Mg in Ni-plating solns., 35.

Langhammer, A. J .  Powder metallurgy,
778. , . t

Langton, John W. Press-tool maintenance,
602.

Langum, Bjorn. Sec Sissener, John.
Lankes, Johann Christian, Erika Orla- 

münder, and Günter Wassermann.
Fluorescent screen in X -ray  structure 
study, 853.

Lantior, R. Cu through ages, 1053.
Lanusse, P. See Pelletier, L .
Lapir, E . S. See Babaeva, A . V.
LaQue, Francis L. Corrosion testing, 3 1 ; 

salt-spray tests, 581 ; see also Friend, 
\V. Z.

Laquer, Henry L. See Schuch, Adam F.
Lardge, H. E. Resistance welding of jet 

engines, 444 ; welding on gas-turbines 
for aircraft, 930.

Lardner, E . Formation of intracryst. 
voids in soln.-treated M g-A l alloys,
690.

Largent, Edward J .  See Dutra, Frank R .
Larigaldie, A. See ter Berg, J .
Lark-Horovitz, K . See Cleland, J .  W .; 

Hudson, R . P.
Larke, E . C. I.C .I. creep test research, 

895.
Larke, L. W. See Rotherham, L.
1081

Larsson, Ake V. Effect of Al on properties 
of cast gun-metal Sc removal of Al by 
slag, 794.

Laschinger, J .  E . Symposium on vermi- 
culite in foundry : (i.) 597.

Lashko, N. F. Equilib. diagr. N i-S i, 
1000 ; sec also A vakyan, S. V.

Last, A. J .  He vs. A  for welding Al, 442.
Lathrop, A. L. See Pry, R . H.
Latin, A. Creep Sc fracture study on Pb 

cablo-sheath alloys, 837.
Lattey, Richard. Polishing of high-purity 

Al by repeated anodizing Sc resoln. of 
anodic films, 601.

v. Laue, M. Book: “ Theory of Supra
conductivity ” , (Engl, transi.) 314  ; 
supraconductivity Sc electrodynamic 
potential, 332.

Laughner, E . M. Induction brazing for 
Cu &  Cu-alloy parts, 663.

Laurent, P. Book : “  Etudes des Per
turbations Cristallines Produites dans des 
M étaux pas des Efforts Alternés ” , 
127 (review).

 and M. Bâtisse. Recrystn. kinetics
of Al, 251.

Laushkina, M. M., and F . I. Rogov.
Luminescent flaw detection in metal 
industry, 651.

Lauterjung, Gustav. Practice &  develop
ments in Al chill casting, 723.

Lautz, Günter. Sec Justi, Eduard.
Lauw-Zecha, A. B . H., S. S. Lord, Jr .,  

and D. N. Hume. Col. detn. of Nb with 
thiocyanate, 194.

Laval, Gaston, and René Schweyckart. 
Sawing of Al alloys, 376.

LaVelle, D. L. See Quadt, R . A.
Lawrence, J .  B. Purity of Hg, 820.
Lawrence, John H. Corrosion prevention 

for metals, 867.
Lawrence, R ., and A. F . Gibson. Measure

ment of drift mobility in semi-conductors, 
683.

Lawson, A. W. Sec Nachtrieb, N. H.
Lawson, M. O. Analysis for industry : 

(complexoncs) 592.
Layton, D. N. Crystal structure of electro- 

deposited Ag, 409, 1010 .
Lazan, B. J . ,  and L. J .  Demer. Damping, 

elasticity, Sc fatigue properties of temp.- 
resistant materials, 472.

Lazarev, B. G. Sec Galkin, A. A . ; Kan, 
L . S . ; Verkin, B . I.

—  and A. I. Sudovtsov. Vol. change of 
Sn during supraconductive transition 
in magnetic field. 980.

Lazarus, D. See Slifkin, L.
Leaf, Walter. Residual-stress analysis, 897.
Lebacqz, J .  V., and M. G. Bodmer. De

tection of microwave signals b y NbN 
supraconductors in transition region,
567.

Lebedev, T. A. Mechanism of diffusion in 
substitutional solid solns., 1006.

Le Comte, — . Welding in automobile 
industry, 302.

Leddicotte, G. W-, and S. A. Reynolds. 
Detn. of trace elements by neutron 
radioactivation, 790.

Lederer, M. See Bouissières, G.
Ledford, R . F ., and E . A. Dominik. Wear 

characteristics of electrodeposits, 1 1 2 .
Lee, E . W. Magnetostriction of ferro

magnetic alloys, 157 .
Lee, H. T. See. Brick, R . M.
Lee, P. R . Close temp, differentials in 

bimetallic thermostats, 902.
Lee, T. S. Electrochem. phenomena at 

rotating Hg electrode : (i. redn. of metal 
ions) 504.

Leeds, G. See Iialicki, M.
Leeman, A. Power required for radio- 

frequency heating of metals, 1040.
Lees, D. C. G. Effect of addns. on corro

sion resistance of Al casting alloys, 263 ; 
stud-welding A l-M g alloys, 30 1, 925.

Leger, P. Sec Prugne, P.
Legran, A. E . Sec Agladze, R . I .
Leib, F . E. Copperweld fine wire, 806.
Loibfried, G. At. theory of elasticity, 679 ; 

forco acting on dislocation, 851 ; dis
tribn. of dislocations in static equilib., 
10 14 ; see also Haasen, P.

 and H.-D. Dietz. Dislocation struc
tures in f.c.c. crystals : (i.) S52 ; theory 
of screw dislocation, 851.

—  and Kurt Lücke. Strain field of dis
location, 851.

de Leiris, Henri. Fracture of cast parts 
under cyclic stresses, 435 ; morphological 
analysis of fractures, 165.

Lelong, P. Sec Hérenguel, J .
Lement, B. S. See Rideout, S.
Le Monnier, J .  Al rotor windings for 

asynchronous motors, 935.

Lenel, F. V. Sintering with liq. phase, 28.
Lengbridge, L. W. Deep drawing of Al, 

207.
Lenning, G. A . Sec Craighead, C. M.
Lennox, J .  W. See Blackwell, R . I.
Lensi, P. L. Sec Garino, C.
Lonz, Dieter. H ot deep-drawing process,

1043.
Leonard, Guy. Al for Brit, industries, 956.
Leontis, T. E . Effect of rare-earths on 

extruded Mg, 88 ; effect of Zr on M g-Th 
&  M g-Th-Co alloys, 89 ; properties of 
M g-Th &  M g-Th-Ce alloys, 13 .

Lerebours-Pigeonnière, J .  Appn. of theory 
of plasticity to rolling of thin strips, 728.

Le Roy, D. J .  See Cvetanovic, R . J .
Leschen, J .  G. Sec Fisher, J .  C.
Lescoeur, Jean. A l in  treatment of 

wounds, 969.
Leslie, H. L. C. Sec Zeno, R . S.
Leslie, W. C., K . G. Carroll, and R . M. 

Fisher. Diffraction patterns &  crystal 
structuro of S i,N 4 Sc G c3N 4, 479.

Le Thomas, Pierre Julien. Sec Blanc, 
Georges.

LeTort, Y. Refractories in reaction 
motors, 310.

Levan, R. K . See Richards, J .  T.
Levie, M. H. P. Al alloys in general eng., 

804.
Levin, A. I., and A. V. Pomosov. Hydro- 

phobization of metal powders jus cor
rosion protection, 7 1 1  ; stabilization of 
powdered Cu as regards corrosion, 10 18 .

Levina, M. L. See Tananaev, I. V.
Levine, E. M., and Gerald Krakower. 

Identification of Zn in presence of Ni 
Sc Co. 367.

Levoe, Clarence E. Investm ent casting for 
suporalloy parts, 435.

Levy, S. Sec Y ing, C. F .
Lewartowicz, Eugène. Overvoltage in 

oxidn.-redn. systems, 785.
Lewis, Floyd A . Al for textile equipment, 

5 3 1  ; heat-treatment of Al, 913.
Lewis, G. B ., and J .  S. Corrall. Aircraft 

part prodn. by hydrofonning, 659.
—  and L. Frost. Prodn. of aircraft 

parts &; tools by electroforming, 870.
Lewis, Jam es E. Eng. design of WC rock 

bits, 1053.
Lewis, J .  R . See Dismant, J .  H. ; Fassell, 

TV. M.
Lewis, W. See Jenn y, A.
Lewsey, Bernard C. Anodic oxidn. &  

colouring of Al, 269.
Li, Yin-Yuan. Bcthc-Weiss theory of anti

ferromagnetics, 78.
Libsch, J .  F . Sec Ananthanarayanan, 

N. I. ; Fountain, Richard TV. ; W arren, 
Donald.

Liddiard, E. A. G. Sec H ardy, H . Iv.
 and A. H. Sully. Cr-base alloys for

gas-turbine applications, 397.
Liddiard, P. D., and P. G. Forrester.

Casting problems of C u-Pb alloys, 
292, 594.

Lidiard, A. B. Spin degeneracy &  theory 
of collective electro a ferromagnetism, 
685.

Lidman, W. G. Sec Ham jian, H . J .
 and H. J .  Hamjian. Effect of grain-

size <Sc d on mech. properties of sintered 
carbides, 48S ; m etal-refractory alloys, 
403 ; roactions in sintering of ZrC -N b 
Cermet, 487.

Lieberman, D. S. See Read, T . A.
Lieblich, Joseph H. Nee Patton, Richard A.
Liebmann, H. See Bishop, J .  R .
Lieby, Gustav. Book : “  Gestaltung von 

Druckgusstcilen ” , 60S (review).
Liefeld, John S. Roll-forming techniques 

for high prodn. to close tolerances, 437.
Lietzke, M. H. Sec Clark, W alter E.
Lifshits, I. M. Destruction of supracon

ductivity b y magnetic field : (i.) 236.
Liger, J .  C.d. in electrodepn., 278 ; 

temp, effect on electrodepn., 27S.
Likhtman, V. I. See Rehbinder, P. A.
  and B. M. Maslennikov. Crystn. of

metallic melt, 105.
 and P. A. Rehbinder. Effect of

surface-active lubricants on pressing & 
sintering of powdered metals, 1016 .

 and E . K . Venstrem. Effect of di
mensions of Sn crystals on stress/ 
strain curve & decrease in strength, 7 1.

— — and E. P. Zakoshchikova. Effect of 
surface-active agents on deformation of 
Sn single crystals, 7 1.

Lillie, D. W. A .E .C . in solid-state m etal
lurgy, 967.

Lilliendahl, W. C. See Gregory, E . D.
—  E. D. Gregory, and D. M. Wroughton. 

Rem oval of embrittling gases from Zr, 
38, 506.
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Lillieqvist, G. A. Research foundry unit, 

79C.
Linde, J .  O. See Gerritson, A . N.
Linden, D. See Ellis, G. B .
Lindner, Erich. Study method of quater

nary Bystems, demonstrated with P b - 
Zn-C d-Sb, 689.

Lindner, Roland. B o o k : “  Festkör
perchemie ” , 5 8 ; sec also Hedvall, J .  
Arvid.

Lindorf, H. Book : “  Technische Tem 
peraturmessungen ” , 735 (review). 

Lindqvist, Hans. Effect of Si in Al on 
cutting tool life, 238.

Lindsay, A. S. Moch. springs, 53-1.
Lindsay, Robert. Magnetic susceptibility 

of MnSe, 90.
Lindvall, F. C. Sec McMaster, R . C. 
Linford, H. B ., and E. B. Saubestre. 

Degreasing evaluation by atomizer 
test, -4 4 0.

Ling, Arthur. Sec Killoffer, D. H.
Lingane, J .  J .  Sec Kolthoff, I . M.
Linicus, W. Al container for beer trans

port, 5 3 1 ;  see also v . Hofe, H.
Link, H. S. See Smith, G. V.
Lipsett, C. H. Book : “  Indust. Waters, 

Conservation Sc Utilization ” , 314 . 
Lissner, O. Stress-corrosion of Cu alloys, 

26 4 ,10 19 .
Litell, Joerg. Spot welded giant wing 

tank, 442.
Little, G. P. Sec Burston, R . M.
Little, R . N., Jr . See Dvorak, H. R . 
Littlewood, J .  H., and C. Maskery. Null 

method of measuring periodic strains, 
792.

Littmann, M. F . Magnetic alloy tape with 
rectangular hysteresis loops, 474.

Litton, F . B. High-purity Zr, 6 ; prepn.
&  properties of Hf, 134.

Liu, S. I. Effects of precomprcssion on 
Al alloy during cyclic stressing, 79.

 and E. J .  Ripling. Flow  &  fracture
characteristics of 24S-T1 as affected by 
strain thermal history, 685.

Liu, T. S., and E. A. Peretti. In -A s 
system, 623, 836 ; lattice parameter of 
InSb, 100.

■ and M. A. Steinberg. Twinning in
single crystals of Ti, 480.

Liu, Y . H. See Burgers, W. G . ; Kicssling,

Livshits, B. G., and K . V. Popov. Detn.
of equilib. diagr. of system  Fe-C , 995. 

Livshits, D. E. See Mirkin, I . L .
Livshits, L. Ya. See Ginzburg, L . B.
Lizell, B . Elect, conductivity of liq. So 

Sc Se-Te mixtures, 4.
Lloyd, C. O. Variability of metal, 615. 
Locati, L. Effect of stress on metallic 

materials, 823.
 and B. Bianchi. Relief methods for

met. study of surface finish, 1035.
   and R. di Carlo. Damping of Cu

alloys, 833.
Lock, J .  M. Penetration of magnetic

field into supraconducting Sn, Pb, &  
In  films, 5, 553.

— —- A. B. Pippard, and D. Shoenberg.
Supraconductivity in Sn isotopes, 522. 

Locke, John J .  Precision machining of 
largo Al alloy forgings, 437.

Lockhorst, D. A . See Franken, B . ; van 
Itterbeek, A.

Loebich, O. Working temp, of A g solders,
5 1.

Loeschmann, Arnold. Effect of addns.
on extrudability of cable Pb, 242. 

Loevinger, R . Considerations in vacuum 
practice, 891.

 and A. Guthrie. Leak-detection
instruments Sc techniques, 892.

Loferski, J .  J .  Opt. polarization in single 
crystals of Te, 742.

Lofgren, N. L. Nee Brewer, L.
Loftness, R . L. Vapour-pressurc chart, 

234.
Logan, Hugh L. Effect of Cr plating on 

plastic deformation of S A E  4130 steel, 
355 ; film-rupture mechanism of strcss- 
corrosion, 30.

Löhberg, K . Creep of non-ferrous metals 
&  alloys, 233, 615.

— —■ and H. Nann. Electroplating of 
high-purity Zn alloys, 273.

Lohman, C. See Sorin, B .
Lohr, Harold R. Heats of formation of 

aq. ions of Am, 869.
Loidl, A. See Gagliardi, E .
Loiseleur, Jean. Immunization of A g Sc 

Cu surfaces against corrosion, 270.
Lomas, J .  Indust, refractories, 9 12 ;

powder-metal dairy filters, 261.
Lombardi, P. Wrought C u-Be alloys, 

834.

Lomer, W. M. Y ield  phenomenon in 
polycryst. mild steel, 342.

Lomonosova, L. S. Spectral detn. of Ti 
Sc Nb in metallic T a  powdor, 645.

Long, E . A. See Jones, W. M.
Long, J .  V. Ceramic coatings, 780.
Long, L. M. Ingot shapes, 656.
Longacre, Lloyd A . See West, Philip W. 
Longard, K . Testing bearing-metals for 

Ford engine, 1 18 .
Longini, R. L. Elect, forming of ?i-Ge 

transistors using donor-alloy contacts,

Longman, I. M. Sec Hill, R .
Lonsdale, Kathleen. Sec Henry, N. F . M .: 

Tip pell, T. L. 
van de Loo, K . J .  Al storage tanks, 306. 
Loonam, A. C. Indust, electro-winning Sc 

electro refining. 506.
Loose, W. S. Mg prodn. & uses, 949.
Lopez de Azcona, Juan Manuel. Spectral 

study of effect of phys. state in Stellito 
30, 718 .

 and Luis Jimeno Martin. Effect of
presence of Zn in Pb on spect. analysis 
of system Z n-P b -Sn , 645.

Löpmann, G. See Scith, W.
Lord, R. C. F a r infra-red transmission of 

Si Sc Ge, 137 .
Lord, S. S., Jr . See Lauw-Zecha, A. B . H. 
Lorents, A. K . Dcpcndenco of H a over

voltage on nature of cathode metal, 
427.

Loriers, Jean. Study of pyrophoric metals : 
(oxidn. of Ce Sc U) 637 ; see also Bar- 
bezat, (Mmo) Suzanne.

Lorig, C. H. Met. review of fracture, 
823.

Loring, B. M., W. H. Baer, and C. G. 
Ackerlind. Al-Mischmetall alloy for 
elevated-temp, service, 80.

Lorking, K . F . Electropolishing problems,

Los, J .  M., and J .  A. Morrison. Calibra
tion of P t  resistance thermometers in 
temp. range 1 1  °-9 0 ° K . , 37 1.

Losana, Luigi. Studies on Cu-Bo alloys, 
834.

Loshkarev, M. A . See Sotnikova, V. I.
 and M. P. Grechukhina. Chem.

polarization b y adsorption &  cathodic 
depn. of alloys from non-complex 
electrolytes, 588.

 and A. M. Ozerov. Secondary
potentials during cathodic depn. of 
metals, 427.

Loucks, C. M., and C. H. Groom. Chem. 
cleaning of heat-oxchange equipment,
603.

Loucks, M. F . See Wengort, G. B .
Love, R. J .  Effect of surface condition on 

fatigue strength of steel, 836.
Love, W. F., E . Callen, and F. C. Nix. 

Magnetic properties of supraconducting 
alloys of In Sc TI, 755.

Lovtsov, V. M. See Arifov, U.
Lowde, R. D. Diffuse reflection of neutrons 
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Lunn, Barge. Bearing properties, 6 16 ; 
bo o k : “  Experim ents with Sleeve
Bearing Metals ” , 536.

Lusby, Walter S. Fluorescent images with 
Coltman tube, 44.

Lustman, B. See  McGeary, R . K .
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Lynn, Scott, and David M. Mason. Detn. 

of^Cr by oxidn. iu presence of AgNOj,

Lynn, W. W. See Voss, L . C.
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M g-rare-earth casting alloys, 14 ; rare- 
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McGinnis, Wm. J .  See Spedding, F . H.
McGrath, J .  W. See Doughty, Donald D.
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preferred orientations in V, 256.

Machemer, Paul E. See Hazel, J .  Fred.
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McKenzie, I. B. Cleaning of metals in 

eng. processes, 50.
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McLachlan, Dan, Jr .  See  Thomas, Ivor D.
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during creep, 473 ; crystal slip in Al 
during creep, 249 ; embrittlement of 
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of Fe11 &  A s111, 192.
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McPherson, D. J .  See Domagala, R . F . ; 
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Magyarossy, I. See Papp, E .
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gauges under various conditions, 898.
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440.
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Jr . Re-soln. of pptd. A g in C u-A g alloys, 
84.
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 and W. P. Hughes. Fatigue strengths
of 14S-T4 alloy subjected to biaxial 
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621, 831.
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under biaxial tensile stresses, 79.
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Marsh, C. Al as structural material 937 : 
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Marsh, J .  C. See  Decker, J .  M.
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P.
Marshall, E . D., and R . R . Rickard.

Spectrophotometric detn. of Ru, 886.
Marshall, E . R. Sec Backer, W. R.
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Martin, A. B. See Johnson, R . D.
Martin, D. C. See Kearns, W. H.
Martin, D. L . See  Geisler, A. H.
Martin, F . E . See  Stnuss, H. E.
Martin, Jam es. Sec Wahlin, H. B .
Martin, J .  K . Sec Woods, R . C.
Martin, Luis Jim eno. Sec  López do 

Azcona, J .  M.
Martin, Wayne. High yield-strongth die- 

castings for automobiles, 941.
Martius, Ursula M. See  Chalmers, Bruco.
Marty, (Mme) Nadine. Photoelect, absorp

tion of y rays in tho L  layer of atoms, 
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Martyn, P. L. Al &  A l alloys, 303.
Maruo, Tomohiko. See Katori, Kazuo.
Marx, J . ,  and J .  S. Koehler. Decrement Sc 

Young’s modulus detn. on single 
crystals of Cu Sc Pb , 13 1 .

Marx, J .  W. Amplitude pulsations in v i
brational strain pattern of metal single 
crystals, 679.

■ and B. I. Davis. Film  boiling 
termination mechanism, 9 13.

 H. G. Cooper, and J .  W . Henderson.
Radiation damage Sc recovery in Cu, Ag, 
Au, Ni, & T a , 547.

Mashovets, V. P ., and A . Z . Lyandres. 
Effect of impurities in P b -Sb  alloys on 
storage cells : (i. anodic corrosion) 109.

 N. V. Pototskaya, N. L. Komarov,
and U. F . Turomshina. Effect of gcomot. 
parameters of electrolytic bath on 
distribn. of elect, energy, 504.

Masi, Oscar. Radiography of welds Sc 
quant, evaluation of defects, 1036.

 and Cesare Rossi. Photometric &
sensitometrio detn. in spcctrography, 
10 3 1.

Masing, Georg. Crisis in metallurgy, 963 ; 
effect of surrounding medium on plastic 
deformation of metals, 9S4 ; foundry 
practice &  research, 1040 ; see also 
Ergang, Richard ; Pfützenreuter, August.

 and —  Dustmann. Chem. resistance Sc
lattice structure, 971.

Maskery, C. See Littlewood, J.  H.
Maslennikov, B . M. See Likhtm an, V . I .
Mason, David M. See Lynn, Scott.
Mason, J .  F ., J r .  Corrosion in petroleum 

refineries, 353.
Massalski, T. B . Grain-boundary energy 

detn., &  effects, 144 ; see also Paxton, 
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Massinon, J . ,  and M. D. E . Jonckers.
Radioisotopes in metallurgy, 964.

Masuda, Yoshimichi, and Sadao Kikuta. 
Kinetics of sintering metal powder at 
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Masumoto, Hakaru, and Hideo Saito. 
Effect of heat-treatment on magnetic 
properties of F e -A l alloys : (i.) 84 ;
rigidity modulus &  temp, cocff. of Co- 
Fe -C r alloys, 397, 463.
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Thermal oxpansion, rigidity modulus, &  
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 Hideo Saito, and Makoto Sugihara.
Anom aly of sp. heat at high temp, in 
a-phaso of Cu Sc Zn, 563.

—  Yûki Shirakawa, and Tôru Ohara. 
Magnetic shunt characteristics of F o -N i-  
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Mathers, F . C., and C. A . Discher. Addns. 
for electrodepn. of Sn from S n S 0 4-H F  
soins., 1S3.

Mathewson, C. H. See Chen, N. K .
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Mathy, P. Utilization of microscope in 
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Matthias, B. T. Supraconductivity in 
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compds., 570, 764.
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Mattson, I. C. See  Nelson, R . L.
Matveeva, M. P. See Uudtsov, N. T . : 

Tomashov, N. D.
Mauderli, B. Surfaco treatment of A l Sc 

Al alloys, 49, 970.
Maurer, Joseph. See Forresticr, Hubert. 
Maurer, R . Sec Shockley, W. 
Mavrodineanu, R. See Monvoisin, J .  
Maxwell, E . Sim ilarity properties of two- 

fluid model of supraconductivity, 749 ; 
supraconductivity of isotopes of Sn, 
454 ; work at N at. Bur. Stand, on 
isotope effects in supraconducting Sn 
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Mayer, Aldo. System  Z n -A l-F e , 844. 
Mayer, A ., and G. Bradshaw. Absorptio- 

metric detn. of Zr by Alizarin-S in Mg 
alloys, 432.

Mayer, Joseph E . Study of imperfect 
crystals Sc phaso transitions, 3 66.

Mayer, J .  T. Stampings replaced by 
powder m etallurgy Sc costs, 856.

Mayer, Natalie. See King, Cecil V.
Mayes, J .  H. Sheet prodn. by Northern 

Al Co., 47.
Maykuth, D. J .  See Ogden, H. R .
 H. R . Ogden, and R . I. Jaffee.

T i-M n system, 759, 1002 ; T i-W  Sc Ti~ 
T a systems, 760.
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Mears, R . B. Corrosion Sc design, 354. 
Medard, L. Sp. energy &  rate of detonation 

of explosives contg. Al, 944.
Meggers, William F. Spectrochemistry 

of To & Pm , 644.
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Robert.
Mehl, R. F . See Eprem ian, E . ;  da S ilva , 

L . C. C.
— j-^and Arthur Dube. Eutcctoid reaction,
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Meier, H. Cu tubes in p lum bing: ( i.- 
ii.) 946.

Meiorkord, E . H. See  Huber, Elmer 
J . ,  J r .

Meijer, H. J .  Surfaco treatment of Al, 
525.

Meijering, J .  L . Scgregn. in regular 
ternary solns.: (ii.) 1006; thermodyna
mic ealens. of Guinier—Preston zones in 
A l-C u alloys, 630.

Meijs, J .  C. See  Burgers, W. G.
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strength of A l alloys from hardness, 
461.

Meinel, M. P. High-strongth Al impact 
extrusions, 599.
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Meinken, Robert H. See Sm yth, Harold T .

Meissner, Hans. See  Meissner, Walther. 
Meissner, Walther, Fritz Schmeissner, 
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transition region to supracondnctivitv : 
(i.—iii.) 986.

Moister, J .  P. A l sand castings, 942 ;
large Al alloy castings, 373.
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Mellgren, Svante. Thermodynamic pro
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Mellor, G- A., and R . W. Ridley. Creep at 
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Meloche, V. W. See Fisher, S . A. 
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alkali Sc alk.-earth metals a t low temp., 
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 and H. M. Rosenberg. Thermal con
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Morton, P. H., and W. M. Baldwin, Jr .

Scaling of T i in air, 109, 861.
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Muckle, W. See Taylor, D. W.
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Newell, L. E . Electrotyped gravure 
cylinders, 36.
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Al conductors for aircraft, 305.
Norberg, R. E. Nuclear magnetic re

sonance of H absorbed into Pd wires,
550.

Nordstrom, R. G. Wood replaced bv  die- 
cast Al, 944.
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 and A. L. Mowry. Soly. relationships
in ternary refractory monocarbides, 95. 

Norwitz, G. Detn. of Sb in Cu alloys, 880 ; 
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interfaces, 745 ; study of amplitude- 
dependent internal friction from motion 
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&  detn. of Zn in Qd) 364.

Okdc, A ., and J .  Celechovsk^. Reaction 
of Co &. Cu with antipyrine, 1 13 .

Okada, Hiroshi. See Takei, Takeshi.
Okada, Sh6z6. Abs. values of Bloch 

forniulie in periodic potential field, 414 ; 
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 and Ichiro Sugiura. Distribn. of
internal stresses in Perm alloy subjected 
to field cooling, 692.

Osborn, Oliver. Combating corrosion in 
chem. plant with Mg anodes, 642.
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denture bases, 703.
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Pascaud, Claude. See Cucilleron, Jean .
Paschkis, Victor. H eat flow in moist 

san d : (i.) 294, (ii.) 796; thermal
considerations in foundry work, 293.

Pashilov, A. I. 2-dimensional X -ray
diffraction effects in aged polycryst. 
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cell Sc of multiple-component alloys, 
second-order superlattices for f.c.c. 
lattice, 346.

Sato, Kim iko. See Sakui, Seita.
Sat6, Mitsuru. Anomalous changes wdth 

temp, of Cu : (ii.) 323.
Sat6, Mizuho. See  Honda, KOtarO.
Sato, Takuya R ., Herbert Diamond, 

William P. Norris, and Harold H. Strain. 
Electrochromatographic sepn. of rare 
earths, 645.

Satd, Tomo-o, and Hideo Kaneko. Studies 
on Se Sc Se alloys : (vi. effect of doping 
Sc anti-doping elements on elect, con
ductivity), 453.

Sato, Tota. See  Sakui, Seita.
Satterthwaite, C. B. See Craig, R . S.
Saubestre, E . B. See Linford, I I. B.
Sauer, Hubert. See Glemser, Oskar.
Sauerbrei, E ., and G. Engel. E n try  of 

acetylene into 0 3 cylinder in -welding,
936.

Sauerwald, F , M g-Zr diagr., 1 5 3 ;  state 
of liq. metal alloys, 9 7 1 ;  see also Degen- 
kolbe, J .

—  and E . Osswald. X -ra y  study of 
molten metals Sc alloys : (ii.) 105.

Saunders, O. A . See Grootenhuis, P.
Sauter, F .  See Gerstenkora, H.
Sautter, Fritz. See Koster, Werner.
Sautter, W. See Rohm, F .
Savelsberg, W. Analyt. control of alk. 

CN plating baths, 2S0.
Savitsky, E . M. Plasticity of intermetallic 

phases, 1002.
 and V. V. Baron. Equilib. diagr. &

mech. properties of M g-Zn system, 997.
 and V. E . Terekhova. Effect of temp.

on mech. properties of Mn, 549.
 and M. A . Tylkina. Structure of A l-

Mg alloys, S 1.
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 and (Mme) France Fourrier-Savornin.
Sign of thcrmo-o.m.f. of Si, 137 .
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netic detn. of Young’s modulus of bars,
723.

Sawamoto, Hachie. Granulation of eutectic 
Si in Silumin by heat-treatment, 685.

Sawamura, Hiroshi, and Taiji Ogino. 
Inhibiting formation of blisters on 
galvanized sheet, 780.

Sawyer, Dwight L. See Brewer, L.
Sawyer, R. B. Sec Hogan, C. L .
Saxton, Richard. Appns. of Pb coatings, 

861.
Sayers, J .  B. Sec Adamson, K .  C.
Sayre, Harrison S. Fused metallized 

coatings, 530.
Scalise, Mario. Spect. analysis of metals &  

alloys, 888.
Scarlott, Charles A . Ni Sc Co, 959 ; Sn  & 

\V, 960 ; Zn uses &  supply, 960.
Scarpa, Oscar. A.C. electrochem. corrosion 

of underground Fe &  Pb pipes, 17 8 ; 
corrosion prevention in underground 
metal pipes, 866.

Scatchard, G. See Bever, M. B .
Schaaber, O. Developments in field of 
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Schaal, A . Effect of specimen size on 

proof 6tress Sc fatiguo strength in 
bending, 722.

Schaad, E . Sec Urcch, P .
Schachenmeier, R. Quantum theory of 

supraconductivity: (i.) 459.
Schack, William. See Simonds, Herbert It.
Schaefer, Ralph A ., and William King. 

Polarization Sc overvoltage: (i.—iii.
biblio. abstracts) 188.

 and Harry Pochapsky. Considera
tions of current distribn., 184.

Schaetti, N., and W. Baumgartner. Pro
perties of Cs-Sb photocathodes at low 
temp., 9 9 1 ; S b -L i photocathodes, 991.

 W. Baumgartner, and Ch. Flury.
Photoelect, effect with Cs-G a, Cs-In, 

C s-T l photocathodes, 991.
Schafer, Curtiss R . Indust, metal detectors,

967.
Schäfer, H. Measurement of vapour Sc 

reaction pressures b y effusion method,
972.

Schafer, Harald, and Christel Pletruok.
Chemistry of Nb Sc T a ; (i.-ii.) 194,
(iii.—vi.) 885.

Schäfer, K . Energy transfer Sc reaction 
rate at P t-C u  alloy surfaces, 567.

Schafroth, M. R. Fröhlich’s theory of 
supraconductivity, 987.

Schager, Richard J .  Sleeve bearings, 950.
Schaller, Gilbert S. Rotating electrode in 

manual metal arc -welding, 933 ; sa lt
water resistant dock pilings of A l alloy, 
417 .

Schalliol, Willis. See Shepard, O. Cutler.
Schamschula, R. See  Kopccky, A.
Schantz, Donald H. Electroplating auto

mobile bumpers, 183.
Schapiro, Leo. Airfram e materials, 3 10 .
Schatz, J .  A g -S i alloys with fine-grained 

cast Sc recrystn. structures, 971.
Schaum, J .  H. See Harwell, Richard H.
Schaus, R . A . Analysis of metal coatings, 

424.
Scheele, Fritz. Position of lanthanides SC 

actinides in periodic table, 822.
Scheidecker, M. See Herenguel, Jean.
Scheil, E . Crystn. of eutectic alloys, 9 7 1 ;  

distribn. of elements in both phases of 
molten A l-P b  alloys, Sc thermodynamical 
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phases at grain boundaries, 972 ; solidn. 
of molten metals, 1 0 1 2 .

Scheil, M. A. See Ebling, H. F .
Schejtanov, Chr. See  Trifonov, A.
Scheller, Walter, and W. D. Treadwell. 

Detn. of Zn in Zn-Cd alloys, 789.
Schenk, Max. A l Sc water, 579 ; Aluphofc 

photographic material, 307 ; lacquer 
coatings on Al, 7 1 1 ;  patent literature 
on anodic oxidn. of Al, 583.

Scherrer, Jakob. Church tower roofs of Cn, 
946.

Schery, K . See Steiner, J .
Scheuer, E ., and F . H. Smith. Analyt. 

comparison scheme, 648.
Sohickner, W. C., J .  G. Beach, and C. L. 

Faust. Electroplating on Zr, 277 ; sur
face prepn. of Zr for brazing, 300.

Schiffer, K . Milling machine for removal 
of casting or rolling skins, 729.

Schikorr, G. Corrosion of Cd Sc Zn coatings, 
489.

Schlain, David, and Joseph S. Smatko.
Passivity of Ti in HC1 solns., 426.

Schlaupitz, H. C., and W. D. Robertson.
Quant, adhesion test for clcctrodeposits, 
358.

Schlechten, A. W. See Breton, Ernest J . ,  
J r . ; Hsaio, C. M .; Kroll, W . J .

Schlegel, Heinz. See Lange, Werner.
Schleppi, Otto. Band-polishing processes, 

604.
Schlotter, W. J .  PbO j/Zn reserve-typo 

cell, 360.
Schmahl, N. G. Rcdn. of metal compds. by 

formation of alloys, &  calcn., 340.
Schmalenbach, Ernst. See Hofmann, 

Wilhelm.
Schmeissner, Fritz. See Meissner, Walther.
Schmerling, G. Modified-bronze plating, 

34.
Schmid, D. M. Appns. for Ni-base, N i-Cr 

&  C r-F e  alloy wires, 959.
Schmid, E ., and H. Thomas. Cubic texturo 

of f.c.c. metals, 1008.
Schmidt, A . Metallurgy Sc appns. of hard- 

surfacing, 1050.
Schmidt, C. J .  Sec Do Smet, E . C.
Schmidt, H. W ., P. J .  Gegner, G. Heine- 

mann, C. F- Pogacar, and E . H. Wyche. 
Strcss-corrosion cracking in alk. solns., 
638.

Schmidt, W. See Schneider, A.
Schmidt-Bach, H. Oxyarc cutting process, 

935.
Schmitz, Otto. See Hofmann, Wilhelm.
Schmolz, W. Surface-treatment costing, 

500.
Schneble, A . William, Jr .,  and Clyde E. 
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dries, 295.
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of A lFa with Fe a t  elevated temp., 
18 1  ; volatilization of A l as A 1F , 36 1.

Schneider, K . Appns. of cast Al, 1049.
Schneider, M. See Hartman, A. H.
 and E. Zalesinski. Solidn. of Duralu

min in water-cooled sheet-iron ingot 
mould, 5 17 .

Schneider, Philipp. Development of m elt
ing furnaces for light metals, 1039 ; 
elect, melting furnaces for light metals,
1039.

 and Wilhelm Petzka. Casting methods
for cylinder blocks in A l-S i-M g alloy,
1037.

Schneider, V. Bearing-metal alloys &  
carrier-crystal hypothesis, 94.

Schoellerman, A ., and S. Jenkins. Spot 
welding in highly stressed A l &  Mg 
assemblies, 73 1.

Schoellhorn, Peter. Cu in brewing in 
dustry, 10 5 1.

Schoening, F . R. L., J .  N. van Niekerk, and 
R . A . W. Haul. Effect of apparatus 
function on erystallite-sizo detn. with 
Geiger-counter spectrometers, 288.

Schofield, M. 200 years of P t, 959.
Scholefield, H. H. Control &  appn. of 

expansion characteristics of metals Sc 
alloys, 951.

Schölte, J .  W. A . See van  Geel, W . Ch.
Scholz, Hans. Recorder for contraction 

stress/temp, curves of metallic materials, 
891.

Schopper, Herwig. Study of thick metal 
films &  surface layers with aid of abs. 
phases, 986.

Schrader, Angelica. See Hanemann, 
Heinrich.

Schrag, Gerhard. See Roll, Albert.
 and Rudolf Toberer. L iq . elect.

contact bridges : (iii.) 688.
Schramm, Jacob. German wrought Zn 

alloys, 4 7 1 ;  powder-met. prepn. of 
alloy specimens on lab. scale, 488.

Schreiber, W. See Bühier, H.
Schreiner, Horst. Effect of foreign gases 

on particle boundaries of Cu powder 
during &  after sintering, 173 .

Schreiner, W. J .  Above-ground cathodic 
protection, 182.

Schreuer, E . Thermal damping of clastic 
waves, 826.

Schröck, H. Welded Monel for salt-water 
appns., 930.

Schroder, M. See Brenig, W.
Schroeder, E . G. Motor generators for 

plating, 358.
Schroeder, J .  See Kentzler, H.
Schroeder, W. See Papen, G. W.
Schröter, E . D.C. supply for electroplating 

baths, 971.
Schubert, Konrad. Appn. of hand models 

to crystal chemistry of alloys, 10 15 ;  
effect of valency electron concn. on ele
m entary cell of simple metallic crystal 
structures, 972 ; see also Rosier, U.

Schubert, Konrad, and K . Anderko. Crystal 
structure of CuMgt, 847 ; crystal structure 
of NiMgs & AuM g3, 848 ; crystal structure 
of NiMg*, CuMgs, Sc AuMgs, 699.

 and H. Fricke. Crystal structuro of
GeTe, 847.

Schuch, Adam F., and Henry L . Laquer.
Lowr-temp. thermal expansion of U, 
230, 554.

Schuchmann, J .  A . See Dalitz, V . Ch.
Schuô-Muller, (Mme) Louis. See Hocart, 

Raymond.
Schuette, E. H. Properties of Mg e x 

trusion alloy ZIC60, 838.
Schuetz, A. E . See Hibbard, W . R ., 

J r .
Schuhholz, A. Ag-platcd cutlery, 276.
Schumann, Reinhardt, Jr . Book : “  Met. 

Engineering : I . Eng. Principles ” ,
381 (reviewj.

Schuil, B. See Oosting, J .
Schuit, G. C. A ., and N. H. de Boer. 

Activated adsorption of H  on Ni cata
lysts, 324.

Schuldiner, Sigmund. H overvoltage on 
bright Pt, 503.

Schulenburg, A . Book : “  Handbuch
der Schmelz- &  Legierungspraxis in der 
Metallgiesserei ” , 541 (review).

Schultze, W. A. See Holleman, J .  W.
Schulz, L. G. Interferometrie detn. of 

absorption coeffs. of A g Sc Al, 230 ; 
oriented overgrowths of alkali halides 
on A g substrates, 102.

Schulze, Alfred. Elect, resistance of F e -  
C r-A l alloys after cold working, 242 ; 
metallic materials for tech. Sc heating 
resistances, 952.

Schulze, Arthur P., and Frank L . Bonem. 
Conveyors in finishing, 120.

Schulze, W. M. H. T i in electrotechnics, 
3 10.

Schumacher, Guy. Bright Zn dip as paint- 
base on die-castings, 920.

Schumacher, T. S. Fool-proof moulding 
sand, 725.

Schuster, Georg. Plating-bath troubles, 
278.

Schwab, Georg-Maria. Centres of dis
turbances in catalytic surfaces, 771.

 and Amalendra Narayan Ghosh.
Chromatographic sepn. &  X -ray  identifi
cation of P t  metals, 195.

Schwalbe, Rolf. Testing of metal powders, 
636.

Schwartz, C. M. See Grube, K .
Schwartzbart, H., M. H. Jones, and W. F. 

Brown, J r .  Bauschinger effect in Cu & 
brass, 322.

Schwarz, E . Photoconductive cells of 
CdSe, 1 1 .

Schwarz, W. See  Tödt, F .
Schwarzenbach, G. See Ackermann, H. ; 

Heller, J .
 and Elsi Freitag. Complexones :

(xix. formation consts. of heavy-metal 
complexes of nitrilo-triacctic acid) 888 ; 
(xx. stability consts. of heavy-metal 
complexes of ethylencdiamine tetra- 
aeetic acid) 888.

——  and J .  Heller. Complexoncs : (xviii. 
ferrous &  ferric complexes of ethylene- 
diamino tetra-acetic acid &  Redox 
potentials) 883, (xxi. Fe  complexes of 
nitrilotriacetic acid) 883.

— — and A . Willi. Metal indicators : 
(iii. complex formation between tiron 
&  ferric ion) 883.

 and A . Zobrist. Metal complexes
with polyamines : (vi. with hydrazine) 
889.

 G. Anderegg, and R . Sallmann.
Complexones : (xxiii. phenolic hydroxyl 
groups as co-ordination partners) 
889.

Schwarzkopf, Paul. Powder-met. im 
pregnation process, 175.

Schwed, P. Surface diffusion in sintering 
of spheres on planes, 108.

Schwerdtfeger, W. J . ,  and O. N. McDorman. 
Detn. of corrosion rate of metal from 
polarizing characteristics, 420.

Schweisheimer, W. Toxic metals Sc indust, 
disease, 970.

Schwetzoff, Vladimir, and (Mme) Simone 
Robin. Spectral characteristics of photo - 
cathodes in ultra-violet region dowm to 
1500 A .:  (Sb-Cs) 334, ( S b - K &  Sb-N a) 
334.

■ (Mme) Simone Robin, and Boris 
Vodar. Photoelect, characteristic of C u- 
Be electron multiplier in ultra-violet to 
1500 A., 199.

Sohweyckart, René. See  Laval, Gaston.
Schwing:, H. Elect, resistance welding of 

Cu &  Cu alloys, 928.
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Schwope, A. D., and W. Chubb. Small 
addns. raise strength of Zr a t  elevated 
temp., 471.

 and L. R . Jackson. Creep in metals,
14 1 .

 F. R. Shober, and L. R. Jackson.
Creep in high-purity Al, 609.

Scorah, E. See W right, It. F .
Scortecci, Massimo. Comparison of Italian, 

French, &  U.S. systems of met. classifica
tion, 1056.

Scott, F. H. See Smith, C. L .
Scott, G. D. See E lls, C. E.
Scott, G. G. Gyromagnetic ratios of ferro

magnetic elements, 750.
Scott, Howard. See Bechtold, Jam es I I . ; 

Hull, F . C.
Scott, Jam es K . See Hall, Robert H.
Scott, J .  M. C. Binding energy of Thom as- 

Fermi atom, 752.
Scott, R. B. Stand, presses for ribbed

q  O 1 .1

Scrivcr, FL M* See Radtke, S. F .
Seaborg, G. T. Transuranium elements, 

140.
 and A. C. Wahl. Chem. properties of

P u & N p , 716.
Searcy, Alan W. Vapour pressure of Go,
„ 451.
Scdivec, V. Use of complexones in chcm. 

analysis : (xvii. detn. of Hg by mcr- 
captophenyl thiothiodiazolone) S84.

Seebold, R. E . See Ewing, C. T.
Seed, M. G. Elcctro-spark machining,

298.
Seeger, Alfred, and Albert Kochendbrfer. 

Theory of dislocations in 1 -dimensional 
atom rows : (ii.) 1 0 1 1 .

 Hans Donth, and Albert Kochendorfer.
Theory of dislocations in 1 -dimensional 
atom rows : (iii.) 10 15 .

Seeger, K . See Haxcl, O.
Seeleke, Kurt. See Hofmann, Wilhelm.
Seelig, R. P. Pressing of metal powders, 

27.
Seemann, H. E . See  Splettstosser, H. R .
Seemann, H. J .  Phys. aspects of ultra

sonic testing of metals, 43, 5 15 .
Sef6rian, D. Theory on welding &  weld- 

ability : (i.-x .) 1048.
Segeler, C. George. Prepd. atmospheres, 

207.
Seidel, G. E . Protective coatings, 424.
Seifert, J .  Anodic soln. of Au alloys, 715 .
Seigle, L. L ., Morris Cohen, and B . L. 

Averbach. Thermodynamic properties 
of solid N i-A u  alloys, 566, 758.

Seiler, H., E . Sorkin, and H. Erlenmeyer. 
Qual. &  quant, detn. of metallic ions 
septd. by paper chromatography, 889.

Seith, W ., ami Gertrud Helmold. Misci- 
bility gap in liq. phase of P b -A g-Z n  
system , 243.

 and H. Johnen. Miscibility gaps in
liq. phase of system Pb -Z n -A g, 243.

 and A. Kottmann. Diffusion in solid
metals, 617 ; spect. analysis of Ni-Co 
alloys in range 0 -10 0 % , 7 19 ;  vol. 
changes of metallic solid soln. resulting 
from diffusion, 826.

 and G. Lbpmann. Diffusion of
metals in sintered Al samples, 545.

Seitz, F . Diffusion in solids, 14 5 ;  genera
tion of vacancies by moving dislocations, 
17 0 ;  imperfections in nearly perfect 
crystals, 3 1 8 ;  plastic llow in singlo 
crystals, 1 1 2 ;  sec also Dexter, D. L . ; 
Shockley, W.

Seitz, R . O. See Gibson, G. J .
Sekiguchi, Toshiyuki, and Tatsuo Kum a- 

gai. Phys. properties of So : (i.-ii. temp, 
effect on conductivity) 821.

Selenyi, P. Effect of H g vapour on So 
rectifiers &  So photoelements, 6 12.

Solikson, Bernard. See Moore, W. J .
Sella, G. J .  See Burston, R . M.
Sellers, P., S. Fried, R . Elson, and W. H. 

Zachariasen. Prepn. of P a  &  P a  
compds., 229.

Selyaninova, E . P. See Dobrinskaya, A. A.
Semchyshen, M., and G. A. Timmons. 

Preferred orientation of arc-cast Mo 
sheet, 22, 479.

Semenchenko, V. K . Phase transitions of 
2nd order &  crit. phenomena, 396.

Semerano, Giovanni. Polarographio ana
lysis in metallurgy, 1032.

 and Luisa Mendini. Polarogr. analysis
of metallic Zn, 1 1 5 .

Semmens, R . Lab. resistance-weldngi 
unit, 54.

Senett, William P., and 0. F . Hiskey.
Electrokinetics of H evolution: (iii. over
voltage a t  clectrodepd. Cu cathodes)
281.

Senise, Paschoal. See West, Philip W. 
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Edwin Pritchard. Detn. of H 3BO , in 
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of viscosity of molten alloys, 104.

Serin, B. See Garfunkel, M. P . ; Reynolds, 
C. A.
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 C. A . Reynolds, and C. Lohman.
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and M. P. Garfunkel. Experim ents with 
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purity Al, 571.
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923.
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761.
Seymour, D. F. Al cleaning, 919.
Seymour, E. F. W. Nuclear magnetic 

resonance line width transition in Al, 609.
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ware in India, 961.
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Shaler, A. J .  See Postlethwaite, A. W . ; 
Wulff, John.

Shammana, T. G. See Swam y, S. Ram a.
Shapiro, S. A. See K lyachko, Y u . A.
Shaposhnikov, N. A. Book : “  Mokhanich- 

cskie Ispitaniya M ctallov”  [Mech. Test
ing of Metals], 667.

Sharma, Anand S. Metallography of 
comm. Duralumin-type alloys : (iii.)
1008.

Sharp, H. J .  A l pressure die-casting dies, 
failure b y surface cracking, 793 ; pres
sure die-casting of Al, 291.

Sharp, H. W. Developments in automatic 
hard-facing, 1 15 .

Sharp, M., and C. G. Dunn. Structure & 
crystallography of 2nd-order twins in 
Cu, 571.

Sharpe, D. T. Cable-shcath repaire, 929.
Sharpnaek, E . V. Stretch-forming of Al, 

797.
Shaw, H. L. See  Goldhoff, R . M.
Shaw, J .  D. See Comstock, C. J .
Shaw, M. C. Sec Backer, W . R.
— — J .  D. Pigott, and L. P. Richardson. 

Effect of cutting fluid on chip/tool 
interface temp., 438.

Shaw, R . B ., L. A. Shepard, C. D. Starr, 
and J .  E . Dorn. Effect of dispersions 
on tensile properties of A l-Cu alloys, 
619, 832. •

Shekhter, A. B ., A. I. Echeistova, and I. I. 
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surface of ZnO, 314 .
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X -ra y  monochromator for low-angle 
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Shepard, L. A . Sec Shaw, U. B.
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properties of metals a t elevated temp.,
1000.
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dries, 9 1 1 .
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Sherby, Oleg D., and John E . Dorn.
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560 ; correlations between creep be
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on creep properties of comm. Al, 449.

S ick e ls

Sherby, Oleg D., R . A. Anderson, and J .  E . 
Dorn. Effect of addns. on elevated-ternp. 
plastic properties of a solid solns. of Al, 
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Shewmon, Paul G. See  Hino, Ju n .
Shibuya, Yoshio. Young’s modulus of 

binary solid solns., 339, 472.
 Yoshiichi Fukuda, and Tadao Fukuroi.

Lattice vibrations &  vibrational sp. 
heat of binary superlattice alloy, 1 2 .

Shield, R . T. See Green, A . E.
Shigematsu, Tsunenobu, Hirozo Kim ura, 

and Masao Yasumaru. Detn. of N a & 
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Shinn, D. A. Sec Johnson, J .  B.
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Shipley, F . M. Sec Finlayson, 1). M.
Shipley, Morris S. Barrel finishing : (iii. 

dept, planning) 441.
Shipp, R . L. Low-powered induction 

heater for lab., 42.
Shirakawa, Yüki. See Hakaru, Masumoto.
 Tóru Ohara, and Takeshi Abe.

Wiedemann effect of magnetostriction 
alloy A l-F c , 465.

Shirley, H. T. Sec Sykes, C.
Shlyapnikov, Yu. A . See Shushunov, V. A.
Shlygin, A. I. See N ikolaeva, M. I.
Shober, F. R. Sec Schwope, A. D.
Shockley, W. Solid-stato physics in 

electronics &  metallurgy, 345 ; sec also 
McAfee, K . B . ; Pearson, G. L . ; Read, 
W . T., J r .

—  and W. T. Read, J r .  Statistics of 
recombination of holes &  electrons, 
752.

 J .  H. Hollomon, R. Maurer, and
F. Seitz. Book edited by : “  Im per
fections in N early Perfect Crystals ” , 
415  (review).

Shoemaker, David P., Richard E . Marsh, 
Fred J .  Ewing, and Linus Pauling. 
Interat. distances &  at. valences in 
N a Z n ,„  479.

Shoemaker, R. J .  See Pearce, E . S.
Shoenberg, D. Book : “  Supraconduc

tiv ity  ” , 2nd edn., 8 12  ; de H aas-van 
Alphen effect, 749, S29 ; see also Lock, 
J .  M.

Shooter, K . V. Sec Rabinowicz, E .
Short, A . Mg, 948.
Shreider, A. V. Continuity of oxido films 

&  surface cleanliness of Al, 353.
Shreiner, L. A. See Epifanov, G. I . ; 

Pleteneva, N. A . ; Veiler, S. Y a .
Shreir, L. L ., and J .  W. Smith. Cathodic 

polarization potential during electro
depn. of Co : (iii. effect of cathode base)
498.

Shreve, O. D. Infra-red, ultra-violet, & 
Ram an spectroscopy of complex m a
terials, 510 .

Shull, C. G., E . O. Wollan, and W. C. 
Koehler. Neutron scattering &  polariza
tion by ferromagnetics, 108.

Shumova, I. S. See Pogodin, S. A.
Shumovsky, E . G., and E . V. Podol’skaya. 

Adherence of Al alloys to steel bearings,
941.

Shur, A. S. See Buinov, N. N.
Shur, Y a. S., and N. A. Baranova. M ag

netic hysteresis related to temp, in 
ferromagnetics, 394.

Shurtz, R. F . Detn. of interplanar spacing 
from recorded X -ray  patterns, 703.

Shushunov, V. A. See Neiman, M. B .
 and K . G. Fedyakova. Physico-chem.

a n a ly sis : (vi. catalytic decompn. of
of I I a0 3 on B i-S n  &  Cd-Sb alloys) 83.

 and Yu. A. Shlyapnikov. Physico-
chem. analysis : (iii. reaction of N n -P b - 
Mg alloys &  ethyl chloride vapours) 93.

Shvidkovsky, E . G. See Butov, A . M.
Sibert, Merle E ., and Morris A . Steinberg. 

Prodn. of Zr b y fused-salt electrolysis, 
1S6, 587.

Sickels, Edmund D. Cold-pressure welding 
of wire, 732.



S id eb o tto m Name Index S p ed d in g
Sidebottom, J .  K . Sec Clark, E . W.
Sidery, A . J .  See Bristow, C. A.
Sidhu, S. S., and J .  C. McGuire. X -ray  

diffraction study of H f-H  system, 564.* 
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Stout, J .  W. See Guttman, Lester.
- —  and Lester Guttman. Supraconduct- 

ing properties of In -T l alloys, 564.
Strain, Harold H. -See'Sato, T akuya R .
Strang, C. D. See Burvvell, J .  T.
Stranski, I. N. See  Paproth, H.
Strasser, Frederico. Springback problem 

in sheet forming, 377.

S u tto n

Stratton, George Burder. Sec Sm ith, 
William Allan.

Straub, Frederick G., and Harry D. Ongman.
Prevention of corrosion in steam power 
plant, 639.

Straumanis, M. E ., and E . Z . Aka. Lattice 
parameters, thermal expansion coeffs., 
Sc at. wts. of purest Si Sc Ge, 70 ; scan
ning device for precision detn. of lattice 
parameters at const, tem p., 892.

 and P. C. Chen. Corrosion rate of Ti
in acids, 638.

Streeton, R . J .  W. See Spcnco, R .
Strehlow, Hans. Single electrode potentials,

284.
Stricklen, R . Protective treatment for Al, 

583.
Stricter, F . P. See Nelson, K . E .
Stringfellow, George E . Prodn. of parts 

for N i-F e  storage batteries, 874.
Stroh, A. N. Mean shear stress in array 

of dislocations Sc latent hardening, 634 ; 
see also Frank, F . C.

Strohecker, H., and Fr. Matt. Soly. Sc 
volatility of A l in aq. solns. Sc in current 
of water vapour, 857.

Strohmaier, K . Prepn. of large tran s
parent membranes of A l oxido 50 - 
300 ma thick, 854.

Ström, B. I., and B . G. W aller. Cause of 
check marks on Cu wire, 5 2 1.

Stromberg, A . G., and L. M. Reinus. 
Polarographie detn. of Nb, 1 14 .

Stromquist, W. K . Sec Boarts, R . M.
Stross, G. See  Stross, W.
Stross, W. See Clark, J .
 and G. Stross. Rapid photometric

detn. of Co in A l alloys with nitroso- 
R -salt, 19 1.

Strott, Adolph. See  Davenport, W illiam F .
Stroud, Catherine A. See Hall, Robert H.
Stroud, E. G., and W. H. J .  Vernon. 

Prevention of corrosion in packaging, 
33, 272.

Struthers, J .  D. See  Fuller, C. S.
Struyk, C., and A. E . Carlson. Ni fluo- 

borato plating, 275.
Stubbs, R . Lewis. Metal economics : 

(i. world supply of ferrous Sc non- 
ferrous metals, incl. light metals) 961.

Sturtevant, Julian M. Sec Meites, Louis.
Stüssi, D. A l in dairy, 971.
Stiissi, Fritz, and P. P. Bijlaard. Math, 

theory of plasticity, 983.
Sudovtsov, A. I. See K an , L . S . ; Lazarev,

B . G.
Sugâr, I. Specimen prepn. for electron- 

microscope study of surface structure, 
854.

Sugawara, Hideo. See Endô, HikozÔ.
Sugihara, Makoto. See Masumoto, Hakaru.
Sugiura, Ichiro. See Osawa, Makoto.
Sugiyam a, Akira. Kinetic energy of Bloch 

wall, 686.
Suhrmann, R . Adsorption rate of foreign 

molecules in conducting surfaces, 558.
Suiter, J .  W. See Garrod, R . I.
 and W. A. Wood. Deformation of

Mg at various rates Sc tem p., 343.
Sukhenko, K . A . Spectral analysis of 

steels &  alloys, 589.
Sully, A. H. Creep of metals Sc creep- 

resistant alloys, 982 ; see also Liddiard,
E . A . G.

 E . A. Brandes, and R . B . Waterhouse.
Total em issivity of metals &  refractory 
oxides, &  variation with temp., 234.

Sulzberger, R . See  Urcch, P.
Summers-Smith, D. Constitution of T a -  

T i alloys, 155.
Sumsion, H. T. See Soybolt, A . U. ;

Tucker, C. W ., J r .
Surikova, E. E . See Yakutovich, M. V ,
Suryanarayana, T. V. S., and Bh. S. V. 

Raghava Rao. Analyt. chemistry of 
T h  : (vlii. aliphatic carboxylic acids)
367.

Suter, H. R . See Hensley, J .  W.
Suter, P. Light metals in Swiss archi

tecture, 970.
Sutherland, G. B . B. M. See Simpson, O.
Sutherland, R . L. Sec Findley, W . N .
Sutra, (Mlle) Geneviève. Change in elect, 

conductivity of metals a t m.p. : ( i.-
ii.) 680 ; H overvoltage, 786.

Sutter, K . Design of light-metal structures, 
970.

Sutton, G. I. Sec Beard, D. S.
Sutton, H. Future developments of Al, 

Mg, &  Be, 945 ; UNO sci. conf. on con
servation of resources, 963 ; see also 
Bristow, C. A.

Sutton, J .  B ., E . A. Gee, and W. B . DeLong. 
Hardness conversions for Ti Sc relations 
between hardness Sc tensile Btrength, 
614.
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Suzuki, Hideji. Breaking strength theory : 
(i.) 390 ; grain-boundary migration in 
A l induced by temp, gradient, G96.

Suzuki, Mikio. A’ce Katori, Kazuo.
Suzuki, Shin. See GotO, Hidehiro.
Swain, A . J .  See Eborall, lt . J .  L .
Swamy, S. Ram a, and T. G. Shammana. 

X -ra y  study of structure of Agam algam s, 
632.

Swan, D. See Kiuzcl, A . B.
Swardt, J .  W. Ultrasonic testing, 202.
Swarthout, Ward. Welding &  low-tcmp. 

brazing of air-cond. &  refrig, parts, 441.
Swartz, P. W. See Bcrghohn, A. O.
Sweatt, C. H., and T. W. Langer. Indust, 

experience with synthetic lubricants, 
1044.

Sweet, Ben F . Coro as gate & riser, 519 .
Sweet, Thomas R. See Theurer, lCnrt.
Sweetser, Philip B ., and Clark E . Bricker. 

Direct spectrophotomet. titr. with 
hromate-bromido solns., 19 S ; spectro
photomet. titr. with ethylcne-diamino 
tetra-acetic acid for detn. of Fo, Cu, 
&  Ni, 787.

Swenson, Oscar E . Hard-facing of steam 
valve seats &  discs, 530.

Swensson, Edwin A . Mechanization in 
jobbing foundry, 2 0 1 .

Swilt, Ernest H. See Buck, ¡¡¡chard P .
Swift, H. W. On the foothills of the 

plastic range, [Autumn lecture] 232 ; 
plastic instability under piano stress, 32 S ; 
see also Chung, S. Y .

Swinyard, G. Grain refinement of non- 
ferrous castings, 657, 905.

Syeles, Albert M. See Adams, Egmond.
Sykes, C., and H. T. Shirley. Scaling of 

heat-resisting steels, effect of combusiiblo 
S  St oil-fuel ash constituents, 419.

Sykes, J .  Control of quality in melting Sc 
casting Cu &  high-conductivlty Cu-base 
alloys, 593.

Sylwestrowicz, W . See Smith, C. L.
Symon, E . See 11 or,its, G. A.
Symon, K . See Jam es, R . A.
Symonds, H. H. Ag-plated spoons, 276 ; 

corroded Ni buckles, 26 5 ; cracked 
brass bobbins, 2G4 ; enamel adhesion to 
Cu alloys, 298 ; enamelled name-plates, 
270 ; paraffin burners, 96S.

Sysoev, A. N. See Marchenko, N. A.
Szabö, Z , G, See Beck, M. T.
 and M. T. Beck. Analyt. procedures

based on complex formation, 790.
Szoki, P. Surface protection of A l by 

“  Elektrofat ”  process, 269.
 and Z . Hegedüs. SnO, inclusions in

refined Cu, 7 17 .
Szilard, J .  A . Elect, insulation of cables,

937.

Tabin, J .  Ultrasonic flaw detection, 516.
Tabor, D. Hardness &  strength of metals, 

7 ;  see also Bowden, E. P . ; Moore, 
A. C . ; Rabinowicz, E.

Taovorian, Serge. Acceleration of sinter
ing in single phase, effect of minor addns.,
706.

Taganov, K . I. Transport of material 
in discharge during spectra] analysis, 646.

Tagaya, Masayoshi, and Imao Tamura. 
Studies of quenching m ed ia : (iv. aq. 
liq.) (v. fa tty  oils) 522.

Taglang, P. See Meyer, A. J .  P .
Tajim a, Sakae. Anodizing Al with oxalic 

acid, 639; studies on electropolishing, 
574.

 and Takemi Mori. Eloctropolishing
In sulphamic acid solns., 410.

 Yasuyuki Kim ura, and Toshiro Fu-
kushima. Anodizing A l with l I aS O ( . 
comparison with oxalic &  sulphamic acid 
processes, 495.

Takagi, Yutaka. See  Oguchi, Takehiko.
Takahashi, Noboru. Structure of Cu

electrodoposits on electropolished 0-brass 
single crystal, 1 G2 .

Takahashi, Shuichiro. Anclasticity of Zn,
389.

Takam ura, Jin-Ich i. See Nishimura,
Hideo.

Takei, Takeshi, Kozo Aoyama, and 
Hiroshi Okada. Purification of Se, 880.

Takeo, Hideo. See  Yam am oto, Hiroshi.
Takeuchi, Sakae. See  Iwase, Keizo.
Talaty, E . R . Electrochem istry of fluoride 

solns. : (iii.) 782 ; see also Kappanna, 
A. N.

Talbot, A . M., and D. E . Furman, o
form ation &  effects on impact properties 
of F e -N i-C r alloys, 466, 837.

 and E . N. Skinner. . Effect of oxidizing
atm , on rupture strengths of Ineonel, 
15 3 .

T al’yansky, 1. I. See Glauberniau, A. E .
Tamura, Imao. See Tagaya, Masayoshi.
Tanabe, Yasaku. Elect, conductivity 

change in magnetic fields, 77.
Tanaka, E . Sec Asuda, 11 .
Tanaka, Masao. See Yokosuka, Shigera.
Tanaka, Minoru. Deformation of metal 

surfaces in contact, 390.
Tanaka, Sakae. Plato thickness detn. by 

ultrasonic harmonio method : (ii.) 43.
 and Shigeru Yam ada. Plato th ick

ness detn. by ultrasonic harmonic 
method : (iii.) 1 19 .

Tananaev, I. V., and. M. L. Levina. Sepn. 
of noble from base metals by liq. 
amalgams, &  detn. of Fo, Cu, &  Ni,
285.

Tananaev, N. A ., and I. I. Kalinichenko.
Detection &  detn. of Ni in brasses & 
bronzes without using turnings, 193.

 and P. F. Khovyakova. Detection
Sc detn. of Zr in Pt, 116 .

Tang, You-Chi, and Linus Pauling. Struc
ture of alloys of Pb Sc Ti, 13 .

Tanooka, Satoshi, Makoto Amano, and 
Goro Okamoto. Effect of Sn addns. 
on wcar-resistance of Pb bronze, 836.

Tantranon, Krisna, and B . B . Cunningham. 
Detn. of y  &  iny amts. of Cu b y  Iodato 
titration of CuCNS, 787.

Tanuma, Seiiohi. See Fukuroi, Tadao.
Tapsell, H. J .  Fatigue at high temp., 

390.
Tarasenko, I, I. Failure of metals, 1 1 1 .
Tarasov, Leo P. Grinding ol Ti, 799.
Tarasov, V. V. Sp. heat of chain &  layer 

structures, 330.
Tatarinova, L. I. See Fainshstcin, S. M.
Tatnall, F . G. Testing developments, 

792 ; uso of bonded wire strain gauges, 
S9S ; uso of torsion test, 896.

Tatur, André. Effect of equilib. diagr. on 
solidn. shrinkage, 45.

Taylor, A. X -ray  inicrodensitomctcr,
1 18 .

 and R . W. Floyd. Constitution of
Ni-rlch alloys of N l-C r-A l system, 
691 ; constitution of Ni-rich alloys of 
N l-T i-A l system, 91.

 and K . G. Hinton. Order-disorder Sc
pptn. phenomena in N i-C r alloys, 337.

■ and K , Sachs. Complex q-carbido in
Ni alloys, 468.

Taylor, D. W., and W. Muckle. A l alloys 
for shipbuilding ; (i.-ii.) 30 1.

Taylor, E . J .  See K illaby, P. J .
Taylor, E . W. Resolution of met. micro

scope, 850.
Taylor, Frank. Material economy : (ii.

N i conservation) 1026.
Taylor, H. F . See Register, C. L . ; Wulff, 

Joh n.
Taylor, H. G. See  D ixon, H. E . ; Hould- 

croft, P . T.
Taylor, John. Foundry specification 

sheets, 295, 9 11 .
Taylor, John Keenan. See Grcenough, 

M. L.
Taylor, Ja ck  L „  and Pol Duwez. Con

stitution of Ti-rich T i-C r-A l alloys at 
1S00° &  1400° F ., 810, 1002.

Taylor, Lauriston S. See W yckoff, Harold 
O.

Taylor, R. D. Brigiit-Zn plating, 270.
Taylor, W. H. B ook: ‘ ‘ X -R a y  Studies of 

Metal Structures ” , 1 2 1 .
Taylor, William J .  Diffuse X -ray  scatter

ing by disordered binary alloys ; 
(ii.) 26.

Teasdale, Tom S. See Mendelssohn, K .
Tebble, R . S., J .  E . Wood, aud J .  J .  Floren

tin. Temp, variation of magnetization 
of N i in low &  moderate fields, 6 11 .

Tector, F . J .  Manuf. of ships’ propellers in 
Mn brass, 904.

Tedds, D. F. B. Investment-casting pro
cess, 597, 90S.

Teed, P. L. Fatigue ol aircraft materials, 
165.

Teepie, H. O. NI &  Ni alloys, 3 1 1 .
Tegart, W. J .  MeG. Mechanism of electro- 

polishing, 104.
Teitoi, R . J .  P b -U  system , 13 .
Telep, George, and D. F. Boltz. U ltra

violet spectrophot. detn. of Co with 
H .O , &  NaHCO,, 19 1 .

Telesnin, R . V. Law s of magnetic v is
cosity, 77.

 and E . F . Kuritsyna. Dependence
of magnetic viscosity on temp., 7 8.

Temperley, H. N. V. Statist, mechanics &  
partition of numbers : (ii. form of
crystal surfaces) 484.

Templeton, D. H. See Brewer, L.
 and Carol H. Dauben. Crystal struc

tures of N p C &  PuiO i, 572.

Templin, R . L ., and E . C. Hartmann.
Design for repeated loads, 952.

 F . M. Howell, and E . C. Hartmann.
Effect of grain direction on fatigue 
properties of A l alloys, S32.

Tenhoor, R . E . See- M cGarvey, F . X .
Tenney, Gerold H. See Miller, Norman C.
Teramae, Akira. See Nishimura, Hideo.
Terekhova, V. E. Sec Savitskv, E . M.
Tereshkovich, E . A . See K udryavtsev, 

N . T.
Terui, Makoto. See Ushioda, Chikao.
Teslyuk, M. Yu. See Giadyshevsky, E . I.
Testro, H. J .  Indust, primers, 441.
Teviotdale, A . Zencr’s theory of ferro

magnetism, OS!.
Thacker, M. S. Utilization of power in 

non-ferrous metallurgy, 1056.
Thaivelin, K . G. Friction materials, A 

self-lubricating bearings, 261.
Theuerer, H. C. See Fuller, C. S.
Theurer, Kurt, and Thomas R . Sweet. 

Detn. of small am ts. of Zn in Al alloys by 
rapid electrograv. Isotope dilution tech
nique, 788.

Thewlis, J .  Graph, detn. of nnit-cell 
dimensions of non-cubic materials from 
X -ra y  powder photographs, 635 ; X -ray  
powdcr study of 0-U, 632 ; X -ray  studv 
of lattice consts. of Li*F, Sc I F F ,  770.

Thews, Edmund R . C'r-platlng anodes, 
273 ; electrodepn. of Sn alloys, 585 ; 
Ni, Cr, &  Cu plating of stainless steel, 
275 ; melting Sc casting of A l bronzes, 
1037 ; prodn. of cast Ni anodes, 357.

Thirsk, H. R ., and W. F . K . Wynne-Jones. 
Electron transfer reactions at Pb  
electrodes, 783.

Thomas, Arba. See Ikcnbcrry, Luther C.
Thomas, D. E . High-temp. oxidn. of Cu- 

Pd, C u -P t, &■ Ni—P t alloys, 109.
 and C. Ernest Birchenall. Concn.

dependence of diffusion coeffs. in 
metallic solid soins., 335.

Thomas, H. Sec Schmid, E.
Thomas, Hans. Elect.-resistance alloys, 

473.
Thomas, Ivor D., and Dan McLachlan, Jr .

Mixed projections in crystal-structurc 
detn., 25S.

Thomas, J .  G., and E . Mendoza. Elect, 
resistance of Mg, AI, Mo, Co, &  W at 
low temp., 548.

Thomas, R . D., J r .  Welding of bigh-alloy 
castings, 528 ; see also Rozet, D.

Thomas, W. R ., and W. C. Winegard. 
Segregn. in metals, 7G6.

Thompson, A . P., and J .  R . Musgrave. 
Ge as by-product, &  present Importance, 
806.

Thompson, Donald O. Creep of Zn single 
crystals, G14 ; see also Artm an, Robert 
A .

Thompson, F . C. Met. dept, of Manchester 
University, 976 ; presidential address, 
S45 ; see also Bhattacharya, S.

Thompson, F . W ., and A. R . Ubbelobde. 
A ttack of metals by free radicals Sc 
atoms, 710.

Thompson, G. C. Anodic oxidn. of Al, 
353.

Thompson, Howard J .  70 year's of welding, 
934.

Thompson, John G. M etallurgy a t  Nat. 
Bur. Stand., 963.

Thompson, J .  M. Detn. of T i in T i metal,
508.

Thompson, N., and D. J .  Millard. Twin 
formation ln Cd, 476.

Thompson, R . F . Enamelled Cu wire. 
50.

Thomson, J .  A. Zn-alloy dies for small 
orders, 297.

Thomson, W. Moulding Sc testing Cu alloy 
hydraulic castings, 1037.

Thorburn, David H. Design caso histories 
of die-eastings, 905.

Thorn, R . J „  and O. C. Simpson. In 
duction-heating measurement of high- 
temp. properties, 287.

Thornton, D. P., J r .  Sea-water corrosion, 
&  cathodic protection, 642.

Thorp, J .  S. X -ra y  microbeam spectro
meter, 1 17 .

Thring, M. W. Instruments for m easur
ing heat flux in furnaces, 5 1 1 ;  see also 
Puttick, K . E .

Throssell, W. R . See Bowden, F . P.
Thurlby, E . G. Prodn. of magnetic powder 

cores. 486.
Thury, W. See Hoiik, L.
 and H. Landerl. Al alloy of A l-C u -S i

type, 561.
Thwaites, C. J .  Reversed-bending fatigue 

tests on cable sheaths, 228 ; see also 
Hopkin, L . M. T.
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Tichaur, E. R. Procedures Sc metals in 
chipless manuf., 728.

Tichvinsky, L. M. Centrifugally cast 
bronze-back bearings for heavy-duty, 
532.

Ticknor, L. B . See Bover, M. B .
—  and M. B. Bevor. Heats of soln. 

of Au, Ag, Sc Cu in liq. Sn, 325.
Tiedema, T. J .  See Brugm an, F . W .; 

Burgers, W . G.
Tiesler, Joachim . See Brauer, Georg.
Tietz, T. E . See Sherby, O. D.
Tillu, Mahadeo M. Alkalimetric cstn. of 

Cd &  Zn. 429.
Timmons, G. A. See Somcliyshon, M.
Timofeevicheva, O. A . See Pugachovicli, 

P . P .
Tindula, Roy W. Investm ent casting, 

5 18  ; shell moulding process, 908.
Tino, Yosiaki. Invar problem, 624.
Tippell, T. L ., and Kathleen Lonsdale. 

Book translation b y : “  X -R a y  Crystallo- 
graphic Technology” , 541 (review).

Tipple, P. M. Sec Granville, J .  W.
Tisza, L . Supraconducting state, 9 ; 

supraconducting transition, 6 8 1 ;  theory 
of phase transitions, 166.

Tjoan, Lie Tiam. See Prins, J .  A.
Toberer, Rudolf. Sec  Schrag, Gerhard.
Tobisawa, Sh6tard. Sec Fukuroi, Tadao.
Tddt, F. Detn. of cathodic O redn. on 

Au, 2 8 1 :  sec also Grubitsch, H.
 S. K ahan, and W. Schwarz. Effect of

diffusion layer on electrochem. detn. 
of O &  oxide film on metals, 281.

Tokahashi, Noboru. See  Trillat, Jean  
J  acques.

Tokarcik, A . G., and M. H. Polzin. Quant, 
evaluation of residual stresses by stress- 
coat drilling, 897.

Tolansky, S. High-rcsolution surface- 
profllo microscope, 5 1 2 ;  light-profllo 
microscope for surface studies, 647 ; 
metallic coatings prod, b y cvapn. &  
sputtering, 389, 981 ; specialized micro
scopical techniques in m etallurgy, 850.

 and D. G. Nickols. Intcrfcrometric
studies of hardness-test indentations 
on WC, steel. Duralumin, &  Sn, 482.

 and M. Omar. Thin-illm interfero-
metric techniques for high-magniflcation 
topographical studies, 701.

Tolstoy, N. A. Sec Gurevich, D. B .
Toman, Karel. Structure of N ijSi, 255.
Tomashov, N. D., and T . V. Matveeva. 

Cathodic processes in corrosion of 
metals, 5S2.

 G. P. Sinel’shchikova, and M. A.
Vodeneeva. Anode &; cathode polariza
tion curves for Fe &  Cu in sulphate solns. 
contg. oxidizing addns., 1027.

Tomizuka, T. See Slifkin, L.
Tomkinson, G. A . Investm ent casting, 

293.
Tomlinson, W. R ,. Jr . See H art, D.
Tompkins, Edward R. Ion exchange in 

analyt. chemistry, 510 .
Tompkins, F . C. Sorption of gases on metal 

films, 558.
Tomura, Masao, and Yukiaki Abiko.

Magneto-effect in Go point contacts, 
6 75 ; non-uniform nature of Se recti
fiers, Sc electron multiplication in hard 
flows, 741.

Toney, S. See Smoluchowski, It.
Tonks, E . S. Lacquers for metals, 298.
Tooley, D. A. A ircraft experience with 

Mg, 807.
Torkar, K . Sec Iliittig , G. F .
Tortosa, Jean . Sec Perrot, Marcel.
Tottle, L. G. Uso of diamond dust for 

metallographie polishing, S50.
Tour, Sam. Clad bullet jackets, 3 2 ; 

developments in metallizing, 5S5.
Tournaire, Marcel. Mech. properties of 

A l alloys with high Y .P . &  tensile 
strength, 2 3 S.

Towner, J .  Colourless lacquers, 29S.
Tracy, A. W. Historic church roof of Cu,

946.
Train, L. F. Castable refractories for 

foundry, 376.
Trapp, W. J .  Sec Oberg, T . T .
Trautmann, B. See Bayer, K .
Trautzl, P., and W. D. Treadwell. De- 

compn. &  sepn. of Cu-Sn alloys in stream 
of HC1, 879.

Treadwell, W. D. Sec Dorta-Schaeppi, Y . ; 
Scheller, W alter; Trautzl, P.

 E . Amrein, and A. E . R. Bodmer.
Spect. detn. of small amts. of Ag in Pb,
788.

Treco, R . M. Effects of small addns. of O 
on lattice consts. &  hardness of Zr, 743 ; 
properties of high-purity Zr Sc dil. 
alloys with O, 614, S22.
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Trego, K . Sec Silverman, L .
Trelease, Sam F. Book : “  Sci. Paper,

How to Propare Sc Write I t  ” , 2nd edn., 
124.

Tremolada, E ., and G. Beretta. Research 
in electrolytic Zn plating, 870.

Tret’yakov, I. I. Sec Shekhter, A. B .
Tr eu ting, R. G. Nature, origin, &  effects 

of residual stresses, 457 ; plastic de
formation of Si &  Go, 480 ; sec also Ellis, 
W. C.

 J .  J .  Lynch, H, B. Wisliart, and D. G.
Richards. Book : “  Residual-Stress
Measurements ” , 3 18  (review).

Trevor, John S. Nylon-coated wire, 424.
Trifonov, A ., and Chr. Schojtanov. Polari- 

met. detn. of Al, 879.
Trigg, C. F . Book : “  Engineer’s Approach 

to Corrosion ” , 127 (review).
Trigger, K . J .  Sec Chao, B . T.
 and B. T. Chao. Evaluation of metal-

cutting temp., 378.
Trillat, Jean Jacques, and Noboru Toka

hashi. Electron-diffraction study of A l-  
Cu alloys, evapd. in vacuo, 475.

Trombe, Félix. Construction of semi- 
indust. solar furnace at Mont Louis, 
797 ; setting-up details of semi-indust, 
solar furnace at Mont Louis, 798.

—  and Marc Foëx. Centrifugal solar- 
cnergy furnaces, 797 ; dilatometric study 
of metallic D y, 227 ; dilatometric study 
of metallic Gd, 227.

Troneva, M. Ya. See ICurnakov, N. N.
Tro os t, Alex. Sec Bollcnrath, F .
Trost, Adolf. Thickness measurement by 

fS rays, 653.
Truell, R. See Y ing, C. F .
Trump, J .  G. See Webster, E . W.
Trümpler, G. See  Ib l, N.
 and K . Gut. Kinetics of dccompn.

of N a amalgam : (ii.) 875.
Tsareva, Yu. S. Sec Balashova, N. N. ; 

Vagram yan, A. T.
Tsuda, Seizo. See Nishihara, K iyokado.
Tsukakoshi, Osamu. Clean-up of H by B a  

getter film, 818.
Tsuwa, Hideo. Lapping of metals, 379.
Tsuya, Noboru. Sec Ilirone, Tokutaro.
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of K ) 195, (detn. of N a Sc alkali metals) 
195, (Redox titr. in aq. media) 592 ; 
developments in met. analysis : (i.)
592, (il.—iii.) 790 ; see also Belcher, R .

Westbrook, J .  H. Metal-ceramic com
posites : (i.-ii.) 488; temp, dependence 
of hardness of pure motals, 456, 824.

Westerman, Arthur B . Sec Hammond, 
Joseph P.
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——— and Doris Kuhlman-Wilsdorf. Su r

face structure on strained ¿VI, 1005.
Wilson, A. C. See Tyler, W. W.
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and J .  C. R . Kelly. Elim. of crucibles in 
heating &  melting, 4 1.

Wucher, J .  Magnetic properties of N i-L a  
alloys, 15 4 ; thermomagnotlc study of 
hydrogenated Pd, &  Pd ailovs with 
diamagnetic metals, 839.

 and Nicolas Perakis. Magnetic be
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in oxalic-acid baths, 1023.

Z e l’des, V. Ya. See Rotinyan, A . L.
Zomansky, M. W. Sec Brown, ¿V.; 

Worley, R . D.
Zemany, P. D. See Brady, E . L.
 and E. L. Brady. Effect of gases on

K-ion emission from hot P t, 323.
Zener, C. Interaction between the d- 

shclls in transition metals : (iv. intrinsic 
anti ferromagnetism of Fe) 1 3 4 ;  theory 
of diffusion in solids, 329 ; see also 
K e, T. S.

Zeno, R . S., and H. L. C. Leslie. Incrt-arc 
welding of thin-walled tubing, 53.

Zentner, Robert. See Wahlin, II. B .
Zentner, Victor. See Brenner, ¿V.
v. Zeppelin, H. Detn. & adjustment of P 

content of Cu &  Cu alloy melts, 904.
Zeyen, K . L. See v . Hofe, H.
Zhdanov, V. A ., and V. F. Konusov. 

Stability of crystal lattices in slip, 
169.

Ziegfold, R. L ., and K . H. Roll. Powder 
metallurgy, 856.

Ziegler, G. W., Jr .,  L. E . Bollinger, R . 
Speiser, and H. L. Johnston. High- 
vacuum, high-temp. technique in In
duction heating, 902.

Ziegler, W. T. Supraconductivity of La, 
Ce, Pr, &  Nd, 135  ; see also Young, R . A.

van der Ziel, A . Sec Dekker, A. J .
Zielasek, G. Sec Kohler, M.
Zim a, G. E ., and R . N. Doescher. M a

terials for F i equipment, 3 12 .

Z w ick er

Zim an, J .  M. Antifcrrornagnetism by 
spin wave method : (i.-ii.) 684.

Zimmerli, E . Static Sc mobilo A l containers, 
970.

Zimmerman, J .  B . Detn. of ¿VI b y fluoro- 
photometric method, 786.

Zimmerman, J .  E . See  Estermann, I.
Zimmerman, Max. Photometric detn. 

of Ti, 196.
Zimmermann, R . L ight alloy aqueduct, 

939 ; Neidhart suspension of A l &  
rubber, 307.

Zimmermann, Wolfhart. Thermodynamics 
of Formi gas with interchanges, 749.

Zimnawoda, Henry W. Sand- &  mould- 
handling equipment, 206, 910.

Zirilli, R . Cu plating of Fe  &  steel, &  Ni 
plating of Cu a llo y s : (i.-ii.) 10 2 3 ;
Prem at elcctrogalvanizing process, 714 .

Zobrist, A. See Schwarzenbach, G.
Zoja, R . A lt. torsion tests on wires,

1034.
Zoller, Hch. Non-dcstructive testing of 

m aterials : (i.-iii.) 1035.
Zombory, L . See Papp, E.
Zorn, E. Pre-heating burners in elect, 

welding, 302 ; sec also v . Hofe, H.
Zosimovich, D. P. Potentials of alloys 

formed in galvanic cells in physico- 
chem. analysis, 426.

Zotta, Mario. See Riccoboni, Luigi.
ZubSenko, D. Corrosion of Pb piping, 

264.
Zubov, V. V. Sec Volkov, D. I.
Zuckerman, S. Metal economics : (i.

metals as natural resources) 961.
Zudin, I. F . ¿'ce Gudtsov, N . T.
Zulinski, E . J .  See Do Sm ct, E . C.
Zurbrügg, E. ¿Vrgon-arc welding of Al,

970.
- Zürrer, Th. M etallography : (i.-ni.) 632.

 and H. Bovet. Elect.-resistance
m aterials &  heating elements : (i.-ii.)
844.

ZweUing, G. Welding masks &  hand 
shields, 1050.

Zwicker, Ulrich. Constitution of Mn-rich 
M n-Cu-N i alloys, 998 ; y-phaso of Mn : 
(i.) 690, (ii.) 1009; study of M n-N 
system, 6 9 1; transformation in M n,Cr 
phase, 691.

1101



SUBJECT INDEX
Abrasives (see also Buffing, Cleaning, 

Polishing), coated, 300 ; effects on 
surface structure, 852.

Abstracts, met., 976.
Actinides, valencies, 822.
Adhesives, see Jo in ing.
Age-hardening, abnormal diffuse X -ra y  

scattering by alloys, 18 , 1006 ; effect 
on heat-resistance of solid solns., 95 ; 
mechanism Sc effect on wire &  strip, 
17  ; mechanism in solid solns., 167 ; 
pptn. theories, 158, 473.

Age-hardening of—
Aluminium alloys, changes of state In 

solid solns., 831 ; diffuse X -ray  scatter
ing, 18 , 1006 ; effect of transition point 
of tensile curves, 333.

Aluminium-copper alloys, decompn. of 
solid soln., 18 ; light phenomenon Sc 
effect of addns., 630 ; X -ray  data, 
1007.

Aluminium-magnesium alloys, be
haviour, 10 ; diffuse X -ray  scattering, 
1006 ; X -ra y  study of changes, 159.

Aluminium-silver alloys, phenomena, 
18, 160, 462.

Alum inium-zinc alloys, decompn. of 
solid soln., 18.

Antimony-lead alloys, 399.
Beryllium-copper alloys, mechanism, 19, 

477.
Copper-nickel-silicon alloys, effect of 

N ijSi, 833.
Copper-silver alloys, X -ray  diffraction 

study, 10 10 .
Iron-molybdenum alloys, 465.

Agricultural equipment, exhibition, 941, 
1053 ; m aterials, 530, 560; use of 
castings, 808.

Aircraft,
construction, Boeing, 301 ; bonded, 5 1, 

2 1 1 ,  299, 9 23 ; design, Sc research, 
963; failure, 4 2 ; fatigue tests, 649; 
finishes, 922 ; naval, corrosion pre
vention, 639 ; skin, 47, 375, 948 ; 
tapering, 375, 659 ; use of Al, history, 
804 ; use of Mg, 309, 532, 807 ; use of 
Ti, 660, 949; welded, 54, 442, 925,
932.

hangars, A l construction, 803.
jet- (see also Oas-turbines), components, 

44 ; engines &  turbo-superchargers, 
3 10  ; testing lab., 201 ; welds, 444.

materials, 942 ; effect of low temp., 156, 
402 ; elect, conductors, 305 ; fatigue 
strength, 165, 334 ; frame, 3 Î0 ;
metal-ceramics, 857 ; micros true ture, 
165 ; quality control, 792 ; research, 
844, 962 ; specifications, 968.

parts, barrel-finished, 661, 662 ; brazed, 
4 4 1 ;  casting design, 793 ; de-icers, 
857 ; electroformed, 870; flaw de
tection. 900 ; formed in non-metallio 
dies, 602 ; hydroforrned, 295, 659 ; 
packaging in Al foil, 805 ; plated, 
1 1 2 ,  7 12  ; stretch-formed, 659 ; super
alloy stampings, 600 ; vacuum-im
pregnated castings, 374 ; wing sec
tions, 309, 659, 9 13  ; wing tanks, 442.

propellers, construction materials, 687 ; 
hard-surfacing, 446 ; reflnishing, 439.

Alclad (sec also Cladding), notch-impact 
strength, 238 ; riveted, fatigue 
strength, 150 ; testing, see Testing ; 
welded, mech. properties, Sc corrosion- 
resistance, 150.

Al-Fin process, 300, 527, 73 1, 1045.
Alkali-metal alloys, see Alloys d? Com

pounds.
A lkali metals (sec also Cæsium , Lithium, 

Potassium, Rubidium), analysis, see 
Analysis ; elastic anisotropy, polariza
tion of acoustic waves, 617 ; elect, 
resistivity at low temp., 680 ; perio
dicity in groups of Mendeleev system, 
981 ; pressure/vol. relations &  co
hesive energies, 458.

Alkaline-earth metals (see also Barium , 
Calcium, Radium , Strontium), elect, 
resistivity at low temp., 680.

Alloying, see M elting, Sc under names of 
metals Sc alloys.

Alloys & compounds,
affinities, chem., calcn. method, 696. 
binary, absorption of diat. gas, 96 ; 

contribn. of interface to sp. heat, 330 ; 
crystal order, 106 ; detn. of wt. %, b y 
X -ray , 219 ; diffuse X -ray  scattering, 
26 ; elect.-resistance theory, 2 16  ; 
eutectic, 575 ; hardness Sc elastic 
consts., 404 ; interconversion of 
at. % Sc wt. %, 975 ; order-disorder 
transformations, 23 ; propn. from 
immiscible metals b y vacuum  evapn., 
845 ; solid-solns., effect of at. vol. on 
heat of formation, 695 ; superlattice, 
12 , 16 8 ; thermodynamics, 247, 248 ; 
Young’s modulus of solid solns., 339, 
472.

crystal chemistry, appn. of bond models, 
10 15 .

crystallization, effect of magnetic field, 
851 ; eutectic, in presence of surface- 
active substances, 574, 10 12  ; homo
geneous nucleation, 2 1 . 

diffusion, coeffs., effect of concn., 335 ; 
effect of oxidn., 421 ; Kirkendall 
effect, 340, 474 ; self-, effect of 
activation energy on high-temp. be
haviour, 628 ; in substitutional solid 
solns., 247, 617, 826, 1006. 

equilibria, theory, book, 810.

ALLOYS
Alloy systems are indexed in the 

order of tho constituent whose initial 
letter comes first in the alphabet, 
e.g. Aluminium-coppcr, Copper-nickel, 
Tin-zinc, and without regard to per
centage composition. Trade names of 
alloys are inserted in alphabetical order.

equilibrium diagrams, book, 540 (rev.) ; 
effect on solidn. shrinkage, 45 ; high- 
temp. X -ray  detn., 288. 

eutectic, multi-phase, 482, 574, 10 12  ; re
action principles, 167 ; surface ten
sion, 1005. 

formation, in electrodoposits, 870; in 
evapd. films, 247 ; heats, effect of 
at. vol., 695; in redn. of compds., 
340 ; in simultaneous condensation of 
components, 680 ; with volatile com
ponents, 5 1 1 .  

intermetallic compounds, mech. pro
perties at elevated temp., 568; of 
more-electropositive elements, 15 8 ; 
plasticity of phases, 1002 ; polarized, 
light study of anisotropic constituents, 
23.

interphase interfaces, 253, 349. 
molten (see also Molten metals &  

alloys), magnetic evidence of negative 
Co &  Fe ions, 246; thermodynamics 
of dll. solns., 248, 404, 622, 627. 

multi-component, graph, representation, 
250 ; prepn. of films for study, 650. 

order-disorder, at. magnetic moments, 
96; effect on phys. properties, 630 ; 
interactions, 16 8 ; phenomena, 10 6 ; 
transitions, 23, 168, 483, 851.

Pauling hypothesis, review, 332. 
phase rule, book, 219 (rev.). 
phase transformations, boundaries, 104 ; 

calcn. of internal stress, 346 ; diffusion- 
less, 2 5 3 ; first order, 8 51, 10 1 3 ;  
martensite, 167 ; order-disorder, 23, 
168, 483, 8 5 1 ;  rotational, 772 ;
second order, 1 0 1 3 ;  in solids, 166, 
167 ; theory, 248 ; X -ray  study, 172.

Alloys &  compounds,
reflectivity, compn. curves, 1003. 
quaternary, method of study, 250, 689. 
sigma phase, formation, 702 ; magnetic 

properties, 16. 
single-phase, surface &  interfacial ten

sions, 329. 
solid solutions, between compds., 1004 ; 

changes of heat-resistance, 95 ; concn. 
dependence of diffusion coeffs., 335, 
473 ; continuous formation, 629 ; 
diffusion &  porosity, 247, 617 ; dilute, 
magnetic evidence of negativo Co Sc 
Fe ions, 246 ; effect of at. vol. on 
heat of formation, 695 ; effect of 
magnetic field on crystn. Sc compn., 
851 ; elect, conductivity &  temp, 
cooff. of resistance, 95, 471 ; Sc grain 
boundaries, 561, 566, 753, 757, 758 ; 
heterogeneities in equilib., 410 ; laws 
of formation, 248 ; m arker move
ment in diffusion, 1006 ; mechanism of 
pptn., 167 ; segregation, 345 ; statist, 
mech. theory, 96, 158 ; stress in 
decompn. near nucleus of new phase, 
702 ; supercooled pptn., 10 6 ; super
sat., reactions, 247, 6 17, 851, 1006; 
volume change through diffusion,
826.

structure, Sc constitution, book, 1055 
(rev.) ; dendrite growth, 106 ; elec
tron-diffraction &  microscope study of 
surfaces, 853 ; high-temp. X -ray  
study, 288 ; interat. distances, 105, 
158 ; second order supcrlattice, 346. 

substitutional, diffusion effects, 247, 617, 
826 ; diffusion mechanism, 1006 ; wave 
propagation, 158. 

ternary, abnormal structure, 4 10 ; con
stitution, 1005 ; m.p. diagr., 96 ; 
segregn. in regular solns., 1006 ; 
soly. curve, log-log plot, 630. 

thermodynamics, book, 125 (rev.) ; 
progress rep., 565 ; theory, 247, 248, 
622, 627.

two-phase, deformation by cold-rolling 
772.

A Z 9 1, creep-strength, 239.
Advance, elect, fluctuations after annealing,

827.
Aldrey cables, 937.
Alkali halides, oriented overgrowth on Ag 

substrates, 10 2 .
Alkali-m etal compounds, with Si &  Ge, 157 .
Alkali-metal-magnesium alloys, corrosion- 

resistance, 177 .
Alkali-m etal-m ercury alloys, spontaneous 

peroxidn., 265.
Alnico alloys, magnetic structure, 336 ; 

phys. structure Sc magnetic aniso
tropy, 92 ; scrap recovery, 912.

Aluman, roofing, 303, 805.
Aluminium alloys (see also Aluman, A nii- 

corodal, Avional, I>uralumin, Ilid u -  
minium, Hydronalium, Okadur, Os- 
îiiagal, Pantal, Peraluman. R R 5  9, 
Raffinai, Reflectal, S A M .  14 S, 
Silum in, Y -alloy, Zicral, Zicral). 

age-hardening, see Age-hardening. 
analysis, see Analysis. 
anodic films, see under Alum inium , Sc 

Anodic oxidation. 
bearings, 941. 
brazing, see Brazing. 
cable sheath, 305. 
casting, see Casting, Sc Die-casting. 
castings, for anodizing, 593 ; appns., 793, 

1049 ; A .S.T.M . reps., 308, 945, 1054 ; 
corrosion-resistance, 253 ; creep, 79 ; 
impregnation, 374 ; properties, &  
compn., 903, 1035 ; residual stresses, 
149 ; use of master alloys, 43. 

cleaning, see Cleaning. 
coining, see Coining.
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A ilo y s & com p ou n d s Subject Index A llo y s  & co m p ou n d s

Aluminium alloys,
cold-working, see Cold-working. 
corrosion-resistance (see also Corrosion), 

effect of addns., 253 ; effect of spot 
welds, 150 ; tables, 175. 

creep, 79, 233, 615  ; correlations in a-solid 
solns., 560, 7 53 ; effect of prodn. 
processes, 239 ; temp, dependence at 
const, stress, 14 9 ; under complex 
stress at elevated temp., 6, 327. 

crystal structure, detn. by etch-pit 
method, 17 ; detn. by grain coloration, 
764 ; of solid solns., 237, 831 ; theory, 
hook, 3 14 . 

cutting, see Cutting. 
data sheets, 12 1 ,  2 1 1 ,  3 1 1 ,  968. 
developments, 237, 3 3 1 , 961, 973. 
die-castings, appns., 943, 953. 
elasticity, brittleness, detn., 982 ; Pois- 

son’s ratio Sc rigidity modulus, 80. 
equilibrium diagrams, ternary, book, 

447 (rev.).
fatigue-strength, 334 ; effect of grain 

direction, 832. 
foil, appns., 307, 541, 944. 
forging, sco Forging. 
grain-refinement, mechanism, 97, 340, 

473, 696. 
grinding, see Grinding. 
hardness, micro-values, 8 3 1 ;  test results 

289.
joining, see Jo in ing. 
machining, see Machining. 
mechanical properties, effect of compn. 

80, 237 ; effect of machining after an
neal, 751, 9S9 ; high-strength, &  Y .P ., 
2 38 ; high-temp., 239. 461, 560 ; low- 
temp., 402 ; plasticity a t  elevated 
temp., 79 ; tables, 10. 

melting, sec Melting. 
polishing, sec Polishing. 
protection, see Protection. 
refining, see Refining. 
rolling, see Rolling.
scrap recovery, catalytic distillation as 

A 1F , 3 G 1; C l-N  process, 9 1 1 ;  three- 
layer process, 187. 

secondary, prodn., 205. 
sheet, fatigue, 3 3 1 ;  grain-size, 473 ; 

recrystn., 105 ; stand. 6izes in Franco, 
1 0 1 1 ; surface defects, 17 . 

standardization, 968. 
stretch-formed, 303, 659, 728, 797, 9 13 ,

914.
structural, repair, book, 3 13  ; riveted Sc 

welded, hook, 64 (rev.); survey, 
803, 937 ; uses, see under Aluminium, 
uses.

surface(s), defects, 17 , 593 ; effect of 
quartz particles on frictional wear, 
826; strain markings, 831. 

tensile properties, 395, 396 ; detn. from 
hardness, 4 6 1 ;  effect of precompres
sion, 79 ; endurance limit, 289; 
stress/strain relations, 7 9 ; transition 
points of curves, 333. 

testing, see Testing. 
tubing, 307, 727. 
uses, see under Aluminium. 
viscosity, 237.
volume changes in compression Sc ten

sion, 3 3 1 ;  thermal expansion, 33 1. 
welding, see Welding. 
wrought, A .S.T .M . rep., 30S, 945, 1054 ; 

cold-worked, crit. strain  effects, 817 ; 
corrosion-resistance, tables, 17 5 ; 
creep, 79 ; properties Sc compn., 559 ; 
quality control, 593.

Aluminium-beryllium alloys, thermal 
expansion, 3 3 1 .

Aluminium -  beryllium -  magnesium -  zir
conium alloys, mech. properties, 
756.

Aluminium-beryllium-silicon alloys, depn., 
see Deposition.

Aluminium-bismuth alloys, prepn. by 
thennal evapn., S45.

Aluminium-boron alloys, holes in single 
crystals of A 1B „  475.

Aluminium bronze (sec also Narite), an aly
sis, see A n alysis ; creep &  fatigue at 
500° C „ 15 0 ; deep-drawing dies, 48; 
elect, resistance, anisotropy, 14 5 ; 
isothermal transformation &  proper
ties, 84 ; martensitic changes, 242 ; 
melting, see M elting; powder met., 
see Powder metallurgy ; scrap recovery, 
505 ; solid-drawn tubes, 2 13  ; survey, 
834.

Aluminium -  cadmium -  magnesium -  zinc 
alloys, free-cutting, 83.

Aluminium-cerium-magnesium alloys, m. p. 
diagr., 96.

Aluminium-chromium alloys, dilatometric 
detn. of solidus temp., 367 ; mech. 
properties at high temp., 568.
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Aluminium-chromium-iron alloys, eleot. 
resistance, 2 1 2 , 837 ; heating elements, 
844 ; properties, 465.

Aluminium-chromium-nickel alloys, Ni- 
rich constitution, 91, 691.

Aluminium-chromium-titanium alloys, Ti- 
rich constitution at 1800° &  110 0 ° F., 
840, 1002 ; welding, see Welding.

Aluminium -  cobalt -  copper -  iron -  nickel 
alloys, magnetic anisotropy &  vis
cosity, 1003.

Aluminium-cobalt-iron alloys, con
stitution, 336.

Aluminium-cobalt-nickel alloys, powder 
met., sec Powder metallurgy.

Aluminium-copper alloys (see also D ur
alumin-type alloys), age-hardening, see 
Age-hardening ; anodic oxidn., see 
Anodic oxidation ; changes in solid 
soly. of A l Sc Cu under pressure, 568 ; 
changes of state, 831 ; corrosion, see 
Corrosion ; dilatometric detn. of 
solidus temp., 367 ; evapd. films, 475 ; 
fictitious values, 995 ; grain-boundary 
diffusion, 349 ; grain-coloratlon by 
etchant, 764; grain-refinement, 340 ; 
grain-refinement, in presence of 0 
phase, 833 ; high-temp. strength, 994 ; 
interfacial energies, 349 ; melting, see 
Melting ; metallography, 630 ; rolling, 
see Rolling ; tensile properties, effect of 
dispersions, G19, 832 ; thermal expan
sion, 3 3 1  ; thermodynamic ealens. of 
Guinier-Prcston zones, 630 ; trans
ition point of tensile curves, 333 ; 
welding, see Welding.

Aluminium -  copper -  iron -  nickel alloys, 
magnetic viscosity, 1003.

Aluminium -  copper -  magnesium alloys, 
causes of strain-marklngs, 831 ; crys
tal structure, 10 1 ,  699; elect. Sc 
thermal conductivity up to 400° C., 
12 9 ; equilib. diagrs., 9 9 1 ; Q phase, 
990, 991 ; wrought, corrosion-resis- 
tancc, 175 .

Aluminium -  copper -  magnesium -  man
ganese alloys, properties, 238.

Aluminium -  copper -  magnesium -  man
ganese-zirconium alloys, properties, 
238.

Aluminium -  copper -  magnesium -  nickel 
alloys, for high-temp., 239, 395.

Aluminium — copper -  magnesium -  
nickel-zirconium alloys, for high- 
temp., 239, 395.

Aluminium — copper — magnesium — 
silicon alloys, equilib. relations at 
460° C., 33 1, 685.

Aluminium -  copper — magnesium -  zinc 
alloys, cleaning, see Cleaning ; cor
rosion, see Corrosion ; dilatometric 
changes, 753 ; high-strength, 14 9 ; 
mech. properties, 238, 4 6 1 ;  wrought, 
corrosion-resistance, 175.

Aluminium-copper-manganese alloys (see 
also Heusler alloys), Curie temp., 1 1 ;  
for elect, resistance wires, 687, 754.

Aluminium -  copper -  manganese -  nickel 
alloys, for propellers, 687.

Aluminium-copper-nickol alloys, high- 
temp. strength, Sc compn., 994.

Aluminium-copper-nickel-titanium alloys, 
for high-temp., 239, 395.

Aluminium-copper-silicon alloys, bearings 
for railway axles, 804 ; cast, effect of 
B i Sc Sn on macliinability, 6S6 ; cast Sc 
wrought, compn. Sc properties, 561 ; 
corrosion, see Comosion ; die-castings, 
943 ; elect. &  thermal conductivity up 
to 400° C., 129 ; welding, see Welding.

Aluminium-copper-zino alloys, bearings, 
4 7 1 ;  interfaical energies, 349.

Aluminium -  germanium -  magnesium al
loys, X -ray  scattering, 18.

Aluminium-indium alloys, equilib. diagr.,
396.

Aluminium-indium-tin alloys, constitution, 
9.

Aluminium-iron alloys, annealing, see 
Annealing ; effect of heat-treatment 
on magnetic properties, 84 ; m ag
netostriction, 465, 564 ; order-disorder 
effects, 15 2 ; single crystals, prepn., 478.

Alum inium-iron-nickel alloys, breakdown 
of b.c.c. lattice, Sc transformations of 0 
phases, 162 ; constitution, 995 ; effect 
of powder met. prodn. on magnetic 
properties, 855 ; powder met., see 
Powder metallurgy.

Aluminium-iron-silicon alloys, constitu
tion, 9 ; equilib. in Al corner, 10 ; 
etch-pit detn. of orientation, 17 ; 
magneto-resistance, 623 ; microscope 
specimen prepn., 764 ; phases formed, 
6 2 1 ;  polishing, see Polishing ; super
lattice, 100, 1 0 1 .

Alum inium-iron-titanium alloys, welding, 
see Welding.

Alum inium-iron-zinc alloys, Zn-rich, 4 7 1,
844.

Aluminium-lead alloys, prepn. by thermal 
evapn., 845.

Alum inium-lead-tin alloys, liq. immisci- 
billty region at 650-800° C., 621.

Alum inium-lithium-silicon alloys, phases 
formed, 81.

Aluminium-magnesium alloys, ageing, see 
Age-hardening ; analysis, see Analysis ; 
anodic oxidation, sco Anodic oxida
tion ; cast, grain growth on heating 
without previous working, 2 5 1 ; causes 
of strain markings, 831 ; change in 
solid-soln. range under hydrostatic 
pressure, 332 ; corrosion, seo Corro
s io n ; creep strength, 79 ; deforma
tion textures, &  behaviour in presence 
of Hg, 10 17  ; grain-refinement, 88, 
340 ; grain-sizo detn., 629 ; master 
alloys, 13 ; melting, see M elting ; 
oxidn., see Oxidation ; plasticity of 
intermetallic phases, 1002 ; polishing, 
sco Polishing  ; powders, combustion, 
234; quenching behaviour, 10 ; relation 
of phase diagr. to corrosion-resistance, 
159, 708: soln.-treated, formation of 
intercryst. voids, 690 ; stress/strain 
relations, 756 ; strip for roofing, 939 ; 
structure, 8 1, 15 9 ; testing, see
Testing', transition point of tensile 
curves, 333 ; use in buses, 804, 910 ; 
uso in compasses, 308 ; use in life
boats, 55, 1049 ; use in shipbuilding, 
304, 804, 942 ; uses, 303 ; welding, see 
Welding ; wrought, corrosion-resis
tance, 175  ; wrought, segregn., 689.

Aluminium -  magnesium -  manganese al
loys, corrosion-resistance in bridge 
construction, 303 ; equilib. relations, 
88 ; Mg-rich 337 ; supersat. solid 
solns. of Al &  Mn in Mg, isothermal 
transformations, 337.

Aluminium — magnesium — manganese — 
zinc alloys, wrought, segregn., 689.

Aluminium-magnesium-silicon alloys, cor
rosion, see Corrosion ; creep strength, 
817 ; effect of compn. on mech.
properties, 238 ; molecular formations 
in solid solns., 989 ; thermal expan
sion, 3 3 1  ; use in ship-building, 304, 
804 ; welding, see Welding ; wrought,, 
corrosion-resistance, 1 7 5 ;  X -ra y  scat
tering during ageing, 18.

Aluminium-magnesium-zinc alloys, cor
rosion, seo Corrosion ; crystal struc
ture, 159 ; dilatometric changes, 753 ; 
effect of Mn, Si, Sc Fe on tensile pro
perties ; 685 ; free-cutting, 83 ; m elt
ing, see M elting ; m.p. diagr., 96; 
molecular formations in solid solns., 
989 ; properties, 238, 686 ; structure 
of M g„(A l,Zn)4„  699.

Aluminium-magnesium-zirconium alloys, 
powder-extruded, 243.

Aluminium-manganese alloys, corrosion, 
see Corrosion ; master alloys, 43 ; 
roofing, 303 ; welding, sco Welding ; 
wrought, 2 1 1 .

Aluminium-manganese-nickel alloys, unit 
cell Sc Brillouin zones of N i4MnnAl*0» 
572.

Aluminium -  manganese -  silicon alloys, 
structure of a phase, 699 ; structure of 
0(AlM nSi)-M n,SiAl„ 252.

Aluminium-mercury alloys, appns., 532.
Aluminium-Mischmetall alloys, for high- 

temp. service, 80.
Aluminium-molybdenum alloys, 400.
Aluminium-nickel alloys, 0-phase, 998, 

10 10 ; powder met., see Powder 
metallurgy.

Aluminium-nickel-titanium alloys, Ni-
rich constitution, 91 .

Aluminium oxide, structure of layer in 
anodic oxidn., 65.

Aluminium-silicon alloys, 991 ; analysis, 
see Analysis ; anodic oxidn., see 
Anodic oxidation ; Cr-plated cylinders, 
305 ; cutting properties, 238 ; effect 
of Fe on casting properties, 832 ; 
finishing, see Fin ish in g  ; master- 
alloys, 43 ; mechanism of modifica
tion, 8 1 ; melting, see Melting ; prodn. 
in elect, furnace, 991 ; reactions with 
S, 81 ; structure, 1008 ; superlattico 
formation Sc behaviour, 100 ; thermal 
expansion, 3 3 1  ; welding, see Welding.

Aluminium-silicon-sodium alloys, 8 1.
Aluminium-silicon-sulphur system, 81.
Alum inium-silver alloys, change in solid- 

soln. range under hydrostatic pressure, 
332 ; eolid-soly. of pure Ag In pure Al,. 
149 ; X -ray  study, 18, 160.



Aluminium-sulphur system, 81.
Aluminium-tin alloys, bearings, 462, 953 ; 

dilatometric detn. of solidus temp., 
367 ; grain-sizo study by stereoscopic 
microradiography, 251 ; interfacial 
tensions &  grain-boundary energies, 
349.

Aluminium-titanium alloys, chem. pro
perties, 397 ; mech. properties, 759, 
1002 ; phase diagr., 1 5 5 ;  Ti-rieh, 
constitution, 93, 469, 693.

Aluminium-uranium alloys, crystal struc
ture of U A 1„  103.

Aluminium-vanadium alloys, crystal struc
ture of V A 1„  164.

Aluminium-zinc alloys, crystal chemistry, 
10 15  ; decompn. of solid soln. in ago
ing, 18  ; dilatometric detn. of solidus 
temp., 367 ; eutectoid transformation, 
627 ; tlowabiliiy, 155 ; formation ener
getics &  phase transformations, 82 ; 
grain refinement, 340 ; high-strength 
for aircraft, 6S6 ; intercryst. fracture, 
406, 492 ; pptn. mechanism from 
supcrsat. solid solns., 846 ; solidn. 
of sand castings, 23 ; structure, 
82 ; testing, seo Testing; thermo
dynamics, 561, 753 ; Zn-rlch, fracto- 
graphy, 1 0 1 1 .

Alummium-ziroonium alloys, phase diagrs., 
568 ; properties, 567.

Am algam s, sco M ercury alloys.
Antioorodal, in aqueduct construction, 939 ; 

in building, 1049 ; creep, 561 ; rolling, 
see Rolling.

Antimony-cadmium alloys, catalytic de
compn. of H j Oi , 83.

Antimony-cæsium alloys, photocathodos, 
334, 991.

Antimony-ohromium alloys, 160.
Antimony-cobalt-sulphur alloys, equilib. 

diagr., 689.
Antimony-copper alloys, electrodepn., 

see Electrodeposition ; electrolytic, 
274 ; embrittlement at low temp., 
240 ; high-temp. strength &  compn., 
56S, 994 ; intcrfaclal energies, 349.

Antimony-indium alloys, lattice parameter 
of InSb, 100 ; phase diagr., 398, 755.

Antimony-iron-sulphur alloys, equilib. 
diagr., GS9.

Antimony-lead alloys, corrosion, seo Cor
rosion; effect of addns., 3 9 9 ; in 
storage cells, 109 ; structure study 
b y replica microscopy, 69S.

Antimony-lithium alloys, photocathodes, 
991.

Antimony-manganese alloys, elect, resis
tance In magnetic field, 90 ; magnetic 
susceptibility, 998.

Antimony-potassium alloys, photo- 
cathodes, 334.

Antimony-silver alloys, reflectivity, 100 1.
Antimony-sodium alloys, photocathodes, 

3 3 1 .
Antimony-tellurium alloys, oleot. pro

perties, 469.
Antimony-tin alloys, electrodepn., seo 

Electrodeposition ; rolling, see Rolling.
Antimony-tltanium alloys, constitution, 

1 0 0 2 .
Arsenic-cobalt alloys, 397 ; dissoen. pres

sure, 992, 993.
Arsenic-copper alloys, 397 ; dissoen. pres

sure, 992 ; tensile properties, 1 10 .
Arsenio-indium alloys, 109 ; phase dinars 

623, 755, 836.
Arsenio-iron alloys, 397.
Arsenic-nickel alloys, 397, 409.
Avional, creep, 561.
Babbitt metal, analysis, seo Analysis ; 

bonding on grov cast Fe, 656.
Bearing alloys (see also Babbill), adapta

tion for machining, 83 ; Al-basc, 941 ; 
analysis, see A n alysis; in auto
mobiles, 80S ; books, 53G ; carrier- 
crystal hypothesis, 94 ; cold-worked, 
835, 836 ; duplex, wear &  friction, 
763 ; powder mot., see Powder metal
lu rgy; retainer materials, 403; re 
view, 74, 245, 402 ; scrap recovery, 
205 ; testing, seo Testing.

Beryl, crystals, microscopy, 7 73.
Beryllium alloys, M Be,, compds., 252 ; uses,

Beryllium bronze, M ister form ation, 993 ; 
compn. &  properties, 835 ; effect of 
gas adsorption oil surface hardness, 
150 ; wear resistance, 240.

Beryllium-oerium alloys, structure of 
C eBen, 252.

Beryllium-copper alloys, analysis, see 
A n alysis; conductivity &  "hardness, 
1 1 ;  forming, see Form in g; high- 
temp. strength, 994 ; machine parts, 
947 ; moulds, 805; oxidn., see Oxida-

A llo y s &  com p ou n d s

B e r y l l iu m - c o p p e r  a l lo y s ,
lio n ; pptn. mechanism, 19, 477 ; 
rolling, see R o llin g; springs, 800 ; 
strip, 209; survey, I I ,  8 3 1 ; '  testing, 
sec Testing; w ire,403,687 ; wire-draw
ing, seo Wire-drawing ; wrought, 834 ; 
X -ray  scattering in ageing, IS.

Beryllium-eopper-manganese alloys, Cu- 
rich, S34.

Beryllium-copper—nickel alloys, properties, 
885.

Beryllium-copper-tin alloys, Cu-rich, 84.
Beryllium-molybdonum alloys, inter- 

motallic compds., 9 1.
Boryllium-platinum alloys, compn. &  pro

perties, 154.
Beryllium-thorlum alloys, structure of 

ThU e.j, 252.
Beryllium-titanium alloys, structure of 

T iiie ,,, 23, 10 1 1 .
Béryllium -uranium  alloys, structure of 

UBCi j , 252.
Beryllium-vanadium alloys, structure of 

V Bo,, 164.
Beryllium-zirconium alloys, structura of 

ZrBels> 252.
Bismanol, permanent magnets, 337.
Bismuth alloys (see also Bismanol), low- 

ni.p., 308 ; supraconductivity, 570, 
764.

Bismuth-oadmium alloys, equilib. diagrs.,
466.

Bismuth-eadmium-tin alloys, liq., thermo
dynamic properties, 462.

Bismuth-calcium-magnesium alloys, 690.
Bismuth-copper alloys, electrolytic, 274 ; 

liq., thermodynamic data from phase 
diagrs., 622.

Bismuth-lead alloys, liq., effect on Mo, Nb, 
&  steei, 744 ; liq. surface tension, 69 ; 
peritectic temp., 83S ; thermal con
ductivity, 624.

Bismuth-lithium alloys, supraconductivity 
of L iB i, 565.

Bismuth-magnesium alloys, d of M g ,B i„
243.

Bismuth-manganese alloys, magnetic pro
perties of MnBi, 96, 625 ; powder met., 
sec Powder metallurgy ; prepn. &  m ag
netic properties, 337.

BIsmuth-potassium alloys, supraconduc
tiv ity  Of B i,Iv, 239.

Bismuth-tellurium alloys, clectrocapillary 
phenomena, 38.

Bismuth—thallium alloys, structure, 82.
Bismuth-tin alloys, catalytic decompn. of 

H ,0 „  8 3 ; crystn., 476 ; equilib. 
diagr., 466 ; infra-red absorption at 
low temp., 559, 618 ; study of prim ary 
crystn. & viscosity change, 345, 402."

Bismuth-zinc alloys, liq., thermodynamics,
627.

Borides, refractory, 1004.
Boron oarbides, powder met., see Poivder 

metallurgy ; X -ray  study of phase for
mation, 16.

Boron-oerium alloys, 1004.
Boron-molybdenum alloys, 16, 467, 1004.
Boron-niokel alloys, structure of N iB , 343.
Boron-niobium alloys, 100 1 .
Boron nitride, crucibles, 9 13.
Boron-tantalum alloys, 1004.
Boron-thorium alloys, 1004.
Boron-titanium alloys, 16, 94, 1004.
Boron-transition-metal alloys, distribn. 

equilib. &  bonding of B , 95.
Boron-tungsten alloys, 1004.
Boron-uranium alloys, 16, 1004.
Boron-zirconium alloys, crystal structure 

of Z rB ,„  10 4 ; phases formed, 1004.
Brass (sec also Formbriie, Lead brass, M an 

ganese brass, Silicon brass).
a-, cross-slip, 846 ; diffusion rates of Cu 

&  Zn, 145, 563, 994 ; clectron-micro- 
scope study of fatigue failure, 765, 
1006 ; porosity developed bv diffusion, 
247, 617 ; recrystn. &  grain-growth, 
477, 847 ; slip, 475 ; strain of glide 
planes In extended crystals, 20.

a/0-, behaviour on heating in vacuum, 
994 ; deformation phases, 152  ; effect 
of Mn, Fo, Co, &  Ni on equilib., 563 ; 
mechanism of a phase pptn., 688 ■ 
strip, elastic anisotropy, 335 ; struc
ture, 20.

0-, calcn. of elastic shear stress, 84 ; 
elastic consts., 99, 152 , 240 ; high- 
tensile, 152  ; lattice vibrations, spec
trum &  sp. heat, 12 ; polarization of 
acoustic waves, 617 ; texture &  
softening of cold-rolled strip, 342.

analysis, seo Analysis.
anisotropy, elect., 145 ; mech., 335, 617, 

678.
annealing, see Annealing.
antiques, Brunswick statue, 958.

Subject Index

Brass,
Bausohinger effect, 322. 
casting, seo Casting, &  Die-casting. 
cavitation resistance, effect of shot- 

peening, 240, 564. 
coining, see Coining. 
cold-worked (seo also Cold-working), 

internal stresses, 860; neutron & 
elcctron-diiffraction study, 256, 607. 

constitution, seo Copper-zinc alloys. 
corrosion, see Corrosion. 
die-castings, (see also Die-casling), pro

perties &  appns., 947. 
diffusion of Cu, 226. 
drawing, see Drawing. 
elasticity, &  damping effect of Pb, 994;

velocity of sound, 129. 
electrodeposition, see Electrodcposilion. 
etching, sco Etching. 
failure, cracking of bobbins, 264 ■ 

distribn. of strain., 74 ; effect of melt 
quality, 292 ; H i blisters, 835 ; .in ter
cryst. cracking, 165, 823, 835. 

finishing, see Finishing. 
forgings, grain structure, 660, 915. 
forming, see Forming. 
foundry, hist, survey, 1054 ; layout & 

equipment, 206, 594, 655, 95S; pro
ductivity team rep., 904, 1054. 

free-cutting (see also Cutting), effect of 
impurities, 504 ; rods &  sections, 665. 

grain-size, detn., 1008 ; effect on work
ability, 296, 602 ; relation to mech. 
properties, 632. 

infra-red absorption, at low temp., 559, 
018.

machining, see M achining.
melting, sec Melting.
polishing, see Polishing.
powder (see also Powder metallurgy).

sintered, 10 15 . 
recrystallization, mechanism, 316. 
rolling, see Rolling.
tensile properties, endurance limit, 289;

torsion texture, 697. 
tubes, flexible, 808 ; prodn., 47. 
uses, cosmetic containers, 1052 ; curtain . 

rails, 1052 ; musical instruments, 600 ; 
name plates, 944; paraffin burners, 
908 ; pipo liners, 422 ; printing 
blocks, 958 ; screws &  rivets, 660 ; 
watch-making, 947, 1052. 

velocity ol sound, 129. 
wires, effect of low deformation tem p., 

73, 398, 455 ; prodn., 600. 
wrought, use of Zn, 310.

Brazing alloys, analysis, see A n alys is ; 
compn. &  properties, 4 4 1;  detn. of 
free-flowing temp., 5 1 ;  surface-ten
sion, 923.

Brightray, valves for I.C . engines, 310.
Bronze (see also Beryllium  bronze, Lead 

bronze, Phosphor bronze, Sodium - 
tungsten bronze), analysis, seo A n alys is ; 
antiques, 958, 967; bearings, cold- 
worked, 836 ; cast, specifications, 805 ; 
conductivity in solid &  porous speci
mens, 235 ; constitution, seo Copper- 
tin a llo ys; corrosion, seo Corrosion; 
effect of melt quality, 187, 292 ; effect 
of quartz particles on frictional 
wear, 826; electrodepn., seo Electro- 
deposition ; endurance limit, 289 ; 
forgings, grain structure, 660, 9 15 ;  
raartensitio changes, 2 1 2 ; melting, 
see M elting; phases formed a t 1 5 -  
28 % Sn content, 39S, 623 ; polishing, 
see Po lish in g; powder met., seo 
Powder -metallurgy; refining, see R e
fining ; rolling, see R o llin g ; scrap 
recovery, 879 ; substitution in ship
building, 835 ; uses, 947 ; wear, 164 ; 
welding, see IVelding.

C26 alloy, for high-temp.-resistant facings, 
780.

Cadmium-copper alloys, high conductivity,

Cadmium-gold alloys, dlfftislonless trans
formation, 253, 765.

Cadmium-lead alloys, equilib. diagr., 466.
Cadmium-lead—tin-zinc alloys, constitution,

689.
Cadmium-magnesium alloys, crystal struc

ture, 98, 467 ; sp. heat at low temp. &  
entropies of MgCd, 153 ; thermodyna
mics, 565.

Cadmium-mercury alloys, activities &  ac
tiv ity  consts. of Cd & Hg in Cd 
amalgam, 185.

Cadmium selenide, layer in Se rectifier, 
697, 699; photoconductive cells, 1 1 .

Cadmium-silver alloys, thermal conduc
tiv ity , 10 0 1 .

Cadmium-zinc alloys, analysis, see A n 
a lysis; electrodepn., see Electro- 
deposition.
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Cæsium-gallium alloys, photocathodes, 
991.

Cæsium-indium alloys, photocathodes, 991.
Cæsium silicide, prepn. &  structure of 

CeSij, 819.
Cæsium-thallium alloys, photocathodes, 

991.
Calcium-copper alloys, high-temp. strength 

&  compn., 991.
Calcium-silicon alloys, crystal structure of 

CaSi, 98.
Cemented carbides, analysis, seo Analysis ; 

comparison of properties, 635 ; crystal 
chemistry, 1004 ; identification by 
spectroscope, 645 ; machino inserts, 
29 ; scaling Sc oxidn. resistance, 17 8 ; 
sintered, 27 (see also Powder metal
lurgy) ; survey, 28 ; thermodynamics 
&  phys. properties, 95 ; tools, 296.

Cerium borides, 1004.
Cerium compounds, crystal structure, 10 10 .
Cerium-lanthanum alloys, see Mischmetall 

alloys.
Cerium -  lanthanum -  magnesium alloys,

high-temp. properties, 14.
Cerium-magnesium alloys, high-temp. 

mech. properties, 243, 399.
Cerium-magnesium-thorium alloys, effect 

of Z r addns., 89 ; properties, 13 .
Cerium silicides, formation of CeSia, 10 12 .
Chromium alloys, brazing, see Brazing ; 

effect of addns. on high-temp. proper
ties, 246,397 ; powder met., see Powder 
metallurgy.

Chromium boride, thermal stability iu 
streaming N il 3, 83.

Chromium carbides, cemented, properties, 
577 ; corrosion, seo Corrosion; 
CraaC* in stainless steel, 1 1 .

Chromium-cobalt alloys, effect of W or Mo 
on a —>- 0 transformation &  y  pptn., 
83 ; magnetic properties of a phase, 
16.

Chromium-cobalt-iron alloys, rigidity &  
temp, coeff., 397, 400.

Chromium — cobalt — iron — molybdenum 
nickel-niobium-tungsten alloys, rup
ture properties at 1200° F., 334.

Chromium-cobalt-iron-nickel alloys (see 
also ¿V155, RefractaUoy 26), creep pro
perties, 86, 400, 624; effect of heat- 
treatment &  working on properties, 
85 ; rupture strength, 757 ; testing, see 
Testing.

Chromium-cobalt-molybdenum alloys, den
tal, 703 ; thermal &  dilatometric 
study, 753.

Chromium-cobalt-nickel alloys, atomized, 
28 ; powder met., see Powder metal
lurgy.

Chromium-cobalt-tantalum alloys, high- 
temp. creep, 397.

Chromium-cobalt-tungsten alloys (see also 
Stellite), for hard-facing, 666 ; sintered 
4 13 .

Chromium-copper alloys, elect, resistance, 
464; 762; high-temp. strength, 994; 
paramagnetism, 246 ; protection, seo 
Protection ; thermal conductivity, 1 1 .

Chromium-copper-iron alloys, wire, 15 1 .
Chromium-copper-nickel alloys, corrosion- 

resistance, 35 1.
Chromium-gold alloys, elect, resistance, 

762 ; paramagnetism, 246.
Chromium-iron alloys, analysis, see A n 

alysis ; high-temp. properties, 837, 
1003 ; transformation of a solid solns., 
623 ; uses, 959.

Chromium-iron-manganese alloys, a  ^  y 
transformation, 836 ; constitution 
below 1000° C., 462 ; a phase transi
tion, 462.

Chromium-iron-molybdenum alloys, con
stitution at 1200° F ., S5 ; evidence of 
phase causing tlow-res is tance at ele
vated temp., 242 ; magnetic properties 
of o phase, 16 ; inicroconstituents Sc 
behaviour in heat-treatment, 562 ; 
phase diagr., 398.

Chromium-iron-molybdenum-nickel alloys, 
rupture strength, 755, 757 ; testing, 
see Testing.

Chromium-iron-nickel alloys, constitution 
at 550°-800° C., 153  ; corrosion, seo 
Corrosion ; effect of polishing on hard
ness, 233 ; elect, heating elements, 
844 ; high-temp. properties, 400, 837 ; 
magnetic shunt, 466 ; powder met., 
seo Powder metallurgy ; a-formation Sc 
impact properties, 466, 837 ; welding, 
see Welding.

Chromium-iron-titanium alloys, forging, 
see Forging ; isothermal transform a
tion, 15 , 470.

Chromium-iron-tungsten alloys, 398 ; m ag
netic properties of a phase, 16.
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Chromium-manganese alloys, transform a
tion in MnaCr phase, 691.

Chromium-molybdenum-nickel alloys, a 
phase, 16, 702.

Chromium-nickel alloys, analysis, seo 
A n alysis ; changes in microstructure 
at high-temp., 255, 408 ; croep, 244 ; 
elect, heating elements, 844 ; electro
depn., seo Electrodeposilion ; order- 
disorder Sc pptn. phenomena, 337 ; 
oxidn., seo Oxidation ; paramagnetism, 
246; phase diagr., 8 3 ; properties, 
465 ; uses, 959.

Chromium-nickel-titanium alloys, 400.
Chromium-nickel-tungsten alloys, powder 

met., see Powder metallurgy.
Chromium-palladium alloys, param agnet

ism, 246.
Chromium-silicon alloys, molten, soly. of 

N , 385, 673 ; study of system, 240.
Chromium-silver alloys, paramagnetism, 

246.
Chromium-tellurium alloys, electrical con

ductivity, 992 ; magnetic properties of 
CrTo, 96; magnetic resonance, 687 ; 
paramagnetic susceptibility, 10 0 1 .

Chromium-titanium alloys, corrosion, see 
Corrosion; phase diagrs., 338, 840.

Chromium-uranium alloys, 0-phase, 632.
Chromium-zirconium alloys, allotropy of 

ZrCr, phase, 769 ; phase diagrs., 16 , 
471, 568, 761 ; properties, 567.

Cobalt alloys (see also Fem ico, K ovar, N i- 
monic, Perm invar, Stellite, Vitallium), 
analysis, see A n alysis; creep proper
ties, effect of periodic ovcrstressing, 
S33, 992; high-tcmp.-resistant, 35 1, 
397, 833, 992 ; oxidn., see Oxidation; 
uses, 532, 945.

Cobalt arsenides, 397 ; dissociation pressure, 
992; thermodynamic properties, 
993.

Cobalt carbides, crystal structure, 160, 846 ; 
powder met., seo Powder metallurgy.

Cobalt carbonitride, prepn. Sc crystal struc
ture, 160.

Cobalt-copper alloys, paramagnetism, 246.
Cobalt-gold alloys, for elect, contacts, 688 ; 

paramagnetism, 216.
Cobalt-gold-palladium-silver alloys, pro

perties, 154.
Cobalt-iron alloys, annealing, see A n 

nealing ; gyromagnetic ratio, 7 40 ; 
magnetic properties of FcCo, 96; 
magnetostriction, 564 ; powder mot., 
see Powder metallurgy ; rigidity modu
lus, 397, 463.

Cobalt-iron-molybdenum alloys, inter
mediate phases, 566 ; pptn. Sc diffuse 
scattering, 1 0 1 .

Cobalt-iron-nickel alloys (see also Fcm ico, 
K ovar, N im onic, Perminvar), for glass/ 
metal seals, 1 2 .

Cobalt-iron-phosphorus alloys, equilib. 
cLiogr., 996.

Cobalt-iron-vanadium alloys, mcch. &  m ag
netic hardening, 754 ; thermal ex
pansion, rigidity, &  temp, coeff., 
463.

Cobalt-lithium-nitrogen system, solid-soln. 
compn., 88.

Cobalt-manganese alloys, magnetic proper
ties, 90.

Cobalt-molybdenum alloys, magnetic pro
perties of o phase, 16.

Cobalt-molybdenum-nickel alloys, inter
mediate phases, 566.

Cobalt-nickel alloys, analysis, see A n 
alysis ; creep, 566; ferromagnetic 
behaviour, 338 ; gyromagnetic ratio, 
740 ; high-teinp. strength Sc m.p., 
1003 ; magnetostriction, 1 5 7 ;  para
magnetism, 246 ; powder met., seo 
Powder metallurgy; satn. magnetiza
tion, 96 ; strain-induced transform a
tions, 98.

Cobalt nitride, prepn. &  crystal structure of 
CoaN, 160.

Cobalt-palladium alloys, paramagnetism, 
246.

Cobalt-phosphorus alloys, electrodepn., see 
Elect rodeposition.

Cobalt-platinum alloys, C oPts superlattice, 
99.

Cobalt-silicon alloys, supraconductivity of 
C oSi„ 754.

Cobalt-silver alloys, p a r a m a g n e t i s m ,  246.
Cobalt-tellurium alloys, paramagnetism,

1001 .
Cobalt-tin alloys, paramagnetism, 246.
Cobalt-titanium-tungsten alloys, powder 

met., see Powder metallurgy.
Cobalt-tungsten alloys, powder met., see 

Powder metallurgy.
Cobalt-vanadium alloys, crystal structure 

of V 3Co, 103.

Copper alloys (see also Advance, Aluminium  
bronze, Brass, Bronze, Formbrite, Oun- 
metal, Halman, lleuslcr, NarUc,
Novoston), analysis, seo A n alys is ; 
architectural appns., 9 19 ; A .S.T.M . 
speciiications, 122, 308, 947, 1053 ; 
Australian specifications, 96S; braz
ing, seo B razin g ; castings, impregna
tion, 374 ; cold-worked bearings, 835 ; 
cold - working, seo Cold - working ; 
concn. dependence of diffusion coeff., 
335 ; corrosion, seo Corrosion ; creep, 
233, 6 15 ;  damping capacity, 8 33 ; 
for die-casting, 532, 594 ; drawing, see- 
D raw ing; effect of addns. on grain- 
size, 210 ; effect of components on 
high-temp. strength, 418, 568, 994; 
effect of Cu melting Sc refining in 
prodn., 187 ; electrodepn., seo Electro- 
deposition; fabrication, 296, 10 4 1 ;  
finishing, see F in ish in g ; forging, see 
Fo rg in g ; forgings, properties Sc 
tolerances, 660, 9 15 ;  foundry, 9 12 ; 
grain-size detn., 1008 ; Guillet theory 
of fictitious values, 995 ; hcat- 
exchangers, 1 0 5 1 :  high-conductivity, 
1 1 ,  1 5 1 ,  945; indust, uses, 3 10 , 604, 
1 0 5 1 ;  isolation of oxido films, 369 ; 
joining, seo Jo in in g ; lacquering, see- 
Lacquering; melting, sco M elting; 
oxidn., seo Oxidation ; param agnet
ism, 96, 246 ; polishing, seo Polishing  ; 
refining, see R efin in g ; rolling, see 
R o llin g ; scrap recovery, 362 ; secon
dary, ingots, 597 ; soldering, see 
Soldering; springs, 806 ; techn. pro
gress, 66, 124, 308; testing, see
Testing; tubing, 727 ; watch com
ponents, 947, 1052 ; wear resistance, 
2 10 ;  welding, seo W elding ; wire
drawing, seo W ire-draw ing ; wire, 
elect., 1 5 1 ,  945 : wire, Fourdrinicr, 947.

Coppor arsenide, dissoen. pressure, 992 p 
prepn., 397.

Copper-gold alloys, detn. of ordering by 
elect, fluctuations, 994 ; effect of cold- 
work on X -ray  powder-patterns, 6 3 1 ;  
for elect, contacts, 688; films, elec
tron-diffraction patterns, 6 3 1 ;  form a
tion in evapd. films, 247 ; molten 
viscosity, 687 ; neutron irradiation o f 
disordered Cu3Au, effect on elect, 
resistance, 145 ; order-disorder trans
formation, 408, 483, 8 5 1 ;  ordering 
phenomena in Cu3Au, 342, 698 ; order
ing reaction in superlattice AuCu, 254 ; 
powder met., seo Powder m etallurgy; 
superlattice formation, 23, 107, 846.

Copper-gold-palladium alloys, 10 1.
Copper-gold-silver alloys, antiques, 20 ; 

scrap, electrolytic sepn., 879.
Copper-indium alloys, equilib. diagr. in 

25-35 at.-%  In region, 1 1 ;  soly. of In. 
in Cu, 754.

Copper-indium-manganese alloys, Curio 
temp., 1 1 .

Copper-indium-silver alloys, equilib. in 
Cu-Ag region, 688.

Copper-iron alloys, intcrfacial Sc grain- 
boundary energies, 349 ; param agnet
ism, 246 ; powder met., see Powder 
metallurgy; wire, 15 1 .

Copper-iron-nickel alloys, liq., opt. temp, 
scale Sc emissivities, S6 ; melting, see 
M elting; properties, 464 ; transform a
tion, 408.

Copper-iron-phosphorus alloys, F e -F c aP -  
Cu3P - P  region, 837.

Copper-lead alloys, bearings for diesels,. 
308 ; elasticity Sc damping, 994 ; 
electrodepn., seo Electrodeposition : 
equilib. diagrs., 292, 594 ; intcrfacial 
tensions Sc grain-boundary energies, 
349 ; liq., thermodynamic data from 
phase diagrs., 622.

Copper -  lead -  nickel -  tin -  zinc alloys, h y
draulic castings, 1037.

Copper-lead-tin alloys, interfacial energies, 
349.

Copper-lead-zinc alloys, interfacial tension 
Sc grain-boundary energies, 349.

Copper-lithium-nitrogen system, solid-soln. 
compn., S8.

Copper-magnesium alloys, crystal structure 
of CuMga, 699, 847 ; mech. properties 
of compds. a t  high temp., 568.

Copper-magnesium-nickel alloys, 834.
Copper-magnesium-tin alloys, crystal struc

ture of Cu4MgSn phase, 4 1, 697.
Copper-magnesium-zinc alloys, m.p. diagr., 

96.
Copper-manganese alloys, Cu-rich solid 

soln., 84 ; damping capacity, 833 ; 
elect, resistance, 96, 762; y-phase„ 
690, 1009 ; Mn-rich, transformation 
2 1 ; paramagnetism, 216.
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Copper-manganese-nickel alloys, constitu
tion, 998.

Copper-manganese-tin alloys, elect, pro
perties, 1 5 1 ,  622.

Copper-manganese-zino alloys, elect, pro
perties, 754.

Copper-mercury alloys, corrosion, see 
Corrosion.

Copper-niokel alloys, castings, 1 5 1 ;  damp
ing capacity, 8 33 ; diffusion coeff., 
3 3 5 ; diffusion Sc porosity, 145, 247, 
617 ; elect, resistance anisotropy, 145 ; 
low-temp. properties, 6 ,130 ,400 ; mag- 
netostrictivo vibration of spheroids, 
758 ; melting, see M elting ; powder 
met., see Powder m etallurgy; satn. 
magnetization, &  temp, coeff. of 
resistance, 96 ; solidn. of droplets, 99 ; 
spectroscopic factor g, 626 ; X -ray  
lines, 244.

Copper-nickel-phosphorus alloys, conduc
tivity, 1 1 .

Copper-nickel-platinum alloys, 401.
Copper-nickel-silicon alloys, 463, 833.
Copper-nickel-tungsten alloys, powder 

met., see Powder metallurgy.
Copper oxides, semi-conducting, p.d. 

change during electron bombardment, 
200 .

Copper-palladium alloys, diffusion coeff., 
3 3 5 ; elect, resistance of Cu3P d  in 
magnetic field, Sc long-range order, 
84 ; oxidn., sco Oxidation ; temp, of 
transformation in solid state, 338.

Copper-phospliorus alloys, creep, 66.
Copper-platinum alloys, filaments, thermal 

accommodation coeff. &  catalytic de
compn. of ethane, 567 ; measurement 
of order in CuPt, 99 ; order-disorder 
transformations, 6 3 1 ;  oxidn., seo 
Oxidation ; solid solns., catalytic
action in para-hydrogen conversion, 
1 5 1 ;  superlattico & Brillouin zones, 
23.

Copper selenides, synthesis, 335.
Copper-silicon alloys, analysis, see

Analysis ; cold-worked, recrystn., 572 ; 
corrosion, seo Corrosion ; high-temp. 
strength &  compn., 994 ; intcrfacial 
energies, 349 ; solid-drawn tubes, 56 ; 
uses, 835.

Copper-silver alloys, grain-boundary diffu
sion, 3 49 ; high-conductivity, 1 1 ;  
intcrfacial Sc grain-boundary energies, 
349 ; molten, soly. of 0 2, 17 8 ;
molten, viscosity, 687; oxidn., sco 
Oxidation; re-soln. of pptd. Ag, 84; 
rolling, see P o llin g ; wire, 1 5 1 ;  X -ray  
diffraction effects, 1 0 1 0 .

Copper-tellurium alloys, high-conductivity, 
1 1 ;  synthesis, 336.

Copper-thallium alloys, liq., therm ody
namic data from phase diagrs., 
622.

Copper-tin alloys, analysis, see A n alysis; 
constitution Sc pptn.-hardening pro
perties, 84 ; corrosion, see Corrosion; 
electrodepn., see Electrodeposilion ; 
eutcctoid decompn. of 5 phase, 99; 
high-temp. strength Sc compn., 994 ; 
interfacial energies, 349 ; powder 
met., see Powder m etallurgy; prodn. 
in at. disperse state, 680 ; rolling, see 
R o llin g ; scrap sepn. in HC1 stream, 
879.

Copper-titanium alloys, phase diagr., 245.
Copper-tungsten alloys, powder met., see 

Powder metallurgy.
Copper-uranium alloys, analysis, see Analy

sis.
Copper-zinc alloys, oc-phase, sp. heat at high 

temp., 563 ; change in solid soly. of 
Zn under pressure, 568 ; constitution, 
diagr. in vicinity of 0 phase, 562 ; 
corrosion, see Corrosion ; damping 
capacity, 8 33 ; diffusion &  porosity, 
14 5 ; equilib. a t 1440° K ., 1 1 ;  ficti
tious values, 995 ; interfacial energies, 
349 ; high-temp. strength, 99 J ; order- 
disorder transformation, 483, 851 ; 
plasticity of intermetallie phases, 1002 ; 
powder, atomized, 2 8 ; powder met., 
see Powder m etallurgy; pptn. of a from 
0 phase, 688; reversal of strain- 
induced martensitic transformation, 
563 ; rolling, seo R o llin g ; structure of 
abraded surfaces, 847 ; tensile pro
perties, 14 0 ; values for coeff. of 
equivalence, 398.

Copper-zirconium alloys, phase diagrs., 
568, 762.

Creep-resistant alloys, 402, 982.
Cupro-nickel, see Copper-nickel alloys.
Discaloy, effect of notching Sc hardness on 

rupture strength, 755.
Dowmetal, welding, see Welding.

Duralumin-type alloys, corrosion, see 
Corrosion ; cutting, see Cutting ; 
effect of cold work before heat-treat
ment, 238 ; effect of stress, 823 ; 
industry, in France, 957 ; metallo
graphy, 1008 ; m ilitary helmets, 308 ; 
mining equipment, 939 ; in mountain 
rescue equipment, 940 ; in railway 
construction, 941 ; rolling, see Rolling ; 
sheet, 405 ; welding, see Welding.

Duriron, compn., 266, 267.
Dysprosium-magnesium-zirconium alloys, 

casting properties, 14.
E K 30A , 243.
E K 3 1A , 243.
EZ33A , 243.
Electrical-resistance alloys, see Electrical 

equipment : resistance materials.
Elektron, easting properties, 14 ; creep 

strength, effect of prodn. processes, 
239, 399 ; use for wheels, 948.

Ergal, 461.
Fernico, glass/metal seals, 12 .
Ferro alloys, see Iron alloys.
Ferromagnetic alloys (seo also Permanent 

magnet alloys), analysis, see Analysis ; 
for instruments, 695 ; magnetostric
tion, 157 ; satn. moment &  collective 
electron theory, 158 ; two-dimensional 
model, 168 ; ultrailne powders, 703.

Formbrite, drawing brass, 602.
Gadolinium-magnesium alloys, ferrom ag

netic, 240.
Gallium alloys, as heat-transfer media in 

nuclear reactors, 241 ; low  m .p., 465.
Gallium-germanium alloys, 465.
Gallium-manganese alloys, y-phose, 690, 

1009.
Gallium-uranium alloys, analysis, see 

Analysis.
Germanium compounds, with alkali metals, 

157 ; thermodynamic data, 228.
Germanium-indium alloys, distribn. coeff. 

of In  on crystn., 610.
Germanium-magnesium alloys, lattice Sc d 

of MgjGe, 89.
Germanium-tellurium alloys, crystal struc

ture of GeTe, 847.
Germanium-titanium alloys, crystal struc

ture of TijGCa, 103.
Glass/metal sealing alloys, 12, 357, 951.
Gold alloys, antiques, 20, 40, 1029 ; dental, 

703 ; elect, contacts, 688 ; electro
lytic soln., 7 15 ;  paramagnetism, 96, 
246 ; supraconductivity, 565.

Gold-iron alloys, paramagnetism, 246.
Gold-magnesium alloys, crystal structure 

of AuMg3, 699, 848.
Gold-manganese alloys, elect, resistance, 

96, 762 ; structure, 82.
Gold-nickel alloys, diffusion, 617 ; for elect, 

contacts, 688 ; solid solns. &  grain 
boundaries, 757 ; thermodynamics, 
566, 758.

Gold-palladium alloys, diffusion causing 
porosity, 247, 617 ; thermoelect,
power, 96.

Gold-palladium-silver alloys, effect of Co 
addns. on mech. properties, 154.

Gold-platinum alloys, study of system, 242.
Gold-silver alloys, diffusion Sc porosity, 

145, 247, 617 ; liq. Sc solid d Sc sp. vol., 
688 ; molten, viscosity, 241.

Gold-silver-tellurium alloys, at. arrange
ment & bonds in tellurides, 254.

Gold-tin alloys, elcctrocapillary pheno
mena, 38.

Gun-metal, cast, specifications, 805 ; melt
ing, see Mciting.

Hafnium-hydrogen system, X -ray  diffrac
tion study, 564.

Halman alloy, 687, 754.
Hard-metal alloys, constitution, 841 ; 

machining, see M achining ; oxidn., 
see Oxidation ; powder met., sec 
Powder metallurgy ; for surfacing, 695,
802.

Hastelloys, corrosion, see Corrosion ;
fatigue at high temp., 762 ; hard-faced 
dies, 945 ; high-temp. stress-rupture 
properties, 1000.

Heusler alloys, calcn. of ferromagnetism,
11.

Hiduminium, data sheet, 214 .
High-coereivity alloys, seo Permanent 

magnet alloys.
High-temperature-service alloys, for auto

mobiles, 808 ; cast, 837 ; change in 
resistance of solid solns., 95 ; coatings, 
780; compn., 80, 88, 94, 10 0 3 ; 
corrosion, see Corrosion ; creep pro
perties, 678, 833, 992 ; effects of oil- 
ash, 17 9 ; evaluation, 471, 1005 ; 
fatigue data, 472, 762, 7 9 1 ;  for gas- 
turbines, 397, 399, 400, 844; grind
ing, see Grinding ; microconstituents,

High-temperature-service alloys,
481, 848 ; microstructure changes at 
high temp., 255, 4 72 ; oxidn., see 
Oxidation ; pow'der met., see Powder 
m etallurgy; protection, see Protection ; 
relation of strength to m.p., 629, 
10 0 3 ; relation of strength to struc
tural properties, 628, 629; review, 
246, 389, 628, 807 ; scaling process Sc 
short-time life-tests, 1020 ; sheet, 833, 
992; symposium, 3 1 3 ;  testing, see 
Testing; welding, see Welding.

Hydronalium alloys, cylinder heads, 6 19 ; 
creep strength, effect of prodn. pro
cesses, 239 ; effect of Cu &  Fe on 
corrosion-resistance, 263.

Ineonel, corrosion, seo Corrosion; He 
diffusion, detn., 200 ; rupturo strength, 
effect of oxidn., 153  ; tubing, 660, 664 ; 
wielding, see Welding.

Ineonel X , fatigue at high temp., 762 ; 
properties a t  700° Sc 900° F ., 838; 
rupture strength, 1 5 3 ;  use in jet 
engines, 3 10 .

Indium alloys, comm, uses, 947.
Indium-sulphur alloys, crystal structure of 

In 2S a, 100.
Indium-teilurium alloys, crystal structure 

Of IllaTCa, 100.
Indium-tliallium alloys, crystal structures 

&  transformations, 1009 ; diffusionless 
transformation, 2 5 3 ; heat-transfer, 
570 ; magnetic properties, 755 ; supra
conductivity, 564, 570, 755.

Indium-tin alloys, infra-red absorption at 
low temp., 559, 618.

Invar, theory of low expansion, 624.
Iron alloys, analysis, sec Analysis ; binary, 

concn. dependence of diffusion coeff., 
3 3 5 ; high-temp. sheet, 8 33 ; inter- 
granular energy, 68, 978; magnetic 
properties In annealed state, 84; 
phase transformations, 847 ; proper
ties of solid soln. on a- Sc y-Fe base, 
1003 ; soly. of elements, temp, depen
dence, 689.

Iron borides, phases, 16  ; thermal stability 
in streaming N I I „  83.

Iron-carbon alloys, equilib. diagr., 995 ; 
eutcctoid reaction, 16 7 ; thermo- 
inagnetic study, 1000.

Iron-manganese alloys, analysis, see A n aly
s is ;  equilib. diagr., 86 ; liquidus lines, 
87 ; relationship between y Sc e phases, 
6 3 1; X -ray  study of e phase, 162.

Iron-manganese-carbon alloys, equilib. 
diagr., 87.

Iron-manganese-nickel alloys, isothermal 
martensite formation, 755.

Iron-molybdenum alloys, corrosion, see 
Corrosion; strain-refief in powder Sc 
solid specimens, 350. 

Iron-molybdenum-nickel alloys,408 ; elect.- 
resistance anomalies, 692 ; ferrom ag
netic, 838 ; intermediate phases, 566 ; 
thermal variation of Young’s modulus, 
87.

Iron-nickel alloys (seo also Alnico, Fcm ico , 
K ovar , ¿Y15 5, Permalloy, P er
m invar, Rcfractalloy, Vibralloy), 
creep, 566 ; diffusion, 617 ; effect of 
addns., 408, 838 ; expansion coeff. of 
y  phase, 624 ; gyromagnetic ratio, 
740; high-temp. strength Sc m.p., 
1003 ; ideal solid soln. formation, 137  ; 
isothermal martensite transformation, 
20 ; magnetic jumps, 995 ; magnetic 
properties of N iaFe, 96,401 ; magneto
striction, 157 , 400 ; m agnetostrictive 
vibration of spheroids, 9 1, 758 ; m ar
tensitic changes, 242 ; mechanism of 
a ->  y  transformation, 153 , S4 8 ;
paramagnetism, 246 ; plating, see 
Electrodeposition o n ; powder met., 
see Powder m etallurgy; recrystn. 
texture, 1008 ; satn. magnetization, 
96; spectral emissivity, 8 7 ; uso for 
instruments, 951.

Iron-nickel-carbon alloys, thermal stabi
lization of austenite, 755.

Iron-nickel-molybdenum alloys, compn. 
Sc properties for chem. eng., 244.

Iron-nickel-tantalum alloys, study o f 
plasticity Sc properties, 336.

Iron-nitrogen system, crystal structure of 
e-phase Fe nitrides, 254.

Iron-palladium alloys, magnetostriction, 
996; paramagnetism, 246.

Iron-silicon alloys (see also Durironr 
Sendust), corrosion, see Corrosion ; 
crit. shear stress, 258, 773 ; domain 
patterns on single crystals, 178 , 698; 
magnetic hysteresis, 394 ; Nernet 
thermomagnetie effect, 839 ; struc
ture, 82, 478 ; 6uperlattice formation 
Sc behaviour, 100.

1108.



A llo y s  «Sc com p ou n d s Subject Index A llo y s &  com p ou n d s

Iron-silver alloys, interfacial tensions &  
grain-boundary energies, 349 ; para
magnetism, 246.

Iron-sulphur alloys, ternary, 474.
Iron-tin alloys, paramagnetism, 246.
Iron-titanium alloys, phase diagrs., 840.
Iron-tungsten alloys, corrosion, seo Cor

rosion.
Iron-zinc alloys, formation in hot-dip 

galvanizing, 266.
Kentanium, 777.
Kirksite A , drop-hammer dies, 918.
Kovar, for glass/metal seals, 12 .
Lanthanum-hydrogen system, 242.
Lanthanum-nickel alloys, magnetic pro

perties, 154.
Lanthanum-nitrogen system, 242, 631.
Lanthanum-samarium alloys, crystal struc

ture, 10 10 .
Lanthanum silicides, prepn. Sc structure of 

LaSii, 849. 10 12 .
Lead alloys, battery grids, 491, 10 19 ;  

binary, concn. dependence of diffusion 
coeff., 3 3 5 ; cable sheath, 87, 228, 
242, 837 ; corrosion, see Corrosion; 
creep, 233, 6 15 , 8 37 ; molten, surface 
tension, 69 ; supraconductivity, 565 ; 
tubing, 727.

Lead brass, elasticity &  damping, 994; 
melting, see Melting.

Lead bronze, compn. &  properties, 1 19 ,4 19  ; 
effect of Sn addns. on wear-resistance, 
836; segregn., 5 17 .

Lead-lithium-m agnesium alloys, 89.
Lead-magnesium alloys, effect of L i or 

N a addns., 89 ; lattice Sc d of Mg*Pb, 
89, 243.

Lead-magnesium-sodium alloys, reactions 
with ethyl chloride vapour, 9 3 ; X - 
ray study, 89.

Lead-m ercury alloys, liq., X -ray  scattering,
105.

Lead-mercury-sodium alloys, liq., activi
ties, 282.

Lead-oxygen system, chem. Sc X -ray  
analysis, 997.

Lead-platinum alloys, crystal structure of 
PtPbi, 699, 849.

Lead-potassium-sodium alloys, reaction 
with ethyl chloride vapour, 93.

Lead selenides, conductivity, 6 25; opt.
consts., 625, 756 ; transistors, 12 .

Lead-silver alloys, diffusion of Ag, 137  ; 
elasticity &  damping, 994; electron 
micrographs, 350.

Lead-silver-zinc alloys, Broken Hill in 
dustry, book, 8 12 ;  equilib. in Pb 
corner, 187 ; miscibility gap in liq. 
phase, 243.

Lead sulphides, conductivity, 625 ; opt.
consts., 167, 625, 756.

Lead tellurides, conductivity, 625 ; opt.
consts.,467,625,756 ; photoconductive 
films, 12 , 13  ; transistor action, 625.

Lead-thallium alloys, constitution, 1 3 ;
creep, effect of T i content, 624 ; 
electrodoposits, 424; grain movement 
during creep, 343.

Load-tin alloys (see also Babbitt), analysis, 
see A n alys is ; electrodepn., see Elec
trodeposition ; eutectic, creep/time 
equation, 142 ; met. specimen prepn., 
16 3 ;  polishing, see P o lish in g ; solidn. 
of droplets, 87 ; viscosity, 7 1, 153 .

Lead-tin-zinc alloys, analysis, see Analy
sis.

Lead-titanium alloys, 1002.
Lead-uranium alloys, 13 .
Lead-zinc alloys, liq., thermodynamics, 

627 ; prepn. by thermal evapn., 845.
Lithium compounds, appns., 308.
Lithium-magnesium alloys, analysis, see 

A n alysis; appns., 308 ; properties for 
m ilitary uses, 838; soly. of Mg in Li, 
336.

Lithium -nickel-nitrogen system, solid- 
scln. compn., 88.

Lithium nitrides, solid-soln. formation with 
Co, Cu, &  Ni, 8S.

Low-melting-point alloys, prepn., 18 8 ; 
single-crystal growth from melt, 287.

Magnesium alloys (see also A Z 91, Elektron, 
Z/C60, Z T 1), analysis, seo A n alysis; 
casting properties, 243, 244, 793, 948 ; 
cleaning, seo Cleaning ; corrosion, seo 
Corrosion; creep, 79, 233, 243, 6 15 ; 
creep, effect of prodn. processes, 239 ; 
creep under complex stress a t  elevated 
temp., 6, 327 ; crystal lattice para
meters, 479, 1009 ; crystal structure of 
NiMg,. CuMgj, &  AuMgj, 699, 847, 
848; developments, 14, 68, 309, 756, 
8 38 ; die-castings, 941, 9 5 3 ; dust 
collection, 9 1 1 ;  effect of rare-earth- 
metal addns., 243, 214 , 565 ; e x 
trusions, 243, 756 ; fabrication, 296; 
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Magnesium alloys,
finishing, see F in ish in g ; forging, see 
F org in g ; forming, seo Form in g; 
ignition temp., 68, 979; indust, uses, 
941, 948, 956; low-temp. properties, 
402 ; melting, see M elting; oxidn., seo 
Oxidation; plating, seo Electro- 
deposition on ; polishing, seo P o lish in g; 
powder met., sco Powder m etallurgy; 
properties, tables, 10 ; protection, see 
Protection; soly. limit of A l &  Mn 
present together, 337 ; specifications, 
968; strcss-fatiguo curves, 39 5 ; 
surfaco treatment, book, 125 (rev.); 
testing, see Testing; tubing, 727 ; 
uso in aircraft, 309, 402, 793, 807, 
948 ; welding, seo W elding; wrought, 
segregn., 689.

Magnesium-manganese alloys, a t Festival 
of Britain, 948.

Magnesium-Mischmetall alloys, proportics, 
14  ; wrought, high-temp. use, 88.

Magnesium -  Mischmetall — zirconium 
alloys, for casting, 2 4 3 ; high-temp. 
properties, 565.

Magnesium-nickel alloys, crystal structure 
of NiMg*. 699, 848.

Magnesium plumbide, seo Lead-niagnesium  
alloys.

Magnesium-rare-earth-metal alloys, casting 
properties, 243, 2 44, 399 ; extrusion 
properties, 88.

Magnesium -  rare-earth -  zirconium 
alloys (sec also Elektron), casting 
properties, 14.

Magnesium-silver alloys, formation in 
evapd. films, 247.

Magnesium telluride, prepn., 337.
Magnesium-thallium alloys, supraconduc

tiv ity  of MgTl, 565.
Magnesium-thorium alloys, effect of Zr 

addns., 89 ; properties, 13 .
Magnesium-thorium-zirconium alloys, 

casting properties, 1 4 ;  high-temp. 
properties, 565 ; mot. study, 89.

Magnesium-tin alloys, elect. Sc magnetic 
properties of Mg*Sn, 997 ; lattico &  
d of MgsSn, S9 ; relation of phase 
diagr. to corrosion-resistance, 708.

Magnesium-zino alloys, equilib. diagr. &  
mech. properties, 997 ; phases MgZn5, 
M gZn„ Sc MgZn, 1 0 1 ;  plasticity of 
intermet. phases, 1002.

Magnesium-zinc-zirconium alloys (see also 
Elektron), casting properties, 1 4 ;  
extrusion properties, 838.

Magnesium-zirconium alloys, casting pro
perties, 14 , 998 ; temp./compn. diagr., 
153.

Manganese alloys, electrolytic, book, 2 14 ;  
y-phase, effect of component on 
stability, 690, 10 0 9 ; magnetic pro
perties, 90, 99S.

Manganese bismuthide, permanent magnet, 
prepn., 625.

Manganese brass, analysis, see A n alysis; 
castings in lock industry, 950 ; season 
cracking, 490.

Manganose-carbon alloys, equilib. diagr., 
90.

Manganese-gold alloys, paramagnetism, 
246.

Manganese-nickel alloys, elect, properties 
of Ni*Mn in magnetic field, 9 1, 96, 
999 ; y phase, 690 ; high-temp. 
strength Sc m.p., 10 0 3 ; magnetic
properties, 90, 96; magnetostriction, 
999 ; Nernst thermomagnctic effect, 
839; paramagnetism, 246 ; study 
of system, 565.

Manganese-nitrogen system, equilib. diagr.,
691.

Manganese-palladium alloys, para
magnetism, 246.

Manganese-platinum alloys, y  phase, 690.
Manganese-selenium alloys, magnetic sus

ceptibility of MnSe, 90.
Manganese-silver alloys, anomalous resis

tance, 96; y phase, 690; param ag
netism, 216.

Manganese-thorium alloys, structure of 
ThMn*, Th«Mnsl, Sc ThM n„. 255.

Manganese-titanium alloys, phase diagr., 
759, 1002.

Manganese-zinc alloys, y phase, 690.
Mangonic, magnetostriction, 157.
Mercury alloys, binary, Jou le ’s work, 757 ; 

spontaneous peroxidn., 265.
Mercury-potassium alloys, molten, v is

cosity, 10 0 1 ;  surface tension, 402.
M ercury-silver alloys, crystal structure, 

632 ; powder met., sco Powder 
m etallurgy; powder prodn. at room 
temp., 839.

Mercury-silver-tin alloys, phase changes, 
567.

Mereury-sodium alloys, decompn. in aq. 
electrolytes, 50 1, 875.

Mercury-thallium alloys, temp, effect in 
HgsTl*. 105.

Mischmetall alloys, 14 , 80, 88.
Molybdenum alloys, effect of addns. on 

high-temp. properties, 246 ; powder 
met., sec Powder metallurgy; review’ , 
32 6 ; sintered, 626, 838 ; solid soly. 
relations Sc effect of addns., 323 ; 
supraconductivity, 570, 764.

Molybdenum borides, 16 , 467, 1004.
Molybdenum carbides, electron emission, 

1002 ; soly. of C, 14 ; supraconduc
tivity, 565.

Molybdenum compounds, book, 2 15 .
Molybdenum halides, thermodynamics, 207.
Molybdenum-nickel alloys, magnetic pro

perties of a phase, 16 ; thin strip, 
hysteresis, 474.

Molybdenum oxides, soly. of O, 14 .
Molybdenum silicides, phases, 95.
Molybdenum-tantalum alloys; corrosion, 

see Corrosion.
Molybdonum-titanium alloys, constitution, 

94 ; effect of cooling rate on trans
formation, 103 ; phase diagr., 155  ; 
time/temp./transformation charac
teristics, 15.

Molybdenum-tungsten alloys, powder met., 
see Powder metallurgy.

Molybdenum-zirconium alloys, phase 
diagrs.. 568, 694.

Monel metal, corrosion, seo Corrosion ; 
crecp-rupture Sc recrystn. from 700°- 
1700° F ., 468, 839 ; high-temp. pro
perties, effect of grain size, 468, 839 ; 
magnetostriction, 157 ; mech. aniso
tropy, 678; tube assemblies, 664; 
welding, sec Welding.

Mumetal, for instrument manuf., 695; 
magnetic structure, 400.

N -155 alloy, effect of ageing on creep, 86 ; 
effect of heat-treatment &  working, 
85 ; low'-C, behaviour in aircraft 
engines, 624.

Narite dies, 48.
Neodymium silicides, prepn. Sc structure of 

NdSi*, 849.
Neptunium carbides, crystal structure of 

NpC, 572.
Neptunium chlorides, heats of formation,

136.
Neptunium compounds, crystal structure, 

1010.
Neptunium oxides, prepn. &  study, 1002.
Niohrome, elect, fluctuations after anneal

ing, 827.
Niokel alloys (see also Advance, Brigliiray, 

C26, Ilastclloy, Ineonel, Mangonic, 
Monel, Mumetal, Nichrome, Nimonic, 
Permalloy, Perm invar, Supermalloy, 
Vibralloy), castings, 9 1 ;  coatings for 
valve seats, 780 ; corrosion, see 
Corrosion ; creep, 566 ; depn., see 
Deposition; elect, resistances, 473, 
692 ; hardness conversion table, 791, 
1033 ; hardness, effect of prim ary 
addns., 838 ; high-temp. oxidn. resis
tance, 3 5 1 ;  joining, seo Jo in in g ;  
m agnetically soft, 469 ; magneto
striction, 157 ; oxidn., see Oxidation ; 
tubing, 660, 664, 727 ; uses, 959 ; 

Uses in chem. eng. construction, 310, 
491, 807 ; uses for F  equipment, 3 12  ; 
welding, see Welding.

Nickel arsenides, prepn., 397.
Nickel borides, structure of N iB , 343.
Nickel brass, cutlery manuf., 9 15  ; drawing, 

see D raw ing; effect of low’ defor
mation tem p; 7 3 ; plating, seo 
Electrodeposition on ; rolling, see 
Rolling ; for springs, 309 ; stamping, 
see Stamping ; in w’atch making, 
947, 1052.

Nickel carbides, ^-structure, 46S ; soly. of 
C Sc reactions with BaO, 676 ; thermo- 
magnetic study, 1000.

Nickel fluorides, formation, 140, 23 1.
Nickel-hydrogen system, electrodes, 1027.
Nickel-nitrogen system, heat of formation 

of N i,N , 154 ; thermomagnetic study,
1000.

Nickel-palladium alloys, magnetostriction, 
996.

Nickel-phosphorus alloys, electrodepn., sec 
Electrodeposilion.

Nickel-platinum alloys, oxidn., see Oxida
tion.

Nickel-silicon alloys, equilib. diagr., 1000 ; 
magnetostriction, 157 ; mech. pro
perties of compds. a t  high temp., 568 ; 
structure of Ni*Si, 255.

Nickel-silver alloys, diffusion, 617.
Nickel-tellurium alloys, paramagnetic sus

ceptibility, 10 0 1 .
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Nickel-tin alloys, corrosion-resistant coat

ings, 419, 1026 ; electrodepn., see 
Electrodeposition ; powder met., see 
Powder metallurgy.

Nickel-titanium alloys, phase diagr., 760.
Nickel-tungsten alloys, creep, 566.
Nickel-vanadium alloys, constitution Sc 

structure in region 0-60 at.-%  Y , 14 ; 
o phase, 256, 462.

Nimonio alloys, creep, under complex 
stress at elevated temp., 6, 327 ; 
developments, 400, 626 ; emissivity, 
234 ; pamphlet, 3 14  ; testing, see Test
ing ; welding, seo Welding.

Niobium borides, 16, 1004.
Niobium chlorides, formation Sc properties, 

229.
Niobium-nitrogen system, use of NbN 

supraconductors in detection of micro
waves, 567.

Niobium oxides, ceramics, 798 ; powder 
met., see Powder metallurgy.

Niobium-titanium alloys, constitution, 94.
Nitrides, 88, 92, 154 , 155  : crucible prepn., 

9 13  ; thermodynamics Sc phys. pro
perties, 95.

Noble-metal alloys, elect, resistance, 96,
762.

Novoston, for propellers, 687.
Okadur, compn., 189.
Osmagal, compn., 189.
Oxides, interactions -with metals at high 

temp., 1005.
Pantal, creep strength, 817.
Palladium alloys, thermomagnetic studv, 

839.
Palladium-platinum-silver alloys, 401.
Paliadium-rhenium alloys, magnetic be

haviour, 7 5 S.
Palladium-silver alloys, diffusion, 617 ; 

reflectivity, 1001 ; temp, coeff. of 
resistance Sc thermoelect, power, 96.

Palladium-tungsten alloys, 401.
Peraluman-50, creep, 561.
Permalloy-type alloys, elect, resistance, 

692 ; frequency dependence of m ag
netic permeability, 401, 1000 ; ideal 
magnetization curves, 683 : internal 
stresses, effect of field cooling, 692 ; 
magnetostrictive vibration, 75S.

Permanent magnet alloys, 405 ; book, 536 ; 
constitution, 995 ; developments, 337 ; 
internal demagnetization factor, ani
sotropy, Sc viscosity, 1003 ; powder 
met. prodn., 259, 855.

Perminvar, domain structure with rect
angular hysteresis loop, 92.

Phosphides, thermodynamics Sc phys. 
properties, 95.

Phosphor bronze, effect of low deformation 
temp., 73.

Platinum plumbite, crystal structure of 
P tP b 4, 699, 849.

Platinum-tungsten alloys, compn. Sc pro
perties, 155.

Plutonium compounds, crystal structure, 
1010 .

Plutonium-deuterium system, deuterido 
formation. 1000.

Plutonium-hydrogen system, formation of 
P u H a Sc P u H 3, 1000.

Plutonium oxides, crystal structure of 
P u jOj , 572 ; propn. &  study, 1002.

Potassium amalgam, molten, internal fric
tion, 100 1 ; surface tension, 402.

Potassium-rubidium alloys, 402.
Potassium-sodium alloys, heat capacitv at 

0°-800° C., 13 6 ; liq., pump, 649; 
liq., X -ray  diffraction patterns, 16 4 ; 
properties, 10 0 1 .

Praseodymium compounds, crystal struc
ture, 10 10 .

Praseodymium oxides, prepn. &  study,
10 0 2 .

Praseodymium silicides, prepn. Sc structure 
of PrSi*, 849.

Protactinium oxides, prepn., 229 ; struc
ture of PaO Sc PaO*, 22.

R C -130-B , conductivity Sc thermo-e.m.f., 
7 6 1 ;  effect of spot w'clds, 15 0 ; pro
perties at lowr temp., 626, 839.

R .R .59, castings, residual stresses, 149 ; 
creep, 6, 149, 327.

Raffinai, 303.
Rare-earth-metal oxides, hj’dration, 709.
Rare-earth-metal silicides, prepn, Sc struc

ture of disilicides, 849, 10 12 .
Reflectal, 303.
Refractalloy 26, fatigue at high temp., 762.
Rhenium alloys, uses, 309.
Rhenium-nitrogen system, formation of 

IteN0.4 j, 155.
14S alloy, fatigue strength, 395, 622, 832 ; 

plastic stress/strain relations, 621, 
831 ; Poisson’s ratio in yield region, 
334.

24-S alloy, clad, notch-impact strength, 238 ; 
effect of pre-straining on tensile be
haviour, 79, 685 ; effect of spot welds 
on corrosion - resistance &  mech. 
properties, 15 0 ; extruded sections, 
461, 9 13 ;  fatigue strength, 334,
832 ; Poisson’s ratio in yield region, 
334.

6 1S alloy, creep-tension relations at
low temp., 819, 977 ; dock pilings,
417 ; use in building structures, 938.

63S alloy, creep in tempered extrusions, 
79.

75S alloy, aircraft skins, 47 ; clad, notch- 
impact strength, 2 38 ; effect of spot 
w*elds on properties, 15 0 ; extruded 
sections, 395, 16 1, 9 13  ; fatigue, effect
of grain direction, 832 ; fatigue, effect
of repeated prior stressing, 831, 989 ; 
fatigue, notch effect, 3 34 ; plastic
stress/strain relations, 79 ; Poisson’s
ratio in yield region, 3 34 ; stretch-
formed wing sections, 9 13.

76S alloy, fatigue under combined bending 
&  torsion, 832, 989.

SAM alloy, compn. &  properties, 80.
Samarium silicides, prepn. Sc structure of 

Sm Sit, 849.
Selenides, prepn., 336.
Selenium-tellurium alloys, elect, conduc

tivity, 4 ; X -ray  study, 102.
Selenium-thallium alloys, 102.
Selenium-titanium alloys, 94.
Selenium-tungsten system, prepn. of WSe*, 

156.
Sendust, ferromagnetic supcrlattice, 1 0 1 ;  

magnetic powder cores, 486.
Silicides, of alkali metals, 157 ; prepn., 849 ; 

thermodynamics Sc phys. properties, 
95.

Silicon brass, use in shipbuilding, 835.
Silicon bronze, analysis, seo Analysis.
Silicon ferrite, crystal structure imperfec

tions, 100.
Silicon-sulphur system, 81.
Silicon-titanium alloys, crystal structure 

of T i6S i3, 10 3 ; prodn. by igneous 
electrolysis, 784.

Silicon—zirconium alloys, phase diagr. of 
Zr-rich regions, 628, 844.

Silumin-type ailoys, annealing, see Anneal
in g ; granulation of eutectic Si bv 
heat-treatment, 685; mechanism of 
modification, 8 1, 2 9 1 ;  melting, see 
M elting ; secondary, effect of Ni, P , &  
B  addns., 332 ; theory of grain- 
refinement, 1008.-

Silver alloys, analysis, see A n a ly s is ; 
antique, 959, 968 ; paramagnetism, 96, 
246 ; reflectivity, 692, 100 1.

Silver amalgam, crystal structure, 632 (see 
also M ercury-silver alloys).

Silver nitride, properties of Ag*N, 92.
Silver solder, seo Brazing alloys.
Silver-tin alloys, amalgamation, 567; 

diffusion &  porosity, 14 5 ; formation 
in cvapd. films, 247 ; reflectivity,
1001.

Silver-tungsten alloys, pow’der met., see 
Powder metallurgy.

Silver-zinc alloys, melting, see M elting; 
vapour-pressure of Zn, 92, 17 1 .

Sodium amalgam, decompn. in aq. elec
trolytes, 50 1, 875.

Sodium benzoate, corrosion inhibition, 
32, 33.

Sodium chloride, cracking of crystal sur
face, 258.

Sodium silicate, interaction with Zn ions,
282.

Sodium-tin alloys, molten, surface tension, 
5 5 1 ;  reactions with ethyl bromide 
vapour, 92.

Sodium-tungsten bronze, elect, properties, 
156 ,469.

Sodium-zinc alloys, interat. distances in 
NaZnis, 479.

Solders, analysis, see A n alysis ; detn. of 
w’orking temp., 5 1.

Speculum, electrodepn., see Electrodeposi
lion.

Spinels, interat. distances &  ferrom ag
netism , 158.

Stainless steel (see also below Steel), con
ductivities &  thermo-e.m.f., 7 6 1; 
cracking of w’elded retorts, 4 13 ;  
C r ,3C „ 1 1  ; C r-M o-N i-TJ, electro
lytic sepn. Sc properties of austenite Sc 
a phase, 465, 623, 837 ; effect of a on 
strength &  ductility, 756 ; emissivity, 
234 ; Ho diffusion, 200 ; identifica
tion, 789 ; nature of o-pliase, 6 3 1 ;  
notch-sensitivity, 757 ; powder, re
activity  change by sorption of gases, 
6 17 ;  reactions in Pb &  B i, 744 ; 
transformation, 848.

Staybrite, infra-red absorption at low7 temp., 
5 59 ,6 18 .

Steel, analysis, see A n alysis; antiques, 
967 ; brittleness, 982; cavitation 
resistance effect of shot-peening, 
240, 564; cladding, seo Cladding; 
cold-working, see Cold-working; cor
rosion, see Corrosion; creep, 6, 244,. 
327 ; crystal imperfections, 10 0 ; 
cutting, see Cutting ; deformation 
texture, 702 ; detection of inclusions 
&  plastic deformation, 1 7 3 ;  dnctilitv. 
effect of Cr plating, 355 ; effect o f 
polishing, 233, 252 ; elastic modulus, 
change with temp., 390; endurance 
limit, 289; eutectoid reaction, 167 ; 
fatigue, 334, 836 ; finishing, 6eo Clean
ing, Electrodeposilion on, Fin ishing, &  
Polishing; friction &  metal transfer, 
7 ;  gas cavities, 6 7 ; high-allov, 
failure by upsetting, 438 ; high- 
carbon, magnetic properties, internal 
strains Sc Bauschinger effect, 679; 
industry, directory, 8 10 ; joining, see- 
Brazing, Jo in in g , Sc W elding; m ar
tensite, 242, 766; melting, sco M elt
in g ; micro structure of bainite, 849,. 
10 12  ; mild, structure &  properties, 
book, 2 14 ;  mild, yield phenomena,. 
342 ; phase transformations, 172 , 
847 ; pnys. consts. a t elevated temp., 
book. 603 ; powder met., see Powder 
metallurgy ; protection, see Protection ; 
recrystn. after w’ork-hardening, 10 14  ; 
rolling, see R o llin g ; scabbing under 
explosive attack, 6 15 ;  sccondary- 
electron emission, 77 ; shear-strain 
distribn., 74 ; a phase formation,, 
effect of heat-treatment, 848; Si-,. 
H all-K ikoin  effect in magnetic fields,. 
242 ; skin formation, 7 9 1 ;  stainless, 
see above Stainless steel; stress- 
rupture, 1000 ; structure after cold- 
w’ork Sc fatigue loading, 633, 847 ; 
surface defects, 1 1 9 ;  testing, see 
Testing; tubes for archery bows, 
954 ; wire, abnormal after-effects in 
torsion, 743 ; wire for stitching, 8 0 1; 
wire-drawing, see Wire-drawing ; Y .P .,  
465.

Stellite, analysis, see A n alysis; effect o f 
heat-treatment on spect. emission, 
718 ; fatigue at high temp., 762 ; gas- 
turbine blades, 844 ; review, 532, 666 ; 
valves for I .e . engines, 3 10 , 463.

Sulphides, free energy /temp, diagrs., 157  ; 
thermodynamics Sc phys. properties. 
95 ; volatility &  stability, 474.

Superalloys, stampings for aircraft, 600 ;  
welding, sco Welding.

Supermalloy, elect.-resistance anomalies.
692.

Tantalum borides, 1004.
Tantalum oxides, soly. of Oa, 742.
Tantalum silicides, phases, 95.
Tantalum-titanium alloys, constitution, 

1 5 5 ;  phase diagr., 700.
Tantalum-zirconium alloys, properties, 

567.
Technetium-sulphur alloys, constitution o f 

TcsS7, 137.
Tellurides, prepn., 336, 337.
Tellurium-thallium alloys, X -ra y  study, 

102.
Tellurium-titanium alloys, structure, 94.
Tellurium-vanadium alloys, paramag 

netic susceptibility, 10 0 1 .
Terbium oxides, prepn. Sc study, 1002.
Thallium alloys, X -ray  s tu d y ‘of compds.,.

Thallium-sulphur alloys, X -ra y  studv, 102 .
Thorium borides, 16 , 1004.
Thorium compounds, crystal structure.

1010 .
Thorium dicarbide, structure, 164.
Thorium nitrides, formation, 255.
Thorium oxides, heat of formation of ThO,, 

138.
Thorium silicides, formation of T h S i„  849, 

1012.
T i-150 -A , properties at low temp., 626, 839.
Tin alloys, analysis, see An alysis; cor

rosion-resistance, book, 56 ; electro
depn., see Electrodcposiiion; electro
m etallurgy, 587 ; heats of soln. of 
Au, Ag, Sc Cu, 3 2 5 ; use in chem. eng. 
construction, 3 10 .

Tin-titanium alloys, crystal structure o f 
Ti8S n 8, 10 3 ;  structure in range 
0-25 at.-%  Sn, 841.

Tin-zinc alloys, corrosion, sec Corrosion; 
electrodepn., see Electrodepositian; 
flowability, 1 5 5 ;  intcrfacial energies, 
349 ; molten, viscosity, 7 1,4 0 2 .

Tin-zirconium alloys, phase diagr. of Zr- 
rich portion, 567, 568, 628, 844.
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Titanium alloys (see also Kentanium , 
I2C130i?, TH 50A), commercial, 245 ; 
crystal structure, 103 ; drawing, see 
D raw ing; drilling &  tapping data, 
48; grinding, see G rinding; harden
ing by nitriding, 470; isothermal 
transformation study, 15  ; lino m ark
ings &  H content, 572 ; machin- 
ability, effect of insoluble phases, 
627, 810 ; martensite transformation 
temp., 469, 839 ; mech. properties Sc 
fatigue at low' temp., 626, 839 ;
phase diagrs., 155 , 840, 1002 ; prodn., 
389 ; properties &  uses, 138, 402, 807, 
949 ; review, 93, 230, 326 ; structure 
of T i at. cell, 23 ; thermal Sc elect, 
conductivity, &  thermo-e.m.f., 7 6 1 ; 
w'elding, seo Welding ; workability, 
377, 600.

Titanium borides, 16, 94, 1004.
Titanium carbides, 841 ; metal-ceramics, 

15 , 492; phase diagr., 759, 1002 ; 
pow’der met., seo Powder metallurgy ; 
pure pow'der prodn. with carbonizing 
gases, 26 ; refractory properties, 693 ; 
scaling &  oxidn. resistance, 17 8 ; 
testing, see Testing.

Titanium-hydrogen system, offect of N on 
equilib., 567 ; study at low’ &  high 
pressure, 840.

Titanium nitrides, coatings, prepn., 865 ; 
crucibles, 9 13.

Titanium oxides, 180, 627, 840.
Titanium selenides, structure, 94.
Titanium silicides, 95, 103.
Titanium tellurides, structure, 94.
Titanium-tungsten alloys, phase diagr., 

760; pow’der met., seo Powder 
metallurgy.

Titanium-vanadium alloys, phase diagr., 
94, 841.

Transition-metal alloys, continuous solid- 
soln. formation, 629 ; intermediate 
phases, 95 ; magnetic behaviour of 
intermediate phases, 1 6 ;  molten, 
existence of negative Co &  Fe ions, 
246 ; satn. magnetic moment, &  
collective electron theory, 158 ; ter
nary distribn. equilib. &  bonding of B , 
95 ; Th compds., 255.

Tungsten alloys, effect of addns. on high- 
temp. properties, 246; electrodepn., 
seo Electrodeposition.

Tungsten borides, 16, 1004 ; thermal stabil
ity in streaming N H „ 83.

Tungsten carbides, depn. see Deposition, Sc 
Spray in g ; dies, 524, 9 19 ; electron 
emission, 1002 ; in flame plating, 497, 
584, 780 ; pow’der met., see Powder 
metallurgy; rock drills, 10 5 3 ; rolls, 
524 ; testing, see Testing; welding, seo 
Welding.

Tungsten halides, thermodynamics, 207.
Tungsten nitrides, compn., 83.
Tungsten selenides, prepn., 156.
Tungsten silicides, 95.
Tungsten sulphides, prepn. Sc constitution, 

156.
Tungsten-zirconium alloys, phase diagrs., 

694.
Type-metal, 42.
Uranium alloys, binary solid solns., 693 ; 

crystal structure, 103.
Uranium antimonides, 841.
Uranium arsenides, 841.
Uranium borides, 842, 1004.
Uranium carbides, constitution, 15 , 842 ; 

study of UCi, 156.
Uranium compounds, 693, 841, 8 12 , 843.
Uranium-hydrogen system, dissoen. pres

sure, 567, 8 13  ; review, 693.
Uranium nitrides, 841.
Uranium oxides, 13S , 843, 1002 ; refrac

tories, 376 ; solid-state reactions, 
biblio., 668.

Uranium phosphides, 841.
Uranium selenides, S43.
Uranium silicides, 842.
Uranium sulphides, S43.
Uranium tellurides, 843.
Uranium-vanadium system, constitutional 

diagr., 156.
Vanadium boride, 16.
Vanadium compounds, crystal structure, 

164.
Vanadium-oxygen system, free-energy 

diagr., 156 ; location of O* atoms by 
neutron diffraction, 768 ; phase diagr. 
of solid solns., 761.

Velinvar, 463.
Vibralloy, properties, S3S.
Vitallium, gas-turbine blades, S44 ;

machinability, 2 10 ; machining, see 
Machining ; use in je t engines, 3 10 ,4 13 .

White metal, analysis, see Analysis ;
welding, see Welding.
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Alloys &  compounds,
Y-alloy, microhardness, S31.
Yttrium silicides, prepn. Sc structure of 

Y S i „  849.
ZK60 alloy, for extrusion, 396, 838.
Z T 1 alloy, mech. properties, 243, 399.
Zamak-type alloys, for casting, fluidity 

detn., 373 ; coloured, 50.
Zicral, 6, 686.
Zieral, compn., 189.
Zino alloys (sec also Kirksite, Zamak), 

analysis, see A n alysis; cleaning, see 
Cleaning ; corrosion, sco Corrosion ; 
die-castings, for microphones, 3 10 ;  
fractographic properties, 1 0 1 1 ; lac
quering, see Lacquering; melting, see 
M elting; polishing, seo P o lish in g ; 
rolling, see R o llin g ; specifications, 
968; WTOUght, 471.

Zinc fluoride, formation, 140, 2 3 1.
Zirconia, refractories, 376.
Zirconium alloys, binary systems, 567, 

568, 694, 761, 762; high-temp.
strength, effect of addns., 4 7 1 ;  
phase diagrs., 628, 844 ; review’ , 326 ; 
soly. of Cr, 16, 471.

Zirconium borides, 16, 1004 ; crystal 
structure of ZrBis, 104.

Zirconium compounds, high-temp. be
haviour, 744.

Zirconium iodide, decompn. on hot sur
faces, 555.

Zirconium nitride, crucibles, 9 13.
Zirconium-oxygen alloys, dilute, proper

ties, 6 13  ; hardness &  lattice consts., 
743 ; properties, 614, S 2 2 ; shell
moulded, 5 17 .

Zirconium silicide, 95.
Zomag, 532.

Aluminium,
analysis, seo Analysis. 
anisotropy, elect., 76, 14 5 ; mech.,

effect of purity, 678. 
annealing, see Annealing. 
anodic films (sec also Anodic oxidation), 

amorphous &  cryst., 4 2 1 ;  hard, 495 ; 
isolation, 369 ; nature Sc properties, 
862 ; photo-reprodn., 307, 709, 864, 
944; sealing, 421. 

atomic weight, revision, 140. 
brazing, seo Brazing. 
brittleness, detn., 982. 
cable(s), 55, 936; sheath, 305, 803, 937 ;

steel cored, 1050. 
casting, seo Casting, Centrifugal casting. 

Sc Die-casting. 
castings, appns., 1049 ; A .S.T.M . speci

fications, 945, 1054 ; solidn. mech
anism, 23. 

cladding, sco Alclad Sc Cladding. 
cleaning, see Cleaning. 
coatings, on steel, 32, 779. 
cold-worked (see also Cold-working), 

micro-beam X -ra y  study, 9 7 ; re
covery, anelastic measurement, 545. 

colouring, see Colouring. 
corrosion, see Corrosion. 
creep, curves, 2 3 3 ; deformation struc

ture, 97 ; effect of anneal, 449 ; 
grain boundary, 6 5 ; intercryst. 
failure, 763, 1006 ; low-stress torsion, 
8 18 ; strain/time data, 142, 609; 
strength a t  25° Sc 50° C., S17 ; stress/ 
rupture data, 65, 560 ; subgrain 
formation, 5 7 1. 

crystal(s), boundary migration, temp.- 
induced, 696 ; boundary segregation, 
study by irradiation, 3 4 1 ;  boundary 
sliding &  slip, relation to grain-size, 
763, 100 6 ; coarse, elongation study, 
249, 737, 817 ; eold-worked, 97 ;
cross-slip, 846 ; electron-microscope 
study of deformation in fatigue failure, 
765, 10 0 6 ; grain-size detn., 629 ; 
interpretation of etch patterns, 17, 
405, 569; recovery of polycryst.
specimens, 157  ; slip-band formation, 
339, 569, 570 ; slip during creep, 249, 
473 ; slip-line distribn., 340 ; slip 
zones, 140 ; strain texture, 250, 1005 ; 
sub-grain, 339f 845 ; twinning, 340. 

cutting, see Cutting.
deposition, see Aluminizing, Deposition, 

Electrodeposilion, Sc Spraying. 
die-castings (see also Die-casting), appns., 

530, 937, 938, 943, 9 53 ; assembly,
305.

diffusion, of He, 225 ; in steel, 495. 
dissolution rate, in aq. solns., 857 ; In D 

electrolytes, 638 ; in NaOH, 705. 
drawing, see Drawing. 
drilling, see Drilling.
elastic properties, change with temp., 

390 ; polarization of acoustic waves, 
617 ; stress /strain curves, 73 ; study, 6.

Aluminium,
electrical resistance, anisotropy, 76, 145 ; 

contact, 146 ; effect of addns., 79 ; of 
films, 4, 673 ; low-temp., 548; up to 
400° C., 129. 

electrode potential, irreversible, effect of 
temp., 10 2 5 ; in NaCl solns., 279, 
1025 ; in NaOH &  K 9Fe(CN)4 solns.,
499.

etching, seo Etching. 
fabrication, 1 0 4 1 ;  French recommenda

tions, pamphlets, 1 2 1  ; plant, 974 ; 
rod mill, 659 ; U .S. ordnance specifi
cations, 944. 

films, adhesion Sc epitaxy, 634 ; elect, 
properties, 4, 673 ; electron diffraction 
patterns, 776 ; interferomctric detn. 
of absorption cocff., 230 ; reflectivity, 
75 ; thermo-e.m.f., 225. 

finishing, see Finishing. 
foil, effect of impurities on current 

leakage in electrolytic capacitors, 185, 
449; insulation, 805 ; medical use, 
308, 969 ; packaging, 307, 5 3 1 , 944 ; 
prodn., 659 ; sandw'ich construction. 
942; vacuum  seals, 892 ; wrapping 
for aircraft parts, 805. 

forming, sec Forming. 
foundry, 1037 ; book, 736 (rev.). 
friction, dry, 146. 
grinding, seo Grinding. 
hardness, in detn. of micro-porosity, 289 ;

test results, 289. 
industry, Amcr., 956, 1054 ; B rit., 956; 

Canadian, 956, 1053 ; German Sc Ita l., 
957 ; Indian, 9 6 1 ; progress, 955, 957, 
973.

irradiation with at. pile, in study of seg
regation of trace impurities, 34 1. 

joining, see Jo in ing. 
lacquering, see Lacquering. 
magnetic resonance lino breadth, 609. 
melting, seo Melting. 
metallography, micrographs, 350. 
oxidation, sco Oxidation. 
paste, pamphlet, 665. 
plastic deformation, effect of addns., 79 ; 

effect of coarso grain structure, 249 ; 
effect of temp. &  strain-rate on 
mechanism, 5 7 1 ;  grain translations in 
flow’, 97 ; microcracking during de
formation, 630 ; single crystal, 97 ; 
sub-structures, 845. 

polishing, see Polishing. 
powder, (see also Powder metallurgy). 

combustion, 259, 673, 944, 955 ; effect 
on animal organism, 969 ; in e x 
plosives, 3 1 1 ,  944 ; for foam concrete. 
938 ; low’-temp. sp. heat, 609 ; for 
paints, 422, 639, 729, 864, 955 ; prodn. 
processes, 259, 8 5 5 ; sintered (SAP) 
107, 173 , 4 13 , 545, 855, 10 15  ; X -ray  
line broadening, sepn. of particle-size 
&  stress effects, 764. 

production, Alcoa, 3 1 2 ;  electrolytic, 
499, 7 S 1 ; plant, 974. 

properties, relation to addns., 79 ; to de
formation temp., 7 3 ; to electro
polishing, 252 ; to grain-size, 632 ; to 
machining after anneal, 7 5 1, 989 ; to 
recrystn. Sc purity, 129. 

protection, seo Protection. 
recrystallization, after plastic extension, 

17 ; controlled, 14 5 ;  effect of purity, 
129 ; galvanic macro-etching of bars. 
630; kinetics, 2 5 1, 346 ; relation to 
deformation, 2 4 ; Sc rolling textures, 
695 ; study, 629 ; tem p., 406. 

refining, see Refining. 
rivets, driving behaviour, 663; proper

ties, 64, 663. 
rolling, seo Rolling.
scrap recovery, Amer., rep., 672 (rev.), 

1039 ; catalytic distillation as ¿VIF, 361 ; 
Cl-N process, 9 1 1 ;  electrolytic, 7 15 ;  
statistics, 1053 ; survey, 205 ; three- 
layer process, 187 ; with SiCli« 361. 

secondary, ¿Ymcr. industry, team rep., 
672 (rev.); prodn., 187, 9 1 1 ;  use in 
foundry, 793. 

sheet, central heating radiators, 939; 
composite, for brazing, 8 0 1;  corru
gated, 939 ; linings in hydroelect, 
plant, 938 ; prodn., 47 ; stand, sizes in 
France, 1 0 1 1 ;  surface defects, 17 . 

single crystals, deformation bands, 475, 
634 ; deformation mechanism, 405, 
977 ; effect of orientation on poly- 
gonization, 474, S 4 5 ; hardening & 
recovery in plastic deformation, 695 ; 
orientation dependence of hardening 
curves, 845 ; plastic deformation, 
97, 368; recrystn. after extension, 
17 ; slip band formation, 475, 569, 
570 ; stress/strain curves, 1 ;  X -ray  
diffraction patterns, 407.



A lu m in iu m Subject Index A n a ly s is  of

Aluminium,
soldering, seo Soldering. 
stamping, see Stamping. 
supraconducting, temp, variations of 

magnetization curves, 748 ; transi
tion temp, of layers condensed at low 
temp., 680. 

surface(s), adsorption of HïO vapour, 
129 ; defects in rolled sheet, 17 ; in fra
red absorption at low temp., 559, 
6 18 ; scattering of slow electrons, 
546 ; structure of strained specimens, 
1005. 

testing, seo Testing.
thermal conductivity, low-temp., 65, 146 ;

up to 400° C., 129. 
thermal expansion, coeffs., 3 3 1 . 
tubing, prodn., 727.
uses, aircraft construction, 305, 375, 402, 

793, 804, 942, 948, 962 ; Australian, 
79 ; automobile construction, 305, 
940, 941 ; beer barrels, 307, 5 3 1  ; 
biblio., 5 3 2 ; brewery vats, 56 ; bridge- 
building, 303, 393, 803 ; building, 303, 
3 1 1 ,  803, 805, 937, 938, 10 4 9 ; canal 
construction, 803 ; chem. industry, 
237, 306, 310 , 530, 805, 970 ; coinage, 
532, 943 ; communications, 306,
937, 944 ; congress, Zürich, 970 ; con
tainers, 5 3 1 , 943 ; cycles, 305 ; eco
nomy, 803 ; elect, eng., 55, 305, 307, 
657, 803, S05, 935, 937 ; eng. con
struction, 30 3 ,305 ,8 04 , 937, 940, 943 ; 
exhibitions, 308, 3 1 1 ,  377 ; Festival 
of Britain, 56, 303 ; food industry, 
56, 805, 943 ; handicraft, 295 ; hos
pital equipment, 943 ; household 
equipment, 56, 308, 377 ; indust., 303, 
728, 803, 945, 956; lab. equipment, 
307 ; marine eng., 942 ; m ilitary 
helmets, 308 ; mining industry, 305 ; 
molecular distillation plant, 306 ; 
nameplates, 944 ; packaging, 307, 
54 1, 805, 943 ; paper-making plant, 
5 3 1 , 805 ; petroleum industry, 306, 
805, 943 ; radar equipment, 944, 10 5 1 ; 
railway, 304, 941 ; reflectors, 944 ; 
roofing, 121, 303, 803, 805; sci. 
instruments, 944 ; shipbuilding, 55, 
304, 529, 804, 942, 1049 ; sports 
equipment, 56, 944, 9 5 3 ; tanks for 
fa tty  acids, 306 ; textile machinery, 
5 3 1, 943 ; vehicles, 804, 1049, 1050 ; 
watch making, 307 ; wine industry, 
530.

valency, effective no. of free electrons &  
tri valency, 1 . 

velocity of sound, 129. 
viscosity, molten, 7 1  ; variation with 

tem p., 237. 
volatility, in water vapour, 857. 
wear, against clay, 328. 
welding, see Welding. 
wire (see also Wire-drawing), effects of 

heating at 300° Sc 500° F ., 545 ; prop
erties, 937. 

work-function, detn., 133 . 
wrought, A .S.T.M . specifications, 945, 

1054 ; cold-worked, crit. strain effects, 
817 ; properties for indust, appns., 
559 ; transport of products, 955.

Aluminium alloys, see Alloys &  Compounds.
Aluminizing, 779, 780.
Aluphot process, 307 (see also Alum inium , 

anodic films).
Americium,

bibliography, 807.
heats of formation of aq. ions, 869.
review, 140.

Analysis,
amperometric, for electrolytes, 585 ;

micro-, 197. 
apparatus, balance casing, 944 ; dropping 

H g electrodes, 197, 19 8 ; electronic 
probe, 1032 ; H .F ., 286, 287 ; polaro- 
graph 1 16 ,  5 10 , 591 ; precision, 1032 ; 
rotary solvent extractor, 510. 

catalytic, 364.
chemical, A .S.T.M . rep., 1 1 8 ;  H .F . 

titr., 286 ; log. diagrs. for traces, 288 ; 
review, 5 10 -5 12  ; solvent extraction, 
510 .

chromatographic, 510 , 590. 
colorimetric, 198, 647, 890. 
electrolytic, developments, 592 ; identi

fication methods, 7 89 ; recording 
apparatus, 790 ; without external 
current, 591. 

fluoroscopic, X -ray , 198, 368 (see also 
X-rays). 

gravimetric, 790, 1030. 
methods, accuracy control, 648 ; based 

on complex formation, 790 ; develop
ments, 790 ; indust., 40, 5 10 , 592 ; 
ion-exchange, 5 10 ;  for non-metallic 
compds. in metals, 509 ; spot, 509.

Analysis,
micro-, amp., 197 ; identification of ions, 

40 ; met. appns., 5 9 1 ;  quant., 1005 ; 
spectrochem. equipment, 368. 

photometric, 19 8 ; Mo-blue, 788. 
polarographio, appns., 1032 ; biblio., 

890; book, 2 1 5 ;  diffusion current 
detn., 1 16  ; high sensitivity, 1 16 , 5 9 1 ;  
measurement of potentials, 197 ; with 
rotating amalgam electrodes, 787 ; 
square-wave, 510. 

radioactive, 509, 510  ; neutron-, for detn.
of trace elements, 790. 

reagents, antipyrine, 1 1 3 ;  benzoquin- 
aldinic acid, 787, 881 ; complexones, 
592, 881-888, 1030 ; cupferron, 1030 ; 
hydroxy quinoline for ion identifica
tion, 40 ; indust., 592 ; monoximes, 
1 1 6 ;  org., 5 10 ;  papers, 279 ; substi
tuted benzidines, 10 2 9 -10 3 1. 

sampling, cutting device, 648 ; math, 
statist, principles, 19 8 ; micro-drill,
286.

spectrochemical, 19 8 ; arcing apparatus, 
649; calibration, 590, 1 0 3 1 ;  direct, 
286; equipment, 722 ; micro-, 368; 
multi - purpose comparator, 649 ; 
powder samples, 432. 

spectrographic, 888; A.C. condensed 
spark unit, 645 ; apparatus, 3 7 0 ,10 3 1  ; 
calibration of step filters in ultra
violet, 10 3 2 ; direct-reading instru
ment, 722, 893, 894 ; effect of energy 
increase on discharge Sc on emission 
lines, 722 ; emission technique, 888 ; 
flame apparatus, 650 ; glass chamber 
for controlled atm ., 650; hollow- 
cathode source, 10 3 2 ; indust., 888; 
low voltage spark, 642; material 
transport during discharge, 646; 
micro-sampling, 286 ; photometric Sc 
sensitometric dctns., 1 0 3 1 ;  photo
multipliers, 286, 370 ; standards, 646, 
7 IS, 7 19 ;  stigmatic, 40 ; for trace 
elements, 1 0 3 1 ;  universal generator 
diagr., 646; visual lines, book, 607 
(rev.).

spectrometric, counterfeit coin detection, 
888 ; infra-red, 286 ; review, 510 . 

spectrophotometric, 647 ; micro-recorder, 
893; with bromate-bromide solns., 
19 8 ; with ethylene diaminetetra- 
acetic acid, 787; with HC1, 19 2 ; 
with monochromatic light, 647 ; with 
Zn-phenanthroline complex, 286. 

thermal, automatic recorder, 894. 
titrimetric, 509, 790 ; H .F ., 286, 287 ;

redox, iu non-aq. media, 592. 
volumetric, H .-F. combustion, 3 9 ; for 

pow’ders, 1 16 .
Analysis of—

Alkali metals, micro-, 645.
Alloys, electrographic identification, 789. 
Aluminium, chem. methods, 6 4 1 ; for 

impurities, 189, 34 1, 430 ; for Os con
tent, 194, 429 ; for Zn, 56.

Aluminium alloys, chem., methods, 641 ; 
chromatogr., 589; electrograv., for 
small amts. of Zn, 788 ; for H , content, 
7 17  ; photometric, for Co, 1 9 1 ;  photo
metric, for impurities &  components, 
18 9 ; polarographio, 56, 507; for 
Ni, 507 ; for Sn, 1 1 5 ;  spectrochem., 
505, 589 ; spect., light source, 642 ; 
for Ti, 432 ; w'elding flux, for N a Sc 
Li, 4 3 1 ;  for Zn, 59.

Aluminium bronze, for Al content, 189. 
Aluminium-magnesium alloys, col., 189. 
Aluminium-silicon alloys, in A.-C. arc, 

effect of Si on intensity of A l lines, 641. 
Anodizing baths, am p., for Al, in H 1SO4 

soln., 585.
Antimony, photometric, for Al, 19 0 ;

polarographio, 19 1.
Babbitt, photometric, for Te, 1 15 .  
Bearing alloys, polarographio, for Cu, Cd, 

Ni &  Zn simultaneously, 192. 
Beryllium, chem., 880, 881 ; for metallic 

Bo &  Be,C , 363.
Beryllium-copper alloys, photometric, 

for Be, 190.
Bismuth, polarographio, 19 1 .
Brass, for Ni, 193 ; spect., indust., 888. 
Brazing alloys for Ag, Cu, Cd, &  Zn, 195. 
Bronze, antiques, 364 ; for Ni, 193 ; for 

Sn, 644; sampling, 1 1 3  ; spect., 642, 
882.

Cadmium, anion exchange, in presence of 
Cu, 8 8 1 ; for Pb &  Th, 884. 

Cadmium-zinc alloys, for Zn, 789- 
Calcium, spectrophotometric, for Al Sc 

Fe, 189.
Cemented carbides, spect., for Ti, Co, Ni, 

&  Mo, 645.
Cerium, spect., for La, Pr, &  Nd, 721. 
Chromium, for Pb, 192.

Analysis of—
Chromium-iron alloys, layers on chro

mized surfaces, 364 ; spectrochem., 
calibration curves, 590.

Chromium-nickel alloys, spectrochem., 
calibration curves, 590.

Cobalt alloys, spectrochem., 589.
Cobalt-nickel alloys, spect., 719.
Copper, col., for As, 641 ; col., for traces 

of P , As, «Sc Si. 1 1 4 ;  for Os content, 
194 ; photometric, for Si, 788 ; spect. 
Sc polarographio, 1032 ; spect., stand
ards, 718.

Copper alloys, col., 890 ; col., for As, 641 ; 
photometric, for Ni, Fe, &  Mn, 192 ; 
for Sb, 880 ; spect., of solns., 642.

Copper-silver alloys, spect., counterfeit 
coins, 888.

Copper-tin alloys, for Be, 283.
Copper-uranium alloys, electrolytic, for 

Cu, 1029.
Electroplating baths, amperometric, for 

components, 585 ; cadmium, 18 4 ; 
chromium, 34, 356 ; copper, 1 1 3 ,  184 ; 
cyanide, 1 1 3 ,  280; nickel, 35, 1 1 3 ,  
184, 357, 500, 7 13 , 720, 781 ; tin, 721 ; 
zinc, 184, 357.

Ferromagnetic alloys, photometric, for 
Si, 788.

Gallium-uranium alloys, pamphlet, 810.
Germanium, review , 787.
Gold antiques, 20, 40, 1029 ; bullion,

430.
Iron alloys, photometric, for Si, 788.
Iron-manganese alloys, spectrochem., 

calibration curves, 590.
Lanthanum, spect., for Ce, Pr, &  Nd, 

721.
Lead, col., for small amts. of B i, 190 ; for 

O, content, 194, 7 19 ; pig-, for Sb, 
B i, Cu, Fe, Sc Zn, 507 ; photometric, 
for ¿VI, 19 0 ; spectrocnem., 7 19 ; 
spectrographic, 193 ; spect., for small 
amts. of Ag, 788.

Lead-tin alloys, for A l &  Zn, 785,
Lead-tin-zinc alloys spect., effect of 

Pb/Sn ratio, 645.
Lithium, Sn-fusion, for I I  „  787, 882.
Lithium-magnesium alloys, Sn-fusion, 

for H*, 787, 882.
Magnesium, 507; chem., 7 19 ;  Sn- 

fusion, for H „  787, 882 ; spect., 505.
Magnesium alloys, chem., 7 19 ;  photo

metric for ¿VI, 190 ; polarographio, for 
Sb, Pb, Zn, Mn, Fo, &  Al, 193 ; spectro
chem., 505, 589 ; spect., for Al, Zn, & 
Si, 879 ; spot, for Sn, 508 ; for Th Sc 
raro-earth metals, 508 ; for Zr, 432.

Manganese brass, col., for Fe, 883 ; 
photometric, for Al, 190.

Neodymium, spect., for Pr, 721.
Nickel, cathodes, spect., 365 ; chem., 

A .S.T.M . rep., 954, 1054 ; col., for 
traces of P , As, & Si, 1 1 4 ;  photo
metric, for Si, 788; spectrochem., 
589 ; spect., for small amts. of Pb Sc 
Sb, 643.

Niobium, chem., 589.
Palladium, spect., for Ir, P t, Sc Rh, 720.
Platinum, comm., 431 ; micrograv., 508 ; 

for traces of Zr, 1 16 .
Powders, vol., degree of redn., 1 16 .
Praseodymium, spect., for La, Ce, Sc Nd, 

721.
Precious metals, concentrates, by Gibbs 

method, 283.
Promethium, spect., 644.
Rare-earth metals, spect., 721.
Silicon bronze, methods, for S 11, 644.
Silver, spect. for P t &  Pd, 4 31.
Silver alloys, antiques, 40 ; spect., 

coinage, 888.
Sodium, for K , Ca, Sc Mg, 885 ; for NajO, 

1030.
Solders with dry Cl, 645.
Steel, photoraet., for Al, 10 29 ; spectro

chem., 589 ; stainless-, electrographic 
identification, 789.

Stellite, spect., effect of heat-treatment, 
7 18 .

Surfaces, spectrographic, 364.
Tantalum, chem., 589 ; spect., for Ti Sc 

Nb, 645.
Technetium, spect., 644.
Thorium, chem., 367.
Tin, photometric for ¿VI, As, Sc Sb, 190.
Tin alloys, photometric, for Al, 190.
Titanium, aluminothermie, for Cu, 642 ; 

for Mg & Al, 643 ; for small amts. of 
chlorides, 589.

Tungsten, spectrochem., 196.
Type-metal, 42.
Uranium, for Ni «Sc Mg, 4 3 1.
White metal, with dry Cl, 645.
Zinc, for Oj content, 194 ; photomet., for 

Ai, 1029 ; polarogr., 1 15 .
1110



A n a ly sis  of Subject Index A n od ic  ox id ation  o f

Analysis of—
Zino alloys, photometric, for Al, 19 0 ; 

spect., for Pb in presence of Sr, 645.
Zirconium, chem., 368 ; spect., for Hf,

787.
Analytical detection of—

Aluminium, spot-, 1029.
Antimony, spot-, 190.
Bismuth, small amts. in presence of Pb, 

190 ; spot-, 19 1.
Cadmium, in presence of Cu, with K  

xanthogenate, 881.
Cobalt, with antipyrine, 1 1 3 ;  spect., in 

cemented carbides, 6 15 ; spot-, 19 1.
Copper, with antipyrine, 1 1 3  ; chromato- 

gr., in Zn, 364.
Molybdenum, effect of pH, 884 ; spect., 

in cemented carbides, 645.
Nickel, spect., in cemented carbides, 645.
Rare-earth metals, 888.
Thallium, 788.
Titanium, spect., in cemented carbides, 

645.
Tungsten, micro-photochem., 285.
Yttrium, 888.
Zinc, in presence of Ni Sc Co, 367.
Zirconium traces in Pt, 1 16 .

Analytical estimation of—
Alkali metals, absorptiomctric, indust., 

195.
Aluminium, nlkalimetric, 18 9 ; col., in 

Ti, 643; fluorometric, 786 ; in Mg 
alloys, 879; in P b -Sn  alloys, 785 ; 
photometric, 190, 1029 ; polarometric, 
879; routine, in A l bronze, 18 9 ; 
spectrophotometric, 189, 786; titr. 
with ascorbic acid, 883; vol., in 
pow’dcr mixtures, 1 16 .

Antimony, in bronze, 880 ; photometric, 
in Sn, 19 0 ; spect., in Ni alloys, 643; 
spectrophotometric, in presenco of As, 
198.

Arsenic, 505 ; col., 1 1 3 ,  1 14 , 641 ; coulo- 
metrio, 19 2 ;  photometric, 19 0 ; 
spectrophotometric, 19 8 ; tervalcnt, 
bromate titr., 429.

Barium , potentiometric, 365.
Beryllium, 363, 429, 880, 8 8 1; iu bronzes,

283 ; photometric, 190.
Beryllium carbide, in Be, 363.
Bismuth, chronometric, 1 1 3  ; col., in Pb,

190 ; grav., with complexones, 8 S 1 ; 
photometric, in Pb, 787.

Boron, in metal borides, 429.
Cadmium, as sulphide, 1 1 3 ;  chromato- 

gr., in Cu alloys, 363 ; polarographio, 
192, 429, 787 ; spectrophot., 39 ; with 
bcnzoquinaldinic acid, 8 8 1; with di- 
methyl-naphthidine Sc ferrocyanide, 
10 29 ; with hydroxylphenylbonzo- 
xazolc, 19 1 ,  589, 881 ; with thio- 
sulphate, 429.

Calcium, 429 ; col., with murexide, 6 4 1; 
titr., with dimethylnaphthidino & 
ferrocyanide, 1029.

Carbon, in metals, H .F . combustion, 39.
Cerium, iodometric, in presence of Fe  Sc 

Cu, 882 ; spect., in L a  Sc Pr, 721.
Chromium, HCIO« oxidn., 506, 642 ; iodo- 

inetric, in presence of Fe, 882 ; micro-, 
19 1 ,  197 ; spect., in chromized sur
faces, 364.

Cobalt, photometric, 19 1 ,  884; polaro- 
graphic, 787 ; spectrophotometric, 
19 1 , 1029.

Copper, by amalgam redn., 285 ; chem., 
sensitivity diagr., 288; chromato
graphic, 364, 590 ; electrolytic, in Cu
l l  alloys, 1029 ; grav., as thiocyanatc, 
19 2 ; iodometric, 190, 429, 787;
micro-, 197, 364 ; photometric, 884 ; 
polarographio, in bearing metals, 192 ; 
in presence of Fe, 190, 1030 ; rapid, in 
aluminothermic fcrro-Ti, 642 ; spect. 
Sc polarographio, in Pb, 1032 ; spectro- 
photomctric, 787 ; vol., in pow'der 
mixtures, 1 1 6 ;  with benzoquinaldinio 
acid, 787 ; with phcnanthrolinc, 506 ; 
with thioformamido, 882.

Gallium, spot, in ¿VI, 430.
Germanium, 787 ; with org.reagents, 719.
Gold, with substituted benzidines, 1030.
Hafnium, chromatographic, 432 ; spect., 

lowr concn. in Zr, 787.
Hydrogen, in Mg. Li, Sc Mg alloys, 787, 

882 ; vacuum fusion, 509.
Iridium, fire assay, 39 ; potentiometric,

284 ; spectroscopic, in refined Rh, 285.
Iron by amalgam redn., 285 ; col., 1 1 3 ,

883; couloraetric, 19 2 ; electrolytic, 
883; micro-, amp., 197 ; photometric, 
in Cu alloys, 192 ; polarographic, in 
ncn-ferrous alloys, 285 ; in presence of 
Cu, iodometric, 190 ; in presence of 
Cu, with cupferron, 1030 ; spect., in 
Zr, 887 ; spectrophotometric, 189,
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Analytical estimation of—
Iron,

192, 787 ; titr. with ascorbic acid, 883 ; 
titr. with dimethylnaphthidino & 
ferrocyanide, 10 2 9 ; vol., in powder 
mixtures, 1 16 .

Lanthanum, spect., in Co Sc Pr, 721.
Load, centrifugal, in dross, 193 ; chro

matographic, 590; electrolytic, 1 15 ,  
365, 589, 884; grav., with phenyl- 
arsonic acid, 365 ; micro-, 192, 197,
430, 506, 884 ; spect., 643, 645.

Magnesium, col., 193, 6 13 ;  in Ti, 643;
traces in ¿VI, 430.

Manganese, col., with ¿VgiOj, 285 ; iodo
metric, in presenco of Fe, 882 ; per- 
8ulphate-arsenito method, 884; photo
metric, in Cu alloys, 19 2 ; in U,
431.

Mercury, 430, 506 ; spectrophot., 39 ; 
with mercaptophcnyl thiothiodiazo- 
lone, 884.

Molybdenum, chromatographic, 430 ; 
polarographic, 884; vol., in powder 
mixtures, 1 16 .

Neodymium, spect., in La, Ce, Sc Pr, 721.
Nickel b y amalgam redn., 285 ; amp., 

with dioximes, 644 ; in brass &  bronze 
without turnings, 19 3 ;  chromato
graphic, 590 ; photometric, 192, 884 ; 
polarographic, 192, 507 ; pptn. with 
dimethylglyoxime, 19 3 ;  spectro
chem., in steel, 286; spectrophoto
metric, 787 ; in U, 431.

Niobium, by chlorination, 589; col., 
19 4 ; grav., 19 4 ; polarographic, 1 1 4 ;  
spect., in T a powder, 645 ; in W-frce 
Co, Cr, or Ni alloys, 885.

Nitrogen, 509.
Osmium, 508 ; polarographic, H aO, cur

rent, 788; potentiometric, 284.
Oxygen, 194, 429, 509 ; isotopic, 507, 

885; in Pb, 194, 719.
Palladium, col., 365, 644 ; photometric, 

y-amts., 589 ; spectroscopic, in refined 
Rh, 285 ; spectrophotometric, 194 ; 
thermograv., 194.

Phosphorus, col., in Ni Sc Cu, 114 .
Platinum, in alloys, 365, 430 ; spectro

scopic, in refined Rh, 285.
Potassium, absorptiomctric, 195.
Praseodymium, spect., in La, Ce, &  Nd, 

721.
Rhenium, with N aaS aOa, 886.
Rhodium, in alloys, 365 ; fusion, 366.
Ruthenium, col., with nitrosodimethyl- 

aniline, 589 ; spectrophotometric, 
886.

Selenium, 366 : iodometric, with A saO„ 
1 1 4 ;  with H g(N O ,)„ 886.

Silicon, col., in Ni &  Cu, 1 1 4 ;  dehydra
tion with acetic anhydride, 1 1 4 ;  
photometric, 788 ; spect., in Mg alloys, 
879.

Silver, col., 4 5 1 ;  micro-, 197, 506, 508; 
spect., small amts. in Pb, 788; titr. 
with substituted benzidines, 1030.

Sodium, absorptiometric, 19 5 ;  in weld- 
ing flux for Al, 720.

Tantalum, by chlorination, 589 ; grav.,
194.

Tellurium, 366 ; photomet., in Babbitt, 
1 15  ; titr. with thiosulphate, 39.

Thallium, 788 ; iu Cd, 884; col., 1 1 5 ;  
coulomctric, 195 ; polarographic, with 
complexoncs, 886.

Thorium, chem., 367, 508 ; in presence of 
rare-earth elements, 788 ; with vanillic 
acid, 366.

Tin, col., 196, 508 ; electrolytic, 887 ; 
methods, in bronzes, 644; polaro
graphic, 1 1 5 ;  spect., in Zn alloys, 
effect of Pb  content, 645.

Titanium, polarographic, 196, 432 ;
spect., in T a powder, 645 ; spect., in 
Zr, 887 ; spectrophotometric, 196, 
647 ; titr., 508, 887.

Uranium, with cupferron, 1030 ; polaro
graphic, 887 ; spectrophotometric, 
509, 788; vol., in UO „ 1 15 .

Vanadium, amp., micro-, 197 ; cbrom- 
atogr., 430 ; small amts. in presence of 
U, 286, 1030 ; spectrophotometric, 196, 
647.

Zinc, amp., 197 ; chromatographic, 364, 
590; col., 197, 887 ; electrograv., in 
Al alloys, 788 ; in Cd, 364 ; in Cd-Zn 
alloys, 789; in Mg alloys, 879 ; in 
P b -Sn  alloys, 785 ; polarogr., 56, 1 1 5  ; 
polarogr., in bearing metals, 192 ; titr. 
with naphthidine Sc ferrocyanide, 1029, 
1030 ; with thiosulphate, 429 ; vol., 
in Al alloys, bronze, 8c white metal, 
196, 509.

Zirconium, 429, 432 ; chem., 368 ; in Pt, 
1 1 6 ;  spectrophotometric, 789.

Analytical separation of—
Alkali metals, small amts., 645.
Aluminium from P b -Sn  alloys, 785.
Americium from Cm, 227.
Antimony b y solvent extraction, 787.
Arsenic from Bi, Sb, & Sn, 1 1 3  ; from Cu,

882.
Beryllium from Al &  Fe, 880.
Bismuth from Cu, electrolytic, 882 ; 

from Pb, with complexones, 881.
Cadmium from Cu, 881 ; from Cu alloys, 

363 ; from Zn, 364.
Calcium, from Li, 193 ; from Mg, 39.
Copper, from ¿Vg, 1 1 5  ; from As, 882 ; 

from B i, 882 ; from Zn, 205 ; with 
bcnzoquinaldinic acid, 787.

Curium from Am, 227.
Hafnium from Zr, 432. 643.
Indium, from Ga, Be, Sc Fe , 509.
Iridium from Rh, 283.
Lanthanum from Th, 195.
Lead from Zn, 1 1 5 .
Lithium from Ca, 193.
Manganese from aq. solns. with Hg 

cathode, 39.
Niobium, anion-exchange, 505 ; from 

oxides, 589 ; from Pa, Ta, T i, &  W , 
885.

Noble metals from base metals, 285.
Platinum metals, chromatographic, 195.
Protactinium from Nb &  Ta, 885.
Rare-earth metals (see also Refining o f  

Rarc-carths), electrochromatographic, 
645 ; ion-exchange, 38, 39, 197.

Rhenium, b y distillation, 886 ; from  A g, 
Hg, Pb, Bi, Cu, Sc Cd, 886 ; from Mo, 
195.

Rhodium from Ir, 283.
Silver from Cu, 1 15 .
Sodium from K , 195.
Tantalum, from oxides, 589 ; from P a  

&  Nb, 885.
Thallium from La, 195.
Thorium from cerite earths, 367 ; from 

U O „ 508.
Zinc, from Cd, 364 ; from Ni Sc Co, 367 ; 

from P b -Sn  alloys, 785.
Zirconium, from Al, Th, Ce, Sc Fe, 887 ; 

from Hf, 432, 643.
Anisotropy, elect, resistance, 76 ; in ductile 

metals, 678 ; polarized-light study, 23.
Annealing, effect on elect, fluctuations, 

827 ; gas burners, 302 ; progress, 
104 1 ; recrystn., 24 ; textures, 99, 
106 ; twin formation, 10 14 .

Annealing of—
Aluminium, effect on grain size, 449, 

473 ; grain-boundary migration, 696 ; 
origin of cu. texture, 99.

Aluminium-iron alloys, effect of m ag
netic field on magnetostriction, 564.

Brass, a, effect on rigidity &  elect, re
sistance, 398 ; a/0 structure, 20 ; strip, 
low-temp., softening &  rolling texture, 
342.

Cobalt-iron alloys, effect of magnetic 
field on magnetostriction, 564.

Copper, bright, in controlied-atm. furnace, 
375 ; cold-w'orked, 321 ; origin of cu. 
texture, 99.

Nickel in H „  cause of tarnishing, 352.
Silumin, granulation of eutectic Si, 

685.
Silver wire, 6 12.
Tinplate, continuous, 661, 797.
Welds, temper-, 302.
Zinc sheet, effect on tensile properties, 

555.
Anodic oxidation of—

Aluminium &  aluminium alloys, alt. 
with stripping, polishing effect, 601 ; 
Bengough-Stuart process, 269 ; books, 
2 14 , 606 (rev.); brightening, 729 ; 
capacity & dielect, loss of oxide layer, 
65 ; cast fittings, 593 ; coloured, 269 ; 
die-castings, black, 864 ; effect of air- 
agitation in bath, 354 ; Elektrofat 
process, 269 ; evaluation tests, 4 15 , 
495, 639 ; film continuity Sc cleanli
ness, 353 ; H *Cr04, 353 ; H tS 0 4, 269, 
353, 585 ; isolation of films, 369 ; 
nature Sc properties of films, 863 ; 
oxalic acid, 4 2 1, 639, 10 2 3 ; patent 
literature, 583 ; photo-reprodn., 307, 
709, 864, 944; plant, 3 1 ,  269; redn. 
of acid vapour b y foaming agent, 18 1  ; 
reflectors, 19 ; strip, continuous, 269 ; 
surface prepn. Sc choice of compn., 
602, 639 ; survey, 3 1 ,  49, 709 ; uso of 
Oxanol Salt E ,  180.

Aluminium-copper alloys, hard-surfac
ing, 863.

Aluminium-magnesium alloys, alt. with 
stripping, polishing effect, 601 ; effect 
of orientation of crystal face on rate, 
158 ; hard-surfacing, 863.



A n od ic  ox id ation  of Subject Index C astin g

Anodic oxidation of—
Aluminium-silicon alloys, die-cast, black, 

864 ; hard-surfacing, 863 ; prepn. by 
blast, 919.

Platinum at low c. d., 282.
Antiferromagnetism, Bethe-W eiss theory, 

78 ; &  ferrimagnetisin, 684; mole- 
cular-fleld treatment of nearest 
neighbour interactions, 750 ; quantum 
theory, 7 5 1 ;  spin wave method, 684 ; 
structure, superlattices Sc Brillouin 
zones, 23.

Antimony,
analysis, seo Analysis. 
deposits, detn. of condensation factor, 

3 2 1 ;  electron-diffraction study, 475 ; 
epitaxy on rock salt, 258 ; prepn. by 
powder method, 495. 

electrical resistance in magnetic field, 77. 
metallurgy, &. economics, book, 123  

(rev.).
polarization, cathodic &  anodic, 869. 
single crystals, cleavage surfaces, 772.

Antimony alloys, see Alloys <€* Compounds.
Antiques, met. study, 20, 40, 958, 967, 1029.
Araldite process, for coating, 5 0 ; for 

bonding, 5 1 , 525.
Arsenio,

analysis, sec Analysis. 
chemistry, book, 57. 
deposits, 475.
polarization, cathodic Sc anodic 869.

Arsenic alloys, see Alloys &  Compounds.
Atomic power, book, 544 (rev.).
Atomic state, Ferm i-Tkom as theory, 76, 

461, 752.
Atomic structure, contraction &  interat. 

distances, 105, 458, 702 ; interplanur 
spacing, 703 ; isomorphism Sc bond 
type, 703.

Atomic theory, for met. students, book, 58 ; 
non-orthogonality problem of wave 
functions, 350 ; relation to properties 
of metals Sc alloys, 73, 9 8 1; of surfaces, 
747.

Atomio weights, revision, 140.
Australia,

Baillieu Laboratory, work, 962.
Automobile,

bearings, 1 18 , 808.
bodies, Al, 804, 940, 970 ; bumpers, 183 ; 

cast units, 797 ; fire-tender, 940; mud
guards, 26 3; omnibus, 804, 940; 
stressed-skin, 940. 

engines (sec also Internal cojtibustion 
engines), cylinders Sc pistons, 305 ; 
finishing operations, 300 ; materials, 
808.

parts, die-cast, close tolerance, 905; 
metal-sprayed, 10 2 4 ; powder met., 
17 6 ; radiators, Al composite sheet, 
8 0 1; silencers, 952 ; use of Al, 305, 
940, 941 ; welded, 302.

Barium,
analysis, see Analysis. 
electrical resistance, a t low temp., 680. 
getters, absorption of Co, 737 ; clean up 

of l l s b y film, 818. 
production, high-vacuum, 966. 
refining, seo Refining.

Bauschinger effect, 322, 679.
Bearing(s),

materials (see also Alloys), for railways, 
533, 804, 941 ; retainer-, for steel balls, 
403 ; review', 245, 402 ; scrap re
covery» 205 ; use of plastics, 3 12 . 

porous, sintered prepn., 635. 
production, 953 ; bronze-backed, 532. 
shell, adherence of Al ailo3’8, 941 ; prepn. 

of cast Fe surfaces for tinning, 656 ; 
prodn. &  appns., 950, 951. 

sleeve, book, 536 ; developments, 950. 
surfaces, boundary lubrication, 616 ; 

temp, rise in rolling contact, 661.
Belgium,

Centre National de Recherches Métal
lurgiques, Liège section, 962.

Bending strength, wetting effect Sc liquo- 
striction, 985.

Berkelium, review, 140.
Beryl, see Alloys &  Compounds.
Beryllium,

analysis, seo Analysis. 
corrosion, seo Corrosion. 
creep-rupture, 818, 819. 
crystal parameter, 18. 
electrical resistivity, at low temp., 680. 
fabrication, 295. 
forging, seo Forging. 
health hazards, 957, 969, 1053. 
machining, see Machining. 
magnetic susceptibility, change a t  low 

temp, with strength of field, 225, 394. 
melting, see MeUing.

Beryllium,
polymerization of ion, 35. 
single crystals, prepn. &  mech. properties, 

130.
surfaces, polished, electron-diffraction 

patterns, 701. 
uses, 945, 950.

Beryllium alloys, see Alloys &  Compounds.
Bimetal(s), brakc-drums, 9 5 1 ;  Copperw'dd 

wire, 522, 806; glass-to-metal seals, 
9 5 1 ;  instrument parts, 9 5 1 ;  pistons, 
9 5 1 ;  strip, 952 ; thermostatic elements, 
951.

Bismuth,
analysis, see Analysis. 
deposits, 475.
electrical conductivity, mean free path of 

electrons, 610, 618. 
electrodeposits (see also Electrodeposi- 

lion), monat., on P t Sc A u, 781. 
magnetic susceptibility at low temp., 66, 

225.
molten (see also MeUing), corrosive 

action, 5 8 1 ;  effect on Mo, Nb, Sc steel, 
744; heat transfer, 546 ; surface 
tension, 69. 

polarization, cathodio Sc anodic, 869. 
powder (sco also Powder metallurgy), 

compressed, Hall coeff. as function of 
temp., 130. 

single crystals, cleavage surfaces, 772 ; 
growth from melt, 287 ; light-figuro 
study of orientation, 3 4 1 ;  prodn. by 
suction, 4 1 ;  spherical, prepn., 367, 
489 ; twinning, 160. 

thermal conductivity, iu mono- &  poly
cryst. specimens, 609. 

thermal expansion, near m.p., 75. 
thermo-e.m.f., 137  ; of thin films, 828,

986.
Bismuth alloys, see Alloys cO Compounds.
Boron,

surfaces, polished, electron-diffraction 
patterns, 701. 

uses, 950.
Boron alloys, see Alloys &  Compounds.
Brake-drums, 951.
Braze-weld process, 7 3 1 ;  equipment, 933 ; 

finishes, 300; for cast-Fe, 2 1 1  ; 
repairs, 300, 301.

Brazing,
copper-, Cu oxide paste, 663 ; in redg.

atm., 4 4 1;  repair, 928. 
design of joints, 300, 801. 
fillers, A l alloys, 665; metal-powder,

663.
furnace-, method Sc appn., 29 1, 527, 923. 
induction-, 663, 923 ; H .F ., 2 12 . 
methods, book, 809; electric control, 

924; evaluation of results Sc costs, 
7 3 1, 732 ; for cycle frames, 923 ; for 
machine parts, 923 ; for refrigerators, 
444 ; review', 300, 4 4 1;  vs. soldering 
Sc welding, 924 ; wire gun, 441. 

silver-, design, 300; detn. of free- 
flowing temp., 5 1 ;  induction heated, 
663 ; pipe joints, 5 1 ;  uso of Ti guides, 
5 1 ; with rotating fixtures, 441. 

surface tension, detn. &  effects, 923. 
-weld, process, 2 1 1 ,  300, 30 1, 7 3 1, 933.

Brazing of—
Aluminium &  aluminium alloys, 5 17 , 

801, 10 4 5 ; aircraft parts, 4 4 1 ;  coated 
sheet, 8 0 1; cylinder heads, 2 9 1 ;  
filler rods, 665; ilux-bath dip, 731 : 
furnace, 29 1, 923 ; heat-exchangers, 
527, 73 1, 923.

Cast iron, 2 1 1 .
Chromium alloys, furnace-, 923.
Copper &  copper alloys, 927, 1047 ; coil 

for cosmotron, 300 ; induction-, 663 ; 
tubing, 300.

Nickel pipe assemblies, 664.
Steel, 4 4 1;  stainless, 5 1, 2 1 1 ,  801. 
Zirconium, surface prepn.. 300.

Bridge construction, Al balustrade, 939 ; 
Al decking, 803 ; materials, 303.

Bright dipping, 920, 921 ; see also Finishing.
Brittleness, nucleation theory, 738, 745; 

rheotropic, 74, 556 ; types & detn.,
982.

Buffing compds., 300.
Building,

construction, Al greenhouses, 938; 
churches, 939, 946; Cu plumbing, 
946 ; exhibition, 3 1 1 ;  prefabs., 805, 
1049 ; station frontage, 805, 1049; 
transmission stations, 938. 

materials, Al, 803, 937 ; Al-sprayed steel, 
779 ; Cu alloys, 9 19 ; foamed con
crete, 938 ; French standards for ¿VI, 
938 ; nailed sheet, 29, 12 3  ; weather
ing of sheet-metal, 862 ; wrought iron 
&  light metals, book, 665. 

roofing, Al, 803, 805, 938, 939 ; Cu, 945, 
946, 10 5 1.

Building,
windows, Al, 805, 9 3 S ; cast, 1037 ; 

w’elded bronze, 929 ; Zn die-cast axles,
950.

Cable,
drums, 948.
electric (seo also Electrical conductors), 

Al/steel Sc ail-Al, 55, 937. 
production, Cu, 104 1. 
sheath, Al, 305, 803, 936, 937 ; compn. 

&  prodn., 87 ; Pb, 228, 242, 308, 
837.

Cadmium,
analysis, see Analysis. 
corrosion, see Corrosion. 
creep, study on crystals, 13 9 ;  time 

equation for const, stress, 142. 
crystal, growth from vapour, 765 ; tw in

ning, 19, 476. 
dissolution rate, in chlorides, 1 ; in 

inethanoI-water-H Cl solns., 3 5 1 . 
electrodeposition, seo Electrodeposition 
health hazards, toxicity of fumes, 957. 
magnetic susceptibility,at low' temp., 225, 

394.
polarization, cathodic Sc anodic, 871. 
protection, seo Protection. 
refining, see Refining. 
single crystals, effect of electrolytes on 

mech. properties, 139. 
supraconductivity, size effects, 737. 
silrface, metal transfer In sliding, 7 ;

w’hisker growth, 696. 
thermal conductivity, low-temp., 146. 
thermal expansion, near m .p., 75. 
vapour pressure, Sc condensation coeff., 

977.
Cadmium alloys, see Alloys &  Compounds.
Cæsium,

electrical resistivity a t  low’ tem p., 680. 
liquid, viscosity &  characteristic temp., 

323,
Cæsium alloys, see Alloys &  Compounds.
Calcium,

analysis, see Analysis. 
production, high-vacuum, 966. 
refining, see Refining. 
spectroscopy, of solid state, 70. 
uses, 950.

Calcium alloys, seo Alloys <£■ Compounds.
Californium, review’, 140.
Calorimeter, micro-, 42, 136 , 72 1.
Canning industry, see Food indush'y.
Casting (see also Centrifugal-casting, Die- 

casting, Foundry , MeUing, M oulding, 
Refractories). 

continuous, lab. machine, 293 ; review, 
1038 ; wire-bars &  rods, 203. 

defects, blowholes, 795 ; causes of frac
ture, 435 ; causes of porosity, 595 ; 
classification, 657 ; detection, see I n 
spection; hot-tearing, 657, 725, 794 ; 
prevention, 656 ; redn., 909 ; review', 
1036 ; surface blemishes, 593, 905 ; 
surface cavities, 1040. 

feeder heads, 46, 204, 656, 795. 
gating systems, effect on flow', 656, 905 ; 

sprue base design, 79 5 ; use of cores,
519 .

ladle, content, detn. during pouring,
1038.

plaster-mould-, 519 , 908.
praotice, books, 3 13 , 537 (ret’.) ;  hist.

su rv e y ,958. 
precision-investment, appns., 435, 907, 

908, 9 5 3 ; book, 671 (rev.); funda
mentals, 373, 374 ; Hg patterns, 908; 
historical review, 1038 ; materials &  
binders, 204 ; survey, 47, 293, 518 , 
597,658, 724. 

quality control, 204, 520, 593, 59 1, 595, 
596, 657.

risers, 293 ; dimensioning, 656 ; prob
lems, 205, 795, 905. 

runners, design, 204. 
sand-, causes of defects, 909 ; heat 

extraction rate, 294, 796; heat-
flow equations, 794 ; metal pene
tration, 48, 293, 657 ; mould dressing, 
48 ; Randupson process, 909; scab
bing, 796 ; study of surfaces, 294, 436, 
667.

shell-mould (see also Moulding), 205, 373, 
435, 518 , 519 , 795, 909. 

solidification, controlled, 46, 724, 821 ; 
crystn. theory, 105, 410 ; effect of 
equilib. diagr. on shrinkage, 45 ; ingot-, 
Sc teinp. distribn., 105 ; mechanism, 
23,575  ; microscopic study of droplets, 
99 ; mould/metal reaction, 518  ;
pptn. in supercooled solid solns., 
10 6 ; study of hot-tearing, 657; 
survey, 1 19 , 1 0 1 2 ;  temp, gradient 
control, 46.
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Casting of—
Aluminium, ¿VI-Fin process, 300, 73 1, 

104 5; book, 736 (rev.); continuous, 
for rolling, 1 19 , 433 ; cooking utensils, 
56 ; cylinder heads, chill-, for assem
bly, ‘291 ; grain-refining, 657, 905 ; 
ingots, direct-chill, 1035 ; ingots, 
shape for handling, 43 ; mechanized, 
1037 ; semi-continuous, twinning, 
340 ; solidn., 23 ; use of secondary 
metal, 793.

Aluminium alloys, 10 , 1035 ; attack on 
Fe, 1037 ; Capaco plaster-mould 
process, 908 ; defects, 593, 1036 ; 
gas absorption, 654 ; German stand
ards, 903; grain-refinement, 341, 
657 ; high-strength, 1038 ; historic 
review, 59 3 ; large parts, 203, 3 7 3 ; 
porosity, 595, 653 ; prepn. of master 
alloys, 43 ; quality control for jet- 
engines, 654 ; quality control for 
working, 5 9 3 ; residual stresses, 14 9 ; 
small parts, 203 ; technique, 793 ; 
U.S. practice, 47 ; vehicle com
ponents, 804.

Aluminium bronze, 794, 1037 ; contg. 
Ni, 2 0 3 ; specification D .T.D . 412,
594 90-1.

Aluminium-copper alloys, grain-refine- 
mcnt, 8 3 3 ; hot-tearing, 657.

Aluminium-magnesium alloys, grain- 
size, 88 ; porosity, 433, 595.

Aluminium-magnesium-silicon alloys, 
cylinder blocks, 1037.

Aluminium-silicon alloys, car-body 
units, 797 ; effect of Fe, 8 32 ; in 
large gravity die, 654 ; modification, 
29 1, 905 ; pistons, 5 17 .

Aluminium-zinc alloys, solidn., 23.
Antimony-bismuth alloys, causes of 

porosity, 595.
Antimony-lead alloys, segregn. study by 

radioactive Sb, 655.
Bells, 655.
Beryllium bronze, sand-, 655, 904.
Beryllium-copper alloys, investment-,

431.
Bismuth, solidn. shrinkage, 45.
Brass, Amer, practice, 904 ; contamina

tion of melts, 45 ; continuous, 594 ; 
deoxidn., 45 ; developments, 595 ; 
ingots 8c billets, quality control, 594 ; 
mechanized plant, 655 ; recom
mendations, 904.

Bronze, bearings, Pb  toxicity, 726 ; 
boiler plugs, 292 ; causes of porosity, 
1040 ; developments, 595 ; effect of 
gas-reaction products, 655 ; effect of 
sand grain distribn. on finish, 294 ; 
in green-sand moulds, 45 ; invest
ment, effect on porosity, 905 ; lost- 
wax, 373 ; pump casing, 793; in 

’ Itandupson moulds, 292 ; tubes, 
47 ; use of contact chills, 292.

Cadmium, solidn. shrinkage, 45.
Cadmium-zinc alloys, effect of solidn. 

shrinkage, 45.
Chromium-cobalt-nickel alloys, invest

ment, mould dressings, 293.
Copper, 104 1 ; adjustment of P  content,

904 ; horizontal, Cu20  formation on 
ingots, 708; quality control, 593.

Copper alloys, 10 4 1 ;  adjustment of P 
content, 904 ; Capaco plaster-mould 
process, 90S ; causes of porosity,
595 ; effect of elect, furnace melting. 
375 ; grain-refining, 657 ; metal/ 
mould reactions, 8c penetration, 657 ; 
pressure-tight, 1037 ; sand-, use of 
insulating feeders, 655 ; small parts, 
203.

Copper-lead alloys, 292, 594.
Duralumin-type alloys, ingots, chill-, 

5 17 .
Gun-metal, causes of porosity, 655 ; 

effects of Al on properties, 794 ; 
metal/mould reaction &  gas content,
655.

Hastelloy, investment-, 435.
High-temperature-service alloys, invest

ment-, 435.
Ingots, book, 733 (rev.); continuous-, 

high m.p., 1038 ; removal of skin, 
729 ; segregn., 345 ; shapes, 656 ; 
solidn. kinetics, 575 ; solidn. 8c 
temp, distribn., 105 ; zone-melting 
principles, 293.

Iron, for tinning, 656 ; hot-tear tend
ency, 794 ; prevention of piping,
905 ; pulleys, 1038. .

Lead, solidn. shrinkage, 45.
Lead alloys, hydro-machine for backing 

electrotype, 47.
Lead-tin alloys, effect of solidn. shrink

age, 45.
Leaded brass, effect of fluxing, 292.
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Casting of—
Leaded bronze, adjustm ent of P  content, 

904; pressure-tight, 119 .
Magnesium, grain-refining, 657, 905 ;

plant, 791.
Magnesium alloys, causes of porosity, 

595 ; grain-refining, 656; quality 
control, for hot-working, 595 ; sand-,
203.

Magnesium-zinc alloys, effect of solidn.
shrinkage, 45.

Magnesium-zirconium alloys, 14 , 998. 
Manganese brass, ships’ propellers, 901. 
Nickel, electrodes, 1 19 .
Nickel alloys, 91.
Palladium, lost-wax method, 373. 
Silumin-type alloys, grain-refinement, 

8 1.
Solders, automatic, 203.
Stellite, investment-, 435.
Steel, prevention of piping, 905 ; in 

Itandupson moulds, 292.
Tin, solidn. shrinkage, 45.
Titanium, ingots, effects of arc-melting, 

72, 5 18 , 1039 ; methods, 794 ; shell- 
mould, 5 17 .

Zamak-type alloys, fluidity detn., 373. 
Zinc, rolling slabs 8c extrusion billets, 

quality control, 596; solidn.-skrink- 
agc, 45.

Zinc alloys, dies, 6 6 1 ; fluidity detn., 
373 ; for working, 596.

Zirconium, methods, 794.
Castings (see also under names of metals & 

alloys),
faulty, see Casting, defects, 8c Inspection. 
fettling (see also Cleaning, F in ish in g ), 

206, 655 ; by Arcair torch, 374. 
grain-refinement, 657, 905. 
impregnation, 435, 436, 909 ; vacuum, 

374.
pressure-tight, 1 19 , 120. 
surfaces, book, 667 ; roughness detn., 

905 ; study, 436. 
uses, in agricultural equipment, 808; 

in eng., 3 10 , 808.
Catalysis of nucleation by surface patches, 

345, 770.
Catalysts, adsorption state of foreign 

molecules, 5 58 ; C u -P t solid solns., 
1 5 1 ;  surfaces, centres of disturbance,
771.

Cathode-ray tubes, 954, 10 5 1.
Cavitation erosion, inhibition by shot- 

peening, 240.
Centrifugal casting,

dual-metal process, for composites, 204. 
feed rate, appn. of hydraulic theory,

656.
practice, Bom bay, 726.
shells, life &  internal stresses, 905.
technique, 905.

Centrifugal casting of—
Aluminium bronze, dies, 48.
Copper, heat-transfer coeffs., 44.
Copper alloys, 905.
Copper-lead alloys, bearing-liners, 292, 

532, 594.
Iron, 905.
Steel, 905.

Ceramics,
coatings, for chem. eng., 868 ; for high- 

temp. service, 182, 356, 780, 844. 
compacts, N baOs, 798 ; see also Meial- 

ceramics. 
thermal-shock-resistant, 208, 844.

Cerium,
analysis, seo Analysis. 
corrosion, see Corrosion. 
crystal lattice consts., 255. 
electrical resistance in magnetic field, 

77.
oxidation, see Oxidation. 
production, massive, metallic, 37. 
pyrophoricity &; oxide formation, 637. 
refining, see Refining. 
review, 389. 
supraconductivity, 135 . 
thermochemistry, 385.

Cerium alloys, see Alloys 8c Compounds.
Cermets, see Metal-ceramics.
Chemical equipment,

construction materials, 3 10 , 3 1 1 ,  352, 
9 52 ; corrosion problems, 1 1 1 ,  222, 
3 5 2 ; driving gears, 3 1 1 ;  duplex 
Cu/Pb tubes for H jS 0 4, 10 5 2 ; for 
fluorine, 3 12  ; Ni-plated, 1 1 1 .  

use of, ¿VI, 805 ; Ni, 807 ; Pb, 806. 
welded, 802, 862, 936.

Chemical industry, directory,535.
Chemistry,

applied, in foundry, book, 812 ; 8c pure, 
text-book, 810. 

physical, books, 380, S09 ; consts., 396.
Chlorine, prodn. by electrolytic amalgam 

process, 1055.

C oatings

Chromating, hardness of films on Cd 
plating, 269; Iridito process for Zn 
die-castings, 27 1.

Chromium,
adsorption of II ,,  5. 
analysis, see Analysis. 
corrosion, seo Corrosion. 
deposition, see Chromizing, Deposition, 

8c Electrodeposilion. 
electrochemistry, ion-exchange in aq. 

solns., 782 ; polarization curves for 
Oi redn., 501. 

electrodeposits (seo also Electrodeposi
tion), 98 ; detn. of thickness Sc 
porosity, 7 1 1 ;  thermal dependence of 
elastic const., 32 1. 

forging, seo Forging. 
lacquering, sco Lacquering. 
magnetic properties, 8c antiferromag

netism, 684 ; susceptibility, 385. 
melting point, 66, 738. 
powder, reactivity change b y sorption of 

gases, 617. 
production, electrolytic, 7 15 . 
refining, see Refining. 
solubility, in HC1, 35 ; of N t in liq. Cr, 

385,673.
specific heat, electronic, coeff., 13 0 ;

low-terap., 747. 
transformation temp., 66, 977. 
uses, 3 12 .
vapour pressure 8c vacuum  behaviour, 

417.
Chromium alloys, see Alloys 8c Compounds.
Chromizing, B .D .S . method, 32 ; bright, 

Onera process, 269, 496 ; mechanism 
on mild steel, 496, 1023 ; spectro
graphic study of C r-F e  layers formed, 
363 ; on steel dies for Zn, 270.

Cladding, ¿V1-, see A lcla d ; methods, 32, 437, 
532.

Cladding of—
Aluminium, with Cu, 269, 946 (see also 

Cupal).
Aluminium-copper-magnesium-zinc al

loys, with A l-Z n  alloy, 238.
Copper with Pb, 583, 1052 ; with stain

less steel for high-temp. service,
806.

Magnesium alloys, bonding with A l or 
Zn, 270.

Steel, 437 ; with Al, 32 ; with Cu for bullet 
jackets, 32 ; with Cu for wire, 806 ; 
with Pb, 583.

Cleaning,
blast, 299, 800 ; abrasives, 662 ; Arcair 

torch, 374 ; mechanized, 662; wet,
604.

chemical descaling, 9 2 1 ;  for heat- 
exchangers, 603. 

degreasing, chem., 9 2 1 ;  electrolytic, 
603 ; methods, 440, 800 ; uso of tri- 
8c perchlorethylene, 299, 9 2 1 ;  vapour. 
119 .

efficiency, atomizer test, 440 ; evalua
tion by water-spray pattern, 51 ; 
survey, 799, 1046 ; test with radio
active stearic acid, 440. 

materials, conservation, 922 ; life, 525. 
methods, 729 ; in eng. processes, 50 ;

progress, 799. 
preparatory, for anodizing, 353, 602 ; 

for coating, 9 2 1 ;  for metallizing, 
440 ; for painting, 299, 729 ; for Pb 
hot-dip, 270 ; for plating, 35, 278, 
299, 410, 586, 921. 

solution-, with ultrasonic activation, 
662.

Cleaning of—
Aluminium, castings, 439 ; for finishing, 

5 0 ; for plating, 182 ; survey, 919. 
Aluminium alloys, alk. detergents, 50 ; 

castings, 7 10 ; salt-water pitted pro
pellers, 439.

Aluminium-silicon alloys, abrasive blast, 
919.

Castings, Arcair torch, 371 ; handsaw, 
9 11  ; equipment, 206, 655. 

Die-castings, effect of design, 920 ;
by lapping machine, 919.

Nickel, electrodeposits, 10 16 .
Tinplate, continuous, 661.
Zinc alloys, die-castings for plating, 

183.
Coatings,

metallic, diffusion-, 866; evapd., 1 2 1 , 
288, 298, 389, 410, S66, 966, 981, 
10 4 5 ; high-temp. resistant, 779, 780 ; 
protective, qual. control, 289, 7 15  ; 
survey, 424. 

non-metallic, ¿Vraldite, 50 ; ceramic, 
1S2, 356, 421, 780, 844, 868 ; ilaine- 
sprayed plastic, 272, 971 ; inorg., 
book, 606 (rev.); org., 423, 439. 

surface-conversion, books, 123 , 223
(rev.); chcra., 867.



C obalt

Cobalt,
analysis, see Analysis. 
electrical resistance, in magnetic field, 

77 ; low-temp., 5'1S. 
evaporation rate, at 1550° C., 226. 
health hazards, 1053. 
isotopes, pile-made y source, 44 ; use iu 

radiography, 510 , 652, 902. 
magnetic properties, at. moments, 978 ; 

effect o£ C content &  decarburization, 
362 ; effect on neutron scattering, 
10 8 ; gyromagnetic effect, 740. 

oxidation, see Oxidation. 
production, 308, 959; electrolytic, 7 15 . 
refining, see Refining. 
secondary, recovery Irom magnet manuf., 

912.
transformation, allotropy, 449 ; temp., 

strain-induced, 98. 
uses, 308, 3 12 , 945 ; internat, cttee. 

rep., 58.
Cobalt alloys, seo Alloys <& Compounds.
Coinage, counterfeit detection bv spectro

graph, 88S ; historical review, 943, 
968 ; R oyal Mint report, 604, SS0 ; 
suitability of metals, 918, 10 1 1 .

Coining of—
Aluminium alloys, 532, 943.
Brass, 918, 10 1 1 .
Silver, 959.
Tin, 960.

Cold-heading process (seo also Forming), 
Cu segment prodn., 9 15  ; principles Sc 
limitations, 523.

Cold-working, anelastic behaviour in detn. 
of structure, 1 7 1 ;  changes of elect, 
properties, 76, 393, 559, 560 ; economy 
for small parts, 377 ; recrvstn. 
mechanism, 346 ; softening effect. 
144, 824; symposium, 5 8 ; X -rav  
diffraction study, 172, 347.

Cold-working of—
Aluminium, X -ray  study, 97.
Aluminium alloys, phosphate pre-treat

ment, 182.
Brass, neutron-diffractlon study, 697 ;

X -ray  diffraction lines, 172.
Copper, H all effect, 132  ; low-temp., 671. 
Copper alloys, phosphate pre-treatment,

182.
Silver, wire, 612.
Steel, fatigue lim it &  structure, 633.

Colouring of—■
Aluminium, anodized, 269 ; survey, 

17 9 ; use of Oxanol Halt E , 180. 
Copper alloys, 525.
Metal surfaces, book, 320 (rev.).
Zam ak, 50.

Conversion tables, for at.-%  Sc w t.-% , 
975 ; P t resistance to °C., 373.

Copper,
analysis, see Analysis. 
annealing, seo Annealing. 
antiques, casting technique, 958 ; Greco- 

Roman, 175. 
brazing, see Brazing. 
cables, prodn., 104 1. 
cast, A .S.T.M . rep., 122, 308, 947, 1053 • 

C u ,0 layers on horizontal ingots, 708. 
clad (see also Cladding), appns., 946. 
oold-worked (seo also Cold-working), 

internal energy, 386. 
corrosion, see Corrosion. 
creep, cold-drawn, 132  ; deuteron bom

barded, 547, 6 10 ; fracture as nuclea
tion process, 738 ; P-deoxidized, a t 
300°, 400° &  500° P ., 66 ; /tension 
relations a t  low tem p., 819, 977 ■ 
/time equation for const, stress, 142. 

crystal, boundaries, 349 ; size detn., 
1008 ; sub-grain structure, 25 ; temp, 
dependence of growth, 145. 

deformation, ballistics, 671 ; influence 
on Hall effect, 1 3 2 ;  of drilled holes, 
19 ; Bingle crystal, 673. 

deuteron-bombarded, creep, 0 1 0 ; re
covery, 5 17 . 

diffusion, in brass, 226, 563 ; in brass. 
Sc Ni_ alloys, causing porosity, 247, 
617 ; in CujO, 132 ; In Ge, Sc acceptor 
formation, 739 ; in Si, 739 ; of Ag, 
547 ; of Zn, 132 , 226 ; self-, on 
surface, 738 ; &  viscous flow, S. 

elastic properties, anisotropy &  polariza
tion of acoustio waves, 617 ; effect 
of Pb addns., 994 ; effect of radiation, 
450, 7 15  ; study, 6. 

electrical properties, anisotropy, 7G, 
14 5 ;  effect of V .C . on bus-bar in 
service, 322 ; effect of Mn or Cr addns., 
96, 762 ; effect of sintering, 385 ; low- 
temp,, 3 2 1 ;  radiation damage &  re
covery, 547, 610 ; temp./resistance 
chart, 322, 

electrochemistry, ion adsorption &  ex
change in ZnSO , solns., 7 18 ;  ion-
Q Q

Subject Index

Copper,
electrochemistry,

exchange in aq. soln., 783 ; lim it of 
spontaneous discharge of Cu++ on 
Zn, 359 ; salt film formation in 
hydrocarbons, 187 ; study, 418. 

electrode(s), H s overvoltage, 185, 281, 
501, 872 ; polarization, 185, 871, 1027 ; 
surface activation, 716. 

electrodeposits (see also Electrodeposi- 
\tion), compact &  spongy, 872; internal 
stress, 7 12 ;  reflectivity, 450 ; struc
ture on brass, 16 2 ;  structure on Fe, 
•108, 1009 ; on Zn, effect on twinning, 
256 ; X -ray  study, 418. 

fabrication, 660, 104 1, 1042 ; standards,
’ 122, 2 13 , 308, 917 , 1053. 

films, adhesion &  epitaxy, 634 ; electron 
emitter, 988. 

finishing, see Finishing. 
forgings (see also Forging), properties 

8c tolerances, 660, 915. 
forming, see Forming. 
foundry, 658, 1037.
gas reactions, effect of O, on flotation, 

68 ; formation, 8c effect of cavities, G7 ; 
H a embrittlement, 819, 820, 977. 

industry, developments, 66, 84, 308 ; 
historic review', 958 ; Italian , 958 ; 
Rhodesian, 958 ; supply position, 
9 6 1,10 5 3 . 

joining, see Jo in ing. 
melting, see Melting. 
molten, deoxidn. by P , 5 17 . 
oxidation, see Oxidation. 
polishing, see Polishing. 
powder (see also Powder metallurgy), 

electrolytic prodn., 783 ; hydro- 
phobization, 7 1 1  ; scattering of visible 
&  near-inf ra-red radiation, 234 ; stabil
ized, 10 18 . 

properties, anomalous changes with 
temp., 323 ; effect of deformation 
temp., 73 ; effect of SnO, inclusions, 
717  ; effect of testing speed on results, 
S19 , 977 ; effect of trace elements, 
16 1  ; low'-tomp., 6 ; relation to grain- 
size, 632 ; survey, 10 5 1 ; temp, effect, 
449.

protection, see Protection. 
raw, B .S .S ., 2 13 .
recrystallization, effect of solute ele

ments, 3 4 1 ;  heat, 674 ; mechanism, 
346 ; relation to deformation, 24 ; 
secondary, 99 ; structure of second- 
order twins, 571 ; texture, 1008, 
1009 ; in wire, 99, 16 1, 252, 674. 

refining, see Refining. 
rolling, see Rolling.
secondary, from bearing metals, 205 ; 

recovery from pickling liquors, 597 ;
6  scrap recovery, 1053 ; sepn. from 
Zn in w’asto liquors, 205.

single crystals, asymmetric cubic growth 
from melt, 252 ; damping &  elastic 
modulus, 1 3 1  ; deformation bands, 
634 ; facet formation at high temp., 
1009 ; grown b y recrystn., frequency 
of annealing twins, 7C5 ; internal fric
tion from dislocations, 1 3 1 ;  plastic 
deformation, 673. 

sintered, behaviour &  properties, 385. 
soldering, see Soldering. 
solution-rate in H N 0 3, 707, 708, 860. 
specific heat, a t low temp., 747 ; at 

room temp., 738. 
stamping, see Stamping. 
stress/strain curves & Bauschinger effect,

322.
strip, &  sheet, B .S .S ., 2 13  ; stainless- 

steel-clad. for high-temp. service, 806. 
surface, effect of gases on wetting, 985 ; 

films, 476; friction &  metal transfer,
7 ; heat transfer to liq. H & N, 5 17  ; 
infra-red absorption a t  low temp., 
559, 618 ; properties at 500-850° (!., 
546, 971 ; stress-cracking by Hg, 860 ; 
wear against clay, 328 ; wear resist
ance, 240 ; wettability by glass, 
558, SOI ; whisker growth, 820.

technology, journal, 606; phys. chemistry 
of smelting, book, 667 ; progress, 66, 124. 

tensile properties at low temp., 130. 
testing, Bee Testing.
thermal conductivity, high-temp., 986 ;

low-temp., 146, 32 1. 
thermo-e.m.f., asymmetrical temp, gra

dient, 6 10 ; theory, 828. 
tubes, appns., 946, 10 5 1 ; prodn., 47, 727. 
uses, booklet, 604 ; brewery industry', 

1051 : building exhibition, 3 1 1  ;
commutators, 660 ; elect., 1 3 2 ;
lieat-exchangcrs, 10 5 1 ; plumbing, 
946, 10 5 1 ; roofing, 945, 946, 10 5 1 ; 
statuary, 968 ; textile printing rolls, 
1042.

C orrosion

Copper,
welding, see Welding. 
wire, Ag-coated, diffusion rate of 0 „  

1 3 7 ;  cold-worked at low temp., 
674 ; deformation Sc recrystn. texture, 
99, 16 1, 2 5 2 ; drawing, seo W ire
drawing ; effects of heating a t  300° &  
500° F ., 5 15 ;  elect, conductors, 132 , 
207 ; enamelled, 50 ; O .F.H.C., 99 ; 
preferred orientation, 1 6 1 ;  prodn., 
660; recrystn.-temp., 674 ; secondary 
recrystn., 99 ; steel-corcd, 522, 806. 

work-function, detn., 133. 
wrought, A.S.T.M . rep., 122, 308, 947, 

10 5 3 ; In chem. eng. construction,
310.

Copper alloys, see Alloys <£* Compounds.
Core,

baking, dlclect., 294 ; electronic, 725 ; 
infra-red radiation, 104 0 ; ovens,
1040.

binders, evaluation, 294 ; syntb. resin, 
725.

blowers, 206, 294, 910, 1039. 
boxes. 206, 294.
compressibility Sc shrinkage, 909. 
defects in pouring, 294. 
exothermic, 656.
making, automatic, 3 7 1 ;  equipment, 

9 10 ; review, 294 ; shell-process, 
658.

Corrosion,
aqueous, anodic processes, 30 ; A.S.T.M . 

rep., 1 1 2 ;  in chem. industry, 17 9 ; 
effect of wetting agents, 352, 1022 ; 
inhibition, see below inhibition ; in 
sea-water, 584 ; in structural m at
erials, 267. 

atmospheric, effect of specimen shape, 
638; effect of S  pollution, 778 ; 
mechanism, 582 ; prodn. of photo
active particles, 1022 . 

attack, by acids &  bases, 638 ; by 
acid vapour, breakdown of oxide 
films, 582 ; by aq. solns. of surface- 
active agents, 352, 1022 ; by copper 
sulphate, 267 ; by cracked petroleum 
Sc fuel oils, 1 0 2 1 ;  b y food-stuffa, 
7 10 ; by free radicals Sc atoms, 7 10 ; 
by gases, high-temp., 640 ; by 
HCl-methyl alcohol-water solns., 35 1, 
638 ; b y hydrocarbon solns. of 
fa tty  acids, 1 0 2 1 ; by hydrocarbon 
solns., of I , 1 0 2 0 ; by hydrogen 
peroxide, 268 ; b y  liq. metals, 638 ; 
by molten B i &  Sn, 5 8 1 ;  by NaCl 
soln., H evolution Sc O absorption,
582 ; by petroleum products, effect 
of S, 639; by smelter fumes, 267 ; 
by SOt, 493 ; table of media Sc effects, 
734 (rev.).

bibliography, 864.
cavitation-, accelerated pitting tests,

583 ; prevention by peening, 240 ; 
theories, 862.

damage, 638; in building materials, 
29, 12 3 , 267 ; in chem. equipment, 
1 1 1 ,  179, 268, 352 ; in gas-fired ap 
pliances, 267 ; In gas-turhines, 179, 
420; by H iO „ 268; in hydrogenation 
plant, 352 ; in motor coaches, 639 ; 
in petroleum refineries, 1 1 1 ,  353, 494 ; 
in rural power distribn., 639 ; in steam 
power plant, 639. 

data, book, 2 15 , 734 (rev.). 
electrolytic, cathodic processes, 582; 

detn. by magnetic effects, 176 , 18 0 ; 
effect of D replacement of H , 638; 
effects of polarization, 268; galvanic 
theory &  inhibition, 58 3 ; local - 
eell, 180, 420; in N a d  solns., 582 ; 
over-voltage theory, 780 ; review, 268 ; 
of underground pipes, 178, 866. 

erosion, in boiler pumps, 353 ; by 
heavy fuel oils, 862. 

high-temperature, by coal ash, 1021 ; 
by combustion products of gasoline, 
1 0 2 1 ; by gases, 1 0 2 2 ; by oll-ash, 
179, 419.

inhibition, agents, list, 863; by anti
biotics, 34, 7 12 ;  by benzoates, 32, 
33, 7 12 ;  books, 223 (rev.), 379 ; Sc 
causes, book, 3S2 (rev.); by design, 
354, 422 ; b y  emulsive oils in water, 
420, 1024 ; in ethylene glycol solns. 
with NaC,H .O, &  N aN O „ 708; 
marine, 639, 642 ; mechanism in acid 
solns., 420 ; in packaging, 33, 2 72 ; 
by phosphate coatings, 34, 712,
865 ; review, 6 12, 779 ; temporary, 
712  ; vapour-phase, 33, 272. 

probability, distribn. &  velocity, effect of 
surface condition, 863. 

processes, in  eng., book, 127  (rev.); 
low-temp. wet, relation to high-temp. 
d ry oxidn., 5 8 1 ;  Sc overvoltage, 780 ;
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C orrosion

Corrosion,
processes,

in petroleum &  chem. industries, 
book, 222 (rev.); in presence of 0 „  
268; relationship of chum. &  electro
chem. attack, 582 ; significance of 
phase boundaries, 268. 

products, effects, 492 ; film structure &  
crystal size, 266, 267 ; photoactive 
particles, 1022 . 

researoh, A .S.T.M . rep., 1 12  ; hist, re
view, 122 ; Teddlngton, 34. 

soil-, bacterial, 268 ; natural &  salted, 
264 ; testa on buried tubes, 109, 1 10 . 

stress-, cracking in alk. solns., 638 ; 
tllm-rupturo mechanism, 30 ; fretting, 
75 ; Hg/Cu mechanism, 860 ; photo- 
elastic dotn., 432 ; relation to other 
damage, 638. 

tests, accelerated cavitation, 583 ; hook, 
62 (rev. ) ; detection &  location, 268 ; 
equipment, 494; gas-adsorption 
balance for high-temp., 640; with 
gaseous B F ,,  1022 ; high-temp. with 
H ,S, SO,, &  CO, 4 19 ; In high-temp. 
water systems, 267 ; on Na as coolant, 
265, 780 ; on nailed sheet, 29, 123, 
862 ; polarization, 420, 584 ; review, 
3 1 ;  for S  in petroleum products, 639 ; 
salt-spray, 3 1 ,  1 10 , 584 ; underground, 
109, 1 1 0 .

Corrosion ol—
Aluminium, In agricultural appns., 

637 ; in aq. solns. &  water vapour, 
579, 857 ; b y CC1„ 415, 10 17  ; chem., 
637 ; effect of impurities, 29 ; film 
formation, 266; galvanic, 269, 582, 
1025 : intergranular, 845; mud
guards in service, 263 ; nailed sheet, 
2 9 ,12 3 ;  in NaCl soln., 582 : in NaOH, 
705 ; test, 417 ; underground, 109. 

Aluminium alloys, by brine, 303 ; 
cast, 253, 705 ; in chem. reagents, 
237, 637 ; marine, 4 17 , 4 19, 777 ; 
nailed sheet, 862 ; in sewage, 705; 
stress-, 30, 263, 417 ; welded, 5 1 , 150, 
857 ; wrought, 175.

Aluminium-copper alloys, 29. 
Alumlnium-oopper-magnesium alloys, 

effect of rolling &  heat-treatment. 
705 ; wrought, 29. 

Aluminium-copper-magnesium-zinc al
loys, wrought, 29. 

Alumlnium-oopper-siUcon alloys, east. 
29.

Aluminium-magneslum alloys, cathodic, 
582 ; effect of Cu &  Fe impurities, 
263 ; Intergranular, 15 9 ; stress-, 
489, 705 ; wrought &  cast, 29. 

Aluminium -  magnesium -  silicon alloys, 
cathodic, 582 ; stress-, 489 ; wrought, 
29.

Aluminium -  magnesium -  zinc alloys, 
effect of cold-work, 4 16 ; effect of 
heat-treatment, 2 3 8 ; intergranular, 
159 ; wrought &  cast, 29. 

Aluminium-manganese alloys, wrought,
29.

Aluminium-silicon alloys, cost, 29. 
Aluminium-zino alloys, cast, 492. 
Antimony-lead alloys, effect of impuri

ties in batteries, 109.
Beryllium, film formation. 266.
Bismuth, single crystals, 489.
Brass, in antl-freezo solns., 70S; in 

aq. I  solns., 266; in chlorinated water, 
580; embrittlement, 8 6 1 :  form a
tion of black marks, 10 19 ;  Hg stress- 
cracking, 10 9 ; In hydrogenation 
plant, 352 ; by liq. Na, 265 ; stress-,
30. 490.

Bronze, condenser tubes, 637 ; erosion, 
in boiler pumps &  valves, 353. 

Cadmium, cathodic, 582 ; coatings, 189 ; 
fllra formation, 266; in HC1 vapour, 
582 ; by NaCl in aq. soln., 858; 
by NaCl in methanol soln., 3 5 1. 

Cerium, in moist air, 709.
Chromium, electrodeposits, 490, 707 ;

dissoln. rate in HC1, 35.
Chromium carbides, in H ,SO j, 3 5 1. 
Chromium-iron-nickel alloys, film for

mation, 267.
Chromium-titanium alloys, 30.
Copper, antiques b y sca-watcr, 17 5 ;  

cathodic, 582; in closed-circuit 
evaporator, 579 ; in HC1 vapour, 
58 2 ; in H N O „ 707, 70S, 860; by I 
in aq. soln., 266 ; b y I  in hydro
carbon soln., 1020 : powder, 7 1 1 .
10 18 ;  stress-, b y Hg, 860; survey, 
29 ; underground, 109, 264.

Copper alloys, causes, 264; effect of 
Cr &  Ni content, 3 5 1 ;  H g stress- 
cracking, 109, 490 ; stress-, 264, 498, 
10 19 ;  survey, 29.
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Corrosion of—
Copper-mercury alloys, soly. in aq. I  

solns., 266.
Copper-silicon alloys, 29.
Copper-tin alloys, 29.
Copper-zinc alloys, Hg: stress-cracking, 

109 ; survey, 29.
Duralumin-type alloys, cathodic, 582.
Galvanized products, A.S.T.M . rep., 

778, 1020 ; atmospheric, effect of 
annealing:, 17 8 ; buried pipes, 110 , 
17 8 ; effect of packaging, 688; 
nailed sheet, 862 ; prevention, 865.

Hastelloys, in chem. reagents, 244 ; 
data table, 491, 637 ; film formation, 
266, 267 ; in hydrogenation plant, 352.

High-temperature-service alloys by gases, 
640; by oil*ash, 17 9 ; stress-, in 
combustion products of leaded gaso
line, 1 0 2 1 .

Ineonel, 177.
Iron, in anti-freeze solns., 708 ; cathodic, 

582 ; in HC1 vapour, 582 ; by liq. 
Na, 265 ; in molten Al &  A l-S i alloys, 
1037 ; b y molten BI, 5 8 1 ;  by molten 
Zn, 266; by solns. of I  in hydro
carbons, 10 2 0 ; prevention, 708, 864, 
10 2 3 ; prevention, cttee. rep., 379 ; 
underground, 1 10 , 178, 264.

Iron-molybdenum alloys, 266, 267.
Iron-silicon alloys, 266, 267.
Iron-tungsten alloys, 266, 267.
Lanthanum, in moist air, 709.
Lead, buried pipes, 109, 178 ; by I  in 

aq. solns., 266; by I in hydrocarbon 
solns., 10 2 0 ; b y lubricating oils, 
effect of peroxides, 10 19 ;  piping, 
264 ; by S , 17 6 ; survey, 29.

Lead alloys, battery grids, 491, 10 19 .
Lithium, film formation, 267.
Magnesium, cathodic, 582 ; dissoln. in 

HC1, 177 ; effect of non-metallic &  
alkali-metal impurities, 177 ; effect of 
ultrasonic waves 4 9 1 ; film formation, 
266.

Magnesium alloys, relation to phase 
diagr., 708; stress-,30 .

Manganese brass, 491.
Molybdenum, datasheet, 5 8 1 ;  survey, 30.
Molybdenum-tantalum alloys, 30.
Monel, 177.
Nickel, electrodeposits, on buckles, 

265; film formation, 266; in HC1 
vapour, 582 ; soly. in aq. I  solns., 266 ; 
survey, 30 ; tarnishing in H i, 352.

Nickel alloys, accelerated tests, 177.
Nickel-tin alloys, coatings, 419, 1026.
Niobium, data sheet, 581.
Praseodymium, in moist air, 709.
Rare-earth metals, effect of hydration 

of oxides, 709.
Refractories, by molten B i &  Sn, 581.
Silver, in ferric perchlorate solns., 177 ; 

by polyphosphate detergents 494; 
by S, 176.

Steel, accelerated tests, 177 ; buried 
pipes, 1 10 , 17 8 ; effect of S  pollution 
of air, 419, 77S ; erosion, effect of Cr 
coatings, 353 ; in hydrogenation plant, 
352 ; mild, in chlorinated water, 
580; in molten B i, 5 8 1 ;  nailed 
sheet, 29, 1 2 3 ;  plated, 490 ; pre
vention, 864 ; prevention, cttee. rep., 
379 ; stainless-, by liq. Na, 265; 
stress** 30.

Tantalum, by chem. agents, 265 ; 
data sheet 5 8 1 ;  by HC1 &  H Br, 4 9 1; 
survey, 30,

Tin, in aq. solns. of surface-active agents,
352 ; book, 56.

Tin-zinc alloys, coatings on steel, 10 19 .
Titanium, in acids, 491, 638 ; by chem. 

agents, 265 ; survey, 30 ; test results, 
638.

Tungsten, datasheet, 581.
Zinc, cathodic, 582 ; coatings, 498; 

effects of packaging, 638; effect of S 
pollution of air, 778 ; film formation, 
266; in HCl-methanol-water solns., 
638 ; in HC1 vapour, 582 ; pitting by 
H ,0  &  dil. solns., 265 ; soly. in aq. I 
solns., 266 ; survey, 29.

Zinc alloys, cracking phenomena, 352 ; 
nailed sheet, 29, 123 , 862.

Zirconium, data sheet, 5 8 1 ;  films, 178 ; 
survey, 30.

Corrosion-fatigue, review, 1022.
Corrosion-resistant materials,

for use in, boiler feed pumps &  valves,
353 ; chem. eng., 268, 352, 491, 862, 
936 ; condenser tubes, 637 ; fluorine 
equipment, 3 12  ; high-pressure hydro
genation plant, 3 5 2 ; high-tempera- 
ture water systems, 267 ; hydraulic 
machinery, 583 ; marine eng., 380, 
4 17 ;  molten metals, 581, 638 ;

C rysta l (s)

Corrosion-resistant materials, 
for use in,

petroleum refineries, 3 5 3 ; pulp & 
paper industry, 808. 

survey, 30 ; chart, 268, 862. 
theory of scaling &  oxidn., 268.

Cracks,
detection, see Inspection. 
formation (see also Fracture), inter- 

cryst., 165, 823, 835.
Creep,

curves, calcn. from stress/strain data, 
716 , 983; formula, 2 3 3 ; high-temp./ 
complex stress, 6, 327 ; math, analysis, 
679 ; nature, 740, 979; time/const, 
stress, 14 2 ;  types, 142. 

data for gas turbines, 678. 
laws of time/strain relations, 142, 327. 
resistance, by alloying, 982. 
reviews, 14 1 ,  142, 678, 982 ; of factors 

involved, 233, 6 15. 
theory of electroplastic equilib., 233 ; of 

exhaustion, 327 ; phenomenological, 6. 
viscous flow, &  diffusion, 8.
X -ray analysis, fine-structure, 244.

Croning process, see Moulding.
Crystal(s),

anisotropy, appn. of group theory, 10 15 . 
boundaries, diffusion, 75, 106, 226, 349, 

747, 775 ; dislocation models, 170, 
349 ; energies, 144, 774, 789; Inter
faces, 745, 789 ; internal, 702, 774, 
1 0 1 2 ;  migration, 75, 775 ; m ove
ment, 349 ; phase transformations, 
104, 483, 7 7 1 ;  solid soln., 561, 566, 
753, 757, 758, 789; structure &
behaviour, 25, 774 ; in substructures, 
348 ; tension, 329, 774. 

deformation on abraded surfaces, 852 ; 
glide curves, 772 ; gliding in prismatic 
punching, 106. 

dislocations, abnormal after-effects, 743 ; 
altg. stress, book, 127 (rev.); distribn. 
in static equilib., 10 14 ;  forces, 851 ; 
geometry, 347 ; immobile, 773 ; model 
of internal boundaries, 774 ; models, 
170, 349 ; movement in beryl, 7 73 ; 
moving, generation of vacancies, 170 ; 
in one-dlmensjonul atom rows, 10 14 , 
1 0 15 ;  origin, 17 0 ; in prismatic 
punching, 106 ; relation to actual & 
Ideal structures, 773 ; relation to 
impurities, 327 ; scattering of elec
trons, 773 ; screw'-, 8 5 1 ;  shear stress 
& latent hardening, 634; in solid- 
state electronics &  metallurgy, 345 ; 
stationary, 7 73 ; strain-field, 8 5 1 ;  
structures in f.c.c. lattices, 852; 
surface &  interfacial tensions of 
single-phase solids, 329 ; temp, de
pendence, 852 ; theory, 1 6 5 ,4 1 1 ;  X -ray  
diffraction by axial screw' distortion, 
259.

growth, boundary migration, 775 ; den
drite model, 106, 482 ; from melt, self- 
perpetuating step, 575 ; lamellar,
10 12  ; mechanism, 24 ; nuclei form a
tion in solids, 576 ; spirals, 634 ; sub
grain, 339 ; theory, 165.

imperfections, 100, 2 3 2 ; classification, 
347 ; measurement, 1 7 3 ;  in nearly 
perfect crystals, symposium, 348, 
445 (rer.); in thermodynamic equilib. 
&  phase transitions, 16 6 ; from 
transformation &  deformation, 348. 

interfaces, book, 668 (rev.); effect on 
mech. properties, 745 : energies, 789 ; 
interphase, 349 ; migration in re
crystn., 775 ; phase transformation, 
7 7 1 ;  topology of grain shapes, 771. 

ionic, gliding under unidirectional stress,
106.

lattice, antiferromagnetism, 78 ; b.c.c., 
crit. shear stresses, 258, 773 ; b.c.c., 
&  second-order superlattice, 10 1  ; 
behaviour of electron &  energy bands, 
416, 486, 751 ; Brillouln zones, 2 3 ;  
const, detn. by electron diffraction, 26, 
704 ; const, detn. of strain-free m a
terial by X -ray , 290; cu., elastic 
w’aves, 2 6 ; disturbance centres, 7 7 1 ;  
dynamic theory &  frequency spectrum 
of thermal waves, 254 ; effect of 
internal strains on linear expansion, 
d  &  X -ray  consts., 635 ; electrostatic 
fields, 10 8 ; ferromagnetism, 1 0 0 ; 
identification on small areas, 17 2 ;  
martensite, 766 ; param eter detn. 
a t const, temp., 892; periodic po
tential, 4 13 , 414, 486, 752 ; stability 
in slip, 169 ; thermal-vibration-like 
disturbances, 10 14 . 

nucleation theory, 106, 166, 576, 755,
10 13  ; of catalysis by surface patches, 
345, 770 ; homogeneous, 2 4 ; of 
stress, 702.



C rysta l (s)

Crystal(s),
orientation, of alkali halides on Ag 

substrates, 102 ; etching Sc polarized 
light inspection, 257 ; of cvapd. 
deposits on cryst. substrates, 2 5 ; 
preferred, error in X -ra y  detn., 
10 6 ; in recrystn. &  growth, 24 ; 
rotational phase transition, 772. 

size, relation to mech. properties, 632. 
slip, a t  boundaries between mosaic 

blocks in imperfect crystals, 232 ; 
b.c.c., 160 ; formation of immobile dis
locations, 773 ; homogeneous, deform
ation of f.c.c. lattice, 169 ; lamellar 
nature, 169; lines, research results, 347; 
multiplication process &  velocity, 170, 

structure, at. functions, 174 ; band 
theory, 4 1 3 ;  books, 3 16 , 812, 1055 
(rev.); Brillouin zones, 23 ; calcn. &  
space group sym m etry, 10 16 ;  cold- 
worked, 1 7 1 ;  detn. b y m ixed pro
jections, 25S ; imperfection in poly
cryst. materials, 1 0 0 ; mechanics, 
9 8 1; sp. heat relationships, 330 ; 
study b y moving pictures, 368;
surface effect of mech. treatment, 
852 ; topology of grain shapes, 771. 

sub-structures, 25, 339, 348. 
superlattice, &  Brillouin zones, 23, 4 13  ; 

ferromagnetic, 1 0 0 ; formation in 
b.c.c. alloys, 16 8 ; second order,
1 0 1 ;  types, 346. 

surfaces, state of electrons Sc wave- 
mech. theory, 852. 

twins, cubic, 10 14 ;  formation in
annealing, 10 14  ; study on B i, 160.

Crystalline state, non-linear theory, 258 ; 
Y .P ., 14 1.

Crystallization, cu. Sc h.c.p., 4 1 1 ;  effect of 
magnetic field, 8 5 1 ;  effect of u ltra
sonic vibrations, 575 ; from melts, 
10 5 ; prim ary, assoc, with viscosity 
change, 3 1 5 ;  theory of co-operative 
phenomenon, 166, 414.

Crystallography, angles, 102, 103 ; books, 
3 17  (rev.), 535 ; cine-photography, 
368; electron diffraction patterns, 
interpretation, 636; epitaxy of 
m etal-rock-salt pairs, 258 ; fluor
escent radiation, *412, 634, 10 14 ;  iso
morphism &  bond type, 703 ; mixed 
projections, 258 ; model of dendrite 
growth, 10 6 ; polarized-light, detn. 
of orientation, 257 ; technique at 
Cavendish Lab., 10 16 ;  theory of 
internal strains, 635 ; X -ray , internat. 
tables, 380 ; X -ray  lino-broadening, 
&  crystallite size, 288,412 ; X -ray  pat
tern chart, for interplanar spacings, 
703 ; X -ray  powder photography, 635 ; 
X -ray  technology, book, 541 (rev.).

Cupal, properties, 269.
Curium,

analysis, see Analysis. 
review, 140. 
valence states, 227.

Cutting, by adsorption, effect of nature of 
metal, 2 10 ;  booklet, 5 6 ; effect of 
method on surface condition, 852 ; 
elect, spark discharge, 49 ; electro
lytic, for met. specimens, 257 ; electro- 
mech., 438, 662, 920 ; energy balance, 
2 1 0 ; flame, for removal of surfaco 
defects, 302 ; fluids, effect of surface 
activity, 599,919 ; induction of residual 
stresses in surfaces, 329 ; lubricants, 
selection, 438, 662; oxyacetylene, 
936 ; Oxyarc, 935 ; powder process,
2 10 , 9 35 ; processes, 50 ; progress, 
800; size-effect, 378 ; temp., effect 
of fluid, 4 38 ; temp., effect of tool/ 
chip contact area, 378 ; terminology, 
booklet, 535 ; tools, capacity, 1044.

Cutting of—
Aluminium, effect of surfaco activity of 

liq. lubricants, 599, 600 ; data sheet,
211.

Aluminium alloys, band-saw, 9 15 ;
effect of SI content on tool life, 238. 

Brass, study of surface, 853. 
Duralumin-type alloys, study of surface,

852.
Steel, study of surface, 853.

Damping (seo also Internal Friction), 
capacity, detn. by torsion pendulum, 
647. changes in fatigue, 6 16 ; thermal, 
of elastic waves, 826.

Deformation (see also Creep, Elastic Sc 
Plastic deformation), dynamic, theory, 
822 ; elastoplastic equilib. as function 
of time, 233 ; elongation, spontaneous, 
232 ; gradients, Sc stress, 824, 983 ; 
high-speed, effects, 67S ; local, 455 ; 
of surfaces in contact, 390.
QQ2

Subject Index

Degreasing, see Cleaning.
Dental metallurgy, properties of materials, 

426,703.
Deposition,

chemical, Fescol process, 866. 
epitaxy, polycryst., 634. 
methods, 440, 866.
vacuum evaporation, appns., 966 ; crystal 

growth & orientation, 633 ; formation 
Sc properties of coatings, 247, 288, 
5 1 1 ,  866, 966 ; multi-component alloy, 
prepn. for X -ray  study, 650; p at
terned, 966; rate &  surface-temp. 
detn., 902 ; technique, 1 2 1 ,  440, 730, 
965, 10 4 5 ; thermal, 369; vapour- 
phaso technique, 298, 866, 966.

Deposition of—
Aluminium, hot-dip, 354 ; on steel, 

354, 779 ; vacuum, 440, 1045 ;
vapour phase, 298. 

Aluminium-beryllium-silicon alloys, hot- 
dip on steel, 354.

Ceramics, Solaramic process, 780. 
Chromium, on steel by heating in atm.

of CrClj Sc H, 354.
Chromium/nickol coatings, chem., Fescol 

process, 866.
Lead, appns., 864 ; hot-dip, 270.
Metals, on ceramics, 965; diffusion 

coating, 866; on non-conductors, 
redn. of aq. solns. for plating, 1055 ; 
on plastics, 965, 966.

Nickel alloys, for high-temp. protection, 
780.

Refractories, vapour process, 288.
Silver, vacuum evapn. on ZnO crystals, 

344.
Tin, see Tinning.
Tungsten carbide, thin coatings, 497, 780.

Dictionaries, eng. terms, 58 ; polishing Sc 
grinding, English/German, 2 1 5 ;  weld
ing &  cutting terms, 535 ; X -ray  
crystallography, 214 .

Die(s), A l bronze, 47 ; blanking-, 438; 
carbide, 9 19 ; cast, 434 ; densifled- 
Avood, 599 ; hard-faced, 945 ; plastic, 
602 ; prodn., 9 18 ; rubber, 297, 523, 
728 ; Zn alloy, 661.

Die-casting,
design, 518 , 906, 9 53 ; for assemblies, 

534, 907 ; tolerances, 435. 
dies, design principles, 435, 596, 597, 

906; distortion prevention, 907 ; 
ejectors, 723 ; failure by surfaco 
cracking, 793; Parlanti, 46 ; prodn. 
by chromizing, 270 ; unit system, 
724 ; vapour blasting, 907 ; wire 
thread-inserts, 907. 

machines, 46; automatic feeding, 435, 
906; comparison, 907 ; for motor 
squirrel cages, 907 ; self-contained 
furnaces, 9 11 . 

pressure-, 46, 435, 10 3 8 ; books, 608 
(rev.), 815 (rev. ) ; plant, 292, 936. 

technique, A.S.T.M . rep., 12 0 ; book, 
810, 8 15  (rev.); for continuous as
sembly, 907 ; mech. ladling, 658; 
metal handling, 907 ; metal injection, 
46; Parlanti, 46.

Die-casting of—
Aluminium, advantages, 905; auto

matic ladling, 292 ; ball-race, 903 ; 
charging by electromagnetic pump, 
658 ; die-life, 793 ; effect of variables, 
1 19 , 10 3 5 ; elect, fan, 306 ; furnace 
construction, 9 1 1 ;  gravity-, book, 
736 (rev.); ingots, continuous direct- 
chill-, 10 3 5 ; matchplates, by pres
sure-plaster-mould process, 654; pres
sure-, 1 19 , 292, 793, 10 3 5 ; pro
ductivity team rep., 542 (rev.), 729 ; 
with wire thread-inserts, 907. 

Aluminium alloys, automotive parts, 
593; biblio., 292 ; gravity-, chill-, 
723 ; high-quality, 654 ; hydraulic 
equipment, 2 9 1 ;  pirapling, 2 9 1 ;  
pistons, 903; pressure-, 29 1, 903; 
rigid frame constructions, 907 ; with 
subsequent pressure, 906; surfaco 
defects, 59 3 ; technique, 433, 906; 
vacuum cleaner parts, 903. 

Aluminium-copper-silicon alloys, pres
sure-, machine parts, 46. 

Aluminium-magnesium-silicon alloys, 
cylinder blocks, 1037. 

Aluminium-silicon alloys, 5 17  ; gravity-, 
654.

Brass, furnace construction, 9 1 1 .
Copper alloys, 906 ; die-materials, 594. 
Magnesium alloys, 292, 433 ; injection-, 

656 ; loading-ramp parts, 930 ; long 
core technique, 293 ; with wire 
thread-inserts, 907.

Solder, automatic, 203.
Titanium, pressure-, 794 ; shell-mould, 

5 17 .

E la st ic  m o d u lu s

Die-casting of—
Zinc, advantages, 905 ; automatic, 

4 35 ; close-tolerance, 905; die-lifo, 
794; gears, 949, 950 ; productivity 
team rep., 542 (rev.), 729 ; purse 
frame fittings, 905 ; valve bodies, 
905 ; window components, 950 ; with 
wire thread-inserts, 907.

Zinc alloys, 906; dies, 297 ; pressure-, 
203, 1037.

Zirconium, pressure-, 794.
Die-castings, appns., 534, 953, 954;

broaching, 297 ; costing Sc prodn. 
rate estn., 907 ; lapping machine, 919.

Diffusion,
coatings, review’ , 866. 
coefficient, of Na vapour, 3 2 5 ; in 

solid solns., 617, 851, 1006. 
grain-boundary-, 75, 106, 226, 349,

747,775.
mechanism, dimensional changes, normal 

to direction, 134 ; effects assoc, with 
flowr of vacancies, 226 ; effect of 
Frenkel defects, 14 5 ;  F ick ’s law, 
2 8 1 ;  Kirkendall effect, 340 ; relation 
to viscous flow, 8. 

processes, at cathode, in electrodepn. of 
powders, 783 ; causing porosity in 
alloys, 247, 617 ; surface-, in sinter
ing, 108 ; in welds, 826, 932. 

rates, A g/A u, 1 3 4 ;  Ag/Cu, 547 ; Al/ 
steel, 495 ; Cu/brass, 5 6 3 ; Cu/ 
Cu*0, 132  ; He/Al, 225 ; In/Ga, 3 ; 
In/Tl, 3 ; O/Ag, 137 ; Zn/hrass, 563 ; 
Zn/Cu, 132 . 

self- (see also under names of metals), 
effects, 2, 3, 137 , 14 5 ; & grain-
boundary migration, 7 5 ; research 
rep., 826 ; in solids, detn. of coeffs., 
746.

study, micro, by cathode sputtering, 
1 1 8 ;  progress rep., 547 ; radio
active tracer technique, 2 , 826;
of vol. &  grain-boundary phenomena. 
775.

theory for solids, 145, 329. 
volume changes, in solid solns., 826.

Directories, chem. industry, 535 ; Indust. 
Diamond Inform. Bur., 666 ; iron Sc 
steel, 8 10 ; metal industry, 536 ; sci. 
periodicals 1900-1950, 123.

Drawing,
deep, addn. of aq. clay suspensions to 

lubricants «Sc coolants, 601 ; detn. of 
capacity of sheet, 896; hot process, 
1043 ; Marform process, 297, 523 ; me
chanics, 1043 ; with Narite dies, 48 ; 
plastic behaviour of sheet in die, 
37 7 ,6 0 1, 728 ; research rep., 916. 

lubricants, 438, 601, 662, 1044. 
operations (see also Sheet, Strip, Wire), 

theory of back-tension, 377, 378, 
728.

Drawing of—
Aluminium, in densified-wood dies, 

599; Guerin &  Marform processes, 
207 ; rectangular boxes, 5 2 1.

Brass, deep-,, effect of grain size, 296; 
hollow-ware, prevention of flow'-lines,
296.

Copper alloys, deep-, 295 ; die-construc- 
tion, 915 .

Nickel brass, hollow'-ware, 296.
Titanium, deep-, 799.
Titanium alloys, cold-, 377.
Zinc, technique, 799.

Drilling of—  .
Aluminium, surface-activity of lubri

cants, 599.
Titanium alloys, data, 48.

Drilling tools, 949, 1050, 1053.
Ductile metals, mech. anisotropy, 678.
Dysprosium, dilatometric study, 227.
Dysprosium alloys, see Alloys &  Compounds.

Elastic constant determination, A .S.T.M . 
rep., 823, 982 ; electromagnetic,
723 ; pendulum hysteresis meter,
3 7 0 ; piezoelect., 2 0 1 ;  ultrasonic
pulse technique, 650, 651, 897.

Elastic deformation (see also Deformation), 
effect on elect, resistance, 7 6 ; effects 
of surface-active agents, 7 1 ; small, 
superposed over finite deformation,
328.

Elastic modulus, anisotropy in ferro
magnetics, 982 ; anisotropy, spon
taneous polarization of acoustic waves 
in cu. crystals, 617 ; of binary solid 
solns., 339, 472 ; of cryst. aggregate 
&  single crystal, 6 ; effect of free 
surface in polycryst. metals, 7 3 ; 
effect of interfaces, 745 ; effect of
radiation, 450, 745 ; effect of temp., 
20 1, 390, 6 15 ;  gaps in vibrational
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Elastic modulus,
strain pattern, 389, 679 ; near
m.p., 556 ; Poisson’s ratio, 39 1, 6 15 ; 
relation to hardness Sc wear, 823; 
variations, 140.

Elasticity theory, atomic-, 679 ; hook, 
2 1 2 ; of scabbing, 6 15 ;  waves in cu. 
lattices, 20, 617.

Electric batteries,
primary-, AgCl/Mg, PbO,/Cd, Cu,Cl,/ 

Mg, 359 ; alloy electrodes, 876; 
dry, Mg, 359 ; PbO*/Zn, 360 ; reserve, 
359, 360 ; scrap, uso in plating solns., 
277.

storage-, construction, hook, 2 14  ; effect 
of impurities in Pb -Sb  alloys, 10 9 ; 
electron transfer reactions at Pb 
electrodes, 783 ; Ni/Cd, Sc N i/Fe/alk., 
359 ; N i/Fe prodn., 874 ; passivation 
of Pb positive plate in H *S04, 783; 
Pb/acid, life of positive grids, 491, 
10 19 ;  Zn/Ag cell, voltage variations 
for low discharge rates, 18 6 ; Zn/ 
AgjOi/alk., 360.

Electrical conductivity,
anisotropy, 76 ; of deformed cu. metals 

Sc alloys, 145. 
changes, a t  m.p., 8, 680. 827 ; effect of 

annealing, 8 27 ; effect of cold- 
working, 76, 145, 559 ; effect of elastic 
shear strain, 459; in ferromagnetic 
crystals, 78 ; in magnetic field, 77, 
90, 9 1, 829 ; low-temp. thermo e.m.f., 
6 19 ; low-temp., in thin films, 70 ; 
through radiation, 547, 550 ; Sc temp, 
coeff. of resistance, 95, 200. 

high-frequency resistance, effect of 
surface prepn., 828; in normal Sc 
supraconducting state, 681. 

measurement, automatic recorder for 
p.d. changes, 200; of crystals Sc 
m elts, 1 16 , 287 ; relation to thermal 
conductivity, 392 ; variation of 0 
values, 9. 

survey, 77, 987.
theory, 610, 6 18 ; band-, 990 ; for 

binary mixtures, 246; of deviations, 
Matthiessen’s rule, 560; electron Sc 
ion vibrations, 77 ; of internal 
sizc-effect, 76 ; of pondcromotivo 
force, 332 ; for semi-conductors, 147 ; 
of skin-cffect, 620 ; of two-band effect, 
6 1 S ; of vacancies, interstitial Sc 
im purity atoms, 170, 776. 

transformation velocity, to supracon
ductivity, 77.

Electrical equipment,
conductors, A l connectors, S03, 935 ; 

Al rotor windings, 9 35 ; charts for 
high-tension Al overhead lines, 935 ; 
joints, 305, 9 35 ; prodn., Cu, 207 ; 
requirements for Cu wire, 132  ; steel- 
cored Al, 55, 937, 1050 ; steel-cored 
Cu, 522, 806; Avoided bus-bars,
926, 927 ; wire, 534 ; Avire-insulation 
Avith nylon, 424. 

contacts, Al/steel, Sc Al/Cu, 935 ; com
posite, sintered, 27, 487 ; liq. bridges, 
effect of Au addns. to Cu, Ni, Sc Co, 
688 ; metal transfer characteristics, 
3 3 1 :  potential measurements, S 2 9 ; 
rectifying effect of Te, 137 ; resistance 
Sc dry friction, 14 6 ; resistance be
tween metal Sc graphite film, 829; 
resistance between surfaces, 76 ; 
sticking under heavy current, 748 ; 
temp, variations with time, 619. 

industry, research labs., 974 ; use of Al, 
55, S03, 805; uso of Cu alloys, 207, 
805, 945. 

rectifiers, see Electrolytic rectifiers. 
resistance materials, A .S.T .M . rep., 1 10 , 

954, 1054 ; Sc heating elements, 534, 
844,952 ; life test, 1 10  ; metal-ceramic, 
987 ; stand, compn. Avircs, 687, 754 ; 
temp, curves, 473, 692.

Electrocapillary effect of lowering of 
hardness, S24.

Electrochemistry, anodic &  cathodic 
polarization, 869, 872, 876; anodic 
decompn. of H sO*, 188 ; of aq. solns., 
book, 808; biblio., 38, 18 8 ; of con
centration cells, 877, 878 ; historical 
survey, 504, 10 28 ; oxidn.-redn. sys
tems, overA'oltagc, 7S 5 ; polarization 
curves, 5 S 8 ; review’, 283, 9 7 3 ; te x t
book, 62 (rev.).

Electrode,
potential, contact difference betAveen 

liq. Hg Sc solid Pb &  TI, S73 ; double- 
layer capacity, 188, 504; effect of 
stress, 50 3 ; in m etal-soln. systems, 
283, 426, 504; in molten bromides, 
587 : prim ary c.d. distribn. around
capillary tips, 504, 10 2 8 ; secondary 
427 ; of single electrodes, 2S3, 284.
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Electrode,
processes, cathode sputtering, 298; 

Avith electron transition, 785; N i-H , 
1027 ; reversible, oscillographic polaro
graphic AA’aves, 784 ; solid film forma
tion on anodes in electro-polishing, 
34 4 ; in transient arcs, 6 19 ; v aria 
tion of reaction velocity Avith solvent, 
784.

surface, activation, 7 16 ; adsorbed 
ion layers, 784; adsorption of H*Oj, 
503, 786; heterogeneity in dil. solns., 
784.

Eleotrodeposition,
baths, analysis, seo A n alysis; chelating 

addns., 36 ; current distribn. variables,
183, 18 4 ; detn. of components, 1 1 3 ,  
58 5 ; dil. solns., 784 ; effect of c.d., 
Sc temp., 278 ; effect of ultrasonics, 
7 13  ; fluoride, 356, 357, 782 ; heating,
184, 358 ; hydrodynamics of cathode 
films, 282 ; pH  correction, 1 1 3 ,  500 ; 
purification, 377, 499, 870 ; rinsing, 
184, 358 ; surface-tension control, 
358 ; temp, control, 184, 279, 586; 
throAving Sc covering pow’er, 1 1 2 ,  278.

effect on basis metal, detn. of stress by 
strain gauge, 1026 ; fatigue strength, 
390.

electricity supply, effect of current 
sources, 278 ; effect of Avave form of 
rectified A.C., 586; maintenance of 
installations, 3 6 ; motor generators, 
3 5 S ; periodic reverse current, 274, 
278, 714 ; So rectifiers, 1 1 3 .  

equipment, anodes, N i prepn., 1 1 9 ;  
automatic, 586, 870; barrels, 36 ; 
calibration of slot cell, 1 1 3 ;  com
mercial plant, 2S0, 426 ; control instru
ments, 279 ; degreasing, 9 2 1 ;  dia
phragm tanks, 1S4, 278 ; drying, 
7 16 ; elect., 36 ; jigs, 278, 279 ; 
recommendations, 870 ; rinsing tanks, 
18 4 ; sci. apparatus, 782 ; surface- 
tension control, 358. 

faulty, causes Sc remedies, 278, 586. 
industry, costing, 500 ; developments, 

280, 586; presidential address, 974 ; 
safety precautions, 1 14 , 7 1 1 ;  tech. 
soc. journal, 379 ; training facilities, 
186, 358 ; year-book, 604. 

materials, chelating agents, 36 ; eco
nomy, 280 ; handling of CN Sc acid, 
1 14 .

pretreatment of basis metal surfaces,
cleaning agents, 299; effects, 1 12 ,  
278, 586 ; methods, 35, 526. 

research, on A.C. phenomena, 782 ; 
A .E .S ., 18 6 ; on cathodic passivation, 
588; on chem. polarization, 588 ; 
on current distribn. Sc anode shape, 
18 4 ; on H overvoltage, 7 16 ;  Nat. 
Bur. Stand., 185, 7 16 ;  symposium, 
8 11 .

technique, Amor., productivity team 
rep., 280; Australian, 1 1 2 ;  books, 
122 , 123  ; dental, 426; principles, 
1 12 ,  280; survey, 1 1 3 ,  358. 

waste disposal, CN, 1 1 3 ,  1 14 , 500 ; into 
municipal sewers, 185 ; ion-exchange 
system, 36.

Eleotrodeposition of—
Alloys, research, S70.
Aluminium, hydride bath, 18 1 ,  497, 7 1 1  ; 

methods, 3 3 ;  on steel, fused salt 
bath, 867.

Antimony-copper alloys, structure, 274. 
Antimony-tin alloys, from chloride- 

fluoride solns., 424, 1024.
Bismuth, monat. layer on P t  &  Au, 

7 8 1 ; on polarized A u cathode in dil. 
H N O , soln., 784.

Bismuth-copper alloys, structure, 274. 
Brass, 275, 499 ; from oxalate bath, 868 ;

Avhite-, 34, 356, 423, 7S1.
Bronze, modified, Nickelex process, 34, 

276.
Cadmium, aircraft parts, 1 1 2 ;  hath 

control, 2 7 3 ; blistering on steel, 
33 ; on P t, reversible, 784. 

Cadmium-zinc alloys, sulphamate bath, 
867.

Chromium, on aircraft parts, 7 12 ;  
on Al, 182, S04, 867 ; anodes used, 
2 7 3 ; barrel, 3 5 5 ; books, 223 (rev.), 
5 3 5 ; bright, for Avatches, 7 14 ; 
build-up for Avorn parts, 273, 3 5 5 ; 
calcn. of speeds, 34, 1 1 1 ,  182 ; defect 
prevention, 273, 275, 2 7S ; effect of 
addns. on Avear, 1 1 2  ; effect of In (S 0 4)i 
in bath, 497 ; effect on plastic defor
mation of steel, 3 5 5 ; effect of recti
fied A.C., 586; from fluoride baths, 
33, 34, 182 : hard, 273, 355, 423,
7 12 ;  on Ni uudercoats, 357 ; on 
piston-rings, 867 ; porous, 355 ; prac-

E lec tro d ep o sitio n  of

Eleotrodeposition of—
Chromium,

tico, 358, 7 1 1  ; prepn. of surfaces, 
35, 7 1 1 ;  radio-isotope detn. of sul
phate concn. in bath, 356 ; on stain
less steel, 7 12 ;  substitute for N i, 
34, 7 8 1 ;  surfaco structure, 98 ;
Avithout undercoat, 273, 7 1 1 ;  Avastc 
recovery, 36, 10 2 6 ; on Zn Sc Cu 
undercoats, 273.

Chromium-nickel alloys, on car bumpers, 
183.

Cobalt-molybdenum-tungsten alloys, 497.
Cobalt-phosphorus alloys, 7 12 , 867.
Copper, bath compn., I l l ; cathodic 

polarization, 498, 588; C u F, solns., 
356 ; effect of addns. on Avear, 1 1 2 ;  
effect of diaphragms on cathodic 
distribn., 278 ; effect on internal 
stress, 7 12 ;  effect of rectified A.C., 
586 ; on Fe &  steel, 1023 ; I I ,  over
potential, 872 ; hot alkali CN baths, 
273 ; hydrodynamics of cathodic films, 
28 2 ; periodic-roverso current, 274 ; 
in repair of statue, 968 ; on small dia. 
steel tubing, 781.

Coppor alloys, N ickelex process, 3 1 ;  
tube prodn., 47.

Copper-lead alloys, 588.
Copper-tin alloys, constitution of pro

ducts, 870 ; from fluoborate bath, 
867 ; lOAV-Sn, S68.

Gold, Amer. practice, 2 7 1 ;  thick, 499 ; 
thin, on elect, components, 585.

Iron, on Avorn machine parts, 355.
Lead, chem. polarization, 5S8.
Lead-thallium  alloys, 424.
Lead-tin alloys, chem. polarization, 588 ; 

control of addns., 3 4 ; for soldering, 
183.

Manganese, p o t e n t i a l s  Sc c o n d u c t iv i t y  
o f  s o ln s . ,  S73.

Molybdenum, 1025.
Neptunium, experimental, 7 15 .
Nickel, anodes, 1 19 , 276, 357, 1025 ; 

bath control, 357, 7 13 , 720, 781 ; 
bright, 275, 714 , 1025 ; for buckles, 
min, thickness, 265 ; cathodic polariza
tion, 10 2 7 ; for chem. equipment, 
1 1 1 ;  cleaning of surfaces, 3 5 ;  for 
Cr plating, 357 ; on Cu alloys, 1023,
1025 ; defect prevention, 275 ; effect 
of addns. on Avear, 1 1 2  ; effect of Fe  in 
bath, 499 ; effect of impurities Sc H „  
2 7 5 ; effect of rectified A.C., 586: 
effect of ultrasonics, 7 1 3 ;  effect of 
variables, 324, 6 1 1 ,  869, 979; effects 
of Zn, 356 ; flash, on Zn die-castings, 
270 ; fluoborate bath, 2 7 5 ; grain- 
size &  hardness, relation to brightness, 
275 ; h a rd - ,10 2 5 ; hydrodynamics of 
cathodic films, 282 ; hydroxide form a
tion, 869 ; purification of solns., 356, 
499 ; on stainless steel for brazing,
499 ; on steel, detn. of surface 
stresses, 10 26 ; substitutes, 34, 276, 
7 14 , 78 1, 10 2 6 ; U dytal direct process, 
275 ; for watches, 714 .

Nickel-phosphorus alloys, 7 12 , 867.
Nickel-tin alloys, 276, 500; corrosion- 

resistant, 419, 1026.
Palladium, compn. Sc control of baths, 

585.
Plutonium, experimental, 7 15 .
Protactinium, crit. potential, 37.
Silver, A.C. from AgN O j soln., 782 ; 

from A gF  solns., 357 ; brightening, 
276 ; cathodic passivation, 588, 874; 
crystal structure on brass, 409, 10 10 : 
on F e -N i alloys for glass-to-metal 
6eals, 3 5 7 ; rotating cathode, 18 3 ;  
on tableAvare, 276 ; thin, on elect, 
components, 585 ; traces, behaviour,
183.

Speculum, 276, 867.
Thallium, 424.
Tin, addns. for S n S 0 4-H F  baths, 183 ; 

alk. baths &  H , embrittlement, 1 1 1  ; 
chem. polarization, 588; on Cu, 35,
500 ; effect of addn. agents, 714 ; effect 
of Al strip, 714 ; met. study of layers, 
164 ; from pyrophosphate bath, 869 ; 
specifications, 2 1 3 ;  survey, 1 1 1 ,  276,
1026 ; thickness detn., 35.

Tin alloys, properties, 3 5 ;  survey, 1 1 1 ,  
276, 585, 587.

Tin-zinc alloys, 276, 425, 870.
Trace elements, 183, 184.
Tungsten alloys, 183.
Uranium, experimental, 7 15 .
Zinc, acid b a t h ,  277 ; o n  a i r c r a f t  p a r t s ,  

1 1 2 ; b a r r e l - ,  10 26 ; bath c o m p n . ,  
I l l ;  b r ig h t ,  275, 276, 870 ; B r y a n -  
i s in g  o f  s t e e l  A\1rcs, 7 14 ;  c a th o d ic  
passiA’a t io n ,  588; CN s o ln s . ,  I l l ,  
277 ; c o n t in u o u s ,  f o r  m e t a l  AvindoAvs,
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Eleotrodeposition of—
Zinc,

7 14 ; cost calcn., 10 2 3 ; detn. of 
H ,B O a in baths, 3 5 7 ; effect of 
rectified A.C., 586; growth of
whiskers, 3 6 ; Prem at process, 7 14 ; 
on U metal, 500; use of dry battery 
scrap, 277 ; Z n F s soln., 782.

Eleotrodeposition on—
Aluminium &  aluminium alloys, cylin

ders, 305, 804; die-castings, 867 ; 
prepn. of surfaces, 182, 585 ; review, 
273 ; Y ogt process, 123, 1023.

Brass, Cr, 275.
Iron, single crystals, structure, 408,

1009.
Iron-nickel alloys, for glass-to-metal 

seals, 357.
Magnesium alloys, prepn. of surfaces, 

585.
Nickel brass, cutlery, 9 15 . 
Non-conductors, prepn. of surfaces,

1055.
Powder-metal compacts, patented pro

cess, 278.
Silver, tarnish-resistant, 270.
Steel, Al, salt bath, 867 ; German 

specifications, 277 ; sheet, Sn, 276 ; 
small dia. tubing, 7 8 1 ;  stainless-, 
Amer. practlco, 275 ; stainless-, Ni, 
499 ; strip, 1 1 1 .

Titanium alloys, 585.
Zinc &  zinc alloys, die-castings, 183, 

270, 277, 423 ; high-purity, Cu &  Ni, 
273.

Zirconium, Ni Sc Fo undercoats, 277.
Klectrodeposits,

adhesion, electrochem. detn., 279 ; 
quant, measurement, 358 ; of thin 
films, 585. 

drying methods, 716. 
identification, by reagent papers, 279. 
porosity, detn., 279, 458. 
properties, comparative wear, 1 1 2 ; 

evaluation methods, 18 4 ; phys., 
324 ; requirements, 278. 

specifications, 18 1 ,  500 ; D .T.D ., 1 1 2 ;
German, 277, 279. 

testing, 279, 358, 5 8 5 ; qual. control, 
1 12 ,  289, 7 15 ;  surface strain by 
elect, gauges, 1026. 

thickness determination, Amer. Electro
chem. Soc. rep., 35 ; data sheet, 36 ; 
end-point detn., 7 15 ;  portable pH 
ineter, 7 15 ;  survey, 279 ; wt./thou. 
conversion table, 782. 

uses, aircraft, 1 1 2 ; car bumpers, 18 3 ; 
coffins, 1 1 2 ;  elect, components, 425, 
585 ; electron-microradiography, 106 ; 
electrotype, 35, 36, 1 1 2  ; sinali parts,
358.

Electroforming, in aircraft &  tool prodn., 
870 ; direct methods, 7 15  ; precision-, 
1 1 2  ; uses, 426.

Electrolysis, of fused salts, 1028 ; indust., 
428, 506 ; mechanism, 504, 7 S 5 ; 
phenomena, 784 ; polarization po
tentials, measurement, 283 ; of Z n S 0 4 
solns., relationships between Ge «Sc 
Cd, 186, 503.

Electrolytic rectifiers, deformation Sc barrier 
layers, 284.

Electron alloy, see A lloys: Elektron.
Electron bombardment, secondary emis

sion as fimction of appd. field,‘ 77.
Electron diffraction patterns, effect of 

voltage increase Sc specimen m or
phology, 776 ; errors from Au re
ference for lattice consts., 26 ; inter
pretation, 636 ; on polished surfaces, 
701, 853.

Electron emission, as after-effect of mech. 
working or glow discharge, 350, 988 ; 
counting rate in metallographic sur
face study, 350 ; in elect, field, 990 ; 
reflection coeff. of ions, 987 ; second
ary, see Secondary electron emission.

Electron energy bands, behaviour of wave- 
f unctions, 7 5 1 ;  in crystals, 7 5 1 ;  
Thom as-Ferm i model, 752.

Electron interactions, collective descrip
tion, 4 13 , 776 ; near impurities, 460.

Electron mean free path, 146, 610, 618.
Electron microradiography, 106.
Electron microscope, calibration, 260 ; 

commercial, for surface reflection, 
260; detn. of sensitivity of photo
cathodes, 854 ; Hamburg conf., 19 5 1, 
10 S ; magnetos tatic for electron 
diffraction, 10 3 4 ; met. appns., 25, 
257, 4 12 , 481, 5 10 , 5 12  ; modifications 
for small areas, 1032 ; negatives, 
enlargement, 770 ; positive-ion photo
graphs, 892; reverse printing of 
micrographs, 10 7 ; review, 350, 721 ; 
transmission photographs, 106.

Electron microscopy replicas, effect of 
angle of inclination, 260 ; electro- 
deposited, 10 6 ; evaluation, 17 4 ; 
oxide films, 174, 485 ; prepn., 174, 260, 
350, 7 2 1, 854; pressure technique, 
17 3 ;  shadow-casting, 107, 485, 636; 
transparent A la0 3 membranes, 854.

Electron multiplier, photoelectric character
istic of Be-C u in ultra-violet, 199.

Electron scattering, by dislocations, 773 ; 
from point singularities, 776.

Electron theory, of conductivity, 77, 146 ; 
recombination of holes &  electrons, 
752 : review', 4 1 3 ;  tw'O-band effect in 
conduction, 618.

Electronic state, calcn. of energies of 
Na+, No &  F", 875 ; theory, 174.

Electronic torch, types of flame, 969.
Electrostatic fields, in c.p. crystals, 108.
Embossing, process, 918.
Em issivity, high-temp. detn., 287 ; total, 

detn., Sc variation with tem p., 234.
Enamelling of—

Aluminium, vitreous, 354, 1023.
Brass, name plates, 270.
Copper, magnet wire, 50.
Copper alloys, adhesion, 298.

Enamels, synth., 922.
Engineering,

construction, aqueduct, 939 ; hook, 314  ; 
central-heating radiators, 939 ; chem., 
952, 9 55 ; comparative tables of 
stiffness/thickness data, 967 ; com
parative w'eights of Mg, Al, Sc steel, 
959 ; design for repeated loads, 952 ; 
diaphragm valves, 94 3; drag lines &  
cableways, 803, 937 ; evaluation of 
Ti, Al, &  Mg, 72 ; marine, 942 ; office 
machines, 534 ; paper industry, 534 ; 
race-course starting gate, 944 ; speci
fications for pow'der met. parts, 778, 
10 18 ;  travelling crane, 940; water 
mains in hydroelect, plant, 938 ; 
w'heels, 948. 

materials, 3 1 1 ,  326, 533, 10 54 ; B e-C u, 
917 ; hooks, 2 15 , 3 17  (rev.), 536, 604 ; 
cemented-carbides, 2 9 ; light-metal, 
803, 037, 938, 940, 942; low'-temp., 
1054 ; for nuclear reactors, 952 ; 
research in Canada, 976; selection, 
3 1 2 ;  symposium, Berlin, 973 ; wear- 
resistance, 29, 1053. 

metallurgy, 963, 975, 1055 ; books, 381 
(rev.), 535, 537 (rev.), 669 (rev.), 8 1 1  
(rev. ) ; glossary, 58.

Engraving, indust, appns., 918 ; technique 
for inlays, 1055.

Etching, book, 448 (rev.); effect on elect, 
contact resistance, 7 6 ; m etallo
graphic, 104, 165, 409.

Etching of—
Aluminium, caustic, without sludge &  

scale, 5 0 ; effect of reagent on 
patterns, 5G9; met. specimens, 97, 
764 ; single-soln. primers, 729.

Brass, photographic reprodn., 958 ;
single-soln. primers, 729.

Tinplate, for identification, 865.
Titanium met. specimens, 767.
Zirconium met. specimens, 768.

Ettingshausen effect, 830.
Exhibitions, agricultural, 9 4 1,10 5 3  ; chem., 

807 ; Festival of Britain , 532, 807, 
963 ; handicraft, 944 ; Ideal Homo, 
943 ; marine, 530.

Expanded metal, appns., 954.
Extrusion, book, 63 (rev. ) ; costs, 437 ; 

glass lubrication, 799 ; impact pro
cess, 523, 917 ; math, theory, 661 ; 
press, 6 6 1 ;  uses, 728.

Extrusion of—
Aluminium & aluminium alloys, comb, 

with forging, 4 7 ; impact, 599 ; 
integrally stiffened sections, 9 13 ;  
large-scale, 659, 797 ; L .F . heated, 
914 ; tubes, 2 10 , 10 4 1.

Beryllium, 295.
Brass, 660.
Copper &  copper alloys, 660, 10 4 1 ; 

die-construction, 9 15 ; hydraulic press, 
47 ; tubes, 47.

Lead &  lead alloys, cable sheath, 242 ;
compn. Sc deformation, 87.

Magnesium &  magnesium alloys, 838 ; 
effect of rare-earth addns., 8 8 ; 
impact, 48, 660: pow'der method, 243. 

Tubes, 727, 728 ; impact, 917 ; integral- 
finned-, by rotary process, 437.

Zinc, impact-, 599.

Failure, cause Sc mode, detn. from frac
tures, 16 5 ; condition, 1 4 1 ;  fatigue, 
see F a tig u e ; high-temp., 850 ; statist, 
effects, 6 16 ; strain distribn. in speci
mens, 74 ; theory» 745 ; upsetting, 438.

Fatigue,
failure, in aircraft, 42, 165 ; hook, 667 

(rev. ) ; electron-microscope study, 
765, 1006 ; torsional, 390, 679. 

mechanism, A .S.T.M . rep., 74 ; books, 
667, 809; effect of cross-section,
823 ; effect on internal friction, 616 ; 
high-temp., 390, 762, 791, 850;
review, 679; stress relations, 74, 
615  ; X -ray  strain detn., 823. 

strength, coaxing effect, 7 16 , 983;
effect of plating on basis metal, 
390; effect of understressing, 746; 
notch-effects, 6 15, 983 ; weakness of 
surfaces, 327. 

theories, review', 143, 6 15, 823, 983.
Ferromagnetism (seo also Magnetization), 

anti-, see Antifcrromagnetism. 
books, 57 (rev.), 665. 
model, 414, 460, 750. 
theory, collective electron-, &  spin de

generacy, 460, 685 ; counter inversion, 
78 ; &  Curie point, pamphlet, 665;
equilib. conditions, 134 , 405, 684 ; 
Goldhammer effect, 7 8 ; &  interat. 
distances, 158 ; molecular-fleld, 750 ; 
of second-order superlatticc, 1 0 0 ; 
of single-domain structure, 683; 
survey, 77, 988.

Filaments, see Wire.
Films,

electrical properties, &  Hall coeff., 
2 3 5 ; negative temp, coeff., 680; 
resistance at low' temp., 76, 680; 
variation with thickness &  time, 979. 

evaporated, adsorption of gases, 330, 
558 ; alloy formation, 24 7 ; con
densed at low' temp., supraconducting 
transition tem p., 680 ; crystal growth 
&  orientation, 6 33 ; effects oh opt. 
glass, 288; microstress, 10 7 ; phase 
shift with reflection Sc refractive 
index as function of thickness, 75, 
330 ; sputtered, 298 ; uniform prodn.,
369.

formation on aq. solns. b y rcdg. gases, 
structure, 253. 

non-metallic, effect on friction Sc surface 
damage, 8 25 ; graphite, contact 
resistance, 829 ; formation on metals 
in hydrocarbons, 1S7 ; oxide (see also 
Oxidation) isolation from metal sur
faces, 368. 

thick, interior refractive index, 986. 
thin, electrolytic prepn., 632 ; epitaxy, 

258, 634 ; low’-temp. properties, 680 ; 
multi-component, prepn. for X -ray  
study, 650 ; opt. properties, &  
thickness detn., 330, 459 ; prepn. with 
controlled opt. thickness, 4 2 ; sym 
posium, 986 ; thermo-e.m.f., 828, 986.

Finishing,
barrel, 441, 526, 730 ; appns., 661, 66*2, 

9 2 1 ;  chemistry, 922 ; Polymotion, 
922 ; Roto, 662. 

compounds, book, 3 14  ; prodn., 922. 
equipment, conveyors, 120 ; felts, 440, 

9 2 1 ;  machine types, 604, 919. 
methods, for aircraft, 525, 661, 662, 921, 

922 ; for automobiles, 300; for
bicycles, cameras, toys, &  typewriters, 
439 ; for fountain pens, 922 ; for
substitution of plating, 275, 276,
7 14 ;  for watches, 729. 

precautions, use of hand-creams, 730. 
processes, hook, 3 14 ;  bright-dip, 920, 

9 2 1 ;  developments, 122, 526, 799,
921, 922; electrolytic &  chem., 439; 
flock-, adhesives &  appns., 921 ; 
inorg. coating, book, 606 (rev. ) ; 
pow'er brushing, 12 0 ; repair, 922 ; 
symposium, 8 1 1 ;  use of de watering 
fluids, 730 ; vacuum coating, 440, 
525, 1045. 

productivity report, 441, 799, 922.
Finishing of—

Aluminium &  aluminium alloys, A .E .S . 
rep., 5 0 ; Araldite, 50, 525 ; brighten
ing, 297, 729 ; castings, 439, 525, 593, 
710 ; decorative, 955 ; die-castings, 542, 
729, 9 2 1 ;  hard-coating, 179 ; repair, 
439, 593 ; surface-treatment Sc colour
ing, 17 9 ; survey, 49, 439, 525, 709,
799.

Aluminium-silicon alloys, abrasive blast, 
for anodizing, 919.

Brass, bright-dip, 439 ; effect of grain- 
size, 602.

Castings, elimination of defects, 593 ;
sealing for pressure-tightness, 120. 

Copper & copper alloys, bright-dip, 
799 ; for building, 919.

Die-castings, 661, 919.
Magnesium alloys, Araldite, 50 ; barrel-, 

298 ; book, 125 (rev. ) ; die-castings, 
9 2 1 ;  survey, 49, 525, 603.
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Finishing of—
Steel, surface defects, 1 1 9 ;  surfaco 

skin structure, 791.
Zinc «fe zinc alloys, die-castings, 542, 

729, 799, 916, 920, 921, 922.
Flaw detection, see Inspection.
Flow of metals (see also Creep), molten 

(see also Molten metals), 656, 905 ; 
in mould, 518  ; viscous, Sc diffusion, 8.

Food industry, appns. of Al, 56, 269, 442, 
805, 942 ; heer barrels, 5 3 1, 943; 
brewery vats, 56 ; canning, 269, 422, 
5 3 1, 943 ; egg dehydration, 442 ; olive 
oil, 942 ; wrapping foil, 344, 5 3 1, 
944.

Forging, book, 2 16 ;  closed-die, 9 17 ;  
cored, 377 ; electro-upset for turbine 
parts, 728 ; press, 799; use of H .F . 
induction heating, 520.

Forging of—
Aluminium alloys, 47 ; comb, with 

extrusion, 4 7 ; dic-design, 9 13 ;  die-, 
shrinkage <fe tolerances, 437, 9 13  ; 
flaw detection, 432, 433 ; strength of 
lugs, 1 1 .

Beryllium, 295.
Chromium, arc-melted, 727. 
Chromium-iron-titanium alloys, 799. 
Copper &  copper alloys, 660, 915. 
Magnesium alloys, deformation rates, 

437 ; die-, 9 13.
75S alloy, aircraft skins, 47.
Titanium, 522, 799.

Forming, chipless, 729 ; cold, 377 ; draw-, 
see Stretch-forming; force &  power 
requirements, book, 2 14 ;  hot dimp
ling, 5 2 3 ; Hydroform, 9 16 ; lubri
cants, 916, 1044 ; practice, books, 
2 16 , 3 13 , 603; precision-, 296; roll-, 
4 37 ; rabber-die, 297, 523, 728 ;
Sol-A-Die, 523 ; spinning, 661.

Forming of—
Aluminium «fe aluminium alloys, comb, 

extrusion &. forging, 17 ; comb, 
stretch- Sc compression, 9 14 ; form- 
dic quenching, 295 ; hot-, 437 ; 
hydraulic, 295, 659; trailer nose, 
295 ; use of densifled-wood dies, 599. 

Aluminium-silicon alloys, motor cowl, 
797.

Beryllium-copper alloys, 209.
Brass, 915.
Copper, 9 15 ;  elect, conductor, 207. 
Magnesium alloys, hot, 437 ; sheet, 

drop-hammer, 798.
Molybdenum, 209.
Nickel, 9 15 .
Sheet-metal, plastic behaviour between 

cyl. guides, 6 0 1 ; springbuck, 377. 
Titanium, 437 ; cold-, 799.

Foundry,
equipment, Arcair torch, 120, 374 ;

automatic, 204 ; handsaw's, 520, 9 1 1  ; 
compressed-air, 910, 9 1 1 ;  cooling 
conveyors, 204 ; crucibles, 376, 655, 
9 13 ;  developments, 374. 598, 725 ; 
dust extraction Sc ventilation, 726, 
1 0 1 0 ; knock-out &  fettling, 206, 
655 ; ladles, 293, 905, 1038 ; Sc la y 
out, 726, 9 1 1 ,  912 ; mechanized, 
204, 374, 598, 725, 910, 10 3 7 ; mono
rail metal transport, 204 ; mould &  
sand conveyors, 204, 206, 9 10 ; sand 
slinger, 910. 

industry, 9 1 1 ,  912 ; costing of jobs, 
295, 726 ; hist, survey, 59 S ; Italian 
journal, 2 16 ;  jobbing practice, 520, 
598, 912 ; lecture, 970 ; productivity 
increase, 598, 912 : quality controi,
204. 520, 593, 594, 595, 596,657. 

materials, graphite, 1038 ; synth. resins, 
7 25 ; vermiculite, 597 ; (see also 
Refractories). 

metallurgy, books, 541 (rev.), S10, 8 12 ;
college training, 296, 726. 

research, 598, 974, 10 10 ;  heat-transfer, 
2 9 3 ; lab., 379, 726, 796 ; m anage
ment, 975; metal-penetration, 48; 
pilot plant, 974. 

staff, fatigue statistics, 295 ; health 
hazards, &  precautions, 726, 970, 
1040 : moulding course, hook, 809 ; 
training, 296, 726, 104 0 ; wage in
centive, 726.

Fracture, brittle, 73S, 7 15 , 982 ; complex 
stress &  hydrostatic pressure, book, 
3S 1 (rev. ) ; conical surfaces under 
asym metrical impulsive loading, 232 ; 
creep, 745 ; eye lie-stress, 4 3 5 ; de
layed, under static load, 678 ; d y 
namics, 556 ; &  fatigue, book, 667 
(rev.); morphology, 16 5 ; review, 
823, 982, 98 3; scabbing under ex
plosive attack, 6 15  ; theory of break
ing strength, 390 : time-dependence, 
745 ; viscous, under stress, 981.
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France,
Centre Technique des Industries de la 

Fonderie, Sèvres, central lab., 974. 
Laboratoire Fédéral d’Essai des M a

tériaux, history, 1056.
Friction,

dry, in elect, contacts, 146. 
effects, in wire-drawing, 1044. 
sliding, autoradiographic detn. of metal 

transfer, 7, 234, 328, 6 16 ; dynamic 
coelT. for transient period, 328 ; 
effect of silica dust, 825 ; effect of 
surface films, 456, 825 ; prolonged, 
effect on oxide formation, S25 ; review’,
984.

static, coeff., 456.
temperature rise of surfaces in rolling 

contact, 661. 
wear of metals, abrasive, in rolling or 

sliding contact, 234, 6 16 ; adhesive, 
74 ; against clay, Sc plastics, 328 ; 
against quartz, 8 25 ; theory, 457.

Furnace,
annealing, 104 1 ; continuous, 375, 797. 
construction, automatic control, 375 ; 

controlled atmosphere, 375, 520 ; & 
layout, 203 ; refractory materials, 912 ; 
ventilating equipment, 206. 

electric, 1040 ; saturable reactor control, 
797 ; temp, regulation, 903 ; theory 
of heat generation, 1039. 

electric-arc, 1039 ; effect of frequency 
conversion, 375 ; inert atm ., elec
trodes &  heat losses, 205, 519 . 

electric-induction, 205 ; H .F ., 375, 5 1 1 ,  
1039, 10 10 ;  L .F ., 10 39 ; magne-
thermic, 797 ; vacuum, 10 3 1. 

electric-resistance, 1039 ; graphite-rod 
for high temp., 1039 ; for3770° F., 10 3 1. 

fuel-fired, combustion control, 912  ;
melting, 1039. 

galvanizing, gas-fired, 520 ; oil-fired, 795. 
gas-fired, melting, 1039 ; power-tilted,

9 11 .
heat-treatment, 5 1 1 ;  induction, 375 ;

low-temp., 376. 
holding, for die-casting, 9 1 1 .  
laboratory, high-temp., 10 3 1  ; high- 

vacuum , 197 ; for research, 5 1 1 ,  5 19 ,
520.

magnetic levitation, for melting Sc heat
ing in space, 4 1, 287, 790, 891. 

melting, Jiora, 1039 ; for die-casting, 
9 1 1 ;  elect., 205, 375, 10 39 ; high- 
vacuum, 3 7 5 ; levitation, 4 1 ;  for 
light alloys, 375, 795, 10 39 ; rotary, 
375, 5 19 , 795 ; for steel Sc Ni alloys, 
5 18 ;  for Ti, 5 1 1 .  

oil-fired, galvanizing, 795 ; powcr- 
tiltcd, 9 11 .  

solar, centrifugal, 797 ; for refractories, 
9 1 1  ; semi-indust., 797, 798. 

vacuum-, 375, 966, 10 3 1 ; for alloying, 
796 ; for high-temp. oxidn. «fe re
search, 197 ; for single crystal prepn.,
12.

Furniture industry, 943.

Gadolinium,
crystal lattice consts., 255. 
preparation, 1027. 
refining, see Refining. 
thermal expansion, dilatometric study,

227.
Gadolinium alloys, see Alloys &  Com

pounds.
Gallium,

diffusion of In, 3.
electrical resistivity, anisotropy, 1 3 3 ;

low’-temp., 133 . 
fluidity, relation to temp., 227, 323. 
heat-capacity from 15 °-320 ° K ., 451. 
review of prodn., properties, &  uses, 

227, 947, 950.
Gallium alloys, see Alloys c£* Compounds.
Galvanized products, corrosion, see Cor

rosion ; protection, see Protection; 
w’elding, see Welding.

Galvanizing,
cold method, 27 1. 
cost calcn., 1023.
electro- (see also Electrodeposilion), 

Bryanising &  Prem at processes, 7 14 ; 
continuous, 714 ; of wire, 7 15 . 

hot-dip, blistering of thin sheet, 7 SO ; 
comparison of Amer. &  German 
methods, 640, 641 ; CuSO* dip test 
for uniformity on wires, 865 ; develop
ments, 270 ; effect of impurities, 497 ; 
history, 497 ; internat. conf., 27 1, 
865 ; liq. seal, oxidn. prevention, 32 ; 
reaction between Fe <& molten Zn, 
266, 7 12  ; reaction velocity Sc in 
ternal surfaces, 3 2 ; for structural 
sections, 7 1 1  : wire plant, 2 7 1, 498.

Galvanizing,
plant, control, 422 ; Zn recovery, 182 

270.
Sendzimir process, 356.
wot, advantages, 270 ; vs. dry, 270.

Gas appliances, ¿VI stoves & burners, 943.
Gas-m etal reactions, absorption of H*, O*, 

&  N* b y binary molten alloys, 96; 
accommodation coeffs., 7 1 1 ;  adsorp
tion Sc H a overvoltage, 503, 786 ; 
adsorption on solids, 129, 330 ;
bubble-pressure surface-tension detn., 
69; effect of K-ion emission of Pt, 
4 ;  effect of N content, 678; effect 
of Os on flotation properties, 6S ; 
heat-transfer, 39 1, 392 ; high-temp., 
1022 ; H f/H a, 5 6 1 ;  H ,/m etal systems, 
810, 8 43; H aO vapour on solid 
surfaces, 12 9 ;  interface energies,
7 15 ;  non-stoicheiometric chemisorp- 
tion, 5 ;  Pb/H a, 6 8 ; progress rep., 
567 ; in sintering, 10 8 ; sorption on 
films, 5 5 S ; sorption «fe reactivity 
change at room temp., 617 ; steam 
condensation, 3 9 1 ;  survey, 293, 905, 
985 ; wetting of P t, 612.

Gas-turbines,
blades, investment-cast, 435 ; materials, 

844 ; prodn., 416 , 602, 728, 916. 
construction, corrosive action of oil- 

ash, 17 9 ; jet-component inspection, 
44 ; locomotive, 942 ; oxidn. reactions, 
3 5 1 ;  protection b y ceramic coatings, 
18 2 ; uso of metal-ceramics, 857 ; 
welded, 802, 930. 

materials (sec also Alloys: High-
temperature-service alloys), 94, 3 10 , 
533, 534, 628, 807, 841, 857, 953 ; 
compn. Sc properties, 239, 397, 399, 
403; creep tests, 199, 678, 895 ; 
evaluation, 471, 1005 ; powder-met. 
prodn., 2 6 1 ;  refractories, 808 ; stress- 
corrosion in leaded-gasoline combus
tion products, 1 0 2 1 ; symposium, 
3 13  ; U .S. navy tests, 838 ; variation 
of elastic modulus with tem p., 390.

Gases, appns. in industrj*, 969; Deoxa 
process, 969.

Germanium,
acceptors, thermal prodn. &  diffusion 

rates, 386, 15 1 ,  739. 
amorphous structure in thin films, 817. 
analysis, see Analysis. 
contacts, am plifying phenomena, 675 ;

current/voltage curves, 6 1 1 .  
crystal dislocations, effect on mobility, 

766 ; in plastic deformation, 480. 
crystallization, distribn. coeff. of In , 

610.
diffusion, of As &  Sb, measurement, 45 1, 

452 ; rates, 286, 738. 
elastic constants, 455. 
electrical resistivity, change on melting, 

1 ; of contacts, 6 1 1 ;  of p -n  junctions, 
effect of pressure &  temp., 1 ; of 
pure crystal in electrostatic fields, 
739.

electrodes, decompn. voltages in alk.
solns. &; e.m.f. of cell, 281. 

electron-hole prodn. b y bombardment, 
1 ,  67, 739.

excess noise in single crystal filament, 
67.

films, contamination, 453 ; epitaxy, 477. 
galvanomagnetic effects, 675, 829.
Hall coeff., 739, 829. 
impurity content, effect on thermal 

conversion, 739. 
infra-red transmission, absorption bands, 

137.
ingots, segregation Sc p -n  harrier 

formation, 3 15 . 
molten, elect, conductivity, 1 . 
photoconductivity, large-area photocell 

construction, 893 ; secondary-, n -p -n  
junction model, 67. 

production, 879, 947. 
pure, elect, conductivity, 739 ; lattice 

parameters, thermal expansion coeffs., 
Sc at. wt., 70. 

rectifier, barrier layer in flux range, 
820 ; Sc transistence phenomena,
133 .

refining, see Refining. 
reviews, 228, 308, 323, 389, 73S, 806. 
specific heat, between 20° Sc 200° K ., 

227 ; latent heat of fusion Sc m.p., 
4 5 1 ;  low-temp., 451. 

supraconducting, p.d. change during 
neutron bombardment, 200. 

surfaces, polished, electron-diffraction 
patterns, 701. 

thermal conductivity, 70, 547, 739. 
transistors, n-typc, elect, formation, 67. 
uses, 947, 950. 
vapour pressure, 451.



G erm an iu m Subject Index In sp ection  of
Germanium alloys, see Alloys <0 Com

pounds.
Germany,

Deutsche Gesellschaft für Metallkunde, 
meeting, 971.

Deutsche Gold- <fe Silber-Scheideanstalt,
rep., 809.

Forschungsgesellschaft für Blechverar
beitung, symposium, 971.

Heraous G.m.b.H., centenary, 959. 
M ax-Plank Institut für Metallforschung, 

meeting, 972.
Verein Deutscher Ingenieure, symposium,

973.
Glass-to-motal seals, design, 892; inter

changeable, 299; materials, 12 , 357, 
9 5 1 ;  prodn. methods, 357, 663;
wettability of metals by glass, 558, 801.

Gold,
analysis, see Analysis. 
antiques, casting technique, 958 ; foil, 

Greek, 968; X -ra y  analysis, 20, 
1029.

black deposits, infra-red properties,
228.

cathode, cathodic O redn., 281. 
creep, 2, 142.
crystal, grain-boundary energy, abs. 

detn. a t  1300° K ., 739 ; screw' dis
locations, 477. 

deuteron-bombarded, recovery, 547. 
diffusion of Ag, dimensional changes, 

134, 452 ; self-, coeff., 2 ;  8c viscous 
flow, S.

elastic properties, 6 ; anisotropy, Sc 
polarization of acoustic waves, 617. 

electrical resistance, anisotropy, 7 6 ; 
effect of Mn or Cr addns,, 96, 762 ; 
of films, 6 11 ,  675 ; high-purity detn., 
6 18 ; radiation damage Sc recovery, 
547 ; thermal changes, comparison 
with Pt, 675. 

electrodeposits (see also Electrodeposi
tion), for elect, components, 585. 

films, adhesion Sc epitaxy, 634; low- 
temp. properties, 680; opt. pro
perties, 330 ; structure on AuC13 
soln., 2 5 3 ; thermal changes in elect, 
resistivity, 675 ; transparent, elect, 
conductivity, 6 1 1 ;  vacuum-distilled, 
changes in work-functions, 386.

Hall effect, Sc electron configuration, 
619.

heat capacity &  entropy from 1 5 ° -  
300° K ., 2. 

industry, review, 95S. 
leaf, ref. in detn. of lattice consts. by 

electron diffraction, 26. 
molten, viscosity, 241.
Mylius, elect.-resistance, 618. 
optical properties, absorption coeff. 

in U .V. Sc visible region, 458, 547 ; of 
films, 330. 

oxidation, see Oxidation. 
recrystallization, mechanism, 346. 
refining, see Refining. 
scrap recovery, electrolytic, 187, S79 ;

in w'atch-case prodn., 599. 
surface(s), adsorption of I I xO vapour, 

12 9 ;  effect of gases on wetting, 68, 
985 ; ion adsorption in Z n S 0 4 solns., 
7 18 ;  tension in solid state, 6 8 ; 
wettability by glass, 558, 801. 

thermal conductivity, low-temp., 146. 
thermo-e.m.f., 828.
wires, plastic flow during polarization, 

983 ; viscous creep near m .p., 2, 452.
Gold alloys, see Alloys &  Compounds.
Great Britain,

Assoc. Electrical Industries, Ltd., re
search labs., 974.

British Iron «fe Steel Research Assoc., 
rep., 809.

British Non-Ferrous Metals Research 
Assoc., activities, 962, 973.

British Standards Institution, year book,
55.

Fulm er Research Institute, work, 962. 
National Physical Laboratory, rep., 2 14 . 
Royal Mint, rep., 604, 880.

Grinding,
abrasive, belt machines, 602, 604, 800 ; 

size-effect Sc shear-stress, 37 8 ; wet, 
300.

back-stand idler, 730. 
electro-mechanical, lab. appn., 662. 
processes, 50 ; effect on surface con

dition, 852. 
terminology, English/German dictionary, 

2 15 .
Grinding of—

Aluminium <fe aluminium alloys, tapering 
in aircraft prodn., 375, 437, 659. 

High-temperature-service alloys, turbine 
blades, 602.

Titanium <fe titanium alloys, 799.

analysis, see Analysis. 
bibliography, 23 1.
crystal lattice parameters, &  absorption 

of H „  564. 
review, 134, 548, 950.

Hafnium compounds, sec Alloys c£* Com
pounds.

Hall effect, dependenco on field strength, 
829; Sc electronic configuration in 
noble metals, 6 19 ; low-temp. in
Fe Sc Ni, 13G, 978 ; measurement, 
A.C. recorder, 790 ; measurement on 
Rh, Ru, Pd, Sc P t, 820 ; &  pondero- 
motive force in simple metals, 332 ; 
positive, Sc negative current carrier 
value, 740; theory, 91, 148, 830.

Hardness,
changes in deformation, 327, 679 ; redn.

by cold-work, 144, 824. 
definition, 143 ; book, 668. 
micro-, effect of load variations on 

diagr., 896; effect of polishing, 233, 
404.

relation to elasticity, 404, S23 ; plastic 
deformation, 327, 679; polarization, 
824 ; residual stress, 4 1 ;  strain- 
hardening coeff., 6 16 ; strength of 
metals, 7 ;  tem p., 456, 824; wear, 
74, 823.

Hard-surfacing,
applications, dies, 446, 945 ; economics, 

446; mine drills, 10 50 ; propeller 
blades, 446; repairs, 446; steel 
industry, 44 5; survey, 302, 1050 ; 
valve seats, 530, 780. 

materials, 302, 666, 945 ; Ni alloy, 7S0 : 
resistance to impact, heat, & wear, 
695, 802; rods, 8 4 1 ;  WC, 497, 584, 
780.

processes, anodic, 863; automatic, 
445; flame plating, 497, 584; inert- 
gas-arc welding, 445, 1 1 6 ;  sprar- 
welding, 530, 934.

Health hazards,
combustion, A l paint &  rusty steel, 

9 55 ; light metals, 944, 979; metal 
powder, 2 34 ; molten metal, 964; 
in spraying of C*Ha pipelines, 584. 

risks «fe precautions, in electroplating, 
1 14 , 7 1 1 ;  in finishing, 730 ; in
foundry, 726, 964, 970, 10 4 0 ; in
heat-treatment, 234 ; in metal in
dustry, 970 ; in power-press operation, 
leaflets, 1 2 3 ;  in welding, 936, 1050 ; 
in X -ray  w;ork, booklet, 124. 

toxic effects of metals, Al, 56, 969;
Be, 957, 969, 10 5 3 ; Cd, 957 ; Co,
10 5 3 ; Ni, 969, 970; Pb, 726;
review, 970 ; Th, 970 ; Zn, 1054.

Heat-exchangers, 392, 802, 10 5 1.
Heat of formation, 42.
Heat of solution, 325.
Heat-resistant materials (see also High- 

temperaiure-service-alloys), change of 
properties, 95.

Heat-transfer (seo also Thermal conduc
tivity), boiling film coeff., 557, 9 13  ; 
book, 536 ; Sc erosion with liq. metals, 
546, 548 ; b y  liq. metals, effect of 
wotting, 229 ; by liq. metals to moulds, 
440 ; from porous metal to air, 5 1 1 ;  
b y  steam condensation, 3 9 1 ;  in 
supraconducting alloys, 570.

Heat-treatment, controlled atmospheres. 
207, 208 ; by direct-resistanco heat
ing, 376 ; equipment, monograph, 
666 ; explosion hazards, 234 ; instal
lations, 207 ; liq.-medium baths, 198 ; 
practice for indust. metals, book, 
668 ; quenching media, 5 2 2 ; salt- 
bath, 207, 5 19 , 9 14 ; stresses, math, 
ovaluatio n, 376 ; watcr-spray, 207.

Heat-treatment of—
Aluminium <fe aluminium alloys, 5 2 1, 

9 13  ; classification, 1042 ; leaflet, 12 1 .  
Aluminium-magnesium alloys, be

haviour, 10 .
Bronze, 398.
Brass, study of water-spraj' cooling, 207. 
Castings, plant, 9 1 1 .
Copper, cracking caused by H* con

tamination, 8 19 ; shrinkage of drilled 
holes, 19.

Sheet, continuous, 375.
Strip, continuous, 375 ; mechanism & 

effects, 17 .
Tubes, seamless-, for sizing, 903.
Wire, mechanism Sc effect, 17.
Zirconium, cold-rolled, re-orientation, 

768 ; removal of embrittling gases, 38.
Heating,

induction-, in detn. of high-temp. 
properties, 287 ; H .F ., 375, 376, 520, 
914, 1040 ; L .F ., 797, 914 ; low-power, 
lab., 42.

Hafnium,
suspended, electromagnetic, 4 1, 287,

790, 891.
Honeycomb sandwich construction, S05.
Horology, ¿11 watch, 307 ; clock case 

prodn., 10 4 2 ; finishes for alarm 
clock components, 729 ; plated watch 
backs, 7 14  ; spring materials, 1052 ; 
Swiss practice, 947 ; use of Cu alloys, 
947, 1052 ; watch-case prodn. &  ¿lu 
scrap recovery, 599.

Hydroforming, see Forming.
Hydrogen, absorbed into P d  wires, nuclear 

magnetic resonance, 550 ; electrode, 
50 3 ; embrittlement, 1 1 1 ;  evolution 
mechanism, 36, 37, 503.

Hydrogen overvoltage, adsorption of capil- 
lary-activo substances, 503, 786;
at Cu cathodes, 185, 281, 872; effect 
of electrolytes Sc theory of slow dis
charge, 360 ; kinetics, 427, 428, 786; 
relation to electrodepn., 7 16 ;  theory 
of ion absorption, 796.

Heating,

Identification of metals, dotn. of crystal 
structure Sc inclusions on small 
areas, 1 7 2 ;  electrographic, 789; 
impedance comparator, 648; indust. 
detectors, 967 ; marking methods, 
441, 922 ; reagent papers, 279 ;
sorting methods, 897 ; spectroscopic, 
for carbides, 645 ; spot tests, 509.

Impurities in metals, effects on mech. 
properties, 327 ; in monovalent metals, 
electron distribn., 460.

Indexing systems, comparison for met. 
appn., 1050.

India, N at. Met. Lab., 962.
Indium,

crystal structure twinning by deforma
tion, 631. 

diffusion near m.p., 3. 
distribution coeff. in Ge, 610. 
electrical resistance, H .F ., in normal Sc 

supraconducting state, 6 8 1 ; surface 
conductivity at H .F ., 552.

Hall effect, 68.
magnetic susceptibility, change at low 

temp, with strength of field, 225, 394. 
production, by solvent extraction, 717. 
properties, 947 ; Sc adhesive force, 548. 
refining, see Refining. 
sheet, use in vacuum work, 648. 
single crystals, growth Sc orientation, 

572.
supraconducting, Sc atomic heat at liq. 

He temp., 548; measurements in 
transition region, 986; penetration 
of magnetic field, 5, 553 ; transition 
temp, of layers condensed at low temp., 
680.

thermal conductivity, in intermediate 
state, 552 : low-temp., 146. 

uses, 947, 950, 1054. 
wire, use in vacuum work, 648.

Ingots, see Casting.
Inspection (see aJso Testing, non-destruc

tive).
equipment, 290, 37 1, 899; automatic 

X -ray  detectors, 203 ; Coltruan-image 
tube, 44 ; electronic comparator, 
6 5 1 ;  gauges, 789, 897; impedance 
comparator, 648 ; polariscope, for dry 
Sc immersed parts, 900. 

flaw detection, autoradiographic, 290 ; 
dye penetrant, 724 ; electronic, 202 ; 
fluorescent inks, 44, 651, 652, 724; 
fluoroscopic, 203, 516, 792 ; y-radio- 
graphic, 37 1, 372 ; magnetic, 202 ; 
magnetic inks, 724 ; magnetic powder 
method, 5 15  ; miniature radiographic, 
202; with radioisotopes, 203, 290, 
593, 652, 902 ; ultrasonic, 202, 133, 
5 16 , 724, 792, 960; ultra violet, 592 ; 
Xeroradiographic, 9 0 1 ;  by X -rays, 
203, 37 1, 1036. 

methods, 899, 10 3 5 ; indust., book,
665 ; personnel training, 900. 

thickness measurement, gauge meter for 
strip, 789, 897 ; of non-magnetic
layers on ferromagnetics, 5 1 1 ,  892 ; 
radiographic with counter tubes, 653, 
654 ; with radioisotopes, 593 ; of 
surface layers, 10 36 ; ultrasonic, 43, 
1 19 , 5 15 ;  of Zn coatings on steel 
wire, 865.

Inspection of—
Castings, fluoroscopic, 203, 651, 900 ; 

investment, 9 0 1 ;  marine gear, 1 1 9 ;  
with penetrant inks, 44, 290, 651, 
652, 724 ; for pressure-tightness, 436 ; 
with radioisotopes, 202, 290, 372, 
652, 902; review, 290, 591, 899 ; 
surfaces, 4 35 ; ultrasonic, 652, 792 ; 
X -ray  technique, 652, 901.
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In sp ectio n  of

Inspection of—
Coatings, metallic, for protective quality 

control, 289, 7 15  ; see also Electro- 
deposits.

Cylinders, bonded, ultrasonic, 289.
Joints, ultrasonic, 289, 592.
Sheet metal, mech. &  interfcrometric 

detn. of strain markings, 896. 
Stereotype, 42.
Surfaces, brightness measurement, 5 9 1 ;  

by Brush Analyser, 1035 ; detn. of 
potential distribn. by radioactive 
deposits, 592 ; fluoroscopic, defects in 
sintered carbides, 44 ; layer th ick
ness detn., 10 36 ; methods, 7 9 1 ;
plated (see also Electrodeposits), 1 12 .  

Tubes, interiors, for finish, 289.
Vacuum equipment, leak detection, 892. 
Welds, booklet, 2 13  ; magnetic-particle 

test, 792; radiographic, 433, 1036 ; 
ultrasonic, 792, 900; X -ray  stand
ards for Al, 202.

Interface(s) (see also Crystal), book, 1 2 1 ;  
energies, solid/gas &  solid/liq., 745 ; 
mech. effects, 745.

Interferometry, cleavage surfaces of crystals, 
772 ; surface topography of stretcher- 
strain markings, 896 ; topographical, 
thin-fllin technique, 701.

Internal combustion engines, attack by 
combustion products, 354 ; Cr-plated 
Al cylinders, 305, 804; Cr-plated 
piston rings, 867 ; lubrication, 952 ; 
piston prodn., 599 ; rebuilding of 
cylinders &  liners, 355 ; valves, 3 10  ; 
valve seat coatings, 780.

Internal friction (seo also Damping), 
changes through fatigue, 6 16 ; 
measurements on wires Sc wirc-ropes, 
329 ; pendulum hysteresis meter, 
370 ; vibrational strain pattern, 
amplitude pulsations, 389, 679 ; Zener 
effect, 390.

Internal stross, accompanying phase change 
in solids, 346 ; effect on linear e x 
pansion, X -ray  lattice consts., Sc 
density of crystals, 6 35 ; measure
ment, 5 14 , 6 5 1,7 2 3 .

Iodine, at. w t., revision, 140.
Iridium,

analysis, 6ce Analysis. 
fire assay, 39.
Hall effect, &  electron configuration, 

619.
isotopes in radiography, 44, 652, 902. 
thermal conductivity, low-temp., 146.

Jron ,
analysis, seo Analysis. 
anisotropy, mech., 678. 
antiques, casting technique, 958. 
brazing, see Brazing. 
corrosion, seo Corrosion. 
crystal boundary energy, 68, 978 ;

orientation of torsion texture, 097 ; 
slip lines, 477. 

deformation, electron-microscope study, 
765, 1006 ; X -ray  line broadening, 
572.

elastic properties, 6 ; change with temp.,
390.

electrical resistivity, dependence In 
condensed films on c.d. &  temp., 134 ; 
in magnetic field, 77, 6 11. 

eleotrodeposition, see Electrodeposition. 
fatigue, failure, crystal deformation, 

765, 1006 ; strength, effect of surfaco 
condition, 22S. 

films, evapd. on Zn blende, crystal 
orientation, 16 2 ; low-temp. pro
perties, 680 ; thin, properties, 6 11. 

foundry, Finnish, 912.
Hall effect a t  low temp., 136, 978. 
hydrogen embrittlement &  delayed 

fracture, 678. 
industry, directory, 810. 
internal friction, in plastic deformation, 

386.
ion adsorption fe exchange in Z n S 0 4 

soln., 718 .
magnetic properties, at. magnetic m o

ments, 978 ; gyromagnetic effect, 
740 ; ideal magnetization curves, 
683; intrinsic antlferromagnetism & 
d-shell interactions, 1 3 4 ;  low-temp., 
136, 978; magnetostriction, 6S, 15 7 ; 
neutron scattering, 10 8 ; variations 
with temp., 4, 68. 

nitrogen content, absorption rate, 2 3 1 ;
detn. of effects, 678. 

oxidation, see Oxidation. 
polarization curves, iu sulphate solns.

contg, oxidizing addns., 1027. 
powder (see also Powder metallurgy), 

scattering of visible &  near-infra
red radiation, 234. 

protection, see Protection.
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Subject Index

Iron,
recrystallization, mechanism, 346. 
rolling, see Bolling.
single crystals, electroplated, 408, 1009 ; 

prepn., 478 ; strain-ageing, 134 , 228 ; 
temp, dependence of magneto-resist
ance effect, 675 ; thermal scattering 
of X -rays, 254. 

testing, see Testing. 
thermal conductivity, low-temp., 146. 
transformation, a  ->  0, effect of cooling 

rate, 10 3 ; y —> a, 847, 848. 
vapour pressure, &  condensation coeff., 

977.
wear against clay, 328. 
welding, see Welding. 
wire-drawing, see Wire-drawing.

Iron alloys, see Alloys &  Compounds.
Italy,

Istituto Sperimentale dei Metalli Leggeri,
974.

Joining,
adhesive, 5 1 , 299, 526, 7 3 1, 923.
design, for vacuum equipment, 892.
methods, book, 224 (rev. ) ; comparison, 

924; effect on thermal conductivity, 
559.

wire-stitching, data, 299, 525, 801.
Joining of—

Aluminium &  aluminium alloys, ad
hesive, 4 1, 525, 663, 923 ; aircraft, 5 1, 
2 1 1 ,  9 23 ; door, b y metal stitching, 
299 ; furniture, 5 1 ; elect, conductors, 
299, 306 ; flush-riveted, 649 ; struc
tures, book, 64 (rev.); wrought, 5 1.

Copper &  copper alloys, adhesive, 9 23 ; 
rovicw of methods, 927, 928.

Dissimilar metals, A l/Fe, 300, 527, 73 1, 
1045 ; Al/Cu, brake-drums, 9 5 1 ;  
Al/Cu cables, 527 ; A l/Fe-N i alloy, 
pistons, 9 5 1 ;  Babbitt/cast Fe , 656; 
powder compacts/solid metals, 636, 
663 ; Sn/cast Fe, prepn. of surfaces, 
656; volume changes through dif
fusion, 826.

Metals to non-metals, 965; adhesive, 
663 ; gloss, 12 , 299, 558, 663, 8 0 1; 
rubber, 5 1 , 307.

Nickel & nickel alloys, tubing to fittings,
664.

Steel, adhesive, 923.

Kentanium, sec Alloys. 
Kirkendall effect, seo Diffusion. 
Kirksite, see Alloys.
Kovar, see Alloys.
Krypton, at. wt., revision, 140.

Laboratory, journal, 3 16 ;  materials for 
apparatus manuf., 307, 9 5 1 ;  re
search-, 9C2, 974.

Lacquers, Araldite, 50 : A .S.T.M . rep.,
1 2 2 ;  clear, 1 1 2 ,  18 1 , 298; coloured, 
1 1 2 ,  298 ; cost, 500 ; lustre &  smooth
ness, 439, 1045 ; org., for Cu alloys, 
920 ; vacuum-coating-, properties, 12 1 .

Lacquering of—
Aluminium, pretreatment, 7 1 1 .  
Chromium, plate, clear, 18 1.
Copper alloys, 920.
Electrodeposits, 2 75 ; colourless, 18 1 , 

298.
Magnesium, 497.
Tinplate, limitations, 584.
Zinc alloys, clear, 18 1.

Lanthanides, valencies, 822.
Lanthanum,

analysis, see Analysis. 
corrosion, see Corrosion. 
crystal lattice consts., 255. 
production, 37. 
refining, see Refining. 
supraconductivity, 135.

Lanthanum alloys, see Alloys <£* Com
pounds.

Lead,
analysis, see Analysis. 
bicrystals, prepn., 69S. 
cable sheath, 87, 308 ; creep &  fracture, 

837 ; defects, 228 ; effect of Ag, 228 ; 
slit-sheath repair, 929. 

coatings, appns., 864 ; on Cu &  steel, 
583.

corrosion, see Corrosion. 
cracking, intereryst., S23. 
creep/time equation for const, stress, 

142.
debismuthizing b y Mg &  Ca addns.,

690.
deposition, see Deposition, &  Electro- 

deposition. 
die-castings, appns., 953.

M ach in in g

Lead,
elastio properties, compression at e x 

trusion temp., 87. 
electrical resistance, H .F . in normal & 

supraconducting state, 6 8 1 ; surface 
conductivity at H .F ., 552 ; trans
formation velocity, 77. 

electrochemistry, cathodic &  anodic 
behaviour, 872 ; contact potential 
difference with liq. Hg, 873 ; passiva
tion in Zn sulphate, 5 0 1 ;  salt film 
formation in hydrocarbons, 187. 

electrodes in battery construction, hook,
214 .

films, ep itaxy on rock salt, 258 ;
thermo-e.m.f., 828, 986. 

foil, plastic flow during polarization, 
983.

hardness, olectrocapillary effect, S23. 
health hazards, in casting, 726. 
molten (see also Melting), effect on 

Mo, Nb, &  steel, 7 14 ;  soly. of H a, 
6 8 ; surface tension, 69; viscosity, 
7 1 ;  X -ray  scattering, 105. 

oxidation, see Oxidation. 
plastic deformation, under drop hammer, 

detn. by high-speed camera, 679. 
powder, electrolytic prodn., 872. 
production, Australian, book, 812 ;

Italian, 960 ; Parkes process, 187. 
refining, see Refining. 
segregation, study, 766. 
single crystals, damping &  elastic modu

lus, 1 3 1 ;  growth from melt, 287 ; sur
face effects in slip &  twinning, 343. 

solubility of Oj, 194.
supraconducting, at. heat at transition 

temp., 386 ; heat conductivity below 
1 °  K ., 740: hollow sphere, magnetic 
field distribn., 135 , 54S; isotope
effect, 454 ; penetration of magnetic 
field, 5, 553 ; thermal conductivity in 
intermediate state, 3 ;  transition 
temp, of layers condensed at low 
temp., C80. 

surface, effect on mech. properties, 822 ; 
infra-red absorption at low temp., 
559, 618 ; scaling in air, 35 1. 

testing, see 2 'esting. 
thermal conductivity, low-temp., 146. 
tubing, prodn., 727.
uses, in building, exhibition, 3 1 1 ;  in 

chem. industry, 806; in industry, 
hook, 3S4 (rev.). 

welding, see Welding. 
wires, surface effect in tension, 142.

Lead alloys, see Alloys &  Compounds.
Liquid metals, seo Molten metals.
Liquostriction, 9S5.
Lithium,

analysis, see Analysis. 
corrosion, see Corrosion. 
electrical resistivity, at low temp., 680. 
enthalpy &  heat capacity, solid fe liq., 

135.
Fermi energy, 136. 
ionized, wave-function, 387. 
molten, erosion characteristics, 546, 

548 ; viscosity &  characteristic temp.,
323.

production, high-vacuum, 966. 
secondary electron emission, 148. 
use, in degassing of Cu alloys, 45 ; re

view, 308, 389, 950, 958.
Lithium alloys, see Alloys &  Compounds.
Lubricants, colloidal graphite, 438, 10 4 1 ; 

for cutting &  grinding, 599, 662; 
effect of clay slurry addns., 6 0 1; 
for drawing, 438, 601, 662; liq., 
effect of surface activity, 599; 
evaluation, 438, 601, 662; silicone, 
967 : synthetic, 1044 ; wax, 1044.

Lubrication, boundary-, review, 6 16 ; 
in engines, 952 ; technique, book, 537.

Machinability of metals, 298, 378.
Machine tools (see also Tools), cutting 

capacity, 1044 ; developments, 800 ; 
maintenance, 602 ; productivity team 
rep., G65 ; safety precautions for power 
presses, 123  ; uso of cemented car
bides, 1044 ; Zn dies, 297.

Machinery, running-in, wear, 74.
Machining,

chips, study of building-up phenomenon, 
1044.

electro-mechanical process, Amer., 49, 
298 ; Brit., 49 ; erosive, 920 ; method 
X , 438, 524, 920 ; Sparcatron, 380. 

fluids, effect of surface activity, 599, 
9 19 ; selection, 662. 

hot-, technique, 602 ; temp., 2 10 ; tool 
fife, 378.

methods, effect on surface condition, 
852 ; precision, 1014  ; progress, 800.



Machining of—
Aluminium alloys, effect, of surfaco- 

activity of liq. lubricant, 599 ; 
free-cutting-, 8 3 ; I.C .E . pistons, 
599 ; precision, 437 ; survey, 914. 

Beryllium, methods &  precautions, 797. 
Brass, automatic, precision lathe, 10 14 . 
Copper alloys, 522.
Die-castings, broaching, 297.
Hard-metal alloys, 800 ; hot-, 602. 
Magnesium, castings, high-speed, 798. 
Molybdenum, 661.
Tantalum, 661.
Titanium, aircraft parts, 660 ; data, 

6 6 1 ,7 2 8 ; review, 209.
Tungsten, 661.
Vitallium, optimum temp., 2 10.
Zinc, die-castings, 916.
Zirconium, 661.

Magnesium,
analysis, sec Analysis. 
brittleness, detn., 982. 
chemistry, book, 125 (rev.). 
combustion, extinguishing with BC1*, 

5 17  ; ignition temp., 68, 234, 979 ; 
in mixture with explosives, 944. 

corrosion, see Corrosion. 
crystal, boundaries, effect on evapn. 

rate, 145 ; boundary sliding &  slip, 
relation to grain-size, 703 ; growth 
from vapour, 479, 765. 

deformation behaviour at elevated 
temp. &  slow strain rates, 343, 479. 

electrical resistivity, change on melting, 
68 ; low-temp., 548, 680. 

foundry, Canada, 794. 
hardness, in micro-porosity detn., 289. 
industry, Amer., 959 ; hist, review, 958. 
machining, see M achining. 
magnetic susceptibility change at low 

temp, with strength of field, 225, 394. 
melting, see Melting. 
oxidation, see Oxidation. 
powder, combustion, 234 ; effect on sp. 

energy &  detonation rate of explosives,
944.

production, high-purity, 1 7 7 ;  survey, 
309, 948, 949 ; vacuum, 188, 966. 

reaction with trim ethyl phosphate, 136. 
refining, see Refining. 
single crystals, cleavage surfaces, 772 ;

plastic deformation, 2 1 , 478. 
specific heat, electronic-, coeff., 13 0 ;

low-temp., 747. 
thermal conductivity, low-temp., 146. 
uses, 68, 532, 945, 948, 949 ; aircraft, 

532, 807 ; cable drums, 948; Festival 
of Britain , 532, 807, 948.

Magnesium alloys, see Alloys &  Compounds.
Magnet(s) (see also A lloys: Pcrmanenl-

magnet alloys), powder met. prodn., 
259, 855 ; technique, book, 536.

Magnetic domains, B itter patterns, 10 
displacement in remagnetization pro
cess, 1003 ; powder patterns, 684 ; 
single-, relation to dimensions of 
particles, 683 ; wall energy, 686, 751 ; 
wall energy, increase with movement, 
832.

Magnetic fleld(s), counter inversion effects, 
78 ; crit., for supraconductivity, 147 ; 
effect on crystn. &  compn. of solid 
solns., 8 5 1 ;  effect on elect, con
ductivity, 7 7 ; effect on supracon
ductivity, fe London theory, 829; 
effect on thermal conductivity, 827 ; 
electrodynamic potential, 332 ; gal- 
vanomagnetic effects, 238, 829, 830; 
Hall effect, 148, 830 ; in mixed, con
duction, 393, 829; Righi-Leduc,
Ettingshausen &  Nernst effects, 830 ; 
thermomagnetic effects, 830.

Magnetic levitation, of solid & molten 
metals, 4 1, 287, 790, 891.

Magnetic materials, books, 57 (rev.); 
change in properties, 96, 1 1 7 ;  effect 
of heat-treatment on phys. properties, 
84 ; elastic consts., anisotropy, 982 ; 
elect, resistance in magnetic field, 
90, 9 1 ;  gyromagnetic ratios, 740, 
749, 750 ; hysteresis &  magneto-
elastic energy losses, 750 ; internal 
friction in plastic deformation, 386; 
magnetic measurements, book, 536 ; 
magnetic phenomena, 14 8 ; neutron 
scattering &  polarization, 10 8 ; par
ticles, single-domain structure, 683; 
photoelect, effect, 69; review, 844, 
988 ; soft, ideal magnetization curves, 
683; soft, in instrument manuf., 
405, 695; soft, variations with fre
quency, 469.

Magnetic saturation, effect of elastic 
internal stresses on law' of approach, 
78, 830, 990 ; effect of tension, in para- 
process region, 989 ; intrinsic, 405.

M achining- of Subject Index

Magnetic susceptibility, between —ISO0 & 
110 0 ° C., 1 17  ; of completely ordered 
alloys, 96 ; of large systems of elec
trons, 750 ; low-temp., 225, 391.

Magnetic viscosity, in high-eoercivity 
alloys, 1003 ; temp, dependence, 
78, 990 ; theory, 77.

Magnetism (see also Ferromagnetism), 
at. magnetic moment, 160 ; hook, 57, 
670 (rev.); developments, 684.

Magnetization, Barkhausen jum ps & 
counter inversion, 78 ; curves for 
soft polycryst. ferromagnetics, 683 ; 
de-Haas-van-Alphen effect, 749, 750, 
829 ; discontinuities of variation 
with tem p., 4 ; effect on neutron- 
scattering, 108 ; effect of plastic de
formation, 989 ; quantum theory of 
anisotropy, 395 ; theory of diffuse 
drag, 395 ; - thermomagnetic adiabatic 
effects, 148.

Magnetostriction, change b y tension, 830 ; 
law  of saturation approach, 78, 830, 
990 ; temp, dependence, 68 ; v ibra
tional resonance of prolate spheroids, 
91 ; in weak fields, 393 ; Wiedemann 
effect, 465.

Manganese,
analysis, see Analysis. 
electrolytic (see also Electrodeposilion), 

appns., &  data, 784 ; book, 2 14 ;  
potentials &  conductivity of solns., 
425, 873.

magnetic properties, &  antifcrromag- 
nctism, 681 ; effect on alloys, 90. 

mechanical properties, effect of temp., 
549.

nitrogen content, detn. of effects, 678. 
pentavalent, polarographic detection, 

873.
production, electrolytic process, 7 15 , 

873 ; survey, 441, 922,959. 
pure, magnetomet. study of transform a

tions, 68.
thermal conductivity, low-temp., 146. 
uses, 441, 922, 950 ; internat, conf. rep.,

58.
Manganese alloys, see Alloys &  Compounds.
M e lt in g ,  &  a l lo y in g  p r a c t i c e ,  book, 541 

(rev.); c h e m . t r e a t m e n t ,  373 ; d e 
g a s s in g ,  795 ; d e g a s s in g ,  f lu x i n g  &  
p u r i f y i n g  a g e n ts ,  905 ; d e o x id n .  
•w ith  M g , 948 ; d ia g r .  c o n s t r u c t io n  
f o r  t e r n a r y  s y s t e m s ,  96 ; e f f e c t  o f 
i n g o t  s h a p e ,  656 ; e f f e c t  o n  e le c t ,  
r e s i s t i v i t y ,  827 ; g a s - m e t a l  r e a c t io n s  
(s e e  a l s o  Gas-metal reactions), 293, 
905 ; g r a in - r e f in e m e n t ,  657, 905 ;
h ig h - v a c u u m  t e c h n iq u e ,  45 ; L .F .  
i n d u c t io n ,  7 15 ;  p h y s .  c h e m is t r y ,  
b o o k ,  666  ; q u a l i t y  c o n t r o l ,  s e e  
Foundry ; t h e o r y  o f  c r y s tn . ,  105 ; 
t h e r m a l  e x p a n s io n ,  75 ; w i t h o u t  
c ru c ib le s ,  b y  i n d u c t io n  c o i l ,  203, 596 ; 
w i t h o u t  c r u c ib le s  b y  m a g n e t i c  l e v i t a 
t i o n ,  4 1, 287, 790, 891 ; z o n e - ,  293.

Melting of—
Aluminium, behaviour of grain-bound- 

aries, 845 ; effect of S  vapour, 81 ; 
electromagnetic pump for charging 
dies, 658 ; induction, 205 ; remelt, 
10 36 ; viscosity, 71.

Aluminium alloys, attack on Fe crucibles, 
1037 ; chem. treatment, 373 ; effect 
of holding, 3 7 3 ; equipment, 375, 795, 
1039 ; gas removal, 653, 903 ; grain- 
refinement, mechanism, 97, 696 ;
prepn. of master alloys, 43 ; quality 
control, for working, 593 ; U .S. 
practice, 47.

Aluminium bronze, 794, 1037. 
Aluminium-cerium-magnesium alloys, 

diagr., 96.
Aluminium-copper alloys, grain-refine

ment, 833.
Aluminium-magnésium alloys, effect of 

prim ary particles on grain-refinement, 
88 ; oxidn. &  inhibition by Be addns.,
707.

Aluminium -  magnesium -  zinc alloys, 
diagr., 96.

Aluminium-silicon alloys, attack on Fe 
crucibles, 1037 ; effect of S vapour, 
81 ; modification of structure, 291. 

Beryllium, ingots, L .F . induction furn
ace, 715 .

Bismuth, surface tension, 69.
Brass, ehem. treatm ent, 373 ; con

tamination, &  deoxidn., 45 ; crucible 
life, 655 ; effect of degassing on 
fracture characteristics, 292 ; quality 
control, 594.

Bronze, chem. treatment, 373 ; effect 
of degassing on fracture character
istics, 292 ; gas reactions, 655. 

Chromium, detn. of m .p., 66, 738.

M eta l in d u stry

Melting of—
Copper, chem. treatment, 373 ; detn. of 

F  content, 904; elect., 205 ; P- 
deoxidn., 5 17 .

Copper alloys, control b y microscopy, 
658; degassing with L i, 45 ; detn. of 
P  content, 9 0 1 ;  effect of frequency 
conversion, 3 7 5 ; furnace, 1039*; 
H.-C., quality control, 59 3 ; temp, 
measurement, 37 1.

Copper-iron-nickel alloys, opt. temp.
scale &  emissivities, 86. 

Copper-magnesium-zinc alloys, diagr., 96. 
Coppor-niokel alloys, chem. treatment, 

373.
Gun-metal, degassing, 655 ; removal of 

A l by slag, 791.
Lead, soly. of H a, 6 8 ; surface tension, 

69; viscosity, 7 1 ;  X -ray  study, 105. 
Lead brass, effect of fluxing, 292. 
Magnesium, elect, resistance change, 68 ;

ingots, L .F . induction furnace, 7 15 . 
Magnesium alloys, chem. treatment, 

373 ; equipment, 375 ; furnaces, 
5 18 , 10 3 9 ; quality control, 595. 

Nickel, for electrodes, 1 1 9 ;  removal 
of light-metal silicates, 352.

Silicon, undoped ingots, 119 . 
Silumin-type alloys, modification, 8 1, 
Silver-zinc alloys, vapour pressure of 

Zn, 92.
Steel, desulphurization with Mg alloys, 

309 ; stainless-, 5 18 .
Thallium, X -ra y  study, 105.
Tin, surface tension, 69; viscosity, 7 1 ;

X -ra y  study, 105.
Titanium, arc-, 72, 518 , 1039 ; inductive, 

without refractory containers, 203, 
596 ; inert-atm. arc, heat losses with 
single electrodes, 205, 519.

Zinc, detn. of vacuum evapn. rate & 
surface temp., 902 ; ingots &  scrap 
for die-casting, 907 ; quality control, 
596; viscosity, 7 1.

Zinc alloys, 596.
Zirconium, arc-, 4 5 ; inductive without 

refractory containers, 203, 59G.
Mean free path of electrons, seo Electron-.
Mercury,

analysis, see Analysis. 
diffusion coeffs. of metals, 740. 
electrical conductivity, a t m .p., 680 ;

discharge coeff., 675. 
electrochemistry, cathodic &  anodic 

behaviour, 873 ; cathodic H evolution, 
36, 501 ; potential of electro-capillary 
m ax., 36 ; rotating electrode, 503. 

fluidity, relation to temp., 323. 
heat-transfer characteristics, effect of 

w’etting, 229 ; under turbulent flow 
conditions, 387. 

liquid, at. distribn., 848 ; contact potential 
difference with solid Pb fe  T I , 873; 
flow dynamics, 675 ; heat-transfer 
properties, 229, 387 ; stress-cracking 
effect on Cu, 109, 860 ; surface tension, 
69, 820 ; X -ray  study, 105. 

magnetic properties, a t lowT temp., 979. 
production, distillation still, 37 ; figures 

&  prices, 959 ; high-purity, 820. 
refining, see Refining. 
solidification, kinetics &  nucleation, 2 1 , 

345, 770.
supraconducting, isotope effect, 69, 549 ; 

magneto-resistance, 549 ; measure
ments in transition region, 986 ; trans
ition temp, of layers condensed a t  
low temp., 680. 

thermal expansion, near m.p., 75. 
thermodynamic properties, of solid, liq., 

&  gas, heat capacity, heat of fusion 
&  vaporization, 740. 

use in Cl prodn., 1055.
Mercury alloys, see Alloys <£• Compounds.
Metal(s), data book, 8 10 ; economics, 

5 3 1 , 536 ,9 61,96 3 ; general, book, 3 12  ; 
indust. uses, 58, 954; mech. pro
perties at low temp., 124, 14 0 ; Pau l
ing hypothesis, review, 332 ; supply 
situation, 960, 9 6 1 ; variability of 
properties, 615.

Metal-ceramics. Cermets, 15 , 492, 857 ; 
elect, properties, 987 ; German p a
tents, 965; interaction at high 
tem p., 1005 ; Nb-oxide base, 798 ; 
powder m etallurgy, see Powder metal
lurgy ; prepn. &  properties, 403 ; 
prepn. b y vapour depn., 965 ; TiC- 
base, 15  ; uses, 844, 857.

Metal industry, directory, 536 ; mechaniza
tion of weighing operations, 969; 
power supplies in India, 10 5 6 ; pro
ductivity, 974 ; quality control. 5 9 1 ;  
safety precautions (see also Health 
hazards), 970 ; sociology, 970, 974; 
statistics, book, 2 15 .
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Metal-work, artistic, 10 5 5 ; materials, 
booklet, 604; in secondary schools, 
pamphlet, 3S0.

Metallic state, electronics, &  metallurgy, 
3 4 5 ; theory, 486; valencies of 
transition elements, 8 ; X -ray  spectro
scopy, 3 15 .

Metallizing (see also Coalings, Deposition, 
Spraying), handbook, 123.

Metallography,
developments, 104, 257 ; A .S.T.M . rep., 

849, 10 12  ; historical rcviow, 632,
845.

polarized-light, of anisotropic metals, 
2 3 ;  hook, 221  (rev.); reflection at 
normal incidenco, 633. 

specimen preparation, 104, 769 ; electro
lytic  cutting, 257 ; instruments for 
electropolishing, 7 0 1 ;  variables, 967. 

structural, book, 1055 (rev.).
Metallurgy,

developments, 963; early European 
history, book, 816 (rev.). 

literature, abstracting, 976; a t Battelle 
library, hook, 2 1 1 ; classification 
systems, 10 56 ; list of periodicals, 
1900-1950, 1 2 3 ;  prepn. of papers, 
124, 976.

physical, book, 2 17  (rev.); chemistry, 
book, 734 (rev.), 809; equilib.
diagrs., book, 540 (rev. ) ; funda
mentals, book, 604, 666, 8 11  ; hist, 
survey, 970; non-ferrous, book, 3 14 ;  
progress, book, 3 10 , 812 (rev.);
&  solid-stato electronics, 345 ; for 
students, book, 5 8 ; vs. tech. & 
experimental claims, 963. 

principles, books, 58, 2 15  (rev.),
217  (rev.), 535, 666 ; elementary,
hooks, 539 (rev.), 604; practical,
books, 3S 1 (rev.), 537 (rev.),
605 (rev.), 669 (rev.), 8 1 1  (rev.). 

research, Amer. arm y problems, 974 ; 
A .S.M . congress, 2 1 1 ;  correlation 
with eng., 9 75 ; German meetings, 
971, 972 ; indust., 976 ; in Norway,
963 ; organization in G .B ., 1056 ; 
physico-chem. aspects, 10 5 5 ; uso of 
statistics, 963. 

training, Australia, 976; Canada, 976; 
cttee. rep., 3 1 4 ;  for engineers, see 
Engineering; France, 976; G .B ., 962, 
975, 976; H ungary, 963; Norway, 
963; U .S.A ., 976.

Micro-calorimeter, differential thermal 
analyser, 7 2 1 ;  for heat-of-soln. detn., 
42, 136.

Microradiography (see also Electron-), a b 
sorption-, 10 6 ; met. appn., 17 3 ;  
progress, 9 0 1 ;  stereoscopic-, 25 1.

Microscope, combined stage &  focus control, 
1 1 7 ;  enamel finishes, 922 ; light- 
proflle, 647 ; polarizing, book, 221  
(rev. ) ; polarizing, high-temp. stage, 
7 2 1 :  reflecting, objectives, 19 9 ;
resolution, 850.

Microscopy, met. developments, 257, 510, 
850 ; opt. phase-contrast of electron- 
microscope negatives, 770 ; specimen 
prepn., 574 ; of surfaces, light-cut 
method, 5 12 , 647 ; use in foundry, 658.

Milling, machine for skin removal from 
ingots fe strip, 729.

Mining, drills, 1050, 1053 ; skips & cages, 
939 ; training of engineers, 976.

Molecular orbitals, theory, 350.
Molten metals &  alloys, absorption of 

diat. gas, 90 ; boiling &  condensing, 
557 ; chem. treatment, 3 7 3 ; crystn., 
105, 345 ; degassification, 985 ; elect, 
resistance, 146 ; flow dynamics, 675 ; 
hazards in handling (see also Health 
hazards), 964; heats of solution of 
Au, Ag, &  Cu in liq. Sn, 325 : heat- 
transfer media, 229 : magnetic levi
tation, 4 1, 287. 790, 8 9 1;  phys. chemi
stry, book, 666; phys. properties, data 
sheet, 6 15 ;  pump, electromagnetic, 
649; resistant materials, data sheet, 
638 ; solidification, 8 51, 10 12  (seo also 
Casting) ; surface tension, 09, 5 5 1 ;  
temp, measurement, 9 0 1 ;  thermal 
expansion near m.p., 7 5 ; thermo
dynamics, 622, 627 ; vacuum distilla
tion, detn. of surface temp. &  evapn. 
rate, 902; viscosity, 7 1, 200, 345, 
404, 984 ; X -ray  scattering, 105.

Molybdenum,
analysis, see Analysis. 
arc-cast, comparison with powder met. 

prodn., 136, 740 ; properties &  appns., 
323 ; rolling texture, 22, 479. 

behaviour in molten Pb &  Bi, 744. 
corrosion, see Corrosion. 
crystal lattice, preferred orientation, 

22, 479 ; parameter, effect of C, 2 1 . 
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Molybdenum,
electrical resistivity, anisotropy, 76 ; 

Hall coeff. of current carriers, 740 ; 
low-temp., 548. 

electrochemistry, polarization curves for 
Os redn., 501. 

eleotrodeposition, see Electrodeposition. 
forming, seo Form ing. 
fracture, dynamics, 10 1 ,  556. 
halide formation, 207. 
powder metallurgy, see Powder metal

lurgy.
properties, effect of prodn. methods, 

136, 7 10 ; effect of working, 3, 549 ; 
high-temp., data sheet, 3, 6 1 1 ;
review, 323, 326, 389, 675 ; thermo
dynamic, 207. 

protection, see Protection. 
single crystals, cleavage &  polygoniza- 

tion, 1 0 1 ;  plasticity, 69, 479 ; prepn. 
1 1 7 ;  rolling &  recrystn. textures, 
766, 10 10 . 

sheet, orientation, 22, 479. 
thermal conductivity, low-temp., 146. 
uses, indust., ettee. rep., 58 ; refractory, 

207, 675 ; review', 326, 389, 950. 
vapour pressures at 2 15 1°-2 4 6 2 ° K ., 3. 
welding, see Welding.

Molybdenum alloys, see Alloys c£* Com
pounds.

Moulding,
box design, 12 0 .
cement-sand process, 1038 ; Randupson, 

292, 658, 909. 
investment, cracking of refractory coat

ings, 37 4 ; Hg patterns, 908; Mer- 
cast, Shaw' fe C processes, 373. 

machines, 206 ; compressed-air, 1040 ; 
Polygram  automatic, 658 ; for shell 
process, 658, 795. 

materials, binders, 658, 7 25 ; graphite, 
10 38 ; magnesite, 206; olivine, 206, 
796 ; refractory, see Refractories; 
silicones, 967 ; verm lcullte, 597 ; 
w'ashes, 48. 

practice, apprentice training, 1040 ; 
book, 809; for ¿11 alloys, 203 ; for 
bells, 655 ; for bronze, 45 ; for drop- 
hammer dies, 724 ; for hardware, 
520 ; for hydraulic castings, 1037. 

sand, seo Refractories. 
shell process, assembly, 658 ; contour, 

658 ; Croning, 205, 373, 435, 5 19 , 658, 
724, 795, 908, 909; design, 796; 
developments, 658, 724, 795 ; m etal
lurgy, 436 ; plant, 658 ; resin binders, 
725 ; survey, 795, 908, 909 ; for Ti, 
5 17 .

Moulds, anodized A 1, Parlanti, 46 ; Bc-C u 
alloy, 806; cast, 46, 47, 434, 10 3 7 ; 
ceramic, 7 25 ; drying, by infra-red 
radiation, 104 0 ; plaster-, 724, 908; 
reaction effects, 5 18 ;  sand-lined Al, 
518  ; sleeve compd. for solidn. control, 
46 ; surface roughness detn., 905.

Neodymium,
analysis, seo Analysis. 
crystal lattice consts., 255. 
heat of combustion, 452. 
refining, see Refining. 
supraconductivity, 135 . 
thermochemistry, 385.

Neodymium compounds, see Alloys c£* 
Compounds.

Neptunium,
chemical properties, 716. 
crystal structure, 163, 479. 
electrolysis (see also Electrodeposilion), 

7 15 .
heat of solution, 42, 136. 
history, 6.
oxidation potentials, of NpI1I-N pIV &  

Npv-N p VI couples in perchloric acid, 
185, 186, 502. 

review, 140.
Neptunium alloys, see Alloys <£* Compounds.
Nernst effect, 830, 839.
Neutron irradiation, effect on diffusion, 

145 ; effect on elect, resistivity, 200, 
550 ; scattering &  polarization by 
ferromagnetics, 108 ; in study of cold- 
worked brass, 697.

Nickel,
analysis, see Analysis.
anisotropy, elastic, 617 ; elect., 145 ;

magnetic, 979 ; inech., 678. 
annealing, see Annealing. 
brazing, see Brazing. 
catalysts, activated adsorption of H*, 

324, 55S ; theory, 452. 
cleaning, see Cleaning. 
corrosion, see Corrosion. 
creep, 14 2 ; curve, 7 40, 979 ; surface 

dependence, 139.

N io b iu m

Nickel,
deuteron-bombarded, recovery, 547. 
diffusion of C, 675. 
dissolution rate in D electrolytes, 638. 
elastio properties, anisotropy, 617 ; 

change with tem p., 390; consts. 
detn., 69, 136. 

electrical resistivity, anisotropy, 14 5 ;  
in magnetic field, 7 7 ; * radiation 
damage &  recovery, 547. 

electrodeposits (seo also Elcclrodeposi- 
tion), effect of ultrasonics on pro
perties, 7 1 3 ;  effect of variables, 324, 
452, 6 1 1 ,  869, 979 ; gas contents, 979 ; 
structure on Fe crystals, 408, 1009 ; 
testing methods, 7 13 . 

electrodes, cast anodes, 357 ; effect of 
electropolishing on electron emission 
of diode sleeve, 676; H  evolution 
mechanism, 36, 37, 501 ; H potentials, 
1027 ; in H 2S 0 4, 18 6 ; overvoltago 
during O evolution in alk. solns., 359 ; 
prepn., 1 19 , 502, 10 2 5 ; thermo-
galvanic potentials, 502. 

emissivity, detn., 234 ; sccondary-clec- 
tron, 148.

films, evapd., microstress, 10 7 ; low- 
temp. properties, 680. 

forming, seo Forming.
Hall effect at low' temp., 136, 978. 
hardness, conversion table, 791, 1033. 
health hazards, 969, 970. 
heat-capacity at 15 °—300° K ., entropy & 

free energy function, 136. 
industry, ¿Ymcr. statistics, 959; hist, 

survey, 1054 ; met. research fe eng. 
requirements, 975 ; supply situation, 
533, 959.

internal friction in plastic deformation, 
386.

joining, seo Jo in ing.
magnetic properties, approach to satura

tion, 549 ; at. moments, 97S ; counter 
inversion, 7 8 ; effect of field, on pro
pagation of sound waves, 229, 325 ; 
Hall effect at low temp., 136, 978; 
ideal magnetization curves, 683 ; 
magnetostriction, 3 9 3 ; photoelect, 
effect, 69 ; saturation under tension, 
549 ; temp, dependence of energy 
const, of anisotropy, 979 ; temp, de
pendence of magnetic viscosity, 7 8 ; 
transformation, 7 4 1 ;  variation with 
tem p., 4, 394, 6 1 1 .  

melting, seo MeUing. 
oxidation, see Oxidation. 
polarization, anodic effects in H 2S 0 4, 

186 ; cathodic, 1027 ; spontaneous, of 
acoustic waves, 6 17. 

polishing, see Polishing. 
powder (see also Powder metallurgy), 

electrolytic, for batteries, 874 ; prodn. 
&  particle size, 703 ; reactions with 
fluorine, 140, 2 3 1  ; reactivity change 
by sorption of gases, 617. 

properties, effect of deformation temp.
7 3 ; low'-temp., 6. 

recrystallization, mechanism, 346. 
refining, see Refining. 
secondary, from scrap recovery in 

magnet manuf., 912 . 
sheet, effect of cold-working &  heat- 

treatm ent on magnetic properties,
324.

single crystals, elastic consts., 69;
etched surfaces, 848. 

soldering, see Soldering. 
surfaces, gas adsorption, 5 58 ; low- 

temp. adsorption of H, 5 ; tarnishing 
during heat-treatment in H, 3 5 2 ; 
wrear against clay, 32 8 ; wettability 
by glass, 558, 801. 

tensile properties, effect of temp., 324 ;
low-temp., 130. 

thermal conductivity, low-temp., 146. 
tubing, prodn., 727 ; seamless fabrica

tion, 660, 664. 
ultrasonic vibrations, m agnetically in

duced velocity changes, 229, 325 ; 
spontaneous polarization by elastic 
anisotropy, 617. 

uses, 5 33 ; in chem. industry, 3 10 , 807 ;
indust., cttee. rep., 58. 

welding, see Welding.
Nickel alloys, see Alloys db Compounds.
Niobium,

analysis, see Analysis. 
behaviour in molten Pb &  Bi, 744. 
chemistry, 194, 885. 
corrosion, see Corrosion. 
electronic structure &  nuclear resonance,

555.
films, low-temp. properties, 680. 
heat capacity below 4 '5° K ., 453. 
nitrogen content, detn. of effects, 678. 
polarographic study, 1 14 .
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Niobium,
reaction with NbG'l6, 229. 
specific hoat, a t 6 1°—76° K ., 550. 
thermal conductivity, low-temp., 146. 
uses, 3 12 , 950.

Niobium alloys, seo Alloys &  Compounds.
Nitrogen, effect on activity in metals, 

678 ; overvoltage, on P t in liq. N H „
360.

Noble metals, elect, rcsistance-effect of 
addns., 96, 762.

Non-ferrous metals & alloys, prodn., &  
supply situation, 960, 961, 963 ; 
semi-iinished articles, book, 379 ;
specifications, 95*1, 955, 10 5 4 ; statis
tics, book, 807.

Nuclear reactors, materials, 952.
Nuclear structure, of matter, 850.
Nucleation, catalysis, 576 ; catalysis by 

surface patches, 345, 770 ; homo
geneous, 2 4 ; liq. fe crystal, 576 ; 
in phase transitions, 576 ; in solids, 
576 ; in supercooled solid solns., 106 ; 
stresses, 702 ; theory, 166, 482, 483, 
8 5 0 ,10 13  ; theory, appn. to martensite, 
755.

Optical properties, infra-red absorption at 
low temp., 559, 6 18 ; interferometric 
detn. of absorption coeffs., 230 ; 
light absorption &  cohesive energy, 
458 ; photographic detn., 459, 647 ; 
in polarized light, seo Metallography.

Osmium,
analysis, see Analysis.
Hall effect &  electron configuration, 619.

Osmond, Floris, appreciation, 955.
Overvoltage (see also Hydrogen, Nitrogen, 

Oxygen), 359, 360 ; biblio. abstracts, 
18 8 ; in oxidn.-redn. systems, 785 ; 
theory, &  corrosion mechanism, 268, 
780.

Oxidation, anodic effects in corrosion, 30 ; 
A .S.T.M . wire-life test, 1 1 0 ;  hook, 
604; cubic law, 18 0 ; distortion 
effect of surface layer, 7 10 ;  film 
formation in sliding friction, 825 ; 
film isolation from metal surface, 
368 ; high-temp., relation to wet 
corrosion. 582; mechanism, not 
controlled by diffusion, 5 18 ;  m e
chanism, relation to diffusion, 4 2 1 ;  
reduction reactions of inorg. sub
stances with metal solns. in liq. N H a, 
862; theory of scaling, 268, 420, 
1020.

Oxidation of—
Alkali-metal -  mercury alloys, spon

taneous peroxidn., 265.
Aluminium, initial rate at low pressure 

&  room tem p., 10 17  ; natural, pro
tective properties of film, 269.

Aluminium-magnesium alloys, melts, 
effect of Be addns., 707.

Beryllium-copper alloys, dry, 860.
Cerium, rate detn., 637.
Chromium, 417.
Chromium-nickel alloys, elect, heating 

wires, 1 1 0 .
Cobalt, high-temp., 859.
Cobalt alloys, in gas-turbines, effect of 

addns., 35 1.
Copper, dry, 859; effect on flotation 

properties, 6 8 ; electron diffraction 
study at 200°-500° C., 175 , 418, 10 19  ; 
clevated-temp., 418, 860 ; horizontally 
cast bars, 70S.

Copper-palladium alloys, high-temp., 
109.

Copper-platinum alloys,-high-temp., 109.
Copper-silver alloys, molten, 178.
Gold, effect on flotation properties, 68.
Hard-metal alloys, mechanism &  scaling, 

178.
High-temperature-service alloys, scaling 

process, 420, 1020.
Iron, deformation of surface layer, 710 ; 

elevated-temp., 860 ; rate detn., 419.
Lead, a t 250°-800° C., in air, 3 5 1 ;  rate 

detn., 419.
Magnesium, deformation of surface 

layer, 7 10 ; elevated-temp., 861.
Magnesium alloys, 861.
Metal-ceramics, TiC-base, 15.
Nickel, deformation of surface layer, 

710.
Nickel alloys, in gas-turbines, effect of 

addns., 3 5 1.
Nickel-platinum alloys, high-temp., 109.
Platinum, 28 1, 28 2 ; direct, X -ray

analysis, 861.
Rare-earth metals, &  hydration of 

oxides, 709.
Silver, chemisorption, 6 13 ;  effect on 

flotation properties, 68.

Oxidation of—
Tin, thermal, 581.
Titanium, high-temp., effect of N in air, 

709 ; rates, 10 9 ; scaling at high 
temp., 109, 861.

Uranium, rate, 637.
Zinc, electron diffraction study at 200°- 

500° C., 418 , 10 19 ;  kinetics, 29 ; 
mechanism, &  law  of rate const., 5 8 1 ;  
rate detn., 419.

Zirconium, rate, &  structure of ZrO, 
17 8 ; scaling, 492.

Oxygen, cathodic redn. at P t &  Au cathode, 
2 8 1 ;  effect on flotation properties 
of metals, 6 8 ; electrochem. detn. 
on metals, 281 ; indust. appns., 
969 ; overvoltage, 268, 359, 427 ; re
m oval from gases, 9C9.

Paint(s), A l powder, 639, 729, 864, 955; 
anticorrosive, 272 ; cttee. rep., 122 ; 
pigment, 642, 969 ; primer, 441, 498, 
642, 779 ; spray-, 498 ; surface prepn. 
(seo also Cleaning), 299, 729.

Painting of—
Aluminium alloys, exposure tests, 3 1 ;  

evaluation of primers, 779 ; pamphlet, 
603; in shipbuilding, data sheet,
3 1 1 .

Castings, electrostatic, 440.
Copper alloys, clock components, 729 ;

spraying &  drying devices, 919. 
Magnesium alloys, evaluation of primers,

779.
Steel, with Al pigment, ignition risk 

from rust, 955.
Zinc, die-castings, bright-dipped, 920 ; 

die-castings, effect of chromatlng on 
adhesion, 2 7 1 ;  pretreatment by 
Cronak process, 29S.

Palladium,
analysis, seo Analysis. 
eleotrodeposition, see Eleotrodeposition. 
Hall effect, &  electron configuration, 

619.
ion adsorption, in ZnSO< soln., 718 . 
magnetic susceptibility, temp, depend

ence, 839. 
thermal conductivity, low-temp., 146. 
wettability by glass, 558, 801. 
wire, H , absorption &  magnetic re

sonance, 550.
Palladium alloys, see Alloys &  Compounds.
Para-hydrogen conversion, activation 

energy on W , 554.
Paramagnetism, in liq. solns., 246.
Passivation, cathodic, In electrodepn., 

588 ; hardness of films on Cd electro
deposits, 269.

Patternmaking, A l inatch-plates, 654, 
1037 ; book, 57 ; design, 910 ; de
velopments, 520.

Pauling hypothesis of metals &  alloys, 
review, 332.

Peening, effect on cavitation resistance, 
240, 564 ; weld, 444.

Permanent magnets, sec Magnets, &
Alloys: Permanent magnet alloys.

Petroleum industry, detn. of S  content in 
products, 639; metal corrosion, 
book, 5 5 ; pipe-lines, C41, 805 ;
refinery construction materials, 306, 
353, 422,498, 943; tanks, 1 1 1 ,  182.

Phase changes, at elevated temp., X -ray  
study, 172 (see also Alloys).

Phase rule, hook, 219 (rev.).
Phosphating, 34, 182, 7 12 .
Phosphorus,

atomic weight, revision, 140. 
transformation pressure, effect on heat 

of fusion &  sp. vol. at m.p., 234.
Phosphorus compounds, see Alloys <£• 

Compounds.
Photoconductivity, book, G05 (rev.); 

characteristics of photocathodcs, 199, 
334, 9 9 1 ; y-ray absorption, 332 ; in 
infra-red, 1 2 , 1 3  ; relationship to tem p., 
69 ; relaxation in semi-conductors, 147.

Photoelasticity, detn., 899; test-benches,
724.

Photo-reproduction, on Al, 307, 944,
10 5 1 ; on brass, 958.

Physics, met., see M etallurgy; principles 
of experimental laws, book, 604; 
progress report, book, 2 2 1  (rev.);
research projects, 975.

Pickling, book, 448 (rev.); problems & 
recommendations, 799, 9 2 1 ;  vats, 
10 4 5 ; waste liquor treatment, 597,
598.

Plastic deformation, abnormal after-effects, 
743 ; books, 2 13 , 381 (ret-.); chip- 
less, 728 ; cleavage surfaces, 772 ; 
discontinuous, 738, 745 ; effect of 
low temp., 7 3 ; effect of surface-

Plastic deformation,
active media, 984 ; as function of 
temp. &  speed of strain, 2 3 2 : heat 
liberation, 679; in high-speed, com
pression, 679 ; phenomena, work- 
hardening &  recovery, 557 ; Ileh- 
binder effect, 984; relation of temp, 
coeff. to strain-hardened state of 
metals, 233 ; relation to Meyer consts., 
327 ; residual stresses, Burfacc layer, 
14 4 ; resistance, effect of stress &  
deformation gradients, 73, 824, 983; 
textures, 17 1 ,  702 ; thermal ratchet
ing, 164 ; thermodynamics, 984 ; 
Y .P . of cryst. solids, 14 1 , 455.

Plastic flow, anisotropic, 556 ; dynamic 
theory of yield, 232 ; grain translation 
in Al, 97 ; in single crystals, theory, 
142 ; velocity increase in electrolytes 
during polarization, 983 ; w ax model, 
728.

Plasticity, hook, 379 ; brittleness, 14 0 ; 
effect of interfaces, 745 ; of indust. 
materials, 556 ; instability under 
plane stress, 328 ; of intcrmctafiic 
phases, 1002 ; of polycryst. solids, 
14 4 ; review’, 232, 983 ; test results 
a t normal speeds of strain, 14 3 ;  
theory, 983.

Plastics, hearings, 3 1 2 ;  properties & 
appns., 967 ; sliding friction with 
metals, 328; substitutes for metals, 302.

Platinum,
adsorption of II* &  O*, 28 1, 282, 55S ; 

of H*0 vapour, 129 ; of ions in ZnSO* 
soln., 718 . 

analysis, seo Analysis. 
black, transformation points, 675. 
catalysts, 558, 949. 
creep at 1382° F ., 70. 
electrical resistivity, anisotropy, 76 ; 

of deposits on dielectrics, 388, 7 4 1 ;  
effect of neutron irradiation &  cold 
work, 550. 

electrodes, anodic oxidn. at low’ c.d., 
282 ; cathodic H evolution mechanism, 
36, 50 1, 503 ; cathodic polarization, 
discontinuity, 502; N overvoltage 
in liq. N H S, 360 ; oxide film formation, 
2 8 1 ;  platinized, sintering process, 
360, 425 ; polarization &  H  over
voltage, 281. 

emissivity, K-ion from hot surfaces, 
effect of gases, 4, 323 ; total, 234. 

films, dielect.-coated by evapn., elect, 
conductivity, 388, 741 ; epitaxy on 
rock salt, 258 ; low-tcmp. properties, 
680 ; prepd. on aq. soln9. by salt 
redn., 848.

Hall effect, &  electron configuration, 619. 
history, centenary, 959 ; work of 

Fahrenheit, 1054. 
metal-transfer in sliding, 7. 
oxidation, see Oxidation. 
refining, see Refining. 
thermal conductivity, low-tcmp., 146. 
thermo-e.m.f., temp, gradient, 610. 
uses, 949.
wettability, change through gas action, 

6 12 ;  by glass, 558, SOI. 
wire, filament, accommodation coeff. of 

acetaldehyde, 7 4 1 ;  plastic flow’ during 
polarization, 983.

Platinum alloys, see Alloys &  Compounds.
Platinum metals. X -ra y  identification,

195.
Plutonium,

chemical properties, 716. 
electrolysis (see also Electrodeposition), 

7 15 . 
history, 6. 
review, 140.

Plutonium compounds, see Alloys c£* Com
pounds.

Poisson’s ratio, see Elasticity.
Polarization,

acoustic, seo Ultrasonics. 
electrochemical (see also Electro

chemistry), biblio. abstracts, 18 8 ; 
resistance &  pseudo-capacity, 504; 
review, 869, 871, 872, 873, 875, 876. 

light-, see Metallography. 
neutron-, see Neutron irradiation.

Polarography, see Analysis.
Polishing,

chemical, mechanism, 409, 10 12 . 
electrolytic, 574 ; effect on elect, contact 

resistance, 7 6 ; effect on properties of 
metals, 233, 252 ; indust., 9 2 1 ;  
instruments for met. specimen prepn., 
409, 701 ; mechanism, 104, 409,
769, 10 12  ; potential requirements, 
784 ; prepn. of thin films, 632 ; solid 
film formation on anodes, 344 ; 
in sulphamic acid, 410 ; water content 
of soLns., 770.
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P o lish in g

Polishing,
electron-diflraction study of surfaces, 701. 
mechanical, hackstand-idler 730 ; hand 

machines, 604 ; compds. &  coated 
abrasives, 300, 526 ; diamond dust, 
769, 850 ; effect on cryst. character, 
8 52 ; effect on elect, contact-resist- 
ance, 76 ; felt, 440, 9 2 1 ;  hydraulic, 
526 ; lapping, 379, 526, 9 19 ; paper, 
729 ; phys. Sc chem. change caused, 
109, 10 12 .

terminology, English/German diction
ary, 2 15 .

Polishing of—
Aluminium &  aluminium alloys, b y alt. 

anodizing Sc stripping, 6 0 1 ; for 
anodizing, 49, 297, 602, 729 ; castings, 
G61 ; chcm., 49, 297 ; electro-, 252, 
297, 729 ; electro-, book, 126 (rev. ) ; 
met. specimens, 97, 629; reflectors, 
49, 297, 376 ; use of Oxanol Sa lt E , 
ISO.

Alum inium-iron-silicon alloys, electro-, 
for microscopy, 764. 

Aluminium-magnesium alloys, b y alt.
anodizing Sc stripping, 601.

Beryllium, electro., 481.
Brass, Britehoning, 298 ; dip-, 526. 
Bronze, electro-, 162.
Copper, electro-, 104, 162.
Copper alloys, electro-, hath compn., 162. 
Lead-tin alloys, electro-, microscope 

specimens, 163.
Magnesium alloys, dust collection, 9 11 .  
Nickel, electro-, G32, 676.
Steel, effect on surface hardness, 2 3 3 ;

electro-, effect on properties, 252, 
Titanium, met. specimens, 481, 767.
Zino alloys, die-castings for plating, 183. 
Zirconium, electro., 481.

Potassium,
analysis, sco Analysis. 
atomic weight, revision, 140. 
electrical resistivity, low-temp., 6S0. 
heat capacity, triple point &  heat of 

fusion, 136. 
spectroscopy, of solid state, 70. 
transformation pressure, effect on heat 

of fusion Sc sp. vol. a t m.p., 234. 
wave-functions of excited states, 152.

Potassium compounds, see Alloys &  Com
pounds.

Powder metallurgy,
compacting, causes of d variations, 10 16  ; 

compression mechanism, 262 ; hot- 
pressing, 27, 580 ; immiscible metals. 
857 ; pressure distribn., 27 ; use of 
fusible cores, 856; with solid metals,
636.

developments, German plant, 489;
Indian industry» 490. 

impregnation process, 1 7 5 ;  advantages 
Sc appns., 855, 856; flywheel effect, 
10 18 .

parts, appns., 580, 907, 9 5 3 ; auto
mobile, 17G ; dairy equipment, 2 6 1 ;  
design, 857, 10 18 ;  gears, 10 18 ;
high-d, 856; munition, 10 18 ;  pre
alloyed, 2 8 ; relation of properties 
&  structure, 1 0 1 7 ;  selection, 856; 
structural, 1 10 , 260, 778, 856, 10 18 . 

porous materials, aircraft de-icers, 
857 ; Sc infiltration, 8 55 ; prodn.
without pressure, 262 ; thermal &  
elect, conductivity, 235. 

prooesses, A.S.T.M . rep., 1 10 , 634, 10 14 ;  
biblio., book, 814 (rev.); develop
ments, 416 , 5S0, 778, 856; effect of 
surface-active agents, 10 16 ;  grain 
growth Sc recrystn., 24 ; journal, 538 ; 
phys., book, 60 (rev. ) ; plating before 
siutering, 278 ; practice, hook, 61 
(rev. ) ; prepn. of alloy specimens, 
488; research, 17 6 ; strip rolling,
2 6 1 ;  sweat cooling, 4 15  ; technique, 

_ 488; 580 ; wirc-gear plant. 857. 
sintering, acceleration in single phase, 

effect of addns., 706 ; action of sur
faco tension, 7 ;  a t const, temp.,
10S ; detn. by elect, properties, 28 ; 
effect of surface activity  of fine
grained powder, 2 6 1 ;  elcctron-micro- 
scope study of thermistor flakes, 593 ; 
homogeneous nucleation, 24 ; initial 
stage, 488 ; liq. phase, 28 ; reaction, 
study by therm al expansion, 262; 
surface diffusion, 10 8 ; thermo
dynamics, 27, 485.

Powder metallurgy of—
Aluminium &  aluminium alloys, com

bustion hazards, 259 ; processes,
855 ; properties of products, 6 35; 
S .A .P ., diffusion in compacts, 54 5 ; 
S .A .P ., extrusions, 259 ; S .A .P .,
high strength at elevated temp., 
107, 173 , 4 13 , 855.
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Powder metallurgy of—
Aluminium bronze, homogeneous com

pacts, 635.
Alum inium-cobalt-nickel compacts, per

manent magnets, 259.
Alum inium -iron-nickel compacts, per

manent magnets, 855.
Alum inium-nickel alloys, valve fila

ments, 857.
Bearings, porous, 635 ; self-lubricating, 

261.
Bismuth, 130.
Bismuth-manganeso compacts, per

manent magnets, 625.
Boron-carbide-metal system, X -ray  

study of phases, 16.
Boron-carbido-titanium-carbido com

pacts, metal-bonded refractories, 175.
Brass, microstructure, 1 0 1 5 ;  strip 

rolling, 261 ; structural parts, 260.
Bronze, bearings &  friction materials, 

26 1, 855 ; close-tolerance dimension fe 
wt., 856; hot pressing, 27 ; porous, 
25, 235 ; structural parts, 260.

Carbides, 2S, 10 15  ; evaluation of pro
perties, 488, 635, 778, 10 1S  ; heat- &  
oxidn.-resistant, 178 , 26 1, 487 ; hot- 
pressing, 705 ; structural changes in 
sintering, 2 7 ; wear-resistant m a
chinery inserts, 29.

Chromium carbide, phys. properties fe 
indust. appns., 577.

Chromium-cobalt-nickel alloys, heat- & 
oxidn.-resistant, 2 6 1 ;  from pre- 
alloycd powder, 2S.

Chromium-iron-nickel alloys, heat- & 
oxidn.-resistant, 261.

Chromium-nickel-tungsten carbides, ab
rasion-, heat-, &  corrosion-resistant, 
3 5 1 ;  for gas turbines, 413 .

Cobalt carbides, crystn., 816.
Cobalt-iron compacts, gases in liigh-d 

prodn., 10 S.
Cobalt-nickel alloys, heat- &  oxidn.- 

resistant, 261.
Cobalt-titanium-tungsten carbide, 28, 

635, 704.
Cobalt-tungsten carbides, formation of 

bubbles &  zoned structure, 704 ; 
phases &  equilibria, 470; role of 
binder phase, 578.

Composites, elect, contacts. 27, 487 ; 
solid-metal/sintered-alloy bodies, 636.

Copper, change in properties by sinter
ing variation, 28 ; dilatation of com
pacts, 855 ; effect of foreign gases on 
particle boundaries, 1 7 3 ;  elect, con
ductivity, 385 ; hardness, 107 ; hot 
pressing, 2 7 ; self-diffusion, 826; 
shrinkage of pores, 19 ;  sintering, 
108, 385 ; strip rolling, 261.

Copper-gold alloys, sintering, 25.
Copper-iron compacts, bent after sinter

ing &  assembled under stress, 857 ; 
infiltration technique, 855, 856 ; liq. 
phase, 28.

Copper-nickel alloys, diffusion in sinter
ing, magnetic study, 703.

Copper-nickel-tungsten alloys, W-rich, 
857.

Copper-tin alloys, use of fusible Pb-Sb  
cores, 856.

Copper-tungsten compacts, elect, con
tacts, 27, 4S7.

Copper-zinc compacts, from pre-alloyed 
powder, 2S.

Friction materials, prepn. &  properties, 
261.

Hard-metal alloys, formation of bubbles 
&  zoned structure, 704 ; qual. control, 
705 ; scaling behaviour &  oxidn. 
resistance, 178, 487 ; survey, 488.

High-temperature-service alloys, 261, 
10 15 .

Iron, Cu infiltration, 10 18 ;  cycle- 
sintering, 485; for eng. purposes, 
260; sintering at 1000° C., 10 8 ;
strip rolling, 2 6 1 ;  use of fusible 
Cu-Zn cores, 856.

Iron-nickel alloys, glass-to-metal seals, 
857.

Kentanium, properties, 777.
Magnesium alloys, properties of ex 

trusions, 243, 756.
Magnetic materials, 703 ; permanent 

magnet prodn., 259, 625, 855.
M ercury-silver alloys, a t room temp., 

839.
Metal-ceramics, 416, 487, 488, 856, 857, 

10 15  ; for gas turbines, 2 6 1 ;  TiC-base, 
oxidn. &  properties, 15 .

Molybdenum, change in properties by 
sintering variation, 2 8 ; crucible 
prodn., 209 ; effect of working on 
properties, 3, 549 ; mech. properties, 
136, 740 ; partiele-size distribn., 27.

P ro ta l p ro cess

Powder metallurgy of—
Molybdenum alloys, binary, properties, 

626 ; 1 1 ,  sintered, 626, 838. 
Molybdcnum-tungsten alloys, elect, sin

tering of bars, 260.
Nickel, particle size, 703 ; sintering at 

770°—1200° C., 108. 
Nickol-titanium-carbide alloys, proper

ties, 777.
Niobium oxide, ceramic prodn., 798. 
Niobium-zirconium carbide, 416 , 487. 
Sendust, cores, 4S5.
Silver, sintering at 600°-800° C., 108. 
Silver-tungsten compacts, elect, contacts, 

27, 487.
Steel, for eng. purposes, 260.
Titanium carbides, bonded, 178, 415 , 487, 

777 ; metal-ceramics, 15  ; prcssure- 
siDtcrcd, 25 ; pure, 26. 

Titanium-tungsten carbides, cemented, 
635.

Tungsten, change in properties by sinter
ing variation, 28 ; infiltration with 
Cu &  Ag, 4S7 ; lamp filaments, 857 ; 
sintering of doped powder, 415 . 

Tungsten carbides, appns., 855 ; ce
mented, role of hinder phase, 578 ; 
design problems, 857 ; flame-plating, 
497, 584; for liard-facing, 8 4 1 ;
manuf. of dies, 579.

Vitallium, 4 13 .
Zirconium, 108.

Powders of metals &  alloys (sec also under 
names of metals & alloys), A.S.T.M . 
rep., 1 1 0 ; diffusion at cathode in 
electrolysis, 783 ; compression be
haviour, 27, 262, 636 ; effect of
surface active agents, 7 1 1 ;  electro
lytic prodn., 7 15 , 783, 876 ; in ex
plosives, 3 1 1  ; grain-size, fe surface 
activity, 261 ; ferromagnetic, slngle- 
domnin structure, 683 ; ferromagnetic, 
ultra-fine, 703 ; fu lly alloyed, 2 8 ; 
granulometric sepn., 1034 ; ignition 
temp. & explosion hazards, 234 ; 
indust. appns., 368 ; in met. research, 
857 ; opt. scattering by layer distribn., 
235 ; prepn. by oxide redn., 28 ; 
reactivity changes &  gas sorption, 
617 ; relative hardness detn. of 
particles, 5 14 ;  strain-rclief, 350 ; 
surface area detn., 109, 858 ; vol. 
detn. of degree of redn., 1 1 6 ;  X -ray  
diffraction, extinction effects, 259, 
475.

Praseodymium,
analysis, sec Analysis. 
corrosion, see Corrosion. 
crystal lattice consts., 255. 
refining, seo Refining. 
supraconductivity, 135 . 
thermomagnetic study, 229.

Praseodymium compounds, see Alloys &  
Compounds.

Precious metals (see also under names of 
metals), scrap recovery, 880.

Presses,
extrusion, automatic, 661 ; high*capacity, 

059, 797.
forging, for cored process, 37 7 ; dies, 724 ;

high-capacity, 917. 
hot, for powder compacts, 705. 
hydraulic, forging, 799 ; Hydroform, 

659, 916 ; rubber-die, 728 ; for
stretch-forming, 9 13  ; Whceldon, 659. 

safety precautions, 123. 
tool maintenance, 602.

Pressing of—
Brass, effect of grain-size, 296 ; hot, 

295, 915 .
Titanium, cold, 377.

Pressure, effect on latent heat of fusion & 
sp. vol. difference in liq. &  solid 
metals a t m .p., 234 ; effect on solid 
soly. of metals, 568 ; vol. change, 458.

Printing trade, electrotyped gravure 
cylinder, 36 ; hydro-cast backing-up, 
47 ; metal inks, 534 ; Sn-plating, 35 ; 
testing of stereotype, 42 ; use of Mg 
alloys, 532 ; wear properties of electro
type, 1 1 2 .

Promethium,
analysis, see Analysis. 
spectrochemistry, list of lines, intensities 

& wave-lengths, 644.
Protactinium,

analysis, see Analysis. 
electrodeposition, see Electrodeposilion. 
potential of deposit on different metals, 

37.
preparation, 229. 
structure, 22.

Protactinium compounds, see Alloys &  
Compounds.

Protal process, see Protection o f A lu 
minium.



P ro tec tio n Subject Index R o llin g

Protection,
cathodic, above-ground, for oil tank, 

18 2 ; anode design, 272 ; calcn. 
of potentials, 2 72 ; effect on anti
corrosive paint, 272 ; methods, 268, 
58 3 ; in sea-water, 272, 642; under
ground, 272, 586, 641. 

chemical (see also Chromizing, Phos- 
phating), 867 ; benzoates, 32, 33, 
272, 7 12  ; Jenolito process, 867; 
vapour-phase, 33, 272, 7 12  ; use of 
N a P 0 3 glass, 182. 

coatings (soe also Cladding, Coalings, 
Electrodeposilion, Galvanizing, S p ray
ing, Tinning), ceramic, 182, 356,
780 ; flame-plated with WC powder, 
497, 584; inorg., book, 606 (rev.); 
org., 423. 

high-temperature, 780. 
methods, evaluation, 642 ; non-electro- 

lytic, book, 223 (rev.); progress, 34. 
temporary, in packaging, 33, 272, 7 12 .

Protection of—•
Aluminium &  aluminium alloys, a ir

craft, 639 ; by benzoates, 3 2 ; 
cathodic, 269, 863 ; chem., 4 2 1 ;  by 
hard-coating process, 17 9 ; by Irldito 
chromate process, 584 ; by nat. oxide 
film, 269 ; by paints, 422, 779 ;
Protal process, 3 1 .

Cables, underground, cathodic, 586. 
Cadmium, electro deposits on steel by 

chromato-passivation, 269 ; b y phos
phate treatment, 182. 

Chromium-copper alloys, electrodeposits, 
by clear lacquers, 18 1 .

Copper, by benzoates, 3 2 ; powder, 
7 1 1 ;  b y  purple of Cassius, 270 ; by 
vinyl primers, 525.

Copper alloys, 498.
Galvanized products, rain-water tanks, 

b y  glassy metaphosphates, 865. 
High-temperature-service alloys, b y 

ceramic coatings, 1S2, 356.
Iron, 864; apparatus, by inhibitors Sc 

coatings, 1023 ; economy, 868 ; grey, 
356, 585 ; by reaction with A 1F 3 at 
elevated temp., 18 1 .

Magnesium alloys, 32, 497.
Molybdenum, high-temp., by coatings, 

356, 498 ; b y SiO film, 422.
Pipe-lines, cathodic, 423, 586, 641, 1023 ;

by liners, 422 ; underground, S66. 
Silver, against tarnish, 270.
Steel, 864 ; by Al, 269, 779, 780 ;

cathodic, 586, 642; b y diffusion- 
coatings, 496, 866; economy, 868 ; in 
packaging, 33 ; by  sherardizing, 1023 ; 
b y sprayed coatings, 269, 271 ; from 
S-redg. bacteria, 586 ; structural
sections, 7 1 1 ;  b y  T i impregnation, 
865; tinning vs. lacquering, 584; 
Zincilate process, 423.

Zinc, b y  benzoates, 3 2 ; b y  clear
lacquers, 1 8 1 ;  die-castings, by brass 
plating, 950 ; by phosphate treatment, 
182.

Pyrometers, immersion, construction, 3 7 1 ;  
millivoltmeter, &  automatic control, 
904 ; opt., for surface-temp., 372 ; 
radiation-, 903 ; types &  precautions, 
5 1 1 ,  901.

Pyrometry, indust., use of infra-red photo
graphy, 904.

Quality control, 204, 520, 593-596, 657.

Radar equipment, A l hemisphere, 944 ; 
use of light metals in Franco, 10 5 1.

Radiation damage to metals Sc alloys, 
X -ra y  study, 258, 547, 776.

Radioactive isotopes,
industrial, book, 665 ; precautions, 124, 

372, 593, 964, 967. 
tracers in research, 964, 965 ; on cation 

adsorption, 7 18 ;  on diffusion, 610, 
826 ; on ion-exchange reactions, 587, 
7 16 , 7 18 ; on friction Sc wear, 7, 234, 
328, 593, 616 ; on surface reactions in 
solns., 876.

Radiology (see also Micro-radiography Sc 
X-rays).

auto-, metal transfer in sliding, 7 ;  
photographic data, 434 ; self-dif
fusion cocffs., 2 .

0-ray-, in thickness measurement, 653, 
654. 

electron-, 290.
y-ray, equipment, 3 7 1, 372, 5 16  ; m a

terial testing, 202, 652 ; photoelect, 
absorption by L  Sc K  layers of atoms, 
332 ; sources for indust. appns., 
44, 434, 5 16 , 593, 652, 902 ; th ick
ness detn., 653 ; viscosity detn., 200.

Radiology,
industrial, hook, 319  (ret*.); Picker- 

Polaroid process, 516 . 
miniature, 202.
technique, for detn. of surface potential 

distribn., 592 ; errors, 4 3 3 ; high- 
voltage, 652 ; for sensitivity detn., & 
penetrameter types, 648.

Radon, appn. in testing, 902.
Railway construction, bearings, 503, 804, 

9 4 1 ; gas-turbine locomotive, 942 ; 
liand-basins, 1047 ; Heliarc wolds, 444 ; 
light-alloy wagons, 941 ; materials, 
304,533 ; pneumatic-tyre coaches, 304, 
9 4 1 ;  refrigerators, SO I; Talgo train, 
10 5 0 ; terminus platforms, 104 9 ; 
wt. saving by light metals, 1049, 1050.

Rare-earth alloys, see Alloys <£* Compounds.
Rare-earth elements, 

analysis, seo Analysis. 
atomic radius contraction, 105. 
bibliography, 556. 
corrosion, see Corrosion. 
crystal structure, 255. 
oxidation, see Oxidation. 
periodic table, positions, 822. 
preparation, &  alloying behaviour, 1027. 
refining, see Refining.

Rare metals, biblio., 6.
Recrystallization, cold-worked, 346 ; inter

face migration, 775 ; recovery, 633 ; 
solidn., 10 5 ; survey, 2 4 ; work- 
hardened, 10 14 .

Refining, chemistry, book, 734 (rev.); 
electrolytic Sc electrothermal, 506, 7 15  ; 
high-vacuum redn. of oxides with Zr, 
18 8 ; mechanism of redn. of oxides &  
sulphides, 40, 506 ; processes at R o ya l 
Mint, 880 ; vacuum technique, 362, 
505 ; zone-melting principles, 293.

Refining of—
Alnico, scrap, from magnet manuf., 912. 
Aluminium, electrolytic, 36 1, 505, 7 15 ;  

secondary, by Gadeau process, soln. 
potentials of noblo metals, 18 7 ; 
vacuum redn. with Zr, 188.

Aluminium alloys, scrap, C l-N  process, 
9 1 1 ;  scrap, electrolytic, 36 1, 7 15 . 

Barium , vacuum redn. with Zr, 188. 
Bronze, scrap, 505, 879.
Cadmium, electrolytic, 7 15 .
Calcium, vacuum redn., 1S8, 505.
Cerium, 37, 188.
Chromium, electrolytic, 7 15 .
Cobalt, b y chem. leaching, from sulphide 

concentrates, 7 18 ;  decarburization, 
362 ; electrolytic, 7 15 .

Copper, hook, 667 ; by chem. leaching 
from sulphide concentrates, 7 18 ;  
electrolytic Sc electrothermal, 7 15 ;  
oxide &  sulphide redn., 40 ; relation 
to alloy prepn., 187 ; sepn. from Zn 
in waste liquors, 205 ; SnOa inclusions, 
7 17 .

Copper alloys, removal of Al, Mn, Si, P , 
Fe , Sc Zn by blowing with air or 0 , 362. 

Gadolinium, 188, 1027.
Germanium, from flue dust, 879.
Gold, electrolytic &  electrothermal, 7 15  : 

electrolytic, with half-wave rectified 
A.C., 187 ; scrap, electrolytic, 879. 

Indium, solvent extraction, 7 17 . 
Lanthanum, 37, 188.
Lead, desilvering by Parkes process, 187 ; 

electrolytic, &  electrothermal, 7 15 ;  
K roll-Betterton process, 690. 

Low-melting-point metals, b y under- 
pour method, IBS.

Magnesium, 188, 505.
Manganese, electrolytic, 7 15 .
Mercury, 37.
Neodymium, b y redn. with Ca, 188. 
Nickel, electrolytic, 7 15 ;  from sulphide 

concentrates by chem. leaching, 718 . 
Niobium, 505.
Platinum, centenary of Heraeus works, 

959.
Praseodymium, redn. with Ca, 188, 506. 
Precious metals, from base-metal resi

dues, 880.
Rare-earth metals, ion-exchange sepn., 

38, 39 ; redn. with Ca, 188, 506. 
Samarium, 188.
Selenium, S80.
Silver, electrolytic &  electrothermal, 

7 15  ; redn. of A g aS by Cu, 40.
Sodium, Castner process, 506 ; O-freo by 

under-pour method, 188.
Tantalum, 505.
Thorium, sepn. from Zr &  Ti, 38.
Tin, electrolytic, 7 15 ;  removal of 

impurities by vacuum  distillation, 
7 18  ; small arat9., 37.

Titanium, kinetics of von Arkel-de Boer 
system , 326, 455 ; sepn. from Zr Sc 
Th, 38.

Refining of—
Vanadium, ductile, by Ca redn., 18 8 ;

from Fe slag, 718 .
Yttrium, 1027.
Zinc, electrolytic, 506, 7 15  ; waste,

912.
Zirconium, rem oval of embrittling gases, 

3S, 505, 506 ; sepn. of Ti &  Th, 38 ; 
Zrl* decompn. In van Arkel process, 
362.

Reflectivity, curves of alloys, 1003 ;
detn. of multiple lamellar films, 7 5 ; 
phase shift &  refractive index as 
function of film thickness, 330.

Reflectors, Al, 7 5 ; coated, by vacuum 
evapn., 2S8, 965 ; detn. of opt. th ick
ness of films during prodn., 42 ; for 
radar, 944 ; for street lamps, 944.

Refractories,
bodies, borides, 175, 1004 ; emissivity 

detn. of oxides, 234 ; fused stabilized 
zirconia, 376 ; Mo &  W halides, 207 ; 
silicides, 95. 

castable, appns., 376. 
ceramic, N b*05-base, 798; permanent 

moulds, 725. 
coatings, vapour-depn., 288, 866, 966. 
core sands, binders, 294; coloured, 

for identification, 725 ; compressi
bility, 909. 

crucibles, 655; prepn. from nitrides, 
9 13 ;  prepn. from U 0 2, 376. 

fire-clay bricks, for 3000° F ., 208. 
industrial, for foundry use, 5 19 , 9 12 ; 

for jet-engines, 808; for molten Bi 
Sc Sn, 5 8 1 ;  for reaction motors, 310  ; 
thermal conductivity detn., 798. 

moulding sands, bentonites, 909 ; binders, 
658 ; cemented, 658; compaction & 
flowability, 293 ; compressed, swelling 
curves, 909; control, 909 ; detn. 
of compn., 1038 ; effect of coal-dust 
addns., 1038 ; effect of grain distribn., 
294, 725 ; effect on surfaces of castings, 
436, 667; fineness test, 796 ; heat 
characteristics, 725, 10 38 ; impact 
tests, 294, 7 25 ; magnesite, 206;
metal penetration, 48, 293; moist, 
heat-flow, 294, 796; olivine, 206, 
796 ; plasticity Sc green strength, 519 ; 
reclamation, 519 , 620; resin-bonded, 
725 ; scabbing, 796; sieve analysis, 
294, 1039 ; surface tension bond, 909 ; 
synthetic, 10 3 8 ; testing method, 
10 39 ; Torre del Lago, 1038 ; treat
ment, 374, 9 10 ; vermieulite, 597 ; 
zlrconite, 436.

Rehbinder effect, 984.
Residual stress (see also Stress), analysis, 

651, 897 ; detn. by hardness measure
ments, 4 1 ;  in machined surfaces, 
329 ; measurement, book, 3 18  (rev.); 
review, 457, 5 18  ; X -ray  detn., 899.

Rhenium,
analysis, see Analysis.
Hall effect, Sc electron configuration, 

619.
production Sc properties, 979. 
uses, 309, 950.

Rhenium alloys, see Alloys &  Compounds.
Rheology, high-temp, research, 327.
Rhodium,

analysis, see Analysis.
Hall effect, 820 ; Sc electron configura

tion, 619. 
nitrogen content, detn. of effects, 678. 
thermal conductivity, low-temp., 146. 
uses, 950.

Righi-Leduc effect, 830.
Riveting, behaviour of large rivets, &  joint 

design in Al structures, 55, 64, 663 ; 
data sheet for Al, 3 1 1 ,  526.

Road vehicles, die-cast bicycles, 950 ; 
fire tender, 940; stressed-skin con
struction, 940 ; use of A l alloy castings, 
804, 940, 970; wt. saving by light 
metals, 1049, 1050.

Rolling,
cold, calcn. of min. strip thickness, 

1042 ; calcn. of roll force &  torque, 
1042 ; deformation study of two- 
phase alloys, 772 ; forming, 296; 
plant, 276, 917 ; with strip tension, 
209; in tube prodn., 2 10 ;  "with WG 
rolls, 524.

mills, Al, Sc Cu, 659 ; Banbury, 4 7 ; 
calcn. of deformation resistance, 
377 ; calcn. of roll dia., 9 18 ; cold-, 
elect, installation, 9 17 ;  conf. rep., 
3 1 1 ;  finishing equipment, 297 : hot, 
1042 ; Rogerstone, 4 7 ; Sendzimir, 
800 ; tandem, detn. of strip tension, 
377 ; two-high, sequence of passes, 
48.

sheet-, relation of thickness to roll dia., 
917 .
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Rolling,
strip-, cold, 9 18 ; cold, clastic compres

sion, 209; min. thickness, 1042 ;
continuous recording of % extension, 
9 17 ;  continuous thickness detn.,
897 ; detn. of tension, 377 ; gauge- 
ineter, 789 ; mechanism, 728 ; plant,
9 18 ; removal of skin, 729 ; roll-
size effects, 800 ; thin, 80. 

theories, review, 48, 523.
Rolling of—

Aluminium, continuous cast bare, 1 19 , 
4 3 3 ; foil Sc rod, 659 ; sequence of 
passes, 48; texture, 99, 473, 695. 

Aluminium alloys, causes of surface 
fissures, 17 ; research, 5 2 1 ;  sheet, 47 ; 
U .S. practice, 47.

Aluminium-copper alloys, cold-, de
formation, 772.

Anticorodal, sequence of passes, IS. 
Antimony-tin alloys, cold-, deformation, 

772.
Beryllium-copper alloys, strip, 918.
Brass, powder process, 2 6 1 ;  sequence 

of passes, 4S.
Bronze, strip, 918.
Copper, 659, 10 4 1 ; Chilean plant, 9 15 ;  

effect of texture on annealing, 99; 
powder process, 2 6 1 ;  pressure 
distribn. between roll &  stock, 208; 
sequence of passes, 48.

Copper alloys, plant, 659 ; Swiss practice, 
917.

Copper-silver alloys, strip, 9IS. 
Copper-tin alloys, cold-, deformation, 

772.
Copper-zinc alloys, cold-, deformation,

772.
Duralumin-type alloys, cold-, 727 ; se

quence of passes, 4 8 ; tapered strip, 
295.

Iron, powder process, 261.
Nickel brass, strip, 918.
Steel, thin sheet, hot, 296.
Titanium, sheet, texture, 700, 1 0 1 1 .  
Uranium, effect on orientation, 103.
Zinc alloys, 916.
Zirconium, cold-, kinetics of thermal 

re-orientation, 768.
Rubidium,

electrical resistivity, low-temp., 452, 680. 
Hall effect, 820.
liquid, viscosity &  characteristic temp.,

323.
Rupture, see Fracture.
Ruthenium,

analysis, b c o  Analysis. 
electrical resistance, 820.
Hall effect, 820; fe electron configura

tion, 619.

Samarium, refining, see Refining.
Samarium alloys, seo Alloys A  Compounds.
Sandwich constructions, Al honeycomb, 

SO5 ; stainless--steel/clad Cu, 806 (seo 
also Cladding).

Sawing of—
Aluminium alloys, 376.

Saws, band-type, design &  appns., 520, 
9 1 1 ,  915.

Scandium, atom ic weight, revision, 140.
Scientific periodicals, list for 1900-1950, 

123 .
Scrap recovery (sco also under names of 

metals, fe Refining), ion-exchange, 
36, 600 ; metal economics, 206, 961 ; 
non-ferrous, 205, 597, 880 ; sorting & 
sampling, 599.

Secondary electron emission,
film, prepn. for electronic tube. 988. 
theory, 14 8 ; of prodn. in solids, 749 ;

Wooldridge, 749. 
under ion-bombardment, as function of 

field strength, 77 ; with positive L i, 
460.

Secondary metals, economics, 206, 901.
Selenium,

adsorption, in soft X -ray  region, 136. 
allotropie transformation, 388. 
analysis, seo Analysis .
0-monoclinic, crystal structure, 1 0 1 . 
crystal lattice distortion, 164. 
electrical resistivity, 4 ; effect of doping 

agents, 4 5 3 ; temp, effect, 821. 
glassy structure, &  catalytic conversion 

to hexagonal cryst. form, S49. 
liquid, elect, conductivity, &  effect of 

Tc, 4, 453. 
optical properties, 4, 453. 
photoconductivity, effect of Hg, 612 ;

of evapd. films, 229. 
production, fe purification, 8S0 (see also 

Refining).
rectifiers, breakdown, 612 ; Cd/Sc harrier 

layer, 229, 697 ; effect of IIg, 612  ;
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Selenium,
rectifiers,

elect, dispersion a t  H .F ., 7 42 ;
electron-diffraction study, 699 ; non
uniformity, &  electron multiplication 
in hard ilow, 7 4 1 ;  in plating, 1 1 3 ;  
positive-current creep, 6 12 ;  temp, 
variation, 6 12. 

single crystals, prepn., 163. 
uses, 389, 950.

Selenium alloys, see Alloys A  Compounds.
Self-diffusion, seo Diffusion.
Semi-conductors, drift-mobilities, 683 ; 

effect of dislocations on mobilities, 
766 ; elect, resistivity changes during 
neutron bombardment, 200 ; electron- 
spin theory, 6S2 ; films, photoelcct. 
&  rectifying action, 8 2 1 ;  galvano- 
magnetic effects, 682, S29 ; magnetism 
of free-charge carriers, 990; mean- 
free path of electrons, 618 ; metal - 
ceramic, 987 ; photoconductivity, re
laxation, 147 ; properties &  appns., 
829; rectifier harrier-layer theory, 
229, 682, 697 ; segregn. of solutes, 
34 5 ; theoret. principles, 147, 682, 
987 ; thcrmomagnetio coeff., 682,
829.

Semi-finished products, hook, 379 ; uses, 
17, 5 3 1.

Sheet metal, drawing behaviour, 377 (see 
also D rawing) ; expanded, 954 ; prodn. 
(see also Rolling), 4 7 ; stretcher-
strain markings, 896; weathering, 
862; working, 971.

Sherardizing, 1023.
Ship-building, barge, 804; cargo lighters, 

942 ; davits, 52 ; lifc-boats 55, 10 19  ; 
materials, 55, 304, 529, 530, 926, 912 , 
970; metal-sprayed hull, 2 7 1 ;  Monel 
boats, 930 ; painting of Al, data sheet, 
3 1 1 ;  pro-stressed hull, 529, 1049; 
propellers, 904, 1037; propulsion
gears, 1 1 9 ;  sailing craft, 5 5 ; sub
stitution of Cu-Si brass for bronze, 
8 35 ; superstructures, 926, 942;
welded construction, 52, 665, 92G,
930.

Silicon,
analysis, see Analysis. 
atomic weight, revision, 14 0 ; X -ray , 

70.
crystal lattice, dislocations, electron 

scattering, 766; parameters, 70. 
elastic constants, 455. 
electron energy bands, calcn. b y cellular 

method, 742. 
films, elect, properties, 4, 230. 
infra-red transmission, absorption hands,

137.
ingots, undoped, 119 . 
melting, see Melting. 
optical constants, inter-relation with 

PbTe, 756. 
plastic deformation, 480. 
semi-conducting, m obility of electrons, 

389, 766 ; p.d. change during neutron 
bombardment, 200. 

specific heat, below 100° K ., 550. 
surfaces, polished, electron-diffraction 

patterns, 701. 
thermal expansion, coeffs., 70. 
thermoelectric properties, positive e.m.f.,

137 . 
uses, 3S9.

Silicon alloys, see Alloys A* Compounds.
Silver,

analysis, see Analysis. 
annealing, see Annealing. 
antiques, compn. of coins, 959 ; Greek 

jewellery, 968. 
coining, see Coining. 
cold-working, see Cold-working. 
corrosion, see Corrosion. 
creep, 142.
cyclotron bombardment, effect on elect, 

resistivity, 547 ; effect on self- 
diffusion, 6 13. 

deposition, see Deposition, Sc Electro- 
deposition. 

diffusion, in Au, dimensional changes, 
134, 452 ; in Cu, 547 ; rate of O, 68, 
1 3 7 ;  self-, 451, 5 5 1, 6 13 ;  self-, effect 
of impurities, 137 , 676. 

elastic properties, anisotropy &  polariza
tion of acoustic waves, 617 ; damp
ing, &  effect of Pb, 994. 

electrical resistivity, anisotropy, 76, 
14 5 ; effect of Mn addns., 96 ; of 
films, 4, 230, 235, 673, 979 ; fe friction 
of contacts, 14 6 ; radiation damage fe 
recovery, 5 17 . 

electrodeposits (see also Electrodeposilion), 
crystal structure, 109, 10 10  ; for elect, 
components 58 5 ; structure in salt 
solns. 874.

S o ld er in g

Silver,
electrodes, anodic &  cathodic behaviour, 

875 ; cathodic H evolution, 36, 501 ; 
cathodic passivation, 588, 874. 

films, atom migration on ZnO crystals, 
344 ; contamination, 453 ; diffusion 
of O on Cu wire, 137 ; elect, pro
perties, 4, 235 ; elect, resistance
changes, 230, 673, 979 ; epitaxy, 258, 
634 ; evapn. on W  filament, 200 ; 
low-temp. properties, 680 ; opt. pro
perties, 230, 330, 986 ; sputtered, 
structure, 10 1  ; work-function, 388. 

flotation properties, effect of O, 68.
Hall effect, &  electron configuration,

619.
hardness, elastic fe plastic, detn., 289. 
industry, Australia, book, 812 ; survey, 

958.
ion-exchange reactions, study by radio

active tracers, 587, 716 , 718 . 
molten, viscosity, 241. 
optical properties, detn. of absorption 

coeff., 2 30 ; reflectivity, 453, 100 1 ; 
refractive index detn., 986 ; of thin 
films, 330. 

oxidation, seo Oxidation. 
powder (see also Powder metallurgy), 

prodn., 716 . 
protection, see Protection. 
rocrystallization, secondary, 479. 
refining, see Refining. 
single crystals, effect of A g depn. on 

work-function, 388. 
sterling, prevention of fire stain b y Al 

addns., 758. 
surface(s), activation, 587, 7 16 ;  ad

sorption of HjO vapour, 129 ; adsorp
tion of Oi, 68, 613 ; electron emission 
in presence of I  vapour, 551 ; friction 
&  metal transfer, 7 ; oriented halide 
overgrowth, 102, 344 ; tarnish-resist
ant, 270 ; tension, in solid state, 70, 
6 13  ; topography, 344. 

thermal conductivity, low-temp., 146. 
thermo-e.m.f., 828.
vapour pressure, &  condensation coeff., 

977.
wettability, effect of gases, 985 ; by 

glass, 558, 801. 
wire, drawing, see Wire-drawing ; effect 

of cold-working &  annealing, 612 ; 
plastic flow during polarization, 983. 

work-function, 133 , 388. 
work-hardening-reannealing cycle, 70, 

453.
Silver alloys, seo Alloys A  Compounds.
Single crystals,

deformation, hands, 634 ; of cleavage 
surfaces, 772 ; effect of surface-
active media, 984 ; slip lines, 347 ; 
X -ray  diffraction of lattice disorienta
tion, 776.

elastic properties, amplitude pulsations 
in vibration, 389, 679; near m.p.,
556.

neutron-diflraction study, 636. 
plastic flow, theory, 142, 143. 
preparation, 891 ; Bridgm an method,

42 ; low-m.p. metals, 287 ; for
plasticity study, 556 ; sucking-up from 
melt, 4 1.

surface, adsorption of gases, 330 ; 
conditions, effect on mech. properties, 
822.

whiskers, growth, 633, 696.
Sintering, see Powder metallurgy.
Sodium,

analysis, sec Analysis.
diffusion, coeff. of vapour in N, 325 ;

self, effect of pressure, 325. 
elastic properties, effect of radiation, 

450, 475.
electrical resistivity, low-tcmp., 137 , 

146, 680.
electronic wave-functions, &  eigenvalues, 

6 13.
liquid, appn. as coolant, &  corrosive 

action, 265, 780 ; compressibility, 
temp, variation, 70 ; elect, resistance, 
146 ; pump, 649. 

metallic, calcn. of g factor, 389. 
production, 506 ; O-free, 188. 
refining, see Refining. 
thermal conductivity, low-temp., 137. 
transformation pressure, effect on heat 

of fusion &  sp. vol. a t  m.p., 234. 
uses, 950.

Softening of metals, effect of cold work, 
144, 824.

Soldering, elect, control, 924 ; H .F . 
induction, 2 12  ; pre-treatment, 731 ; 
review, 527, 1045 ; silver-, see Brazing ; 
ultrasonic, 5 1 , 299; vs. brazing fe 
welding, 924; wire, gun feed, 4 4 1; 
working tem p., detn., 5 1 .
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Soldering of—
Aluminium, methods &  materials, 527, 

731 ; ultrasonic, 5 1 , 299, 527, 924.
Copper &  copper alloys, methods, 927, 

928; statue, 9G8.
Nickel, pipe assemblies, 664.
Tinplate, limitations, 1S3.

Solidification (seo also Casting), effect of 
magnetic field, 8 5 1 ;  effects of u ltra
sonic vibrations, 575 ; rate, 1 0 1 2 ;  
shrinkage, 45.

Solids, adsorption of H a vapour on surfaces, 
12 9 ; chemistry, hook, 218  (rev.); 
diffusion theory, 329 ; gas adsorption, 
330 ; internal stress accompanying 
phase change, 346 ; mechanics & 
physics, journal, 380 ; met. research, 
967; nuclei formation &  crystal 
growth, 576 ; nucleation &  transforma
tion theories, 16 6 ; prim ary solu
bility changes under pressure, 568; 
rupture, ealens. &  experiments, 678 ; 
single-phase, surface &  intorfacial 
tensions, 32 9 ; sp. heats, 827 ; X -ray  
spectroscopy, 3 15 .

Sorby, Henry Clifton, biography, 955.
Sorting of metals (seo also Identification) 

devices, 897.
Specific heat, detn., 747, 10 3 3 ; near m.p., 

392 ; theories, 330, 827.
Spectrometer, direct-reading, 199, 722.

893, 894; Geiger-counter, effect of 
apparatus function on crystallite- 
size detn., 288; microphotometric,
893 ; two-prism quartz, 370 ; X -ray  
microbeam, 1 1 7  ; Z r arc lamp, 370.

Spectroscopy, calcn. of conduction band 
width, 7 0 ; infra-red, tables, 286; 
internat. colloquium, proceedings, 
809 ; mass-, book, 808; nomograms,
894 ; review, 894; X -ray , of solid- 
state problems, 3 15 , 407.

Spinning, technique, 661.
Spinning of—

Aluminium instrument parts, 375 ; re
flectors, 376.

Zinc, technique, 799.
Spraying, metallic, hook, 383 (rev. ) ; 

developments, 423, 7 12 , 10 2 4 ;  flame-, 
272, 971 ; flame-, hook, 8 10 ; hard- 
facing, 934 ; pistol, 3 1 ,  34, 7 12 , 1024 ; 
repair of worn parts, 272, 445, 934; 
review, 2 7 1, 302, 585, 866 ; Schorl 
powder process, 424 ; surface prepn., 
440, 934.

Spraying of—
Aluminium, for high-temp. oxidn. pre

vention, 7 80 ; internal surfaces of 
pipelines, 272 ; for marine appns., 
866; on steel, 269, 779, 780 ; wire 
pistol, 3 1 .

Plastics, flame-, on metal &  non-metals, 
272, 810, 971.

Tungsten carbide, flame-, 497, 780.
Zinc, adhesion of coatings under thermal 

cycling, 2 7 1 ;  on Al castings, 3 1 ;  
flame-, internal surface of pipe lines, 
584; for marine appns., 866; on 
ship hull, 27 1.

Spring materials, 534 ; conservation of Ni, 
309 ; Cu alloy, 806.

Stamping, cold, for coining, 918, 10 4 1 ;  
dies, prodn., 6 6 1 ; drop-hammer-, 
with Kirksite dies, 9I S ; hot-, in 
aircraft industry, 600.

Stamping of—
Aluminium, camera parts, 9 1 1 .
Copper, strip, cold-heading for segments,

915.
Nickel brass, cutlery, 9 15 .

Standardization, N .P .L . symposium, 3 14 ;  
of specifications, 968; Swiss de
velopments, 1056.

Statistical methods, in met. manuf., 5 9 1 ;  
in research, 963.

Statues, 939, 968.
Stitching, see Jo in ing.
Strain (see also Stress &  Testing), be

haviour of metals, 981 ; measure
ment, 200, 792 ; relief in powder 
specimens, 350 ; tensor of edge dis
locations, 851.

Strain-hardening, see Work-hardening.
Strength of materials, hook, 448 (rev.); 

brittle, effect of surface conditions, 
822 ; effect of impurities, 327 ; 
rupture ealens. fe experiments, 678; 
tests, 650 ; thermodynamic theory of 
breaking, 390.

Stress, analysis, 3 -dimensional, 899 ; con
centration, relation to fatigue, 6 15 ; 
concentrations in scabbing, 6 15 ; 
effects, 8 23; internal, see Internal 
stress; onset of necking, 328 ; re
lation to deformation gradients, 824, 
983; relaxation across interfaces,

Stress,
745; residual-, see Residual stress; 
rupture mechanism, 745 ; shear in 
work-hardening, 329, 634; thermal, 
in heat-treatment, 376 ; X -ray  detn., 
290, S99.

Stress/strain relationships, creep, 746, 
983; curve, coeff., I l l ;  curve detn., 
73, 1 1 7 ;  effect of free surface in 
polycryst. metals, 7 3 ; equation, 
9 8 1; Meyer consts., 327 ; theory of 
deformation, 73.

Stretch-forming, machines for aircraft 
components, 659, 728, 9 13 , 914 ;

'  technique for light metals, 797.
Stretcher-strain markings, 896.
Strip, drawing, back-pull factor, 728 ; 

removal of rolling skin, 729 ; soln.- 
treatm ent fe ageing mechanism, 17 .

Stupalith, ceramic, 208.
Supraconductivity,

below 1 °  K ., paramagnetic effect, 7 18 ;
table of crit. temp, fe fields, 620. 

books, 3 14 , 537, 812. 
destruction by A.C., effect of frequency, 

72, 236, 389 ; b y magnetic field, 236, 
6 13.

electrodynamic potential, 332, 459. 
galvanometer, 5 12 .
interactions, of electron-lattice vibra

tions, 9, 77, 681, 748 ; of fields, 682. 
isotope effect, 69, 549, 553, 749. 
relation to sp. heat, 69, 548, 549. 
superlattices, 9 ; &  Brillouin zones, 23. 
theory, 237, 459, 682, 987 ; book, 314  ; 

&  Eigenfunctions, 748 ; London, 
•159, 829 ; 2-fluid model, 749. 

thermodynamics, statistical, 9, 749. 
transition, effect of surface energy, 

748 ; measurements, 986 ; nature, 6 8 1; 
to normal state, 235, 393, 459, 6 13  ; 
temp, values, 135 , 620, 680; velocity, 
77.

Supraconductors, Bi compds., 570, 764 ; 
entropy in magnetic fields, 829 ; 
gyromagnetic effect, 749 ; heat ca
pacity variations, 748 ; heat transfer, 
570 ; magnetic threshold curve, 147 ; 
Meissner effect in rotating sphere, 5, 
6 8 1 ; NbN bolometer for micro
wave detection, 567 ; penetration of 
magnetic fields, 5, 5 5 3 ; thermal
conductivity in intermediate state, 552.

Surface(s),
adsorption (see also Gasjmetal reactions), 

7 7 1 ;  activated, &  heterogeneity, 
234 ; of HjO vapour on solids, 129. 

damage (see also Friction), detn., 10 3 5 ; 
stretcher-strain markings, 896; sur
v ey, 74 ; wave deformation in con
tact, 390.

energy, detn. by molecular orbitals, 
617 ; effect on supraconducting phase 
transition, 748 ; intcrfacial, of solid/ 
gas & solid/liq., 747 ; interfacial, solid/ 
solid, 789 ; theory, 747. 

filamentary growth, causes &  nature of 
whiskers, 633, 696, 820. 

finish (see also Finishing), Brush 
Analyser, 1035 ; electron-diffraction 
study, 701, 853 ; evaluation, 289, 
591, 7 9 1 ; pneumatic gauging, 791,
1035.

impedance, in anomalous region, 620. 
interactions, effect of film formation, 

825; in solns., study with radioiso
topes, 876; with molecular dipoles, 
746; with steam, 391. 

phenomena, 747.
state, counting rate in met. study, 350 ; 

effect on chem. behaviour, 863; 
effect on contact resistance, 76 ; 
effect on U .F . resistance, 828 ; effect 
on mech. properties, 822 ; electron- 
microscopo study in reflection, 260; 
high-magnification topography, 7 0 1 ;  
study in polarized light, book, 221  
(rev.); weakness &  effect of treatment 
on properties of materials, 327. 

structure, effect of abrasive treatment, 
852; effect of adsorption, 7 7 1 ;  
microscopic study, 791, 853. 

temperature (seo also T'cmperaiure), 
measurement recorder, 902. 

tension, calcn. formulas, 390 ; of eutectics, 
10 0 5 ; of grain boundaries, 774 ; 
measurement &  control in plating, 
358 ; of melts, 69 ; of single-phase 
solids, 329 ; in sintering, 7 ;  of 
solids, 68, 70 ; theory, 391 ; wetting 
effect &  liquostriction, 985.

Tantalum,
analysis, see Analysis. 
chemistry, 194, 885.

Tantalum,
corrosion-resistance (see also Corrosion), 

to chemicals, 265. 
diffusion &  soly. of Oa, 742. 
eddy currents in rotating cylinder at liq.

He temp., 5, 681. 
electrical resistance, radiation damage & 

recovery, 547. 
electrochemistry, 501. 
electron emission, &  reflection of ions,

987.
isotopes in radiography, 44, 652, 902. 
machining, sec M achining. 
nitrogen content, detn. of effects, 67S. 
recrystallization, 102 . 
supraconducting, measurements in tran

sition region, 986 ; Meissner effect, 5, 
6 8 1 ; transition peculiarities, 235. 

thermal conductivity, low-temp., 146. 
uses, 3 12 , 949; in chcm. equipment, 

352 ; in electrolytic capaeitators, 309 ; 
for skull grafting, 309. 

welding, see Welding.
X -ray absorption edges, 454.

Tantalum alloys, see Alloys &  Compounds.
Technetium,

analysis, see Analysis. 
effect of chcm. state on life of isomer, 

70, 7 1.
internal conversion, 70, 7 1. 
metallic, prepn. 4. 
properties, chem. &  phys., 137 . 
spectrochemistry, list of lines, intensities 

&  wave-lengths, 644.
Telecommunications, equipment, 306.
Tellurium,

analysis, see Analysis. 
current rectification in point-contact 

with metals, 137. 
electrical resistivity, 4, 469 ; of cvapd.

films, 325, 389 ; in magnetic field, 77. 
energy gap, 7 1.
Hall effect, 4 ; double reversal, 5. 
hardness, electrocapillary effect, 823. 
semi-conducting, properties, 230. 
single crystals, opt. polarization, 742. 
uses, 950.

Tellurium alloys, see Alloys A  Compounds.
Temperature,

characteristic, Debye, 9, 330, 458. 
high, failure, 850 ; measurement of 

properties, 287 ; microscopy, 850; 
properties of intermetallic compds., 
568 ; protective coatings, 780 ; strengt h 
of m aterials, 628, 629; thermal con
ductivity, 76. 

low, construction materials, 3 12 , 105-1; 
effect on aircraft materials, 156, -102 ; 
infra-red absorption by metals, 559, 
6 18 ; magnetic susceptibilities, 225 ; 
mech. properties of metals, rep., 140, 
220 (ret*.); physics, book, 537 ; test 
chamber, 789. 

measurement, automatic recorder, 1033 ; 
comparison of methods for molten 
metals, 9 0 1; &  control, indust.,
3 7 1, 902, 904; H .F . induction, on 
surfaces of thin tubes, 3 7 2 ; sur
face-, 902; techn., book, 735 (rev.).

Tensile properties, cohesive strength & 
rupture, 678 ; elongation, spontaneous 
&  discontinuous, 232 ; yield stress & 
onset of necking, 328, 455.

Terbium compounds, see Alloys A  Com
pounds.

Testing,
creep, equipment, 199, 591 ; recording 

system, 722 ; research station, 118 , 
895 ; servo-system for const, stress, 
200.

fatigue, 5 9 1 ;  axial compression, 5 1 3 ;  
damping changes, 6 16 ; effect of alt. 
stress, book, 127 (rev.); effect of 
cross-scctional area, 823 ; effect of 
specimen size, 722 ; equipment, 4 31, 
895; evaluation, 895 ; hot, 4 3 1 ;  
low-temp., 5 1 3 ;  measurement of 
load, 289; measurement of periodic 
strains, 792 ; notch-, 983 ; size 
effect, 1033. 

hardness, A.S.T.M . rep., 701, 1033 ;
book, 668; double-cone diamond 
indenter, 896; effect of work- 
hardening on profile of mound, 616 ; 
elastic fe plastic, 289; equipment 
10 3 3 ; Erichsen indentation, 289 ; 
Hanemann-micro-tester, 831 ; high- 
tem p., 3 7 1 ;  low-load instruments, 
200; micro-, 20 1, 370, 5 13 , 396; 
micro-, electron-microscope detn. of 
indentation, 4 3 1 ;  in micro-porosity 
detn., 289; penetration, 5 1 3 ;  of 
powder particles, 5 14 ;  for residual 
stress detn., 4 1 ;  &  strength of
materials, 650 ; survey, 5 14  ; Vickers 
&  Knoop, 896.
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Testing,
machines, autographic load /.strain re

corders, 894; B .W .It.A . lab., 369 ; 
checking b y  strain-gauges, 5 14 , 1033 ; 
combined-stresa, S 9 3 ; electronic,
200, 651, 792; oxtonsometers, 200, 
431, 801 ; Ford plant, 974 ; hydraulic, 
5 1 3 ;  impedance comparator, 648; 
m etal detectors. 967; pendulum, 
370, 647 ; pcnctramotors, 648 ; photo- 
dilatometers, 36 7 ; for sorting of 
metals, 897 ; speed control, 895 ; 
Swiss, 591.

magnetic, developments, 6 51, 892, 1038 ; 
elasticity, 723 ; instruments, 1035 ;
muiti-directional, 2 0 2 ; -particle 
method, 5 15 , 792 : powder process, 
book, 314  ; torque recorder, 894. 

methods, A.S.T.M . rcp„ 1 17 ,  791, 1033 ; 
developments, 5 9 1 ;  indust., books, 
122, 380; for jot aircraft, 2 0 1 ;
mech., 199, 896; mech., book, 667 ; 
for stereotype, 42. 

non-destructive (see also Inspection), 
A.S.T.M . rep., 12 0 ;  Coltman-inmgo 
tube, 44 ; comparator, 64S ; electronic,
201, 202 ; equipment, 290, 37 1, 899 ; 
fluoroscopic, 44, 368 ; magnetic, 
seo abovo magnetic; personnel train
ing, 900; quality control for a ir
frames, 792; radiographic, 44, 203, 
368, 652, 902 ; survey, 43, 433, 5 15 , 
792, 899, 1035 ; ultrasonic, seo below 
ultrasonic; ultra-violet, 592.

strain-gaugos, bondcd-wirc, 048, 898; 
elect.-resistance, 3 7 1, 591, 898, 899 ; 
high-temp., 898, 899 ; opt. for elevated 
temp., 897 ; selection chart, S99. 

tensile, brittleness, 74, 982 ; Dilastrain, 
289; effect of lubricants, 7 1 ;  im 
pact-, 895, 982 ; mathematics, 981. 

torsion, 74, 6 17, 896. 
ultrasonic, of bonding, 289, 592 ;

curved-crystal resonance, 202 ; errors, 
6 52 ; instrument, 724 ; pulso tech
nique for olostic const, detn., 650, 
651, 897; survey, 443, 792, 900 ; 
thickness detn., 43, 1 19 , 5 15 . 

wear, indust., 43, 897 ; with radio
active tracers, 593.

Testing of—■
Alclad, alt. bend, notch-impact, 238. 
Aluminium, fatiguo, 895 ; micro-porosity 

by hardness detn., 289 ; rivets, 55 ; 
tensile, eil'cct of machining, 751, 989 : 
tensile impact, 977 ; tensile, uso of
cine camera, 368; welds, X -ray
standards, 202.

Aluminium alloys, cast, bend vs. tensile, 
7 2 1 ;  compressive, 8 7 ; dilatometrio 
dotn. of solidus temp., 367 ; Krichsen 
indentation, 289; fatiguo, 396, 791, 
831, 832, 895, 989; ilush-rivctod 
joints, fatiguo &  static strength, 649 ; 
micro-hardnoss, 8 3 1 ;  resin-bonded 
joints, axial-load fatigue, 41 ; rods, 
stress/strain impact, 791 ; sheet,
surfaces, 896; spot welded, fatigue, 
8 0 1; tensile, 79, 7 5 1, 9S9; welded 
plates, falling-weight impact, 890. 

Aluminium-magncsium alloys, creep,
effect of pptn. processes, 79 ; rods, 
stress/strain, 791.

Aluminium-zino alloys, fatiguo, effect 
of frequency, 791.

Bearing materials, for Ford engine, 118 . 
Beryllium-copper alloys, inarino gear,

119 .
Ceramics, non-dostructive, 44. 
Chromium-cobalt-iron—nickel alloys, 

crecp-rupture, 757.
Chromium — iron — molybdenum — nickel — 

titanium alloys, crecp-rupture, 757. 
Copper, A .S.T.M . specifications, 12 2 :  

compacts, hardness, 10 7 ; detn. of 
forces &  loads, 896; tine wires, 723 ; 
tensile, effect of speed, 819, 977 ; 
torsional, texture, 1009.

Copper alloys, effect of strcss-corrosion, 
264, 10 19  ; hydraulic castings, 1037 ; 
tensile, effect of speed. 819, 977. 

Duralumin, hardness, 482. 
High-temperature-service alloys, 403, 

47 1, 472, 791, 1005 ; comb- stress, 
S93.

Iron, wear, 43.
Lead, bend, effect of frequenoy, 6 8 ; 

compression, at extrusion temp., 
6S.

Magnesium alloys, creep, effect of pptn.
processes, 79.

Nimonio alloys, creep-, for gas turbines, 
199 S95.

6 1S alloys, fillet welds, 441.
75S alloy, fatigue, 831.
76S alloy, fatigue, 832.
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Testing of—
Sheet metal, deop-drawability, 896; 

thin specimens, compressive stress/ 
strain, 1 17 .

Steels, fatigue, effect of frequeues’ , 7 9 1 ;  
hardness, 482 ; hot-workability by 
torsion, 2 0 1 ; marino gear, 1 1 9 ;  
sheet, surfaces, 896 ; torque magneto
meter, 891.

Tin, hardness, 482; tensile, singlo 
crystals, effect of lubricants, 7 1. 

Tinplate, 422 ; b y torquo magnetometer, 
894.

Titanium carbide, hardness, 482 ; non
destructive, 44.

Tubes, internal stress, 723.
Tungsten, wire, sag-, 954, 1054.
Tungsten carbide, non-destructive, 44. 
Wire, abrasion-resistance of coatings, 

5 1 5 ;  alternate torsion, 10 3 4 ; for 
telecommunications, 723.

Zinc, sheet, tensile, 555.
Textile industry, constructional materials, 

5 3 1 , 532, 943 ; printing roll prodn., 
1042.

Thallium,
analysis, seo Analysis. 
bibliography, 1054. 
diffusion in In, 3.
electrode potential, contact difference 

with liq. Hg, 873. 
electrolytio, 424.
hardness, clectrocapillary effect, 823. 
molten (see also MeUing), X -ray  study, 

105.
polarization phenomena, cathodic &  

anodic, 875. 
supraconducting, effect of pressure, 980 ; 

isotopo effect, 553 ; measurement in 
transition region, 986; transition 
temp, of layers condensed a t  low temp.,
680.

transformation, a -> 0, effect of cooling 
rate, 103. 

uses, 950.
Thallium alloys, see Alloys A  Compounds.
Thermal analysis, a t low rates of heating, 

1033.
Thermal conductivity (seo also Heat- 

transfer), coeff. detn., 287, 392 ; effect 
of lattice vibration spectrum, 748; 
high-temp., 986 ; law of change in 
magnetic field, 827 ; low-temp., 146, 
246, 6 18 ; of refractories, 798 ; re
sistance of joints between stationary 
m etal surfaces, 559 ; theory, 392.

Thermal expansion, in cu. metals, 3 9 1 ;  
relation to true Y .P .,  289.

Thermocouples, construction &  properties, 
37 1, 902, 903; e.m.f., 137 , 9 0 1;
reference tables, 3 12 , 901.

Thermodynamics, of binary mixtures, 
247 ; book, 125  (rcu.); breaking 
strength, theory, 390 ; of cryst. solns., 
248, 565 ; Ferm i-Thom as theory, 76 ; 
high-temp., 76 ; properties of elements, 
7 5 ; relationship to thermomagnetic 
effects, 14 8 ; of sulphides, 1 5 7 ;  
of supraconductivit}', 9, 749.

Thermoelectric effects,
behaviour at low temp. 619. 
e.m.f., abs. & differential, of thin films & 

wires, 828; change, 459; of Fe/H g 
couple, 557 ; homogeneous, in wire, 
459 ; relation to purity, 828. 

secondary, Ettingshausen fe Nernst,
830.

Thermometers, resistance-, calibration in 
ll ° - 9 0 °  K . range, 374 ; C-compn., 
low-temp. characteristics, 37 4 ; com
mercial elements, pamphlet, 5 3 5 ; 
conversion of values to °C., 3 7 3 ; 
for up to 750° C., 903.

Thickness measurement, see Inspection.
Thomas-Fermi-Dirac equation, 16 1.
Thomson effect, 999.
Thorium,

analysis, see Analysis. 
combustion, heat, 138. 
evaporation, surface distribn. on thori- 

ated-\V filaments, 822. 
health hazards, 970. 
refining, see Refining. 
thermal conductivity, high-temp., 986.

Thorium compounds, see Alloys A  Com
pounds.

Tin,
analysis, see Analysis. 
antiques, coinage, 960. 
coining, see Coining. 
corrosion-resistance (seo also Corrosion), 

book, 56.
creep-time equation for const, stress,

142.
crystals, elasticity near m.p., 556 ; tetra

gonal, plane angles, 537.

T ita n iu m

Tin,
electrical resistivity, of grey Sn, 7 1 ;

H .F . in normal &  supraconducting 
state, 6 8 1 ;  surfaco conductivity at
H .F ., 552 ; of thin layers with lattice 
defects, 742 ; transformation velocity, 
77.

electrochemical behaviour, cathodic & 
anodic polarization, 875. 

electrodeposits (seealso Electrodeposition), 
164, 2 13 , 1026. 

films, low-temp. properties, 680 ; sput
tered, sp. resistance detn. during 
formation, 676. 

grey, elect, properties, 71 ; formation 
in refrigerator equipment, 3 10  ; m ag
netic susceptibility relationship, 990 ; 
prepn., 551 ; sp. heat, 4 5 1 ;  trans
formation at low temp., 6, 3 10 , 676. 

magnetic susceptibility, change at low 
temp, with strength of field, 225. 

molten (see also Melting), contact angle 
with silica, detn., 8 2 1 ;  electron 
emission &  reflection of ions, 987; 
heats of soln. of Au, Ag, &  Cu, 3 2 5 ; 
nucleus formation of super-cooled 
droplets, 22, 345, 770 ; surfaco
tension, 69, 5 5 1, 8 2 1 ;  viscosity, 7 1 ;  
X -rav  study, 105. 

oxidation, see Oxidation. 
production, electrothermic, 876 ; roviow, 

587 ; supply situation, 960 ; vacuum 
distillation, 718 . 

refining, see Refining. 
research rep., 960.
single crystal(s), effect of dimensions on 

stress/strain curve, 7 1 ;  effect of 
surface-active media on deformation, 
7 1, 984; growth from melt, 4 1, 287, 
766 ; spherical prepn., 368 ; surfaco 
effects in slip & twinning, 343. 

supraconducting, effect of audiofre
quencies, 72, 389 ; elect, resistance fe 
vol. changes, 980 ; gyromagnetic effect, 
749 ; isotope effect, 454, 549, 552, 553 ; 
magnetic transition to normal, 393, 
6 13 , 980; measurement in transition 
region, 986; Meissner effect, 5, 6 8 1; 
penetration of magnetic field, 5, 553 ; 
phase diagr. of temp., current &  
magnetic field, 742 ; spheres a t  liq. 
He tem p., 5, 6 13, 6 8 1 ; transition 
peculiarities, 77, 235, 6 13 ;  transition 
temp. &  lattice defects, 8 2 1 ;  transi
tion temp, of layers condensed at low 
tem p., 680. 

surfaces, infra-red absorption a t  low 
temp., 559, 618 ; whisker growth, 696. 

testing, see Testing.
thermal conductivity, in intermediate 

state, 3, 552. 
uses, in eng. construction, 310 . 
whiskers, deformation, 454 ; growth,

696.
Tin alloys, see Alloys A  Compounds.
Tinning, electrometallurgy (see also Electro- 

deposition o f Tin), 164, 587, 10 26 ; 
hot-dip, 270, 497, 865, 1023 ; plant at 
Trostre, 1S 1 ,  865 ; use of beef tallow, 
865.

Tinplate (see also under Annealing, Clean
ing, Etching, Lacquering, Soldering, 
'Testing), defects, 584; electrolytic 
thickness detn. of Sn &  Sn-Fo layers, 
355 ; fabrication, use of continuous 
strip, 600 ; marking by etched designs, 
865 ; microstructure, 584 ; scrap 
de tinning, 587.

Titanium,
analysis, see Analysis. 
coatings, prodn. on steel, &  nitriding,

865.
commercial, effect of low temp, in a ir

craft, 402 ; mech. properties, 743, 
980.

corrosion-resistance (see also Corrosion), 
to chemicals, 265, 4 9 1 ; evaluation, 
230, 638. 

creep properties, 455, 743. 
crystals, plane angles, 10 3 ;  preferred 

orientation, 700; slip &  twinning, 
effect on plastic flow*, 480, 767, 849. 

deformation textures, 700, S49, 10 1 1 .  
developments, 138 , 389, 980; Amer., 

676; Australian, 9 3 ; book, 814 
(rev.); Canadian, 3 1 0 ;  review’, 230. 

drawing, seo Drawing. 
electrochemistry, 501. 
electrical resistivity, anisotropy, 76. 
etching, see Etching. 
forging, see Forging. 
forming, see Form ing. 
grinding, see Grinding. 
hardness, conversion, &  relation to 

tensile strength, 614 ; effect of nitrid
ing, 470.



T ita n iu m Subject Index W eld in g
Titanium,

ingots, effect of arc-melting on pro
perties, 72, 1039. 

iodide, compression texture, 1 0 2 ; de
formation textures, 700, 1 0 1 1 ;  micro - 
structure &  mech. properties, 743, 
980 ; prodn. kinetics, 320, 455. 

machining, sec Machining. 
mechanical properties, 138, GOO, 743, 

980 ; effect of welding, 8 2 1 ;  fe 
strain-ageing effects, 454, 821. 

melting, sec Mcliing. 
metallography, specimen prepn., 707. 
microstructure, 743, 980; data sheet, 

G32; line markings, &  H content, 
572.

oxidation, seo Oxidation. 
passivity in HC1 solns., 426. 
polishing, seo Polishing. 
powder, combustion, 234. 
production, high-temp. reactions, 744 ; 

kinetics of van A rkel-de Boer hot
wire process, 326, 455. 

refining, see Refining. 
rolling, see Rolling.
scaling, in air a t high tem p., 109, 

861.
specific heat, a t low temp., 747. 
specifications, A.S.T.M ., 954, 105 1. 
thermal conductivity, low-temp., 146. 
transformation, a —> 0, effect of cooling 

rate, 10 3 ;  effect on texture, 700,
1011.

uses, 138, 230, 3 12 , 32G, 807, 945, 950, 
980 ; in A g brazing, 5 1 ;  in aircraft, 
533, 660, 949 ; in chem. equipment, 
3 5 2 ; electrotech., 310. 

welding, see Welding. 
wire-drawing, see Wire-drawing. 
workability, 209, 230. 600, 9 16 ; &

fabrication, 377, 437, 660 ; fe ma- 
chinahility, 627, 728, 840.

Titanium alloys, see Alloys A  Com
pounds.

Tools (see also M achine tools), cemented 
carbide, 104 4 ; hard-facing, 1050 ; 
hard-tipped, 949: non-sparking, 5 3 3 ; 
prodn., 296, 5 18 ;  rock drills, 949, 
1053.

Topology, met. appns., 771.
Toxioity of metals, seo Health hazards.
Transformations (see also Alloys), crystal

lography, 16 6 ; eutcctoid reaction, 
16 7 ; first &  second order, 10 1 3 ;  
linear rate detn. in solids, 578 ; 
martensite, 167, 577, 578 ; n orm al-v  
supraconducting, 7 7 ; phase, rota
tional, 722 ; in pure metals, 16 6 ; 
second order, 396.

Transition metal(s), gas adsorption & 
hydrogenation, 985; interaction of 
d-shells, 1 3 4 ;  nuclear resonance & 
electronic structure, 555 ; thermal 
conductivity at low tem p., 1 1 6 ;  
valencies in metallic state, 8 ; X -ray  
absorption edge of covalently-bonded 
complexes, 407.

Transition-metal alloys, sec Alloys A  Com
pounds.

Transuranium elements, 140.
Tubes,

Bourdon, materials, 808. 
cold-rolled, 2 10 .
collapsible, prodn. from plastic-coated 

foil, 601.
extruded, 9 17 , 10 4 1 ;  scratch-free, 2 10. 
flexible, 808.
production, 47 ; book, 223 (ret?.);

graph, detn. of sequences, 662 ; pro
cesses, 727, 728, 104 1 ; w ax model 
for study of Mannesmann process,
7 2 S.

sinking theory, 209. 
solid-drawn, 56, 104 1.

Tungsten,
analysis, see Analysis. 
book, 3 15  (rev.). 
corrosion, see Corrosion. 
developments, 72, 3 10 ;  supply situa

tion, 960.
electrical resistivity, anisotropy, 76 ; 

fluctuations after annealing, 827 ; 
low-temp., 548. 

electrochemistry, 501. 
electron-microscope study of sub-grain 

structure, 25. 
films, low-temp. properties, 680. 
halide formation, 207. 
hydrogen-adsorption, low-temp., 5 ;  re

versible, 554. 
machining, see M achining. 
powder (see also Powder metallurgy), 

oxide redn. &  d, 2 8 ; particle-size 
distribn., 27 ; X -ray  line-broadening, 
sepn. of particle-size &  stress effects, 
764.

Tungsten,
surface(s), electron emission &  reflection 

of ions, 987 ; hot, abs. coeff. of 
ionization, 9 S 1 ; migration on own 
lattice, 553. 

testing, see Testing. 
thermal conductivity, low-temp., 146. 
uses, 58, 3 12 , 950. 
wear, against clay, 328. 
wire, contg. AljOa, growth process, 14 5 ; 

filament support in A g evapn., 200 ; 
para-II conversion, 5 54 ; thoriated, 
surface distribn. of Th, 822.

Tungsten alloys, seo Alloys A  Compounds.
Turning, lathe for small components,

1044.

Ultrasonics, appns., 726, 966; effect on 
crystn., 5 7 5 ;.  spontaneous polariza
tion of acoustic waves in Cu crystals, 
6 17.

United States of America,
Electrochemical Society, history, 973. 
Mellon Institute, research proceedings,

2 15 .
National Bureau of Standards, work, 

963.
Uranium,

a-, deformation textures &  quant, detn. 
of preferred orientation, 103, 180,
767, 768; single crystal prepn., 700,
807.

0-, crystal structure, 256 ; growth fe 
deformation of single crystals, 10 3 ; 
relation to a phase, 256 ; X -ray  
powder study, 632. 

analysis, see Analysis. 
chemical properties, review, 678. 
combustion, heat, 138. 
electrical resistivity, 554. 
electrolysis (see also Electrodeposition),

heat-capacity, detn., 138. 
industry, Amer., 960. 
magnetic susceptibility, 13S. 
metallography, 23 ; Battello conf., 16 1. 
metallurgy, high-purity, 967 ; review, 

389.
natural, isotopic compn. &  at. weight, 

676.
oxidation, see Oxidation. 
physical properties, review, 677. 
pyrophoricity, &  oxide formation, 637. 
rolling, see Rolling.
thermal conductivity, low-temp., 14 6 ;

&  thermo-e.m.f., 554, 555. 
thermal expansion, low-temp., 230,

554.
Uranium alloys, see Alloys A  Compounds.

Vacuum,
evaporation, see Deposition. 
high-, indust. appns., 966; indust., 

book, 60S (rev.); prodn. by getters,
954.

metallurgy, 45 ; review, 362. 
technique, &  equipment, 5 1 1 ,  891, S92 ; 

use of In, 648.
Valves, diaphragm-, use of A l alloy, 943.
Vanadium,

analysis, see Analysis. 
crystal structure, 16 4 ; lattice para

meter, &  hardness, effect of O &  N, 
326 ; preferred orientation, 256. 

electronic structure, fe nuclear resonance, 
555.

mechanical properties, 5.
production, ductile, 18 8 ; pure, 5 ;

from steel-making slag, 718 . 
recrystallization, in wire &  sheet, 256. 
refining, see Refining. 
supraconductivity, 138. 
uses, 950.

Vanadium compounds, see Alloys A  Com
pounds.

Vapour deposition, see Deposition.
Vapour pressure (see also under names of 

metals), chart, 2 34 ; detn. by in 
duction heating, 287.

Varnish, see Lacriuers.
Velocity of sound in metals, 129, 617.
Viscosity (see also Molten metals), fe 

plasticity, book, 379.
Volta effect, 38, 829.
Volume changes, in solid solns. through 

diffusion, 826.

Waste liquors, in Cu &  brass industry, 
597 ; disposal &  treatm ent, books, 
3 14 , 667 ; ion-exchange treatment & 
metal recovery, 36, 205, 600 ; regula
tions on water pollution, 1055.

Water supplies, A .S.T.M . rep., 1 1 2 ;  
indust. conservation, book, 314  : 
use of Cu tubing, 946, 10 5 1.

Wave^ functions, calcn. of ground states 
Na+, No &  F ', 875 ; &  eigenvalues, 
cellular detn., 613.

Wear,
adhesive, empirical law, 74. 
frictional (sec also Friction), effect of 

atm. attack, lubricants, &  decompn. 
products, 354, 825 ; effect of quartz 
dust, 826; effect of surface films, 
825 ; of metals against clay &  plastics, 
328 ; study by radioactive tracers, 
616.

resistance, &  abrasion in rolling or 
sliding contact, 234 ; of constructional 
materials, 1053 ; manuf. tests (see also 
Testing), 43, 897 ; relation to hard
ness &  elastic const., 823. 

types, 74, 680, 1053 ; fe effect of lubri
cation, & film formation, 825.

Weldability, detn., book, 224 (rev.);
survey, 1048.

Welding,
alumino-thermic, clamping device, 52S, 

943.
braze-process, 2 1 1 ,  300, 301, 731,

933.
bronze-, 4 4 1;  SIGM A, 5 3 ;  surfacing,

300.
design, for aircraft, 442 ; for chem.

plant, 936 ; &  costs, 732, 933. 
electric-arc, automatic, 302 ; book, 

5 36 ; classification, 3 0 1 ;  D.C. fe 
A .C., 934 ; handbook, 383 (rev.); 
for heat-exchangers, 802; liigh-d 
submerged-, for composite metal 
prodn., 9 3 3 ; photography of short- 
circuiting phenomena, 931 ; pressure-, 
932 ; with rotating electrodes, 933 ; 
survey, 302 ; twin-, 932. 

electric-arc, gas-shielded, 302 ; Airco- 
matic, 528, 665, 926, 932, 1048 ; argon, 
528, 664, 665; characteristics, 5 3 ; 
consumable electrode machine for 
aircraft, 54 ; hard-surfacing, 446 ; 
Heliare &  SIGM A, 53, 528, 926 ; rail
w ay work, 444 ; refinery equipment, 
932 ; review, 1048 ; semi-automatic, 
802; study by Schlieren method, 
7 32 ; thin-walled tubing, 53 ; Union* 
m elt, 529 ; with W -thoria electrodes, 
931.

electric-resistance, biblio., 104 8 ; book, 
2 13  ; developments, 529, 666, 9 32 ; for 
je t engines, 444 ; lab. unit, 54 ; qua!, 
control for aircraft, 9 32 ; research 
report, 104 8 ; slope control, 529 ; 
use of ultrasonic waves, 934. 

electric-seam, automatic contact m a
chine, 54 ; design, 933 ; magnetic 
force, 932. 

electric-spot, contact resistance, 9 3 1 ;  
control, 30 1, 442; design, 9 33 ;
magnetic force, 932 ; multi current - 
impulse control, 1047 ; resistance 
variations, 53 ; stress distribn., 445. 

electrodes, chart, 9 33 ; coated, melting 
rate, 802 ; consumable, 54 ; eccen
tricity of coatings, 933 ; for galvanized 
steel, 443, 444 ; low-H, 933 ; m ag
netic force, 932 ; rotating, 9 33 ; tip 
pick-up &  life, on Mg alloys, 442 ; 
W, 302 ; W-thoria, 732, 931. 

equipment, clamping devices, 943; 
control, 934 ; fixtures for aircraft 
components, 930. 

flux, choice, 302 ; for A l alloys, detn. of 
N a &  L i content, 431. 

fusion-, independent melting of filler 
&  base, 932. 

gas, automatic, 30 2 ; specifications for 
rods, 302, 603. 

industry, progress, 802. 
machines, 54.
metallurgy, book, 224 (ret*.), 
non-fusion, diffusion aspects, 932. 
oxy-acetylene, handbook, 383 (rev.); 

hard-facing, 302, 934 ; pressure-,
931 ; for refrigerators, 444 ; risk of 
entry of acetylene into O, cylinder, 
936 ; stability of flames, 302. 

peening, process, 444. 
practice, Amer., 10 50 ; books, 128 

(ret?.), 535, 537 (rev.). 
pressure-, 931 ; cold, 5 4 ; control b y 

magnetic electrode force, 932 ; Cyc- 
arc, 932 ; E liira, 302 ; hot, 54 ; 
Koldweld process, 527, 931 ; oxy- 
acetylene, 931. 

processes, classification, 1048 ; develop
ments, 932 ; evaluation of results fe 
costs, 528, 732 ; for heat-exchangers, 
802 ; hist, rev., 934 ; low-temp., 932 ; 
vs. soldering & brazing, 924.
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Welding,
repair, Al castings, 664 ; Diesel engines,

30 1, 446; SIGM A, 5 3 ;  survey, 1050 ; 
white metal castings, 443.

research, Australia, 5 4 ; congress, 54, 
528 ; detn. of heat-affected zones by- 
indicator paint, 9 3 3 ; diffusion, 826, 
9 32 ; effect of expansion &  contrac
tion, 3 0 1 :  heat-flow, relations, 802 ; 
high-speed photography, 9 3 1 ;  rep.,
302, 962, 963.

rods, specifications, 302, 3 1 1 ,  603. 
safety precautions, &  hazards, 936, 

1050.
stud-, Gyc-arc, 932 ; review, 444, 1048. 
terminology, Amor, definitions, 302 ;

B rit, glossary, 535. 
theory, 30 1, 1048. 
toroh, electronic, 969. 
training, 54, 302, 936. 
variables, detn. &  control, 934.

Welding of—
Aluminium &  aluminium alloys, Airco- 

matic, SOI, 926; are methods, com
parison, 2 12 , 442, 664 ; argon-arc-,
52, 54, 142, 925, 926, 104 6 ; bus-bars, 
926 ; butt-, 924 ; causes of cracking, 
926; cold-, 527, 8 0 1; detn. of N a in 
flux, 7 3 2 ; effect on corrosion, 150, 
857 ; effect on strength, 52, 15 0 ; 
flash, 527, 1047 ; gas-, 52, 12 1 ,  924 ; 
Ho are, 442, 926 ; largo containers, 
7 3 1 ;  pressure, hot, 5 4 ; pressure-, 
temp./time relations, 927 ; repair of 
eastings, 664; resistance-, 925 ; re
view, 54, 924; sheet, 5 2 ; shielded 
are, 202 ; SIG M A, 53, 528, 8 0 1; spot-,
53, 150, 925, 1045 ; spot-, aircraft. 
30 1, 442; spot-, fatigue strength, 
8 0 1;  spot-, stressed assemblies, 7 3 1 ;  
spot-, surface prepn., 664; storage 
tanks, 52 ; structures, hook, 64 (rev. ) ; 
trays for dehydration plant, 442 ; 
valuo of lab. tests, 1045 ; wire, 527.

Aluminium bronze, 528. 
Aluminium-chromium-titanium alloys,

931.
Aluminium-copper alloys, causes of 

cracking, 926. 
Alumimum-copper-silicon alloys, causes 

of cracking, 926. 
Alum inlum-iron-titanium alloys, 931. 
Aluminium-magnesium alloys, argon- 

arc, 3 0 1 ;  davits, argon-arc, 5 2 ; 
research rep., 927 ; resistonco, 925 ; 
stud-, 30 1, 925. 

Aluminium-magnesium-silicon alloys, 
pressure-, temp./time relations, 927. 

Aluminium-manganese alloys, resistance, 
925.

Aluminium-silicon alloys, causes of 
cracking, 926.

Brass, in building trade, 929.
Bronze, bells, 301, 929. 
Chromium-iron-nickel alloys, for Iiigh- 

tomp. servico, 52S, 929.
Copper, argon arc, 54, 927 ; bus-bars, 

927; contg. Os. 977 ; hot-rolled 
rod, butt-, 802 ; kitchen boilers, 932 ; 
methods, 927 ; overhead conductors, 
9 2S ; pressure-vessels, oxy-acetylene,
52 ; resistauce, 52, 928 ; sheet, 933, 
10 17  ; shielded-arc, 926; SIGM A,
53 ; strength of joints, 928 ; torch-,
92S.

Copper alloys, 52, 927, 92S.
Dissimilar materials, stressed assem

blies, 7 3 1 :  submerged-arc, 933. 
Dowmetal alloys, 929.
Duralumin-type alloys, spot-, fatigue 

strength of joints, 927.
Galvanized iron &  steel, fusion &  

bronze process, 4 4 3; pipe, 3 0 1 ;  
spot-, 443, 444. 

High-temperature-service alloys, 732, 
929, 930, 1047.

Ineonel, inert-arc-, 802 ; resistance, 
732.

Iron, cast-, braze process, 2 1 1 .
Lead, gas-shielded are-, 732 ; pipes, 

929; sheet, oxy-acetylene, butt-, 
929.

Magnesium alloys, aircraft construction, 
929, 930 ; construction of jigs, 930 ; 
elcctrodo fouling, 442, 732 ; gas-
shieided arc, 52, 5 2 S ; loading bridge, 
930 ; spot-, 442, 73 1.

Molybdenum, 802, 1047.
Monel metal, boat-hulls, 930 ; seam,

53.
Nickel &  nickel alloys, pipe assemblies, 

664; resistance, 53.
Nimonio, for je t aircraft, 732, 930;

resistance, 732.
65S alloy, crane, 926; plate, strength 

of fillet, 4 4 1;  stress &  deformation, 52. 
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Welding of—
Steel, boilers, &  heat-exchangers, 932 ; 

stainless-, Aircomatic, 926; stainless, 
arc-, electrode compn., 443.

Superalloys, 930.
Tantalum, sheet, 30 1.
Titanium &  titanium alloys, effect oil 

properties, 8 2 1 ;  flash-, 528, 732 ; 
inert-arc-, 802 ; resistance &  fusion, 
7 3 2 ; review, 30 1, 802, 9 3 1 ;  tool
tips, 930.

Tungsten-carbido alloys, hard-facing 
deposits, 841.

White metal, repair, 443.
Wires, cold-prcssurc-, 732.

Welds, corrosion-resistance in chcm. eng. 
862, 936, 9 5 1 ;  cracking in retorts, 
443; defects, 792, 10 36 ; low-temp.
properties, 444 ; spot-, stress distribn., 
445 ; testing (see also Inspection Sc 
Testing), non-destructive, book, 2 1 3 ;  
volume changes through diffusion, 826.

Wetting of metals, effect of action of gases,
985 ; effect on heat-transfer, 229 ;
by glass, 558, 801 ; principle in 
brazing, 923.

Whisker growth, 633, 696, 820.
Wire, cloth, 3 1 1 ,  534, 947, 954 ; coil-wind

ing, m aterials, 953 ; Copperweld, 522, 
806; enamelled, 50 ; filaments, ad 
sorption of gases, 3 3 0 ; galvanized, 
uniformity test, 865 ; industry, hand
book, 53S ; internal friction measure
ments, 329 ; pneumatic comparator, 
5 1 1 ;  prodn., 5 2 1, 522, 959 ; for radio 
valves, 954 ; soln.-treatment &  ageing 
mechanism, 17  ; stitching, see Jo in 
in g ; stress/strain relations &  olect.- 
resistanco changes, 73 ; thin, thermo- 
e.m.f., 828; whisker growth, 633.

W ire-drawing, back-tension, 378, 9 18 ;
continuous, 48 ; deformation texture, 
106 ; dies, 48, 524, 919 ; effect of low 
tem p., 73, 455 ; friction effects,
10 4 4 ; mechanism, 728.

W ire-drawing of—
Aluminium, 522 ; die design, 48.
Beryllium-copper alloys, properties &  

structure, 687.
Copper, in Australia, 522 ; biblio., 5 2 1 ;  

causes of check marks, 5 2 1 ;  con
tinuous, 48 ; elect, conductors, 207 ; 
recrystn. textures, 99, 16 1 ,  252 ;
survey, 798, 104 1 ; work-hardening, 
687.

Copper alloys, 18, 660.
Iron, dio design, 48.
Silver, work-hardening, 6 12.
Steel, 398 ; Cu-clad, 806 ; die design, 48.
Titanium, texture, 700, 10 1 1 .

Work-function, detn. by contact p.d., 133 .
Work-hardening, coeff. in hardness tests, 

6 16 ; glido curves, 557, 634, 772 ; 
onset of necking, 328 ; relation to 
residual stresses, 329 ; relation to 
temp, coeff. of deformation, 2 3 3 ; 
theory, 327, 455, 557, 824.

Work-hardening of—
Aluminium, effect of surface-activity of 

cutting fluid, 600 ; single crystals, 
695, S45.

Beryllium-copper alloys, wire, 687.
Iron, single crystals, 134 , 228.
Titanium, 454, 821.

Work-softening, theory, 144, 679, 824.
Working of metals (sec also under names 

of processes &  names of metals), 
book, 537 (rev. ) ; b y  hand, 295 ; heat- 
liberation equation, 679.

Xero-radiography, appns., 901.
X-ray,

analysis, archaeological, 20, 1029 ; ab
sorption factor for rod-mounted 
specimens, 258 ; Bragg reflections, 
1 7 3 ;  conf. Edinburgh, 776 ; crystal- 
lographic, book, 541 (rev.); data 
tables, book, 2 14 ;  errors in detn. of 
preferred orientation, 10 6 ; fluoro
scopic, 198, 203, 368, 634, S53, 10 14 ;  
high-temp., 172 , 288 ; indust., 652, 
9 0 1 ;  line-broadening, sepn. of particle- 
size &  strain effects, 172 , 764 ; micro- 
radiographic, 202, 634, 10 14 ;  prepn. 
of alloy films, 650 ; of radiation 
damage, 25S, 776 ; spectroscopic,
3 15 , 4 1 1 ,  4 12 ; stroboscopic effect, 
107 ; structural, book, 12 4 ; of thin 
specimens, 290. 

beams, focusing technique, 369 ; spectral 
energy distribn., 794. 

diffraction, asym m etry of photos, 2 5 ; 
focused imago prodn., 1 7 3 ;  indust. 
appn., S 5 3 ; photometric, 8 53 ; 
pseudo-Kossel patterns, 407.

Z inc

X-ray,
equipment, automatic detectors, 20 3 ; 

counting tubes, 653, 8 53 ; mask for 
Dobye-Scherrer photos, 25 ; m aterial 
testing, 203, 652 ; microbeam spectro
meter, 1 1 7 ;  microdonsitometer, 1 1 8 ;  
microscope focusing mirrors, 892 ; 
monochromator, 369, 370, 5 12  ; port
able unit, 654 ; protective, 124 ; tubes, 
107, 199 ; Weisscnbcrg goniometer, 
1 17 .

photographs, A l monochromator, 649; 
density-exposurc range, S53 ; powder-, 
appns., 258, 635, 892 ; rotation-, & 
Weissenberg, interpretation charts,
853.

scattering, diffuse, 18 , 26, 1006 ; small- 
anglo technique, 853 ; thermal, 254.

Yield, dynamic theory, 232 ; point, 14 1 . 
Yttrium,

analysis, seo Analysis. 
preparation, 1027. 
refining, seo Refining.

Yttrium compounds, see Alloys A  Com
pounds.

Zam ak, see Alloys.
Zener effect, 390.
Zinc,

analysis, sec Analysis. 
annealing, see Annealing. 
bicrystals, plastic deformation, 481, 

700 ; thermal ratcheting, 164. 
brittleness, detn., 982 ; rheotropic, 556. 
cast, compressibility, 6 1 1 .  
corrosion, see Corrosion. 
creep, modification b y Cu, 72 ; study on 

crystals, 139 , 2 3 1 , 6 14 ; surface de
pendence, 139 ; I time equation for 
const, stress, 142. 

crystals, anelasticity &  pulsations in 
vibrational strain, 389, 679; growth 
from vapour, 765 ; internal friction, 
326 ; twinning, effect of Cu-plating, 
2 56 ; Y .P .,  555. 

deposition, see Electrodeposilion, G al
vanizing, Sc Spraying. 

die-castings, appns., 943, 949, 953 ;
brass-plated, 950. 

diffusion, in brass, 563, 994 ; in Cu, 
132 , 226 ; in Ge, 386. 

drawing, see Drawing. 
dust, paint pigments, 498 ; reactions 

with fluorine, 140, 2 3 1 ;  recovery in 
galvanizing, 182. 

electrical conductivity, negative sign 
of current carriers &  positive Hall 
coeff., 740. 

electrochemistry, cathodic &  anodic, 
behaviour, 876; reaction with Na 
silicates, interaction of Zn ions, 282 ; 
salt film formation in hydrocarbons, 
187 ; spontaneous dischargo of CuJ_+,
359.

electrodeposits (seo also Eleclrodeposi- 
tion), effect of packaging, 638 ; struc
ture on Fe crystals, 408, 1009. 

evaporation rate, low-pressure, 73. 
extrusions, appns., 728. 
films, condensed, crystal structure, 

103.
finishing, see Finishing. 
hardness, electrocapillary effect, 823. 
health hazards, 1054. 
industry, survey, 3 10 , 604, 960. 
machining, see M achining. 
magnetic susceptibility, change at low 

temp, with strength of field, 225, 
748 ; a t liq.-N temp., 72. 

molten (see also MeUing), reactions with 
Fe, 7 12 ;  viscosity, 7 1. 

oxidation, see Oxidation. 
production, Australian, book, 812 ; 

electrolytic, 186, 50 3 ; Italian, 960; 
supply situation, 3 10 , 960. 

protection, see Protection. 
refining, see Refining. 
secondary, from dry batteries, use in 

plating baths, 277 ; reclamation from 
galvanzing, 270 ; recovery from waste,
912.

sheet, tensile properties, 555. 
single crystals, bend-plane phenomena, 

7 0 1 ;  cleavage surfaces, 104, 772 ; 
cold-worked, recrystn., Sc polygoniza- 
tion, 573 ; creep, 139, 2 3 1 , 6 14 ; 
growth from melt, 287 ; kinking, 573 ; 
prepn., 4 1, 765 ; spherical, 368;
surface effects in slip Sc twinning 
343 ; twin accommodation, 23, 481. 

specific heat at low temp., 747. 
supraconducting, temp, variations of 

magnetization curves, 718 .
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Zinc,

surface friction, &  metal transfer, 7 . 
testing, see Testing. 
thermal conductivity, low-temp., 1 16 . 
thermal expansion, near m.p., 75. 
uses, in building exhibition, 3 1 1  : 

survey, 3 10 , 9 13 , 919, 950. 
vapour pressures, over A g-Zn, 92. 17 1 .  
wire, abnormal after-effect in torsion, 

7 13  ; plastic flow during polarization,
983.

Zinc alloys, see Alloys tù CoMpounds.
Zirconium,

absorption of X , 2 3 1. 
analysis, see Analysis. 
arc lamp, 370. 
bibliography, 2 3 1, 555. 
brazing, see Brazing. 
cold-rolled, kinetics of thermal re

orientation, 768, 10 1 1 .  
corrosion, see Corrosion.

Zirconium,
orystal, grain-growth & recrystn., 10 4 ; 

lattice consts., 743 ; orientation, 104, 
769 ; plane angles, 103. 

ductile, prodn., 7 14  ; working properties, 
822.

electrochemistry, 501. 
etching, see Etching. 
evaporation, from Z r l4 on hot filament,

555.
films, study of oxide formation Sc struc

ture, 178. 
gases, embrittling, removal, 38. 
hardness, effect of Oa addns., 743. 
ingots, prepn. Sc properties, 567. 
machining, see M achining. 
melting, see Melting. 
metallography, identification of inclu

sions, 768. 
oxidation, see Oxidation. 
plating, see Electrode position on.

Zirconium,
powder (see also Powder metallurgy), 

combustion, 2 3 1 ;  prodn., 108. 
production, fused-salt electrolysis, 186, 

587 ; high-temp, reactions. 744;
Kroll process, 822 ; powder, 10 8 ; 
pure, 6.

properties, detn., 614, S2 2 ; review, 6, 
326, 389. 

refining, see Refining. 
rolling, sec Rolling.
single crystal prepn., &  mech. properties, 

130.
specific heat at low temp., 747. 
thermal conductivity, low-temp., 146. 
thermal expansion, coeff., 1 10 . 
transformation, a  ->  £, effect of cooling 

rate, 10 3 ;  habit plane, 257 ; mechan
ism, 10 1 1 .  

uses, 326, 3S9, 950.
Zirconium alloys, see Alloys d ' Compounds.

Col. G2G, line 20. *

CORRIGENDA

Col. 104, lino 27. For John  L. Oilman read John J .  Oilman.

Col. 116, line 30.* For H. T. Miller read H . H . Miller.

Col. 196, lino 22.* For J .  E . H azel read J .  F . Hazel.

Col. 262, line 27. For G. Ballhausen read Carl Ballhausen.

Col. 288, line 14.* For Carroll Powell read C, F , Powell.

Col. 294, lino S.* For C o r e - O i l  E v o lu t io n  read C o r e - O i l  E v a lu a t io n .

Col. 311, line 20. For Al, Ca, Pb, Zn, read Al, Cu, Pb, Zn.

,, lino 37. For Materials and Metals read Materials and Methods.

Col. 340, line 32.* For R . F . Morral read F . R . Morral.

Col. 424, lino 1. For E . A. W illiams read A. E. Williams.

Col. 680, lino 19.* For J .  T. Nurse rend 'P. J . Nurse.

Col. 610, line 28.* For C. O. Strang read C. D. Strang.

Col. 617, line 13. For R . W. Baluffi read R . W. Balluffi.

For RC-130-B {Fe 1-3, Cr 2-7, N 0-08 m ax., and C 0-05% m ax.) and  Ti-150-A (C 0-24, 
Al 3-8, Mn 3-8%) read RC-130-B (C 0-24, Al 3-S, Mn 3-8%) and Ti-150-A (Fe 1-3, Cr
2-7, N 0-08 m ax. and C 0’05% m ax.).

Co). 675, line 16.* For J. I .  Harwood read J .  J .  Harwood.

Col. 694, line 37. For R . F . Domalga read R . F . Domagała.

Col. 721, line 10. For IV -V I read IV -V H .

Col. 772, line 4. For Y utaka Takaci read Y utaka Takagi.

Col. 776, line 3. For Lawrence Vassamiller read Lawrence Vassamillet.

Col. 798, line 12.* For 1953, 9, (1), read 1953, 8. (12).

Col. 799. line 5. ,.

,, line 9. ,,

Col. 802, line 32.

Col. 822, line 12. For of Zn read of Zr.

Col. 826, line 21. For R . Baluffi read R . W. Balluffi.

Col. 841, line 3.* For E le m e n ts  o f G r o u p  Va read E le m e n ts  o f G r o u p  Vs.

Col. 882, lino 10.* For Griffiths read Griffith.

Col. 971, line 9. For B . M anderli read B . Mauderli.

„ lino 11. For M . C. Paulssen read H. C. Paulssen.

Col. 972, line 8.* For IF. Hoffmann  read W. Hofmann.

* From  bottom  of column.
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