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GENERAL INDEXES (1909-1921 =  1 vol.), (1921-1938= 2 vols.), bound 
in cloth, per vol. . . . . . . . . . . 1 0 0 3.00 10 0 2 .0 0 16 8 2.50
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Monograph and Report Series
No. I.—“ The Structure of Metals and A lloys” , by W. Hume-Rothery. 

Seventh printing, revised (1950) . . . . . . . . 10 6 2 .0 0 5 3 1 .0 0 8 9 1.67
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Supplement No. 1 to ditto (1944) . . . . . . . 9 0.50 5 0.30 7 0.40
No. 3.— “ Atomic Theory for Students o f Metallurgy ” , by W. Hume- 

Rothery. Second edition, revised (1952) . . . . . . 1 I 0 3.50 10 6 2 .0 0 17 6 2.92
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No. 6 .—■“ Non-Ferrous Metal Melting and Casting of Ingots for Working ” . 
A Symposium on Metallurgical Aspects o f the Subject (1949) 15 0 2.50 7 6 1.50 12 6 1.95
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No. 12.—“ The Cold Working of Non-Ferrous Metals and A lloys” . A 

Symposium on Metallurgical Aspects o f the Subject (1952) 15 0 2.50 7 6 1.50 12 6 1.95
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THE INSTITUTE OF METALS

TH E'IN STITU TE OF METALS—which is the technical and scientific society of the non-ferrous metal 
industries—was founded in 1908 to promote the science and practice of non-ferrous metallurgy in all its 

branches, and to facilitate contacts and the exchange of ideas among metallurgists, engineers, &c., throughout 
the world, by holding meetings and by the publication of literature. Its membership is international.

The main work of the Institute consists in the publication of a monthly periodical (free to all members) in 
which are included the Journal, Metallurgical Abstracts, and the Bulletin; in the publication of m onographs; 
and the organization of scientific and technical meetings. Though in its Journal papers on purely ferrous 
metallurgy are excluded, a considerable proportion of the papers, and especially of the abstracts, are of equal 
concern to both ferrous and non-ferrous metallurgists.

Among their privileges, members may obtain the monthly Journal for £4 4.?. 0cl. ($12.20)—or less in the case 
of Junior and Student Members—against £6 ($17.25) to non-members, and they may buy one extra copy and 
a copy of any Monograph at 50% of the published price. The most economical way to obtain the publication 
is, therefore, to join the Institute; Librarians are admitted to membership.
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JO U R N A L  O F  T H E  IN S T IT U T E  O F  M E T A L S 
W IT H  T H E  B U L L E T IN  

A N D  M E T A L L U R G IC A L  A B ST R A C T S
T his m on th ly  publica tion  (quarto  fo rm at) contains three 

d istinct periodicals, w ith separa te  volum e num bers, w hich 
a re  m ade u p  so th a t they m ay be separately  bound  in c lo th  
b ind ing  cases w hich are  supplied  free to  all subscribers. 
In  its m onth ly  form , the publication  has a  w ide circulation  
th ro u g h o u t the w orld, to  m em bers o f  the Institu te , n o n ­
m em bers, libraries, &c.

F o r  subscrip tion  prices, please see p. 2.

(a) T H E  JO U R N A L
T he Journal, w hich is issued m onth ly  in  one cover w ith 

the Bulletin and  M etallurgical A bstracts, is now  bound  in 
annual volum es. It is ob ta inab le  in e ither form , and  is 
now  in its 81st volum e. T he principal con ten ts are
(a) p apers record ing  the results o f  o rig inal research ;
(b) first-class reviews of, o r accounts of, p rogress in 
particu la r fields; (c) papers descriptive o f  w orks m ethods, 
o r recent developm ents in m etallurgical p lan t o r p rac tice ; 
and  (cl) repo rts  o f  scientific and  technical discussions.

V olum e 80 (1951-52) contained  85 papers, &c., 110 plates 
and  744 pp . o f  text. T he con ten ts o f  the volum e are 
detailed  on  pp . 4-6 . Specim en pages w ill be found in 
this booklet. F o r  prices, see p. 2.

(b) M E T A L L U R G IC A L  A B ST R A C T S 
“ To the metallurgist, both theoretical and practical, as well as 
to chemists, physicists and engineers, these volumes have become 
essential.”—Nature.

A bstracts have been published  by the In s titu te  since 
1909. U p to  1933 they were included, w ith the papers, in 
the Journal, bu t since 1934 they have been separately  
bound  annually  in a new  Series.

M etallurgical A bstracts is acknow ledged to  be the m ost 
com prehensive an d  au th o rita tiv e  abstrac ting  jo u rn a l o f  
its k ind  in  the w orld . I t  gives a th o rough  coverage o f  the 
w orld ’s lite ra tu re  on  general and  non-ferrous m etallurgy 
and  allied subjects (excepting m ining a n d  ex traction  
m etallurgy), and  it has becom e indispensable to  every 
m etallurg ist (w hether ferrous o r  non-ferrous) an d  engineer 
w ho wishes to  be kep t fully inform ed o f  p rogress in the 
science o f  m etals and  in the science and  practice o f  non- 
ferrous m etallurgy.

T he abstrac ts are  o f  the inform ative type, and  are

prepared  by experts— to  m eet the requirem ents o f  m eta l­
lurgists an d  engineers— from  scientific and  technical 
periodicals published  th ro u g h o u t the w orld.

T he headings u nder w hich the abstrac ts and reviews are 
published are  as fo llow s;

1. P roperties o f  M etals.
2. P roperties o f  A lloys.
3. S tructure  (M eta llog raphy ; M acrog raphy ; C rystal

S tructure).
4. D en ta l M etallurgy.
5. Pow der M etallurgy.
6. C orrosion  an d  R ela ted  Phenom ena.
7. P ro tec tion  (o ther th an  by E lectrodeposition).
8. E lectrodeposition .
9. E lectrom etallurgy and  E lectrochem istry  (o ther than

E lectrodeposition).
10. Refining.
11. A nalysis.
12. L ab o ra to ry  A ppara tus , Instrum ents, &c.
13. Physical and  M echanical Testing, Inspection, and

R adiology.
14. T em peratu re  M easurem ent and  C on tro l.
15. F ou n d ry  P ractice an d  A ppliances.
16. Secondary M eta ls : Scrap, R esidues, &c.
17. F urnaces, Fuels, and  Refractories.
18. H eat-T reatm ent.
19. W orking.
20. C leaning and  Finishing.
21. Joining.
22. Industria l Uses and  A pplications.
23. M iscellaneous.
24. B ibliography.
25. Book Reviews.

V olum e 19 (N ew  Series) (1951-52) contained  516 
q u arto  (2-colum n) pages, including nam es and  subjects 
indexes. Specim en pages will be found  in th is booklet. 
F o r  prices, see p. 2.

T H E  B U L L E T IN
The Bulletin con ta ins news o f  the Institu te  and  o f  o th er 

scientific and  technical societies, letters to  the  E d ito r on 
scientific and  technical m atters, and  a selection o f  papers 
read  before Local Sections o f the Institu te .

In 1951-52, 108 pp. o f  the Bulletin were pub lished ; the 
periodical can  only be purchased  in the m onth ly  form , 
w ith the Journal and  M etallurgical A bstracts.
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JOURNAL OF THE INSTITUTE OF METALS
1951-52, Vol. 80

8 vo. 1952. C lo th . Pp. 744, w ith 110 plates and  num erous illustrations in the text. 60s. (S9.00), post free.

SNo.' C O N T E N T S  (85 papers, lectures, &c.)
1319. T he G ra in  R efinem ent o f  A lum inium  A lloy C ast­

ings by A dditions o f  T itan ium  and  B oron, by 
A . C ibula. ( The British Non-Ferrous M eta ls  
Research Association.)

1320. Som e O bservations on  the O ccurrence o f  Stretcher-
S train  M ark ings in an  A lum in ium -M agnesium  
Alloy, by R . C hadw ick and  W. H . L. H ooper. 
(Imperial Chemical Industries, Ltd.)

1321. T he Effect o f P hosphorus on the C orrosion-
R esistance o f  M agnesium  and  Som e o f  its 
A lloys, by E. F . Ernley, A. C. Jessup, and 
W. F . H iggins. (M agnesium  E leklron, L td.)

1322. C reep and  Stress R u p tu re  as R ate  Processes, by
1. S. Servi and  N . J. G ran t. (M assachusetts 
Institute o f  Technology.)

1323. A  Sim ple M ethod  o f  X -R ay  M icroscopy an d  its
A pplication  to  the Study o f  D eform ed M etals, 
by R. W. K. H oneycom be. (Cavendish 
Laboratory, Cambridge.)

1324. Inhom ogeneities in the Plastic D eform ation o f
M etal C rystals. P arts I and  II, by R . W. K. 
H oneycom be. (Cavendish Laboratory, Cam­
bridge.)

1325. T he Flow  o f  L iquid  M etals on Solid M etal Sur­
faces, and  its R elation  to  Soldering, Brazing, 
and  H ot-D ip  C oating , by G . L. J. Bailey and  
H . C . W atkins. (The British Non-Ferrous 
M etals Research Association.)

1326. T he Spectrochem ical D eterm ination  o f  Zinc, L ead,
an d  Iro n  in  C opper and  C opper A lloys, by
F . V. Schatz. (Revere Copper and Brass, Inc., 
Rome, N .Y .)

1327. T he E quilib rium  D iag ram  o f  the System N ick e l-
M anganese, by B. R . C oles and  W. H um e- 
R othery . (O xford  University.)

1328. T he N uclea tion  o f  C ast M etals a t  the M ould  Face,
by J. A . R eynolds an d  C. R. T ottle . (University 
o f  D urham.)

1329. E lectrochem istry  and  the Science o f  M etals, by
R . Piontelli. Tw enty-Second A utum n L ecture. 
(Politécnico, M ilan.)

1330. H igh-T em perature  T herm al A nalysis U sing the
T ungsten /M olybdenum  T herm ocouple, by
H. T . G reenaw ay, S. T . M . Johnstone , and  
M . K. M cQ uillan. (Aeronautical Research 
Laboratories, M elbourne.)

1331. Slip Bands and  H arden ing  Processes in A lum inium ,
by A . F . B row n. (Cavendish Laboratory, 
Cambridge.)

1332. E xperim ents on  the R eaction  o f  A lu m in iu m -
M agnesium  A lloys w ith Steam , by A . J. Swain. 
(The British Non-Ferrous M eta ls Research  
Association.)

1333. T he  C reep an d  Softening P roperties o f  C opper fo r
A lte rna to r R o to r W indings, by N . D . B enson, 
J . M cK eow n, and  D . N . M ends. ( The British 
Non-Ferrous M eta ls Research Association.)

1334. T he A lloys o f  M olybdenum  and  T an ta lum , by G . A.
G each  and  D . Sum m ers-Sm ith. (Associated  
E lectrical Industries Research Laboratory.)

1335. A n Investigation o f  the S tructu ra l C hanges
A ccom panying C reep in  a T in -A n tim ony  
A lloy, by W. B etteridge and  A. W . F ranklin . 
(The M ond  N icke l Co., L td .)

1336. T hcrm oelastic A nalysis o f  T ransfo rm ation  in
C opper A lloys, by R . C abara t, P. G ence, 
L. G uillet, and  R . Le R oux. (Conservatoire 
N ational des A rts et M etiers, Paris.)

1337. T he S tructure  and  Som e Properties o f  T itan iu m -
Oxygen A lloys C ontain ing  0 - 5  A t.-%  Oxygen, 
by A. E . Jenkins and  H . W . W orner. ( Uni­
versity o f  M elbourne.)

1338. Som e O bservations on the D efo rm ation  o f  Poly-
crystalline Zinc, by J. A . R am sey. (Aero­
nautical Research Laboratories, M elbourne.)

1339. The Sigm a Phase in Binary A lloys o f  the T ransition
Elem ents, by A . H . Sully. (Fulmer Research 
Institute.)

1340. Some M etallographic O bservations on the Fatigue
o f  M etals, by P. J. E, Forsy th . (R oyal A ir­
craft Establishment.)

1341. A  M echanism  o f  S tress-C orrosion in A lum in ium -
M agnesium  Alloys, by C. E deleanu. (C am ­
bridge University.)

1342. T he P roduction  and  P roperties o f  O xide-R educed
C opper Pow der, by E. C. E llw ood and  W. A. 
W eddle. (University o f  Durham.)

1343. U nrelated  Sim ultaneous Interdiffusion an d  S inter­
ing in C opper-N ickel C om pacts, by J. M. 
B utler and  T . P. H oar. (Cambridge Univer­
sity.)

1344. H eat-T reatm en t o f  T itan ium -R ich  T itan iu m -Iro n
Alloys, by H . W . W orner. (University o f  
M elbourne.)

1345. T he Solid Solutions o f  Z inc in A lum inium , by E . C.
Ellw ood. (University o f  Durham.)

1346. M e t a l  E c o n o m ic s . I.— P r im a r y  R e s o u r c e s  o f

F e r r o u s  a n d  N o n - F e r r o u s  M e t a l s ;
(i) In troduction , by P rofessor A . J. M urphy.

(University o f  Birmingham.)
(ii) T he W orld  Supply o f  N on-F errous M etals,

Including L ight M etals, by R . Lewis 
Stubbs. (British Non-Ferrous Sm elters' 
Association.)

(¡i¡) M etals as N a tu ra l Resources, by Professor 
S. Z uckerm an. (University o f  Birm ing­
ham.)

(iv) W orld  D em and and  R esources o f  Iron Ore,
by T . P. C olclough. (British Iron and 
S tee l Federation.)

M e t a l  E c o n o m ic s . 11.— S c r a p  R e c l a m a t io n , 
S e c o n d a r y  M e t a l s , a n d  S u b s t it u t e  M e t a l s  ;

(v) T he Scope fo r C onservation  o f  M etals,
F errous and  N on-F errous , by C. A. 
Bristow , A . J. Sidery, and  H. Sutton. 
(M inistry  o f  Supply.)

(vi) E conom y by S tandard iza tion  o f  A lloys and
o f  the M ethod o f  R eclam ation  o f  Scrap 
M etals, by C. D insdale . (British Rail­
ways.)



1347.

1348.

1349.

1350.

1351.

1352.

1353.

1354.

1355.

1356.

1357.

1358.

1359.

1360.

1361.

1362.

(vii) T he Influence o f  Specifications on  P roduc- 1363.
tivity and  the E conom ic U tilization o f 
F errous and  N on-F errous M etals, by 
F. H udson. ( The M ond  N icke l Co.,
L td.) 1364.

(viii) Secondary H eavy M etals, by E . H. Jones.
(Capper Pass anil Son, Lid.)

(ix) Secondary A lum inium  an d  M agnesium , 
by C olonel W. C. D evereux. (A lm in,
L td .)  1365.

Electric F urnaces for the T herm al T reatm en t o f  
N on-F erro u s M etals and  Alloys, by C- J.
Evans, P. F . H ancock, F . W. H ayw ood, an d  1366. 
J. M cM ullen. (British Electrical and Allied  
M anufacturers' Association.)

G as E qu ipm ent for the T herm al T reatm en t o f
N o n-F errous M etals and  A lloys, by J. F . 1367.
W aight. (IVest M idlands Gas Board.)

B atch and  C on tinuous A nnealing  o f  C opper and  
C opper A lloys, by F . D avis and  S. G . Tem ple. 
(Imperial Chemical Industries, L td .) 1368.

B right A nnealing  o f  N ickel and  its A lloys, by H . J.
H artley  and  E. J. B radbury . (H enry Wiggin 
and Co., L td.)

B atch T herm al T reatm en t o f  L ight A lloys, by C . P. 1369.
Paton. (Northern Alum inium  Co., L td .) 1370.

F lash  A nnealing o f  L ight A lloys, by R . T . Staples.
(77./. Alum inium, L td.)

C ontinuous H eat-T reatm en t o f  A lum inium  A lloys 1371. 
o f  the D ura lum in  Type, by M . L am ourdedieu .
(Société Centrale des Alliages Légers, Paris.)

T he Sintering o f  C op p er-Z in c  Pow der C om pacts,
by D . D . H ow at, R . L . C raik , and  J. P . 1372.
C ranston . (R oyal Technical College, Glasgow.)

T he Effect o f  th e  E lem ents o f  th e  F irs t Long
P eriod  on the  a  ^  ß T ransfo rm ation  in  T itan - 1373.
ium , by A . D . M cQ uillan. (U niversity o f  
M elbourne.) 1 3 7 4 .

D eterm ination  o f  E lastic  C onstan ts an d  Stress/
S train  R elationship  to  F ractu re  o f  S in tered  1375.
T ungsten  C arb id e -C o b a lt A lloys, by E.
L ardner (H ard  M eta ! Tools, L td .)  and  N . B. 
M cG regor (The Brown-Firth Research Labora- 1376.
tories.)

T he C on stitu tion  o f  the C opper-R ich  C o p p e r-
Z inc-G erm an ium  Alloys, by P . G reenfield and  1377.
G . V. R aynor. (U niversity o f  Birmingham.) 

M icrographie A spects o f  the D iffusion o f  Z inc and
A lum inium  in C opper, by H . B iickle and  1378.
J. Biin. (Office N ational d 'E tudes et de 
Recherches Aéronautiques, Paris.)

N o te  on Sub-C rystal S tructure  in  C old-R olled  1379.
A lum inium , by A . E . L. T a te  and  D . M cLean. 
(N ational Physical Laboratory.)

Fundam enta l R eactions in the V acuum -Fusion 1380.
M ethod and  its A pplication  to  the D eterm ina­
tion o f  CL, N 2, and  H., in M o, T h, U, V, and 
Z r, by H . A . Slom an and  C. A. H arvey. W ith 1381.
an A ppendix by O. K ubaschew ski. (N ational 
Physical Laboratory.)

T he O paque-S top  M icroscope as a  M eans o f
S tudying Surface Relief, by W . M . L om er an d  1382.
P. L. P ratt. (Cavendish Laboratory, Cam ­
bridge.)

A M odified D ew -Point M ethod  for V apour-
Pressure M easurem ents o f  L ead -M ercu ry  1383.
Alloys, by B. R . B urgan, R . C. H all, and  R . F . 
H ehem ann. (Case Institute o f  Technology, 
Cleveland, Ohio.)

5

T he Effect o f  G rain-S ize on the S tructural C hanges 
P roduced in A lum inium  by Slow D eform ation, 
by W . A. R achinger. (Aeronautical Research  
Laboratories, M elbourne.)

O bservations on the S tructure  and Properties 
o f  W rought C op p er-A lu m in iu m -N ick e l-Iro n  
A lloys, by M . C ook, W. P. F en tim an , and 
E. D avis. (Im perial Chemical Industries, 
Ltd .)

T he Solid  Solubilities o f  C adm ium , Indium , and  
T in  in A lum inium , by H . K . H ardy . (Fulmer 
Research Institute.)

T he C onstitu tion  o f  th e  A lum in ium -C hrom ium  
Z inc A lloys a t Low  C hrom ium  C ontents, by
A. R. H ard ing  and  G . V. R aynor. ( University 
o f  Birmingham.)

T he A lum inium -R ich  A lloys o f  the System 
A lu m in iu m -C h ro m iu m -Iro n , by J. N . P ra tt 
and  G . V. R aynor. (U niversity o f  Birming­
ham.)

T he E qu ilib rium  D iagram  o f  the System C o p p e r- 
G allium  in the R egion 30-100 A t.-%  G allium , 
by J. O. B etterton , Jr., and  W. H um e-R othery . 
(O xfo rd  University.)

Presiden tia l A ddress, by C. J. Sm ithells.
A  S tudy o f  Som e F acto rs Influencing the Y oung 's  

M odulus o f  Solid Solutions, by A. D. N . Sm ith. 
(R oyal A ircra ft Establishment.)

T he A geing C haracteristics o f  T ernary  A lum in ium - 
C opper A lloys w ith  C adm ium , Indium , o r 
T in , by H . K . H ardy . (Fulmer Research 
Institute.)

R esidual Stresses in  C h ill-C ast a n d  C ontinuously  
C ast A lum inium  A lloy Billets, by R. A. D odd. 
(U niversity o f  Birmingham.)

Stress-Recovery in  A lum inium , by W. A. W ood 
an d  J. W . Suiter. (University o f  M elbourne.) 

C reep Processes in C oarse-G rained  A lum inium , by
D . M cL ean. (N ational Physical Laboratory.) 

E lectron-M icroscopic  Studies o f  Slip in A lum inium
D uring  C reep, by J. T ro tte r. (N ational 
Physical Laboratory.)

A llo trop ie  T ransfo rm ation  in T itan ium -Z ircon ium  
Alloys, by P . Duwez. (California Institute o f  
Technology.)

T he Place o f  P lastics in  the O rder o f  M atter, by 
J. J. P. S taudinger. 42nd A nnual M ay 
Lecture. ( British Resin Products, L td.) 

B oundary  Slip in  B icrystals o f  Tin, by K . E . 
Pu ttick  an d  R . K ing. (R oyal A ircraft Estab­
lishment.)

X -R ay D iffraction  Studies in  R elation  to  Creep, 
by G . B. G reenough , C . M . B atem an, and
E. M. Sm ith. (R oyal A ircraft Establishment.) 

T he  F o rm atio n  o f  the N i3A l Phase in N icke l-
A lum in ium  Alloys, by R. W. F loyd . (The  
M ond  N ickel Co., L td .)

T he Effect o f  M eta l/M ou ld  R eaction  on 85 : 5 : 5 : 5 
L eaded G un-M etal Sand C astings, by N , B. 
R u therfo rd . (The British Non-Ferrous M etals  
Research Association.)

Segregation o f  Iro n  an d  P hosphorus a t  the G rain  
B oundaries in 7 0 : 30 B rass D uring G rain  
G row th , by H . M . M iekk-oja. (O utokum pu  
M eta l W orks, Pori, Finland.)

T he C onstitu tion  o f  N ickel-R ich A lloys o f  the 
N ick e l-C h ro m iu m -T itan iu m  System, by A . 
T ay lo r and  R. W. F loyd . (The M o n d  N ickel 
Co., L td.)



1384. T he C onstitu tional D iagram  o f the C h ro m iu m - 1390.
T ungsten  System, by H .T . G reenaw ay. (Aero­
nautical Research Laboratories, M elbourne.)

1385. T he Effect o f  Z ircon ium  o n  the P roperties and  1391.
S tructure  o f  Superduralum in , w ith Particu lar 
Reference to  Forg ings, by M . T ournaire  
and  M . R enouard . (Compagnie Générale du 
Duralumin e t du Cuivre, Paris.)

1386. Lattice-Spacing R elationsh ips in A lum inium -R ich ^92
Solid Solutions o f  the A lum in ium -M agnésium  
and  A lum in ium -M agnesium -C opper Systems, 
by D . M . P oole  and  H . J. A xon. (University 
o f  M anchester.)

1387. F acto rs A ffecting E quilib rium  in C ertain A lum in-
ium  A lloys, by E . C . E llw ood. (University o f  
Durham.)

1388. T he F ac to rs  A ffecting the F o rm atio n  o f  21/13
E lectron  C om pounds in A lloys o f  C opper an d  1394. 
o f  Silver, by W. H um e-R othery , J. O. B etterton,
J r ., and  J. R eynolds. (O xford  University.)

1389. T he Lattice Spacings and  D ensities o f  G o ld -N icke l 1395
A lloys a t 25° C., by E . C. E llw ood and  K . Q.
Bagley. (U niversity o f  Durham.)

T he M etallography o f  U ranium , by B. W. M ott 
and  H . R . Elaines. (A tom ic Energy Research 
Establishment.)

T he A pp lica tion  o f  Po larized  L ight to  the E xam ina­
tion  o f  V arious A n iso trop ic  M etals an d  In ter- 
m etallic  Phases, by B. W . M ott and  H . R . 
H aines. (A tom ic Energy Research Establish­
m ent.)

T he E quilib rium  D iagram  o f  the System C o p p e r- 
Ind ium  in the R egion 25-35 A t.-%  Indium , by 
J. R eynolds, W . A . W isem an, an d  W . H um e- 
R othery . (O xford  University.)

T he C onstitu tion  and  S tructu re  o f  N ick e l- 
V anadium  Alloys in the Region 0 -60  A t.-%  
V anadium , by W . B. P earson  and  W . H um e- 
R othery . (O xford  University.)

T w in A ccom m odation  in Zinc, by P. L. P ra tt and
S. F . Pugh. (A tom ic Energy Research E stab­
lishment.)

The C ubic-T etragonal T ransfo rm ation  in M an ­
ganese-C opper A lloys, by Z. S. Basinski 
an d  J. W. C hristian . (O xford  University.)
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MONOGRAPH AND REPORT SERIES
M any o f  these volum es are standard  text-books in universities and  technical colleges th ro u g h o u t the w orld.

T H E  S T R U C T U R E  O F  M E T A L S A N D  A LL O Y S
B y  W il l ia m  H u m e - R o t h e r y , O .B.E., M .A .,  D .S c .,  F .R .S .  

Royal Society Warren Research Fellow, Oxford University

Seventh (revised) prin ting , 1950. 8 vo. C lo th . Pp. 
137, w ith 61 figs. 10.v. 6<7. ($2.00), post free.

Press C om m ents :
“ , . . one is impressed with the masterly co-ordination of the 
text with the illustrations, their arrangement and structure. 
The book can benefit a large number of scientific men o f widely 
diversified interests.”— Journal o f  the Franklin Institute.
“ In the reviewer’s opinion they could not have picked a  more 
competent man for the job .”— M a u r i c e  L. H u g g i n s  in the 
Journal o f  Chemical Education.
“ . . . a  really authoritative account of pioneer work, which 
may well indicate an entirely new era in fundamental, theoretical 
metallurgy.”— Nature.
“ We consider the book an admirable one for its purpose.”

-— Chemistry and Industry.

C O N T E N T S : T h e  E l e c t r o n ic  Ba c k g r o u n d : The
S tructu re  o f  the A to m ; T he S tructure  o f  the M olecu le; 
T he S tructu re  o f  the C rystal. T h e  C r y s t a l  S t r u c t u r e  
o f  t h e  E l e m e n t s . T h e  A t o m ic  R a d ii o f  t h e  E l e m e n t s . 
P r im a r y  M e t a l l ic  S o l id  S o l u t io n s : In tro d u c tio n ; The 
C onception  o f  A tom ic S ize-F acto r; The E lectronegative 
Valency E ffect; R elative Valency E ffects; T he F o rm  o f 
L iquidus C urves; T he F o rm  o f  Solidus C urves; T he 
F o rm  o f  P rim ary  Solid Solubility  C u rves; Superlattice 
S tructures. I n t e r m e d ia t e  P h a se s  in  A l l o y  S y s t e m s : 
In tro d u c tio n ; N orm al V alency C o m p o u n d s; E lectron  
C om pounds and  the E lec tron  C oncen tra tion  R u le ; In te r­
stitial and  O ther S tructures D eterm ined  by the Size- 
F ac to r. I m p e r f e c t io n s  i n  C r y s t a l s  a n d  D e v ia t io n s  
f r o m  t h e  I d e a l  L a t t ic e . I n d e x .

A T O M IC  T H E O R Y  F O R  ST U D E N T S  O F 
M E T A L L U R G Y

By W il l ia m  H umf.-R o t h f .r y , O .B .E ., M .A ., D .Sc., F .R .S . 
Royal Society Warren Research Fellow, Oxford University

Second (revised) E d itio n ; fou rth  prin ting . 8 vo. C lo th . 
Pp. 331, w ith 131 figs. 21s. ($3.50), post free.

Press C o m m en ts:
“ The book gives the most comprehensive survey of the modern 
electronic theory of metals that has yet been made with so 
limited a use o f mathematical technique and symbolism.”

—Professor E. G. S t o n e r  in Nature. 
“ The A uthor and the Institute o f Metals alike are to be con­
gratulated on this genuine effort to spread widely the most 
recent theoretical knowledge and its metallurgical interpreta­
tion .”— Bulletin o f  the British Non-Ferrous Metals Research 
Association.
“ . . . the very concise and lucid presentation of the subject 
should prove to be o f value to students o f chemistry and 
physics, as well as to those who are more directly interested in 
metallurgical applications.”— The Engineer.
“ The book cannot . . .  be too highly recommended to anyone 
who desires enlightenment on current ideas on atomic 
structure.”— Electrical Review.
“ Every metallurgist should possess a copy.”— Sheet M etal 
Industries.

T he elec tron  theory  o f  m etals involves a general back­
g round  o f  a tom ic theory  w ith w hich the m etallurgical

studen t is often  unfam iliar. T h is book  is w ritten  prim arily  
for advanced students and  research w orkers in m etallurgy, 
a n d  is in tended  to  prov ide a bridge by w hich they m ay be 
led to  an  understanding  o f  the ideas underlying the  new 
theories. M uch o f  the subject m atte r shou ld  also  be o f 
interest to  C hem ists and  Physicists.

C O N T E N T S : T h e  G e n e r a l  B a c k g r o u n d : G eneral
In tro d u c tio n ; T he F irst T heory  o f  the H ydrogen A to m ; 
T he T heory  o f  B o h r; T he U ncertain ty  P rinciple o f  
H eissenberg; T he Ideas o f  W ave M echanics; W ave 
E quations and  their In te rp re ta tio n ; T he R epresen tation  
o f  the Ind iv idual E lec tro n ; T he M eaning o f  V elocity; 
Potential B oundaries in W ave M echanics. T h e  St r u c ­
t u r e  o f  t h e  F r e e  A t o m  ; T he E lectron  G ro u p s ; M ethods 
o f  R epresen tation  o f  the E lec tron-C loud  D ensity ; The 
s, p , and  d  States. A ssem b l ies  o f  A t o m s : T he Soft X- 
R ay Spectra o f  So lids; T he E lem en ts; A ssem blies o f 
U nlike A to m s; A tom ic A ttrac tion  and  the N a tu re  o f 
van der W aals F o rces ; T he In te rp re ta tio n  o f  the C o- 
V alent B ond and  the N a tu re  o f  E xchange F o rc e s ; D irected  
V alencies; R esonance B onding  and  the M etallic Linkage. 
T h e  F r e e - E l e c t r o n  T h e o r y  o f  M e t a l s : T he Ferm i- 
D irac Statistics and  the E lectron  G a s ; T he M odels o f 
W ave M echanics; A pplications o f  the F ree-E lectron 
T heory. T h e  B r il l o u in -Z o n e  T h e o r y  o f  M e t a l s : T he 
Sim ple T heory  o f  B rillouin  Z o n es; Insu lators, Semi- 
C onductors, and  M e ta ls ; M ore C om plex Z one T heories. 
E l e c t r o n s , A t o m s , M e t a l s , a n d  A l l o y s : T he A lkali 
M e ta ls ; C opper, Silver, and  G o ld ; Som e M etals o f  H igher 
V alency; T he T ransition  E lem en ts; Som e M agnetic 
P roperties. N a m e  I n d e x . S u b je c t  In d e x .

A N  IN T R O D U C T IO N  T O  T H E  E L E C T R O N  
T H E O R Y  O F  M E T A L S

By G . V. R a y n o r , M .A ., D .P hil., D.Sc.
Professor o f  M etal Physics, University o f  Birmingham

Second prin ting , 1949. 8 vo. C lo th . Pp. 108, w ith 62 
figs. 1 0 .?. 6d. ($2 .0 0 ), post free.

Press C o m m en t:
“ This excellent book . . . strongly recommended to the 
younger generation o f metallurgists for its introduction to the 
theory of the metallic state.”—Metalloberflache.

T here  is a  tendency to  rep o rt p resent day progress in the 
theory  o f  m etals in term s unfam iliar to  m any m etallurgists. 
T his b o o k  is w ritten w ith th a t class o f  reader in m ind, and 
is in tended to  give a  general p ic tu re  o f  the developm ent o f  
the theory , to  outline som e o f  the ideas w hich lie behind it, 
and  to  indicate its app lication  to  physical m etallurgy and  
the p roperties o f  m etals.

C O N T E N T S : T h e  N e w  A p p r o a c h  t o  M e t a l l u r g y . 
S o m e  B a s ic  P r in c ip l e s  o f  A t o m ic  T h e o r y . T h e  B o h r  
T h e o r y  o f  t h e  A t o m . T h e  P r o b a b il it y  C o n c e p t io n s . 
A p p l ic a t io n  t o  M e t a l s . T h e  E f f e c t  o f  C r y s t a l  
St r u c t u r e . A p p l ic a t io n  t o  A l l o y  St r u c t u r e s . 
A p p r o x im a t io n s  I n v o l v e d  in  t h e  R e s u l t s  o f  t h e  E l e c ­
t r o n  T h e o r ie s . I n s u l a t o r s  a n d  C o n d u c t o r s . M a g n e t ic  
P r o p e r t ie s  o f  M et a l s  a n d  A l l o y s . T h e  C o h e s io n  o f  
M e t a l s . C o n c l u s io n . B ib l io g r a p h y . I n d e x .



N O N -F E R R O U S  M E T A L  M E L T IN G  A N D  C A ST IN G  
O F  IN G O T S FO R  W O R K IN G

M E T A L L U R G IC A L  A P P L IC A T IO N S  O F  T H E  
E L E C T R O N  M IC R O S C O P E

A  Sym posium  on M etallurgical A spects o f  the Subject

8 vo. 1949. C loth . Pp. 168, with 19 plates and 
num erous figs in the text. 15s. (S 2 .5 0 ), post free.

Press C o m m en t:
“ . . . a valuable collection of authoritative opinion, backed 
by many of practical experience in this specialized field.”

—Engineering.

C O N T E N T S : M e l t in g  a n d  C a s t in g  o f  N o n - F e r r o u s  
M e t a l s , by G . L . Bailey and  W . A . B aker (British Non- 
Ferrous M eta ls Research Association). T h e  P r o d u c t io n  
o f  R e f in e d -C o p p f .r  S h a p e s , by R . H . W addington  (Inter­
national N icke l Company o f  Canada, L td.). M e l t in g  a n d  
C a s t in g  A l u m in iu m  B r o n z e  I n g o t s  f o r  S u b s e q u e n t  
W o r k i n g , by A . J. M urphy  and  G . T . C allis (J. S tone and  
Co., L td .). T h e  A p p l ic a t io n  o f  F l u x  D e g a s s in g  t o  
C o m m e r c ia l l y  C a s t  P h o s p h o r  B r o n z e , by N .  I .  B ond- 
W illiam s (Aston Chain and H ook Co., L td .). T h e  M e l t ­
in g  a n d  C a s t in g  o f  B r a s s , by M. C ook  and  N . F . 
F le tcher (Im perial Chemical Industries, L td .). T h e  M e l t ­
in g  a n d  C a s t in g  o f  N ic k e l  S il v e r  a t  t h e  W o r k s  o f  
M e s sr s . H e n r y  W ig g in  a n d  C o ., L t d ., by E . J. B radbury  
and P. G . T u rn er ( Henry Wiggin and Co., L td.). G e n e r a l  
D is c u s s io n  (5 4  p p .) .  S u b je c t  I n d e x . N a m e  I n d e x .

A Sym posium

8 vo. 1950. C lo th . Pp. 170, w ith 50 plates and  
num erous figs in the text. 21s. (S3.50), post free.

Press C om m ents :
“ . . .  in the absence of a handbook on electron microscope 
methods in metallurgy, it forms a useful source of reference and 
o f hints as to methods which may succeed in particular cases.” 

— Journal o f  Scientific Instruments.

“ . . . most valuable to all interested in electron microscopical 
metallurgy.”— Stahl and Eisen.

“ This book is recommended as a very useful source of new 
information and as a means o f future reference for the majority 
of metallurgists.”—Foundry Trade Journal.

T his book form s a  com prehensive guide to the use o f  
the elec tron  m icroscope in  m etallurgy and , besides being 
valuable to  a ll physicists and  m etallurgists a lready w orking 
in the field, w ill serve as a  m ost useful in troduction  to the 
subject fo r those m etallurgists w ho m ay n o t yet fully 
appreciate  the po tentialities and  lim itations o f  th is com ­
paratively new technique.

T H E  S O L ID IF IC A T IO N  O F  C A S T IN G S : A  R EV IEW  
O F  T H E  L IT E R A T U R E

By R. W . R u d d l e , M .A .
Head o f  the Melting and Casting Section, British Non-Ferrous 

Metals Research Association

8 vo. 1950. C lo th . Pp. 116, w ith 46 figs. I Or. 6  d. 
(82.00), post free.

Press C om m ents :
“ The review provides a clear picture o f the present state of 
knowledge, and should stimulate interest in this important 
aspect o f foundry research.”— Foundry Trade Journal.
“ . . . it is not only a review, but can be used as a text-book 
providing a basis for the design of moulds, and as an intro­
ductory work on the fundamental principles o f the art of 
cast ing. ’ ’—Engineering.
“  . . . fully upholds the high standard now expected from the 
Monographs of the Institute o f Metals.”— Nature.

C O N T E N T S : T h e  P r o d u c t io n  o f  S o u n d  C a s t in g s : 
In tro d u c tio n ; G ating  and  Feeding M ethods; P ouring  
R ate and  T em pera tu re ; The Use o f  “ P a d d in g ” ; The 
Use o f  C hills ; T he Use o f  M ould M ateria l o f  D ifferent 
T herm al P roperties ; T he D esign and  Use o f  F eeders; 
T he P roduction  o f  Sound Ingots. T h e  R a t e  o f  S o l id if i­
c a t io n  o f  C a s t  M e t a l s : In tro d u c tio n ; T he M athe­
m atical S tudy o f  So lid ification; T he R esults o f  D irect 
E xperim ental Studies o f  Solid ification; T he Use o f 
E lectrical A nalogues ; O ther R elated  M atters. S u m m a r y  
a n d  C o n c l u s io n s . A p p e n d i x : T h e  T h e r m a l  P r o p e r ­
t ie s  o f  M e t a l s  a n d  M o u l d  M a t e r ia l s . L is t  o f  R e f e r ­
e n c e s . S u b je c t  In d e x . N a m e  In d e x .

C O N T E N T S : T h e  A p p l ic a t io n  o f  t h e  E l e c t r o n

M ic r o s c o p e  in  M e t a l l o g r a p h y , b y  N . P. A llen (N ational 
Physical Laboratory). E l e c t r o n  M ic r o s c o p y  in  M e t a l ­
l u r g y , b y  P. G rivet (Sorbonne, Paris). T h e  U se  o f  t h e  
E l e c t r o n  M ic r o s c o p e  in  M e t a l l u r g ic a l  R e s e a r c h  in  
G e r m a n y  D u r in g  a n d  S in c e  t h e  W a r , b y  H. M ahl 
(Suddeutsche Laboratorien, M osbach/Baden). T h e  S t r u c ­
t u r e  o f  S o m e  N o n - F e r r o u s  A l l o y s  a s  R e v e a l e d  b y  t h e  
E l e c t r o n  M ic r o s c o p e , b y  G . L. J. Bailey and S. V ernon- 
Sm ith (British Non-Ferrous M eta ls Research Association). 
A R e p l ic a  T e c h n iq u e  f o r  t h e  E x a m in a t io n  o f  F r a c t u r e  
S u r f a c e s  w it h  t h e  E l e c t r o n  M ic r o s c o p e , b y  J. N u ttin g  
(British Iron and S tee l Research Association) and  V. E . 
C osslett (Cavendish Laboratory, Cambridge). T h e  D r y  
St r ip p in g  o f  F o r m v a r  R e p l ic a s  f r o m  E t c h e d  M e t a l  
S u r f a c e s , b y  J. N u tting  (British Iron and S tee l Research  
Association) and  V. E. C osslett (Cavendish Laboratory, 
Cambridge). T h e  M ic r o s t r u c t u r e  o f  a  W a t e r - 
Q u e n c h e d  C a r b u r iz e d  I r o n , b y  J .  T ro tte r, D . M cLean, 
an d  C. J. B. Clews (N ational Physical Laboratory). 
E l e c t r o n  M ic r o s c o p y  o f  L i g h t - M e t a l  A l l o y s , b y  F. 
K eller (A lum inum  Company o f  America). O b s e r v a t io n s  
o n  t h e  A g e - H a r d e n in g  P r o c e ss  i n  a n  A l u m in iu m -  
C o p p e r  A l l o y , b y  G . L. B ucknell and  G . A. G each 
(Associated E lectrical Industries Research Laboratory). 
E l e m e n t a r y  S l ip  P r o c e sse s  in  A l u m in iu m  a s  S h o w n  by  
t h e  E l e c t r o n  M ic r o s c o p e , b y  A. F . B row n (Cavendish 
Laboratory, Cambridge). S t u d ie s  in  t h e  E l e c t r o n  
M ic r o s c o p y  o f  N ic k e l - C h r o m iu m  A l l o y s , b y  B. S. 
C ooper an d  G . A. B assett (General E lectric Co., L td .). A  
N o t e  o n  t h e  E x a m in a t io n  o f  M e t a l  P o w d e r s  b y  t h e  
E l e c t r o n  M ic r o s c o p e , b y  J. I. M orley (Brown-Firth  
Research Laboratories). T h e  P r o g r e s s  o f  E l e c t r o n  
M ic r o s c o p y  o f  M e t a l s  in  A m e r ic a  (E x c l u d in g  t h e  
L ig h t  M e t a l s ), by  C. M . Schw artz (Batteile M em orial 
Institute, Colombus, Ohio). G e n e r a l  D is c u s s io n

(26 pp.).



T H E  H O T -W O R K IN G  O F  N O N -F E R R O U S  
M E T A L S A N D  A LL O Y S

A Sym posium  on  M etallurgical A spects o f  the Subject

8 vo. 1951. C lo th . Pp. 208, w ith 23 plates and 
num erous figs. in the text. 15.?. (82.50), post free.

Press C o m m en ts:
“ . . . something of interest is to be found for most practical 
metallurgists.”— Metal Treatment.
“ . . . a  volume free from mathematics and yet concerned not 
only with practical matters but also with the underlying theory.” 

— Journal o f  the Institution o f  Production Engineers.

C O N T E N T S : T h e  H o t - R o l l in g  o f  A l u m in iu m  a n d  it s  
A l l o y s , by F . K asz and  P. C. V arley ( The British A lum in­
ium  Co., L td.). T h e  E x t r u s io n  o f  A l u m in iu m  A l l o y s , 
by C. Sm ith (Jam es Booth and Co., L td .). T h e  H o t - 
F o r g in g  a n d  H o t -S t a m p in g  o f  A l u m in iu m  a n d  its  
A l l o y s , by F . E . S tokeld  (The D eri tend S tam ping Co., 
L td .). T h e  H o t -W o r k in g  o f  M a g n e s iu m  a n d  it s  
A l l o y s , by R. G . W ilkinson (M agnesium  Elektron, Ltd.) 
and  F . A . F ox  (H . J. Enthoven and Sons, L td .). T h e  
H o t -W o r k in g  o f  C o p p e r  a n d  C o p p e r  A l l o y s , by M . 
C ook and  E . Davis (Im perial Chemical Industries, L td.). 
T h e  H o t -W o r k in g  o f  T in  B r o n z e s , by D . W. D ugard  
Show ell (The Birm ingham  B attery and M eta l Co., L td.). 
T h e  H o t -W o r k in g  o f  L ea d  a n d  L e a d - R ic h  A l l o y s , by 
L. H. Back (British Non-Ferrous M eta ls Research Associa­
tion). T h e  R o l l in g  o f  Z in c  a n d  Z in c - R ic h  A l l o y s , by
C. W. R oberts and  B. W alters (The Im perial Sm elting  
Corporation, L td .). G e n e r a l  D is c u s s io n  (28 pp.).

T H E  N O N -D E S T R U C T IV E  T E S T IN G  O F  M E T A L S

By R . F . H a n s t o c k , P h .D ., F .In s t.P .
Chief Physicist, Higli-Duty Alloys, Ltd., Slough

8 vo. 1951. C lo th . Pp. 171, w ith 8  p lates and  59 figs. 
in the text. 21s. (83.50), post free.

Press C om m ents :
“ . . . critical and the information is well selected. . . . serves 
as an excellent starting point for anyone who wishes to go 
further into the subject."— The Engineer.
“ . . . the chapters devoted to damping capacity . . . must be 
regarded as constituting a valuable contribution to the literature 
o f the subject.”—Foundry Trade Journal.
“  This is a  publication that should be on the bookshelf o f anyone 
with an interest in the production o f metals.”— Hawker Siddeley 
Review.
” . . .  sums up in a masterly fashion the increasingly complex 
background o f physical science against which even the most 
humble of practical engineers is now constrained to work.”

— Light Metals.

In th is book  non-destructive testing is no t narrow ly 
in terpre ted  as the app lica tion  o f  rad iography , m agnetic and  
ultrason ic  m ethods to  the detec tion  o f  flaws in m etals. 
A lthough  these m ethods, now  well know n and  applied  in 
m any industries, receive consideration , o ther, less well- 
know n, m ethods o f  exam ination  are  described w ith the 
object o f  p rov id ing  a w ork  o f  reference th a t m ay suggest 
alternative approaches to  special p rob lem s o f  n o n ­
destructive testing. P articu la r m ethods o f  testing are 
seldom  universally applicable, and  one purpose  o f  the 
m onograph  is to  indicate the lim itations w ith in  w hich a 
test m ay be expected to  opera te  successfully.

C O N T E N T S : I n t r o d u c t io n . M e a s u r e m e n t  o f  T h ic k ­
n e s s . T h e  E v a l u a t io n  o f  S u r f a c e  F in is h . D e t e c t io n  
o f  C r a c k s  a t  o r  N e a r  t h e  S u r f a c e . R a d io g r a p h y . 
D e t e c t io n  o f  F l a w s  by  U l t r a s o n ic  M e t h o d s . 
D y n a m ic  T es t s . D a m p in g  C a p a c i t y : D efinitions and  
M ethods o f  M easurem ent ; D ependence on  M etallurgical 
C o n d itio n ; T heoretical A spects. X - R a y  D if f r a c t io n : 
In tro d u c tio n ; A pplications. E l e c t r ic a l  a n d  M a g n e t ic  
M e t h o d s  o f  E s t im a t in g  C o m p o s it io n  a n d  C o n d it i o n . 
S o m e  M e t h o d s  o f  A n a l y s is . A p p e n d i x : S u m m a r y  o f  
S o m e  N o n - D e s t r u c t iv e  M e t h o d s  o f  E x a m in a t io n . 
N a m e  In d e x . S u b je c t  I n d e x .

T H E R M O D Y N A M IC S  O F  A LL O Y S

By J o h n  L u m s d e n , B .S c ., A .R .I.C .
Research Department, Imperial Smelting Corporation, Ltd.

8 vo. 1952. C lo th . Pp. 399, w ith 110 figs. 35s. 
(85.50), post free.

Press C om m ents :
“ A very complete collection of experimental data, which are 
critically reviewed and assessed . . . maintains in every way the 
high standard of the Institute o f Metals Monograph and Report 
Series.”— The Engineer.

“ An excellent book, which should be read by everyone interested 
in the physical chemistry of metals. The book is characterized 
by clarity o f thought and expression, and by the carefully 
considered examples of metal and alloy behaviour which it 
contains.”—Journal o f  the Iron and Steel Institute.

” . . .  anybody interested in metallurgy will profit from studying 
this valuable publication.”—Stahl und Eisen.

“ His presentation of the argument is excellent.”— The Times 
Review o f  Industry.

“ The book satisfies a need which has been felt for some time 
by workers in the field of alloy equilibria. . . . Mr. Lumsden is 
to be congratulated on having brought it (the information in the 
book) together and knitted it into a pattern in such an exception­
ally able manner.”—Foundry Trade Journal.

T his book  deals w ith therm odynam ics as a m eans o f 
correlating , codifying and  cross-checking diverse physico­
chem ical m easurem ents on  m etals and  alloys. T he theory  
is developed from  first principles, w ith the m athem atics 
kep t as sim ple as possible, bu t care is taken  to  avoid  m is­
leading over-sim plification on such m atters as the statistical 
in terp re ta tion  o f  entropy. By selected exam ples, it is 
show n how  a com prehensive free-energy equation , derived 
from  a suitable set o f  experim ental m easurem ents, can  be 
reliably used to  calculate all the equilibrium  properties o f  
a system.

C O N T E N T S : I n t r o d u c t io n . M a t h e m a t ic s  a s  a  L a n ­
g u a g e . T h e  D e g r a d a t io n  o f  E n e r g y . E n t r o p y  a n d  
F r e e  E n e r g y . Q u a n t u m  T h e o r y . S o l id  M e t a l s . 
L iq u id  M e t a l s . Im p e r f e c t  G a se s . V a p o u r  P r e s s u r e s . 
B in a r y  S o l u t io n s . D il u t e  S o l u t io n s . T h e  Z in c - T in  
S y s t e m . T h e  Z in c - C a d m iu m  S y s t e m . H ea t s  o f  F u s io n . 
T h e  Z in c - C o p p e r  S y s t e m . T h e  F r e e  E n e r g y  o f  L iq u id  
A l l o y s . S o l id  S o l u t io n s  w it h  A t o m s  o f  E q u a l  S i z e . 
St a t is t ic a l  M e c h a n ic s  o f  L iq u id  S o l u t io n s . I m ­
p e r f e c t  C r y s t a l s  a n d  L iq u id s . N u m e r ic a l  T a b l e s . 
S e l e c t e d  B ib l io g r a p h y . N a m e  I n d e x . S u b je c t  I n d e x .



T H E  C O L D  W O R K IN G  O F  N O N -F E R R O U S  
M ETA LS A N D  A LL O Y S

A Sym posium  on  M etallurgical A spects o f  the Subject

8 vo. 1952. Pp . 207, w ith 20 plates an d  num erous 
figs. in  the text. 15.1. ($2.50), post free.

Press Comm ents :
“ The Institute is providing invaluable aid to the works’ metal­
lurgist by the organization and publication of these symposia.”— 
Bulletin o f  the British Non-Ferrous Metals Research Association.

C O N T E N T S : F u n d a m e n t a l  A s p e c t s  o f  t h e  C o l d - 
W o r k in g  o f  M e t a l s , by M . C ook and  T . LI. R ichards 
(,Imperial Chemical Industries, L td .). L u b r ic a n t s  f o r  
t h e  C o l d -W o r k in g  o f  N o n - F e r r o u s  M e t a l s , by S. F . 
C hisholm  (Vacuum  O il Co., L td .). T h e  C o l d - R o l l in g  o f  
N o n - F e r r o u s  M e t a l s  in  S h e e t  a n d  S t r ip  F o r m , by C. E. 
D avies ( IV. H . A . Robertson and Co., L td .). W ir e - 
D r a w in g  T e c h n iq u e  a n d  E q u ip m e n t , by F . T . C leaver 
and  H . J. M iller (British Insulated Callender's Cables, 
Ltd .). T h e  D e e p - D r a w i n g  a n d  P r e s s in g  o f  N o n - 
F e r r o u s  M e t a l s  a n d  A l l o y s , by J. D. Jevons (Joseph 
Lucas, L td .). G e n e r a l  D is c u s s io n  (4 2  p p .) .

E Q U IP M E N T  F O R  T H E  T H E R M A L  T R E A T M E N T  
O F  N O N -F E R R O U S  M E T A L S A N D  A LLO Y S

A Sym posium

4to. 1952 (D ec.). C lo th . Pp. 104, with 14 plates and  
num erous figs. in the text. 15s. ($2.50), post free.

C O N T E N T S : E l e c t r ic  F u r n a c e s  f o r  t h e  T h e r m a l  
T r e a t m e n t  o f  N o n - F e r r o u s  M et a l s  a n d  A l l o y s , by C. J. 
Evans (The General E lectric Co., L td .), P. F . H ancock 
(Birlec, L td.), F . W . H ayw ood ( W dd-Barfield E lectric 
Furnaces, L td .), and  J. M cM ullen  (Electric Resistance 
Furnace Co., L td.). G a s  E q u ip m e n t  f o r  t h e  T h e r m a l  
T r e a t m e n t  o f  N o n - F e r r o u s  M e t a ls  a n d  A l l o y s , by 
J. F . W aight ( W est M idlands Gas Goard). B a t c h  a n d  
C o n t in u o u s  A n n e a l in g  o f  C o p p e r  a n d  C o p p e r  A l l o y s , 
by E . D avis and  S. G . Tem ple (Imperial Chemical Industries, 
L td .). B r ig h t  A n n e a l in g  o f  N ic k e l  a n d  it s  A l l o y s , by
H. J. H artley  (H enry Wiggin and Co., L td .)  an d  E. J. 
B radbury  ( The M ond  N icke I Co., L td .). B a t c h  T h e r m a l  
T r e a t m e n t  o f  L i g h t  A l l o y s , by C. P. P a to n  (Northern  
A lum inium  Co., L td .). F l a s h  A n n e a l in g  o f  L ig h t  
A l l o y s , by R . T. Staples (T .I. A lum inium, L td.). C o n ­
t in u o u s  H e a t -T r e a t m e n t  o f  A l u m in iu m  A l l o y s  o f  t h e  
D u r a l u m in  T y p e , by M . L am ourdedieu  (Société Centrale 
des A lliages Légers, Paris). G e n e r a l  D is c u s s io n .

P R O P E R T IE S  O F  M E T A L L IC  S U R F A C E S  

A Sym posium

8 vo. 1953. In the Press. C lo th . Pp. 350 approx ., 
w ith num erous illu strations. Price n o t yet fixed (will be 
ab o u t 40s. o r $6.00).

C O N T E N T S : S p e c ia l iz e d  M ic r o s c o p ic a l  T e c h n iq u e s  
in  M e t a l l u r g y , by S. T olansky (University o f  London). 
R a d io is o t o p e s  in  t h e  S t u d y  o f  M e t a l  S u r f a c e  R e­

a c t io n s  in  S o l u t io n s , by M . T. Sim nad (Carnegie 
Institute o f  Technology, Pittsburgh, Pa.). T h e  I n f l u e n c e  
o f  M a c h in in g  a n d  G r in d in g  M e t h o d s  o n  t h e  M e c h a n i­
c a l  a n d  P h y s ic a l  C o n d it io n  o f  M e t a l  S u r f a c e s , by 
P. Spear, I. R . R obinson , and  K. J. B. W olfe (The B .S .A . 
Group M achinability Laboratory, B .S .A . Tools, L td.). 
T h e  E f f e c t  o f  L u b r ic a t io n  a n d  N a t u r e  o f  S u p e r f ic ia l  
L a y e r  a f t e r  P r o l o n g e d  P e r io d s  o f  R u n n in g , by F . T . 
Barw ell (M echanical Engineering Research Organisation, 
Departm ent o f  Scientific and Industrial Research). T h e  
C r y s t a l l in e  C h a r a c t e r  o f  A b r a d e d  S u r f a c e s , by P. 
G ay and  P. B. H irsch (Cavendish Laboratory, Cambridge). 
T h e  E f f e c t  o f  S u r f a c e  C o n d it io n s  o n  t h e  M e c h a n ic a l  
P r o p e r t ie s  o f  M e t a l s , M a in l y  S in g l e  C r y s t a l s , by
E . N .  da C. A ndrade  (R oyal Institution). T h e  E f f e c t  o f  
S u r f a c e  C o n d it io n  o n  t h e  S t r e n g t h  o f  B r it t l e  
M a t e r ia l s , by C. G urney  (University College, C ardiff). 
T h e  I n f l u e n c e  o f  S u r f a c e  C o n d it io n  o n  t h e  F a t ig u e  
St r e n g t h  o f  S t e e l , by R . J. Love (M otor Industry  
Research Association). T h e  I n f l u e n c e  o f  S u r f a c e  F il m s  
o n  t h e  F r ic t io n  a n d  D e f o r m a t io n  o f  S u r f a c e s , by
F . P. B ow den and  D . T ab o r (Cambridge University). 
D if f u s io n  C o a t in g s , by D. M . D ovey, 1. Jenkins, and  
K . C. R and le  (The General E lectric Co., L td .). T h e  
N a t u r e  a n d  P r o p e r t ie s  o f  t h e  A n o d ic  F il m  o n  A l u m in ­
iu m  a n d  it s  A l l o y s , by H . W . L . Phillips (The British 
Alum inium  Co., L td.). C h e m ic a l  B e h a v io u r  a s  I n ­
f l u e n c e d  b y  S u r f a c e  C o n d it i o n , by U . R . Evans 
(Cambridge University). T h e  E f f e c t  o f  M e t h o d  o f  
P r e p a r a t io n  o n  t h e  H ig h - F r e q u e n c y  S u r f a c e  R esist­
a n c e  o f  M e t a l s , by R . G . C ham bers and  A . B. P ippard  
(R oyal Society M o n d  Laboratory, Cambridge). G e n e r a l  
D is c u s s io n .

T H E  C O N T R O L  O F  Q U A L IT Y  IN  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 LL O Y S. V O L U M E  I.— T H E  C O N T R O L  
O F  Q U A L IT Y  IN  M E L T IN G  A N D  C A S T IN G

A Sym posium

4to. 1953. In the Press. C lo th . Pp. 100 approx ., 
w ith 14 plates and  num erous illustrations. Price no t yet 
fixed (likely to  be 15i. o r $2.50, p o st free).

C O N T E N T S : T h e  P r in c ip l e s  o f  T e c h n ic a l  C o n t r o l  
in  M e t a l l u r g ic a l  M a n u f a c t u r e , by A . R . E . Singer 
(U niversity o f  Birmingham). T h e  C o n t r o l  o f  Q u a l it y  
in  M e l t in g  a n d  C a s t in g  B r a ss  f o r  I n g o t s  a n d  B il l e t s , 
by M . C o o k  and  C. L. M . C ow ley (Im perial Chemical 
Industries, L td .). T h e  C o n t r o l  o f  Q u a l it y  in  M e l t in g  
a n d  C a s t in g  C o p p e r  a n d  H ig h - C o n d u c t iv it y  C o p p e r - 
B a se  A l l o y s , by J. Sykes (Enfield Copper Refining Co., 
Ltd.). T h e  C o n t r o l  o f  Q u a l it y  in  t h e  C a s t in g  o f  
Z in c  a n d  Z in c  A l l o y  R o l l in g  S l a b s  a n d  E x t r u s io n  
B il l e t s , by C. W . R oberts  an d  B. W alters (Im perial S m elt­
ing Corporation, L td .). T h e  C o n t r o l  o f  Q u a l it y  in  t h e  
M e l t in g  a n d  C a s t in g  o f  A l u m in iu m  A l l o y s  f o r  
W o r k i n g , by R . T . Staples and  H . J. H u rs t (T .I. A lum in­
ium, L td .). T h e  C o n t r o l  o f  Q u a l it y  in  M e l t in g  a n d  
C a s t in g  M a g n e s iu m  A l l o y s  f o r  H o t -W o r k i n g , by 
R . G . W ilk inson and  S. B. H irs t (M agnesium  Elektron, 
Ltd.).
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23rd AUTUMN LECTURE

ON THE FOOT-HILLS OF THE PLASTIC RANGE * 1422
By P r o f e s s o r  H. W . SWIFT,f  M.A., D .Sc., M.I.Mcch.E. 

SYNOPSIS

In  th is lecture the au tho r attem pts a  survey of the activities of th e  several classes of pure and 
applied scientists engaged in the general field of m etal plasticity . H e discusses the present sta te  
o f knowledge and the ex ten t to  which research is a t  present able to make its  contribution to  the 
various technological processes involving plastic deformation. A classification is suggested of the 
m ost profitable directions of inquiry  appropriate to  the m athem atician, the m etal physicist, and 
the engineering scientist, and an  appeal is made for th e  co-ordination of programmes and for 
the presentation of reports and results in  a  form intelligible to  o ther scientific workers and to 
those more directly concerned w ith plastic processes in  industry. The methods of m athem atical 
plasticity are illustrated  by simple examples of shear-line fields and flow grids. The lim ited 
success of more elem entary methods of analysis by  engineering investigators is illustrated by 
the deep-drawing of a  cylindrical shell. An appeal is made to  the metal physicist for a more 
realistic model of lattice structure, and for a  system atic study  of stress/strain  relations on a 
w ider front th an  heretofore.

I.—INTRODUCTION

P l a s t ic  deformation forms the basis of one of the 
oldest of the industrial arts and one of the youngest 
of the applied sciences. From the earliest historical 
times man has applied to  malleable metals the group 
of compressive operations which include forging, 
coining, and hammering, for over a  thousand years he 
has been drawing wire, and for over a century he has 
been drawing tubes and sheet metal. Yet little 
attem pt had been made before the present century 
to  formulate the principles of plastic deformation or 
to  correlate them with the properties of metals. I t  
is true th a t the basic equations of theoretical plasticity 
were laid down by Levy in 1871, bu t so little a tten­
tion did they a ttrac t th a t they are generally credited 
to von Mises, who re-enunciated them  over 40 years 
later. And although Tresca introduced the sliear- 
stress criterion for plastic flow in 1868, this is still 
commonly attributed to  Guest in 1900, though he 
subsequently did his best to live it down.

Yon Mises, of course, made other notable contribu­
tions to the theory of plasticity, and was one of the 
leaders of the German school which was mainly 
responsible for experimental and theoretical develop­
ments up to  the beginning of the last war. The trans­
fer of Continental workers to America—by cold 
extrusion before the war and by wire-pulling since— 
carried the initiative across the Atlantic for a time, 
bu t the emergence of a theoretical group a t Fort 
Halstead during the war and the development of 
experimental groups under the energetic leadership 
of certain of the British industrial research organiza­

tions have done much to restore the balance, and in 
so far as results are to be judged by weight rather 
than  volume, there is probably a t the present time a 
greater potential of applicable theory and experiment 
in this country than  anywhere else. Whether the 
appetite of industry in this country as a whole is as 
keen, or its digestive organs as efficient, as elsewhere 
is perhaps another question.

But this question must not be held to imply any 
doubt as to the technological skill of those engaged in 
the metal-forming industries in this country. There 
can be no doubt on this score in the mind of anyone 
who has visited an automobile press shop and wit­
nessed the transformation of a flat sheet into a motor­
car wing in a single stroke. Neither the man who 
casually presses the button nor his m ate who idly 
applies an oily rag a t the right spot on the sheet has 
anything to learn from Charlie Chaplin in the m atter 
of masterly nonchalance. And it is no less impressive 
in an anonymous back-street works to  follow the 
fortunes of an aluminium slug which within ten 
minutes of entering the shop is extruded, screwed, 
capped, twice enamelled and stoved, and despatched 
with a colourful tribute to  a wonderful shaving 
cream, bu t no clue to  the identity  of those who 
produced its still more wonderful container.

Such examples are a tribute to the enterprise, 
courage, resourcefulness, and intuitive skill of those 
engaged in the metal-forming industries, b u t they do 
not prove either th a t industrial development has 
reached finality or th a t the principles underlying it 
are so well understood th a t they can be applied with 
confidence to fresh types of problems as they arise.

* Delivered a t  the Annual A utum n Meeting, Oxford, 15 Septem ber 1952. 
t  Professor of Engineering, U niversity  of Sheffield.
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HIGH-TEMPERATURE OXIDATION CHARACTERISTICS 
OF A GROUP OF OXIDATION-RESISTANT 
COPPER-BASE ALLOYS *

By J. P. DENNISON,f  Ph.D., B.Sc., J u n i o r  M e m b e r , a n d  
P r o f e s s o r  A. PBEECE.J M.Sc., F.I.M., M e m b e r

SYNOPSIS

The influence of small separate additions of aluminium, beryllium, chromium, magnesium, 
and silicon on the high-tem perature oxidation of copper has been examined, these alloying 
elements having been chosen because the ir oxides have a high electrical resistivity. The 
composition and m icrostructure of the scales formed were studied and correlated w ith the rates 
of oxidation.

The effectiveness of the additions in conferring oxidation-resistance was in the decreasing 
order : beryllium, alum inium, magnesium, silicon, chromium.

Alloys having rates of oxidation less than  th a t of copper showed divergences from the 
established parabolic and exponential laws. These divergences m ay be accounted for by a 
consideration of the relative rates of diffusion of copper and of the alloying elem ent through the 
oxide layers.

I.—INTRODUCTION

T h e  results described in the present paper were 
obtained in a general investigation of the high- 
temperature oxidation characteristics of a selection 
of binary copper-base alloys. The alloying elements 
chosen were aluminium, beryllium, chromium, mag­
nesium, and silicon.

Earlier investigations by Wagner 1 and by Price 
and Thom as2 have demonstrated the importance, 
among other things, of a high electrical resistivity in 
the oxide film if protection against continued oxidation 
is desired. The elements chosen have a much higher 
affinity for oxygen than th a t of copper ; their oxides 
are refractory, an d . with the exception of th a t of 
chromium, possess high electrical resistivity.

Relatively little detailed information is available 
concerning the exact nature of the oxide/metal inter­
face or the constitution of the oxides formed on these 
alloys, especially in the tem perature range 400°-700° C. 
I t  was decided therefore to begin with the simple 
binary alloys before proceeding to the more complex 
compositions.

In  view of the recent publication of a comprehensive 
review of the literature on the oxidation of copper by 
Tylecote,3 only references directly connected with 
the present work are included.

II .—EXPERIM ENTAL WORK

1. M a t e r i a l  a n d  P r o c e d u r e

The alloys listed in Table I were prepared by melting 
electrolytic copper under charcoal and adding the 
alloying element in the form of a m aster alloy. Bars

of 1-in. dia. were cast by the Durville process, hot 
rolled to  -¡-in. dia., and machined to a smooth finish.

T a b l e  I .— Compositions of Alloys Used.

E lem ent
Alloy C ontent 

N om inal, % j A ctual, %
Copper, %

R em ainder, 
b y  Differ­
ence, %

Aluminium 2 2-05 97-90 0-05
4 4-03 95-91 0-06
6 5-96 94-00 0-04
8 8-OS 91-87 0-05

10 9-90 90-04 0-06

Beryllium 1 105 98-92 0-03
o 2 0 0 97-96 0-04

Chromium 0-5 0-50 99-46 0-04
1-5 1-20 98-77 0-03

Magnesium 1 0-90 99-07 0-03

Silicon 2
3-5

203
3'55

97-93
96-40

0-04
0-05

Specimens cut from these bars were exposed a t the 
required temperatures to ordinary air and, in the pre­
liminary part of the investigation, to the products of 
combustion of paraffin containing 2%  sulphur burnt 
with a 60 : 1 air-to-fuel ratio to give an atmosphere 
of the following composition : N2 78, 0 ,  17, II.,0  3, 
C02 2, and SO, 0-11%.

I t  was found tha t only when the fuel contained 
sulphur was there any difference in the rate of oxida­
tion. This difference, which was slight, was directly 
proportional to the sulphur content of the combustion 
atmosphere, and was apparent only a t temperatures

* M anuscript received 24 Ju n e  1952. J  M etallurgy D epartm ent, K ing’s College, Newcastle-on-
f  Lecturer in Metallurgy, U niversity  College, Swansea. Tyne.
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THE CONSTITUTION OF CHROMIUM-MANGANESE 
ALLOYS BELOW 1000° C. *

B y W . B . P E A R S O N ,f  D .F .C ., M .A., D .P h il., M e m b e r , a n d  
W . H U M E -R O T H E R Y ,{ O .B .E ., F .R .S ., M e m b e r  

SYNOPSIS

Tlie constitution of chrom ium -manganeso alloys between 1000° and 525° C. has been studied 
by microscopical and X -ray methods. The a phase undergoes a  transform ation a t  980°-1005° C. 
(according to  composition), and high-tem perature X -ray  photographs show th a t both the high- 
tem perature , a', and low tem perature, a, modifications have characteristic “ a ” structures 
resembling th a t  of the a-iron-chrom ium  phase. The phase appears to  be stable down to  523° C., 
and no signs o f a  eutectoid decomposition could he found. The solid solubility of manganese in 
chrom ium diminishes m arkedly below 1 0 0 0 ° C., the tem perature  of the a' transform ation. 
In  the range 1000°-800° C. norm al two-phase (a-Cr +  a) alloys are formed when the solubility 
lim it is exceeded. Between 800° and  600° C., three-phase alloys are found consisting of a-Cr, a, 
and  small am ounts o f a  phase denoted a'-M n, whose crystal s truc tu re  appears to  he sim ilar to 
th a t o f a-m anganesc; the am ount of th is last phase diminishes gradually  on prolonged annealing, 
and the stable equilibrium  alm ost certain ly  involves two-phase (a-Cr -j- a) alloys. Below 600° C., 
the solubility of manganese in  chromium diminishes even more markedly, and three-phase 
(a-Cr -j- a'-M n -j- small am ounts a) alloys are formed. W ith annealing periods o f the order of 
1-2 months a t  600°-500° C., equilibrium conditions arc no t obtained, bu t it  is thought th a t the 
a'-M n phase has a composition in the region of Mn2Cr. The lattice spacings of the solid solution 
of manganese in a-Cr have been determ ined.

I.—INTRODUCTION

T h e  equilibrium diagram of the system chromium- 
manganese was determined in 1949 by Carlile, 
Christian, and Hume-Rothery 1, and was shown to 
contain a wide solid solution of manganese in chromium 
followed by a phase denoted 9, which was shown la te r2 
to  possess the same crystal structure as the a phase 
in the system chromium-iron, and is therefore called 
a in the present paper. The o phase was shown to 
be formed by a peritectic reaction, and this was con­
firmed by Zwicker,3 although in an earlier p ap e r4 
this author had regarded the a phase as involving a 
eutectic. The diagram of Carlile, Christian, and 
Hume-Rothery in the region 0-70 a t.-%  manganese 
was determined § only above 1000° C., although these 
authors noted th a t changes occurred on annealing a t 
low temperatures, and this was confirmed by Zwicker,3 
who showed the solubility of manganese in chromium 
to diminish greatly below 1000° C. The two in­
vestigations were not, however, in exact agreement 
where they overlapped, and as the purity  and exact 
composition of Zwicker’s alloys were not indicated,|| a 
further study of the system has been made, and has 
shown th a t non-equilibrium structures are produced 
when previously homogenized alloys are re-annealed 
a t low temperatures. I t  is probable th a t conditions

of true equilibrium will require annealing treatm ents 
of several years, and the present paper is submitted to 
describe the structures obtained after annealing 
periods of the order of 5-71 days.

II .—EXPERIM ENTAL TECHNIQUE

The manganese and chromium used were high- 
purity, electrolytic, hydrogen-reduced metals, and 
ivere melted in thoria-lined alumina crucibles in an 
H .F. induction furnace, using slight modifications of 
them ethods described by Carlile, Christian, and Hume- 
Rothery, and by Pearson and Hume-Rothery.G 
The ingots were homogenized by heating in hydrogen 
for more than 2 hr. a t 15°-20° C. below the solidus. 
Subsequent annealing treatm ents were carried but by 
standard methods 0 in sealed evacuated tubes. 
Powder X-ray-diffraction films were used to  determine 
lattice spacings by standard methods. Phases were 
identified by drawing a file across the actual surface 
examined under a microscope, and where the specimen 
had been annealed and quenched from a high tem ­
perature, the filings were not annealed, because this 
resulted in loss of manganese. At lower temperatures 
filings were annealed in the ordinary way. Seventeen 
alloys in lump form, and eleven batches of annealed 
filings were analysed by Johnson, M atthey and

* M anuscript received 15 October 1952. 
f  Low-Tempcrature Solid-State Physics D epartm ent, 

N ational Research Council, O ttaw a, C anada; form erly In ­
organic Chemistry Laboratory, Oxford.

J Royal Society W arren Research Fellow, and University 
L ecturer in  Metallurgical Chemistry, Oxford.

JO URNAL OF THE INSTITUTE OF METALS

§ As pointed ou t la te r ,5 owing to  a mistake in drawing, the 
phase boundaries in one diagram  were extended to  low 
tem peratures where they  had no t been determined.

|| The alloys do no t seem to have been analysed, although 
loss of manganese is known to  occur on melting and on 
annealing.
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McLean P l a t e  XVII.

F i g . 19.— Prominent Slip Bands in Coarse-Grained Specimen a t F i g . 20.—Bends in Prominent Slip Bands Similar to Region 
4%  Extension, x  750. Circled in Fig. 15. Coarse-grained specimen a t 13-8%

extension, x  750.

A B

Fio. 23,—Interference Micrograph, Showing Appearance at F i g . 24.— Same Field as Fig. 19 a t 23-6% Extension, x  750. 
Large Extension. Fine-grained specimen at 19-8% 
extension, x  500.

F i g . 21.— Phase-Contrast Micrograph, Showing Movement of 
Wedge W I V W  Due to Slip Induced a t Neighbouring Grain 
Corners by Grain-Boundary Movement. Fine-grained 
specimen a t 1-67% extension, x 500.

F i g . 22.-—Interference Micrograph, Showing Prominent Slip 
Bands (SS) a t Low Extension. Fine-grained specimen a t 
1-95% extension, x  500.
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1 — PROPERTIES OF METALS

♦Thermal Expansion of Aluminium and Some Aluminium 
Alloys. (H idnert and Krider). See eol. 331.

♦The Absolute Determination of the Condensation Factors of 
Molecular Jets of Antimony on a Surface. Marcel Devienne 
(Compt. rend., 1952, 234, (1), 80-81).—B y the use of radio­
active Sb, it  has been found th a t the condensation factor for 
Sb deposited on a Cu surface is 0-74 for a layer 40 Â. thick 
and 0-55 for a  layer 14 A. thick.—N. B. V.

♦Thermal Dependence of Elastic Constants of Electro­
deposited Chromium. H. Purscy (Nature, 1952, 169, (4291), 
150).—An investigation has been made of the transition 
near 37° C. in the therm al dependence of the elastic const, of 
electrodeposited Cr recently reported by Fine, Greiner, and 
Ellis (Trans. Amer. Inst. M in . Met. Eng., 1951,191, 56 ; M .A ., 
19, 2). V ariations of Young’s modulus (E) and the modulus 
of rigidity (G) w ith tem p, between 10° and 80° C. were studied, 
using a resonance method, on a tube of elcctroformed Cr 
annealed a t  544° C. A t the lower frequencies in the range 
15-160 kc./s. the  results are similar to  those of F ., G., and E., 
who used a tube annealed a t  1000° C. ; a t higher frequencies 
in  th is range the m agnitude of the fluctuation is reduced, a l­
though the min. in the E /tem p , curve remains const, a t  36-5° C. 
The (?/temp. curve shows a  stationary  portion between 36-5° 
and 42-5° C. and is independent of frequency. The results 
correspond to  a process which varies the bulk modulus as a 
single-valued function of tem p, w ith a time-const. of ~ 1 0  
microsec.—R. S. B.

♦A Study of the Annealing Kinetics in Cold-Worked Copper. 
Dwain Bowen, R . R. Eggleston, and R . X. K ropschot (•/. 
Appl. Physics, 1952, 23, (6 ), 630-635).—Samples of pure Cu 
wire cold-drawn to 97%  reduction in area were pulse-annealed 
for successive periods a t each of a num ber of tem p, in the 
range HXF-2500 C. Measurements of resistance were made a t 
tem p, in the range 4°—30° K . M atthiesen’s rule was obeyed 
in th a t the abs. change of resistance as measured in  a  given 
annealed specimen was independent of tem p, of measurement 
up to  ~20° K . This means th a t lattice distortions due to 
cold work change the scattering cross-section for electron 
waves b u t no t the num ber of carriers, and hence the residual 
resistance due to  cold work cc concentration of lattice distor­
tions. On this argum ent, and applying ra te  theory, the order 
of the annealing reaction was determ ined by finding which 
order was most nearly consistent with all the results. A 
fourth-order reaction is strongly indicated, w ith an activation 
energy of 28-3 kg.cal./mole. This implies th a t  four lattice 
distortions co-operate in  each unit process of x'ecovery. No 
mechanism for this is suggested. I t  is assumed throughout 
th a t recovery of resistance is a  single-stage process.—R. W. C.

♦The Thermal and Electrical Conductivity of Copper at Low 
Temperatures. R . Berm an and D. K . C. MacDonald (Proc. 
Roy. Soc., 1952, [A], 211, (1104), 122-128).—The therm al and 
elect, conductivities— k and a, resp.—of high-purity Cu (Ag 
- 0  0005, Ni < 0  0002, and Pb < 0  0004%), annealed in He for

0 hr. a t 450° C., have been determ ined continuously from 
90° to  2° K . The results show a  pronounced min. in the elect, 
resistance a t ~ 1 0 ° K ., and a  similar b u t smaller anomaly in 
the therm al resistivity a t about the same tem p., w ith a 
corresponding small deviation in the W iedem ann-Franz law 
a t the lowest tem p. A t tem p. (2T) between ~12° and  30° K., 
K (in IV ./em .fK .) follows the law 1/« =  0-212/Y +  2-55 X 
10"5T 2, while a (in fi-cm. X 10“6) is well represented by 
the equation l/o  =  (1/189-6) +  2-64 X 10~10 T :\  As in  the 
case of N a (ibid., 1951, [A], 209, 368; M .A ., 20, 137) marked 
disagreement w ith theory was found in the tem p, variation o f : 
(1 ) k—no evidence being found of the predicted min. a t 
~80° K . (T /Q  ~0-25) and (2) the Lorenz number, k/oT . 
12 ref.—E. N.

Temperature/Resistance Chart for Electrical Copper. A. E .
Maine (Electronic Eng., 1952, 24, (289), 111).—A chart is 
constructed for determ ining rapidly the change of resistance 
w ith tem p, of a  unit wound with Cu w ire; alternatively, the new 
tem p, m ay be found from a knowledge of th e  original tem p, 
and the ratio  of the resistance change.—H. Pn.

♦Study of an  Old [Copper] Bus-Bar. A. R om w alter and F . 
Macher (Acta Techn. Acad. Sci. Hungar., 1952, 3, (3/4), 
355-357).—[In German]. Comparison of the spectra and 
metallographic structure of two samples (a) and (b) of a  Cu 
bus-bar, forming p a rt of the D.C. supply system o f the 
H ungarian town of Sopron, through one p art of which, (a), 
D.C. had passed for 30 years while no current had  passed 
through the other part, (b), showed th a t (a) had suffered no 
structural or chem. change during the long period of passage of
D.C. through it.—J . S. G. T.

♦Observations on the Bauschinger Effect in Copper and Brass.
H . Schw artzbart, M. H . Jones, and W. F . Brown, J r . ([17.5.] 
N at. Advis. Ctlee. Aeronautics, Research Memo., 1951, 
(E51D13), 37 pp.; A ppl. Mechanics Rev., 1952,5,398).—For any 
tensile prestrain between 0-905 and 0-65, the stress a t 0 001 
plastic strain  in  subsequent compression is -0 -7  of th a t a t the 
same scalar strain  for simple compression. The stress sub­
sequently rises a t  a  ra te  th a t is slower for a larger pre- 
strain  and levels off || th e  compression curve a t  ~  0  0 1  strain 
in compression. The subsequent compression stress/strain  
curve levels off |j and below the virgin compression curve by 
more and more as the prestrain increases. For large tensile 
prestrains, there is an appearance of a Y .P. in subsequent 
compression. Stress-relief annealing caused the tension and 
compression curves following tensile prestrain and heating to  
approach each other in  Cu, indicating relief of residual stress, 
bu t both  curves were raised in brass, probably owing to  strain- 
ageing. Longitudinally pre-stretehed m aterial had different 
tensile curves in the longitudinal and transverse directions. 
The difference was similar for isotropic and for eubically 
aligned sheet. This effect was related to  the Bauschinger 
effect, according to previous work. Since the cubically 
aligned sheet presumably does not develop residual stresses

♦ Denotes a paper describing the results of original research. 
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t  Denotes a first-class critical review. 
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generally overlapping atomic orbitals, corresponding overlap 
integrals have been neglected in the literature. The con­
struction of molecular orbitals when taking the overlap 
integrals into consideration is simplified if the orthonormalized 
functions given by a  presented equation are considered as

the real atom ic o rb ita ls ; the soln. is worked ou t in detail 
for various methods of treating mol. and crystals, and it is 
shown th a t the overlap effects are responsible for the 
repulsive forces in ionic crystals and add interesting new 
features to  molecular and crystal properties.—J . R.

6 — CORROSION AND RELATED PHENOMENA
*Tlie Dissolution of Metals Over the Temperature Range 

25: to —60° C. n . —The Dissolution of Cadmium in Hydro­
chloric Acid-Metkyl Alcoliol-Water Solutions. A. B. G arrett 
and J . R . Heiks (J. Phys. Colloid Chem., 1952, 56, (4), 
449-451).—Cf. ibid., 1950, 54, 437; M .A ., 19, 5. D ata 
have been obtained for the rate  o f dissoln. of Cd in m ethanol- 
w ater-hydrochloric acid soln. under static  and dynamic 
conditions, in the presence and absence of a  depolarizer 
over the tem p, range 25° to  —60° C. The energy of activation 
of the static  depolarized process is in the order of 4000 
cal./molo and of the non-depolarized process is ~  1 0 .0 0 0  
cal./mole. The non-depolarized dissoln. process is first- 
order with respect to  the acid concentration.—D. M. D.

Chrome Carbide Provides High Corrosion-Resistance. 
J .  D. Kennedy (Steel, 1952, 131, (5), 92-94).—Describes a 
new sintered product contg. Cr carbide 83, WC 2, and Ni 
15%. I ts  properties include high abrasion and heat resistance, 
and high corrosion-resistance to  H 2S 0 4.—E. J .

*The High-Temperature Oxidation of Some Cobalt-Base 
and Nickel-Base Alloys. A. Prcece and G. Lucas (J. Inst. 
Metals, 1952-53, 81, (4), 219-227).—A description is given 
of the oxidation characteristics of Co and Ni, and of a  num ber 
of alloys based on these metals, in the tem p, range 800°- 
1200° C. A simple apparatus was designed to  supply an 
atm osphere similar in compn. to  th a t produced in gas turbines, 
paraffin contg. 2%  S being used as fuel. Reactions occurring 
within the scales are compared w ith those th a t take place 
when mixtures of oxides are heated a t  similar tem p. Of 
the reactions noted, spinel formation is shown to be detri­
m ental to  the form ation of a protective oxide layer. The 
effects of a  num ber of minor alloying elements, viz. V, B, 
Nb, Be, Ti, Zr, Ca, Ta, Al, Ce, Si, and Th, on the oxidation 
o f a Co-32%  Cr alloy are described. Several elements increased 
the resistance to  oxidation, in particular Th and S i ; V and 
B, however, were highly deleterious, owing to  the formation 
of low-m.p. oxides. The ra te  of oxidation of Co shows a 
sharp decrease in the region of 950° C., and th is coincides 
w ith the upper lim it of stability  of Co30 4. I t  appears th a t 
the presence of this oxide a t  the outer surface of the scale 
increases the rate  of O transfer to  the underlying CoO. 
From  a consideration of scale structure and the occurrence 
of in ternal oxidation in a  num ber o f the alloys, i t  is suggested 
th a t O diffusion through the scale occurs to  a  considerable 
ex ten t.—A u t h o r s .

*Corrosion-Resistance oE Copper Alloys Containing 
Chromium [and Nickel]. Tetsutaro  M itsuhashi and M anabu 
Ueno (J. Mech. Lab. (Tokyo), 1950, 4, (2), 50-53).—[In 
Japanese]. A report on the corrosion-resistance of Cu­
base alloys contg. Cr 5-25 and N i 5-25% .—A u t h o r .

^Scaling oE Lead in  Air. E lm er W eber and W. M. Baldwin, 
J r .  (J. Metals, 1952, 4, (8 ), 854-859).—A study  has been made 
of the oxidation of Pb  (~99-94%) a t tem p, of 250°-800° C., i.e. 
covering both  the solid and the quiescent liq. metal, N -ray 
analysis being used to  determine the natu re  of the oxide 
films formed. Solid Pb, between 254° and 321° C., obeys a 
single parabolic law of w t. increase/time, the scale formed 
being [i (red, tetragonal) PbO. Liq. Pb scales according to three 
successive parabolic relations, the tim e of transition becoming 
shorter w ith increasing tem p. The first parabola has a  low 
c o n st.; the  scale (sooty black in  colour) is th in  and  yields 
diffraction lines of Pb30 4, Pb, and a (yellow, orthorhombic) 
PbO. The second parabola has a much higher co n st.; the 
scale contains P b 30 4, and it- or (a +  p)-PbO, according as to  
w hether th e  tem p, is <  or >  486° C. (the equilibrium tem p.

of ¡3- and a-PbO), resp. The third parabola has a  const, only 
slightly lower than  th a t of the second; the scale consists of 
p-PbO if formed below 486° C. or (a +  [3)-PbO if formed above. 
The results are discussed in relation to  those of Grulil (Z. 
Metallkunde, 1949, 40, 225 ; M .A ., 17, 418), b u t no mention is 
made of the more recent work of Hofm ann and Mahlich ( Werk- 
stoffeu. Korrosion, 1951,2,55; M .A ., 19,603). 18ref.—E .N .

*Electron-Diffraetion Study of Nickel Surfaces Tarnished in 
the Course o£ H eat-Treatm ent in Hydrogen. Shiro Ogawa and 
Denjiro W atanabe (Sci. Rep. Research Inst. TohoLu Univ., 
1952, [A], 4, (1), 41-47).—[In English],—Ni plates for use in 
vacuum  tubes, annealed in H  a t  ~900°-1000° C. often tarnish 
and acquire a  milk-white appearance, which considerably 
reduces their commercial value. This tarnishing and  the 
milk-white appearance have been shown by electron-diffrac- 
tion studies to  be due to  the presence of silicates o f light 
metals. Silicates, e.g. (Mg, Ca)Si03 and Mg2Si04, m ust be 
removed during melting, as if even a  small am ount remains 
dispersed throughout the m aterial, it  m ay gradually collect 
in the grain boundaries during heat-treatm ent of the N i and 
cause tarnishing of the surface.—J . S. G. T.

Material Problems in Chemical Process Equipment [Use of 
Tantalum  and Titanium], L. P ia tti (Sulzer Tech. Rev., 1952, 
(1), 21-34).—In  a  general description of th e  problems of 
m aterials for the chem. industry, the corrosion and erosion 
a ttack  of ferrous and non-ferrous alloy's is discussed. Included 
in the survey are details of the use of Ta and Ti.—E. J .

^Studies in the Corrosion of Metals Occasioned by Aqueous 
Solutions of Some Surface-Active Agents. H I.—Tin. T. K. 
Ross (J. A ppl. Chem., 1952, 2, (9), 526-531).—Cf. Holness and 
R ., ibid., 1951,1,158 ; M .A ., 19, 36. [P art I I  deals w ith mild 
steel.] The action of dil. aq. soln. of representative anionic, 
cationic, and  non-ionic w etting agents on sheet Sn has been 
studied, using (1) distilled w ater and (2) London tap-w ater 
w ith and w ithout Zeolite softening treatm ent. The effects of 
varying th e  tem p, and pH  of the soln. were also investigated. 
Most of the anion-active agents were corrosive tow ards Sn, 
exceptions being sulphonated castor oil, which was practically 
inactive, and N a alkylarylsulphonate, w ith which a ttack  was 
very' slight. W ith two of the cationic compounds m oderate 
corrosion, increasing w ith increasing concentration, was noted, 
b u t no a ttack  on Sn immersed in triethanolam ine soln. 
was observed, though a  precipitate o f Mg(OH), was deposited 
on the Sn when these soln. had been made up w ith tap-water. 
The sample of the non-ionic group examined produced no 
measurable a ttack , b u t the whole surface o f the Sn specimens 
was in m any cases covered w ith coloured films after immersion. 
In  general, tap-w ater soln. were less corrosive th an  those in 
distilled or softened w ater, and the effects of p H  changes were 
very' variable. The results are graphically' expressed, and a 
mechanism is suggested.—J . R.

* Study o£ [Corrosion oE] Zinc Casting Alloys. Kazuo 
K atori and Kingo Naoki (J. Mccli. Lab. (Tokyo), 1952, 6 , 
(1), 26-30).— [In Japanese]. Cf. ibid., 1950, 4, 268. An 
investigation of cracking phenomena on test-pieces exposed 
to  air for 3 years is reported. Results differed considerably' 
from those obtained in  steam  tests for 1 0 0  hr., and the differ­
ence increased w ith poorer qualities of alloy'. Mg content of 
the alloy had little effect.— A u t h o r s .

[Corrosion-Resistance of] Metals for High-Pressure Hydro­
genation Plant. G. A. Nelson (Trans. Amer. Soc. Mech. Eng., 
1951, 73, (2), 205-211; discussion, 211-213).—A fter exposure 
for about one y'ear to  a  tem p, of 500° C. and a pressure of 
2840 lb ./in .2 in an  N H 3 catalyst chamber, the Hastelloys



1953 377 19— W o rk in g 378

band saws aro described, and details are given of tooth spacing, 
cutting angles, &c. Figures are then  given for recommended 
cutting speeds appropriate to  various alloys, and suitable cu t­
ting lubricants are mentioned. For circular saws a high­
speed steel udth a hardness around Rockwell 60C is preferred. 
W ith a double-relieved blade thicknesses up to  300 mm. dia. 
can bo cut w ith a blade 2 mm. thick. The la tte r p art of the 
account is devoted to  a  detailed description of various blades 
and saws, including small portable saws for site use and large 
autom atic saws, either mech. or hydraulically operated, such 
as would be used for billet cutting.—A. IV. B.

Fabricating Aluminium W ashing Machine T u b s . ------
(Canad. Melcds, 1952, 15, (2), 46).—A brief note.— W. A. M. P.

Titanium Sheet-Metal Parts Successfully Made. Andrew N. 
Eshm an (Iron Age, 1952, 170, (3), 132-135).—Commercially 
pure RC-70 and  RC-130A Ti alloys aro fabricated for fuselage 
sections in place of stainless steel where operating tem p, are 
>  800° F . (425 ° C.).—J . H. W.

T itan ium : I t  Can Be Forged and Drawn. Carter C.
Higgins {Steel, 1952, 131, (10), 92-93).—Using the same dies 
as those used for other materials, Ti can often be cold pressed 
satisfactorily. Existing Ti alloys cannot be deep-pressed, 
however, and more pressure is usually required. H. also 
details other properties of Ti and its alloys.—E. J .

Calculations on the Influence of Friction and Die Geometry 
in Sheet Drawing. A. P . Green and R . Hill (J . Mechanics 
Physics Solids, 1952, 1, (1), 31-36).—A review is first given of 
the theory of sheet drawing through smooth dies. The results 
have been extended in  some cases empirically, to  determine the 
limits of reduction, and are summarized by empirical formulae. 
The pressure distribution over the die is also discussed, and 
finally rough dies are considered, w ith empirical formulae for 
drawing stress and die pressure.—E. 0 . H.

Springback: Problem in Metal [Sheet] Forming. Frederico 
S trasser {Steel, 1952, 131, (5), 90-91).—The factors are con­
sidered upon which the am ount of springback depends during 
forming and  bending of sheet. Various remedies such as 
overbending, restriking, and  the use of special dies are given.

—E. J .
Does New Process Challenge Foundries P Lorne Fram e 

{Canad. Metals, 1952, 15, (3), 28-29).—A cored forging and 
pressing process is described. Several advantages are 
claimed over casting and forging: (1 ) no waste metal, (2 ) 
no rejects, (3) machining time reduced or eliminated, (4) 
parts can be made lighter and smaller, yet of higher tensile 
strength, and (5) complexity of design is only limited by the 
die.—W. A. 31. P.

Saving Material by Cold Forming. J .  R. Faw cett {Mech. 
World, 1952, 131, (3393), 168-170).—The advantages are 
discussed of cold heading, cold extrusion, and other cold- 
working operations for the prodn. of small metal parts.

—R . W. R.
^Calculation of the Forces Operative in a Rolling Mill. A.

Geleji {Acta Techn. Acad. Sci. Ilungar., 1951, 2, (1), 123-142). 
— [In German], In  continuation of previous work (ib id .; 
1950, 1, 7S; 31.A ., 19, 155) formulas are derived for calculat­
ing the resistance to  change of shape, the operative pressure, 
and the power requirem ents of a rolling mill. A com para­
tively simple m ethod for determining the distribution of the 
resistance to  deformation is developed, and it  is shown how 
roll-turning mom ent, together w ith o ther characteristics of the 
rolling process, can be derived from the diagram representing 
the distribution of the resistance to  deformation.—J . S. G. T.

‘“Measurement of Strip Tension in Tandem Mills. R . B. 
Sims. (Engineering, 1952, 174, (4517), 232-233; (4518), 262- 
264).—Cf. 31.A ., 19, 156, 323. A relationship between the 
tension in a strip  passing inelastically over a  roller, and the 
resulting th ru s t on the roller, is deduced, and shown to  be 
in reasonable agreem ent w ith experimental results. The 
theory is used in  the design and construction of a  deflection 
roller-type tensiom eter, which has been calibrated against a 
standard  type instrum ent for strip  thicknesses varying from 
0-015 to  0-110 in. An accuracy of ± 5 %  is obtained over 
the complete range. An indust, form of the tensiom eter for 
dealing with strip  up to 56 in. wide, is described.—D. K . W.

'■■Study on the Back-Tension Drawing Method. II.—The 
N.N.S.-Type Back-Tension Drawing Machine. Keniehi N aka­
m ura and Osamu N ishim ura (J. Mech. Lab. (Tokyo), 1950, 
4, (3), 118-125).—[In  Japanese]. The power necessary for 
drawing, the angular velocity of the drawing drum  and tho 
drum  giving back tension, and the relation between the draw ­
ing force and tho back tension force in a N .N.S.-type back- 
tension drawing machine have been calculated. Results 
show t h a t : (i) the relation of the angular velocities varies 
w ith the reduction ratio, (ii) the back tension/drawing force 
ratio  rem ains const., and (iii) less power is required in  this 
type of machine th an  in a  machine in which back tension 
is supplied by a  brake or dead weight.— A u t h o r s .

Machinability of Metals. Francis XV. Boulger (Canad. 
Aletals, 1952, 15, (2), 52).—A brief discussion of the properties 
of metals and alloys considered to be im portant in machining.

—'XV. A. M. P.
:'The Size-Effect in Metal Cuttings. W. R . Backer, E . R. 

Marshall, and  31. C. Shaw (Trans. Anier. Soc. Mech. Eng., 
1952, 74, (1), 61-71 ; discussion, 71-72).—A cutting process 
involving the  form ation of very small chips a t  high cutting 
speeds (micromilling) was investigated, and tho results are 
applied to  the study  of the grinding operation. The shear 
energy involved in grinding is compared with th a t in turning, 
micromilling, and the tensile test, and a  significant increase in 
shear energy is observed w ith decrease in specimen (chip) 
size. The shear stress involved in grinding metals under mild 
conditions is found to  correspond to  the theoretical strength, 
which is ~ l -8 X 10" lb ./in . 2 for steel. The grit depth of cut 
is shown to bo a more im portant variable in the interpretation 
of grinding da ta  th an  the more conventional wheel depth  of 
cu t.—H. P l .

*Cutting Temperature and Metal-Cutting Phenomena.
B. T. Chao and K . J .  Trigger (Trans. Amer. Soc. Mech. Eng., 
1951, 73, (8 ), 777-787 ; discussion, 787-793).—31any changes 
during the cutting of metals are due to  the change in tool/ 
chip interface tem p, through its influence on the tool/chip 
friction. C utting forces and  cutting  tem p, were observed 
during conventional turning and orthogonal cutting under 
identical conditions, and the  higher heat-dissipating capacity 
of the tool in orthogonal cutting operations was found to  bo 
fundam entally responsible for the observed differences. 
The tool/chip contact area is an im portant factor influencing 
interface tem p. A decrease in contact area is associated with 
an  increase in the interface tem p. This area is larger in 
orthogonal cutting than  in  conventional turning a t  const, 
cutting speed. W hen used for cutting steel, W’C tools cause 
higher cutting forces, higher coefl. of friction, larger tool/ 
chip contact area, and lower interface tem p, than  triple 
carbide tools under otherwise const, cutting conditions.

—H. P l .
*An Analytical Evaluation of Metal-Cutting Temperatures.

K . J . Trigger and B. T. Chao (Trans. Amer. Soc. Mech. Eng., 
1951, 73, (1), 57-66; discussion, 6 6 - 6 8 ).—The average tool/ 
chip interface tem p, is calculated by  considering the mechanism 
of heat generated during m etal-cutting operations in which a  
typo 2 chip is formed. Tho analytical results agree well w ith 
those obtained by te s t methods, and the theoretical analysis 
has yielded some im portan t phys. quantities and measurements 
which affect cutting tem p. 18 ref.—H. P l .

*Basic Factors in Hot Machining of Metals. E. J . K rabacher 
and 31. E . 31erchant (Trans. Amer. Soc. Mech. Eng., 1951, 
73, (8 ), 761-768; discussion, 768-776).—Two main factors 
oppose each other in their effect on tool life in hot machining. 
These are the increased ease w ith which tho heat-softened 
tool m aterial can be abraded away and  the decreased 
ability of the heat-softened chip and the work-piece to  produce 
such abrasion. I t  was found th a t these two factors can bo 
evaluated roughly from tool-tem p. da ta  taken in combination 
with da ta  on the mechanics of cutting. In  the discussion 
some criticism is made of the use of Trigger and Chao’s 
(ibid., (1), 57 ; preceding abstract) equation for calculating 
the clnp/tool interface tem p., as it  is argued th a t the carbide 
tool is submerged only for short intervaLs of time.

— H . P l .
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Studies in Large Plastic Flow and Fracture, with Special

Emphasis on the Effects of Hydrostatic Pressure. By
P. W. Bridgm an. (Metallurgy and Metallurgical Engineer­
ing Series). 9 x 6  in. Pp. x -f- 362, with 169 illustrations.
1952. New Y o rk : McGraw-Hill Book Co., Inc. (88.00);
London : McGraw-Hill Publishing Co., Ltd. (76s. 6 d.)
In  this volume is collected the work of Professor Bridgman 

on plastic deformation and fracture of m any kinds of materials 
under a wide range of complex stress conditions. I t  is very 
natural th a t much of the work involved a  superimposed 
hydrostatic pressure, since Bridgm an’s name has become 
autom atically associated in  most scientists’ minds w ith the 
investigation of high-pressure phenomena.

Much of the work has been reported elsewhere, b u t has not 
been readily available to the general public. This book, 
which collects the results of Bridgm an’s experim ents over 
a t  least the last twelve years and presents them  in a co­
ordinated whole, is welcome for this reason alone. The value 
of the book, however, goes much further than  this. F o r in 
subm itting materials to  various stress combinations and 
superimposing hydrostatic compressive stresses of such 
m agnitude as only lie is capable of, Bridgman has opened a 
new field of investigation. While his results are no t such 
th a t they can be used to confirm or contradict the fundam ental 
theory of plasticity, theysuggest a very great range of profitable 
experimental investigations.

Bridgman has confined himself to reporting the results of 
his own work, and the reader m ust no t look for a critical 
survey of the work o f others in the field of plastic deformation.

The early chapters describe a  very great num ber of tensile 
tests, both simple tension and two-dimensional, under hydro­
static  pressure, and the now-famous work on necking under 
pressure is dealt w ith in detail.

A g reat range of compression tests arc reported also, and 
such processes as ball hardness testing, punching, wire 
drawing, and extrusion, all under high pressure, form a 
fascinating study.

The la ter chapters give an account of experim ents in which 
materials were subjected to various stress combinations after 
some measure of prestraining had been previously carried 
out. A final chapter called “ Gathering up the Threads ” 
makes rem arkably good reading and  show's deep insight into 
the problems and the fundam entals of plastic flow.

H u g h  F o r d .

Metallurgical Engineering. Volume I .—Engineering Prin­
ciples. By R einhard t Schuhmann, J r .  (Addison-Wesley 
Metallurgical Series). 9^ X 7|- in. Pp. ix +  390, illus­
trated . 1952. Cambridge (42), Mass. : Addison-W esley 
Press, Inc. (87.50.)
In  these days of international standardization one can 

alm ost envisage a conference called to  discuss the various 
definitions of Metallurgical Engineering. The present book, 
based on lectures to  students a t  the M assachusetts In s titu te  
of Technology, is the result of a  recognition of the need to 
reorganize instruction in extractive m etallurgy. This change 
of outlook is apparently  partly  due to  the tendency of chemical 
engineers to be more useful th an  m etallurgists even in the 
extractive m etallurgical industry, owing to  their better 
grasp of basic principles and their ability  to apply these 
principles quantitatively  to  practical problems. The three 
objectives of the book are to  present th e  subject according to  
principle ra ther than  m etal trea ted , to  integrate the under­
lying scienco of physical chem istry w ith metallurgical engineer­
ing, and to place greater emphasis on analysis and  quantitative 
solution of problems.

W ith regard to  the subject m atter of the book, a general 
discussion of th e  un it processes of chemical metallurgy is 
followed by a  consideration of the application of some of the 
elem entary physical and chemical laws to various processes

to  obtain a m aterials balance and a  heat balance. F urther 
chapters are devoted to  the properties of various fuels, 
combustion conditions, heat utilization, and recuperator 
design, as well as problems of heat flow under steady and 
fluctuating conditions. The inclusion of a  chapter on fluid 
flow' indicates a proper appreciation of the im portance of 
this subject in view' of the num ber of processes where 
tremendous quantities of gases are involved. The properties 
of phases encountered in pyrom etallurgical operations are 
discussed, including questions of gas solubility in m etals 
and the nature and the behaviour of slags. The final chapter 
gives a  useful account of refractory m aterials and the factors 
w'hich influence their selection under different conditions.

On the whole, the au thor successfully avoids the inherent 
danger in a book of this kind of introducing difficult scientific 
ideas to  explain technical m atters, bu t i t  is felt th a t there 
is a  certain inconsistency in the am ount o f knowledge which 
the student is expected to  possess. F or example, concepts 
such as kinetic and potential energy are explained, whereas 
a knowledge of the phase rule and  the principles of equilibrium 
diagrams are assumed. The book is intended for students, 
and there are numerous worked examples illustrating  the 
various principles w ith p lenty  of problems to  be solved a t  
the end of each chapter and adequate references for further 
reading. The topics which are included are in general w'ell 
presented, and the outlook of the au thor is to  be commended, 
b u t the scope of the book is alm ost inevitably no t as com­
prehensive as the title might suggest.

N. S w in d e l l s .

Corrosion ; Causes and Prevention. By F rank  N. Speller. 
Third edition, revised. 9 x 6  in. Pp. xiii +  6 8 6 , with 
181 illustrations. 1951. New York : McGraw-Hill Book 
Co., Inc. (810.00); London: McGraw-Hill Publishing Co., 
L td . (85s.)
Those fam iliar w ith the earlier editions of th is book will 

have no difficulty in  recognizing their successor. The same 
general treatm en t has been used, although chapters on 
biological influences and on cathodic protection have been 
added and an a ttem p t has been made to  bring the inform ation 
up to  date, or a t least up to  1948. Strangers to  the earlier 
editions need to  know' th a t the book is concerned alm ost 
wholly w ith ferrous metals, non-ferrous m etals appearing 
only as coating materials for steel; th a t i t  is divided into 
an outline of general principles and a description of the 
application of knowledge to  some practical problem s; and 
also th a t it  is well w ritten  in  term s easily understood by those 
w ithout specialized knowledge.

By the clear presentation, in  previous editions, of m aterial 
n o t then collected elsewhere, Dr. Speller did much to promote 
the vigorous growth of the subject which has made his own 
task  in preparing a new' account an extrem ely difficult one. 
The revision has no t been sufficiently drastic to produce a 
well-balanced picture of our present knowledge of corrosion. 
This is partly  due to  an  excessive reliance on American 
sources, though some m atters commercially im portan t on 
both sides of the A tlantic receive only slight attention . 
For instance, tinplate is mentioned only as a possible roofing 
m aterial. Again, the au tho r’s evident desire to  show' 
historical developments has led to  the retention of too much 
detail about early work to perm it the clear presentation of 
recent findings, and sometimes the more recent ideas are no t 
adequately related to some of the older observations. Thus, 
although biological influences are dealt w ith in a  separate 
chapter, their probable contribution to m any of the results 
quoted in the chapter on corrosion by soil is no t mentioned.

Even if the picture is incomplete and no t too well balanced, 
however, the general outline is good, and some of the detail 
is very clear, as in the sections dealing w ith steam-raising 
p lan t and  heating systems. Although the specialist corrosion

\  S t
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