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Cultellus Costatus

SHELL TELLUS OIL

r /je  C u ltellu s or “ sm all k n if e ”  sh ells  a re  
fo u n d  buried  in  th e  sa n d s o f  beaches a ll 
over th e  w orld . C u lte llu s C osta tu s, th e  
species illu stra ted  here, is  confin ed to  C ape  
k ru se n s te rn . N orth A m erica, a n d  is a bou t 4h 
ins. long a n d  2 ins. high . T he h igh est p a r t  
o f  th e  sh e ll is co loured orange, c lou ded  w ith  
p u rp le , w h ile  th e  rem ainder is covered  w ith  a  
green ish  brow n, sh in in g  epiderm is. We have  
sh orten ed  th e  nam e  “  C u ltellu s ’’ to "  T ellu s”  
a s  a  bran d  name.

Sh e l l  t e l l u s  o i l ,  th e brand  n am e for S h ell’s In d u stria l H ydraulic 
oil, is one of th e wide ran ge o f stan dardised  S h ell Oils, a ll of 

w h ich  are n am ed a fte r  seashells.
S h ell T ellus Oils h ave been sp ecially  developed as h yd rau lic  

m edia. T h ey  are blends of h igh ly  refined m in eral oils con tain in g 
a n ti-oxid an t, a n ti-ru st and  a n ti-fo a m  
additives, and possessing en hanced  
oiliness and a n ti-w ea r  properties. T h ey  
are sp ecially  recom m ended as h y d ­
rau lic  m edia  in  control and power 
tran sm ission  system s of a ll types; also 
for oth er a p p licatio n s w here oil require­
m en ts are sim ilar. T h e m a jo rity  of 
m a n u fa ctu re rs of p la n t o f th is  descrip­
tion  support the use o f  S h ell T ellus Oil.

T h e  S eash ell ran ge  of specialised 
in d u stria l lu b rican ts is m arketed  
th ro u g h o u t the world. T h ere  is a 
S ea sh ell grade for e v e ry  in d u stria l 
use— and ea ch  o f th ese w orld-w ide 
grades is a vailab le  in th e  sam e h igh  
quality.

W O R L D - W I D E  I N D U S T R I A L  R E S E A R C H

In com m on w ith  a ll Shell Oils, Seashell O ils are 
produced as the re su lt o f world-wide research. A t  
S h e ll’s g rea t T horn ton  R esearch Centre, and a t 
o th er Shell R esearch Centres in  Europe and 
A m erica, sc ien tists  and tech nician s spend th e ir  
lives stu d yin g the sp ecia l lu b ricatio n  needs of 
every  branch of in dustry. The products o f th is 
research  are the Seashell O ils—each one devel­
oped to solve a  specialised lu b ricatio n  problem . 
T his is  the solid basis upon w hich S h ell has 
b u ilt  up its  w orld-w ide leadership in lubrication.

C A L L  IN A S H E L L  L U B R I C A T I O N  E N G I N E E R

Sh ell lu b ricatio n  engineers w ill be pleased to 
provide fu rth er in form ation  and to m ake specific 
recom m endations for p a rticu la r purposes. Y o u  
can be sure o f Shell lu b ricatio n —i t  is  specialised 
lu brication .

Inside front cover September , 1951
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H ot-rolled coils queue up fo r  
cold rolling in  the new  2,000 
/ . p .m . D avy-U n ited  Four-H igh  
66" wide T h ree-S tand  Tandem  
M ill. In  the background is the 
accompanying Temper M ill.

An Infiegral pari of a Great P ro d u ct io n  P ro ject
T h e  new continuous strip mill p lant 

at the R ogcrstone W orks o f  N orthern  A lum in ium  C om p an y Lim ited 
challenges com parison w ith any in the w orld. T h e 50,000  tons o f  
alum inium  sheet and strip w hich it  w ill produce in one year w ill increase 
B ritain ’ s present capacity for that m aterial by m ore than one-third.

K e y  units in the co ld  rolling section o f  this 74-acre plant are tw o new 
D avy-U n ited  M ills— a 66" w ide 4-H igh 3-Stand T andem  M ill, and a 
follow ing 36"  w ide 4 -H igh Tem per M ill, both o f  w hich roll at the 
unprecedented speed o f  2,000 f.p.m ., the fastest production rate on 
alum inium  in the w orld. A ll  previously hot-rolled m aterial in this 
plant, w hatever its ultim ate application, passes through this tandem 
mill w hich can handle coils up to 5,000  lb. in w eight, larger than any 
alum inium  coils previously produced in this country. A  single run o f 
a coil through the mill will effect reductions o f  from  60%  to 90%  in 
strip thickness and provide a  length o f  strip o f  up to 3,500  feet, in 
finished widths up to 56" . Feeding, control and discharge equipm ent 
are believed to be the m ost com plete ever installed.

This is yet another instance in w hich D avy-U nited engineering has 
helped to reinforce the industrial power o f  Britain.

September, 1951 
a

Close-up o f  the ingoing end o f  the tandem m ill, w ith  a 
coil well advanced on its single run through the mill. 
Ingoing strip  thickness ranges fro m  .08'  to  .02" and  
outgoing thickness between .0 1" a nd  .064' ,  in  finished  
w idths up to  56".

SHEFFIELD • MIDDLESBROUGH • GLASGOW
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Northern Aluminium C O M P A N Y  L IM IT E D

MAKERS OF NORAL SHEET, STRIP, PLATE, SECTIONS, TUBING, WIRE, FORGINGS, CASTINGS, PASTE FOR PAINT 
TECHNICAL DEVELOPMENT DIVISION; BANBURY, O X O N  SALES OFFICES: LO N DO N , BIRMINGHAM, MANCHESTER, BRISTOL, NEWCASTLE-ON-TYNE, LEEDS

2 September, 1951
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H O T  R O L L I N G  M I L L S
.........s a .............
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Photograph by courtesy o f  Société In dustrie lle  de l ’A lum in ium , D u ffe l, Belgium

Illustration shows a 32" two-high reversing hot breaking down mill 
for aluminium and light alloy slabs, which incorporates the latest

developments
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; MAY&BAKER KI I), DAGENHAM. Phone: Ilford 3060 Extension 40
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I N S I S T  ON M&B L A B O R A T O R Y  C H E M I C A L S

LA 20

ASSOCIATED HOUSES • SYDNEY ■ BOMBAY • PORT ELIZABETH • MONTREAL • W ELLINGTON ■ LAGOS ■ BRANCHES AND AGENTS THROUGHOUT THE WORLD

September, 1951 ■

500 different chemicals — many o f which have never previously 

been available to specification ^  Specifications selected in the 

light o f many years’ experience of fine chemical m anufacture. Each 

specification is clearly shown on the label Containers designed for

easy handling and maximum protection ^  M oderate prices w ithout

sacrifice to quality. A complete brochure o f specifications will be supplied on request.
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The simple brass bulb horn was essential to early 
motorists, who gave it a proud position on their 
machines ■, and Africans valued them so much that 
they hoarded them instead of money! But ideas 
changed, and modern horns are so complex that 
they are only economical when they are zinc alloy 
die cast.

The windtone horn shown above is one of a pair 
that sound in harmony. Each is a good example of 
an intricate geometrical pattern which has been 
faithfully reproduced by die casting. The two parts 
of each horn are held tightly together by integral 
rivets on one engaging with cored holes on the other.

Some facts dimensions and need little or
about zinc alloy die casting no machining.
Speed of production is an out- s t r e n g t h  : Good mechanical
standing feature of the die properties for stressed corn-
casting process —  the shortest ponents.
distance between raw material .
and finished product. Zinc s t a b i l i t y :  Close tolerances
alloys are the most widely used ?.? maintained throughout the
of all metals for die casting t*ie cascmg.
because they yield castings British Standard 1004
with the following qualities: It is cssemial that alloys CQn.
a c c u r a c y :  Castings can be forming to B. S. 1004 should b e
made practically to finished specified for all applications.
The Association welcomes enquiries about the use o f zinc alloy 
die castings. Publications and a list o f Members are available 
on reauest.

Z IN C  AL L O Y  D I E  C A S T E R S  A S S O C IA T IO N

L IN C O L N  H O U SE, TURL S T .,  OXFORD

Photograph reproduced by courtesy o f Joseph Lucas Ltd.

September, 1951

makes all 
the difference!
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OUTSTANDING 
STRUCTURES

¿ H r

I f  it's Alum inium  —ash Alm in

LA R G EST  RO O F IN T H E  W O R LD  
365 feet diameter, unsupported clear 
span, over £th mile in circum ference.

W e  illu stra te  tw o  o f  th e  m o st o u t­

sta n d in g  stru ctu res e ve r a tte m p te d  in  

a lu m in iu m  a llo y . W e  a re  p lea sed  th a t 

o u r c o n stru c tio n  co m p a n y  s t r u c t ­

u r a l  A N D  M EC H A N IC A L D EV ELO PM EN T

e n g i n e e r s  l t d . o f  s l o u g h  h as p la y e d  

a  lea d in g  p art in th e  co n stru ctio n  o f  

e a ch  p ro je c t:  fo r  th e  O cea n  T e rm in a l 

—  th e  en tire  co n stru ctio n  o f  the T e le ­

sco p ic  G a n g w a y s ; fo r  the D o m e  o f  

D is c o v e r y  —  the m a n u fa ctu re  o f  the 

M a in  A r c h  R ib s  w h ich  s u p p o rt the 

R o o f ,  th e  C a n o p y  a n d  the A p r o n .

PO W ER  O P ER A TED  W A L K W A Y S  
Three pairs of telescopic gangways 
each 75 feet long when extended.

^ S c 0 p , c  G A N G W K " ^

T H E  A S S O C I A T E D  L I G H T  M E T A L  I N D U S T R I E S  G R O U P

Head Office :

A L M I N  L I M I T E D  . F A R N H A M  R O Y A L  • B U C K S
Telephone : Farnham Common 594

September, 1951



Keeping 
Acquainted 
with Powder 
Metallurgy

THE JOURNAL OF THE INSTITUTE OF METALS

Victor Drills cut

Keeping acquainted with the 

fast-moving developments in 

the W orld  of Powder Metal­

lurgy is a sizeable job. T o 

save you time and money we 

publish a monthly journal of 

powder metallurgy abstracts 

entitled the “  Metal Powder 

Report

Powder  
Me ta l lu r g y
Powder M etallurgy Ltd.
58-62 H igh H olbarn, JV.C.l 
CHA. 6041 Ltd

costs with McKECHNIE

Extrusions!

In  m in in g and q u arry in g, the nam e V icto r is a 

byw ord  fo r efficient, tro u ble-free  ro ta ry  drillin g. 

T h ese  drills h a v e  a  to u gh  jo b  to do— and th e y  do 

it exceed in gly  w ell, w ith  the help  o f  the M cK e ch n ie  

extruded lirass bar used in their con struction .

I t 's  easy  to find o u t e x a ctly  h o w  M cK e ch n ie  e x ­

tru sion s ca n  help y o u  to cu t dow n  m a ch in in g  tim e 

and in crease output— w rite  to 14  B e rk e ley  Street, 

L on d o n , W . l .

B R A S S  A N D  B R O N Z E  

E X T R U S I O N S  A N D  S T A M P IN G S

M-KECHNIE
m etal technique  

M c K E C H N I E  B R O T H E R S  L T D .
Meta/ W orks: Rotton Park Street. Birmingham, 16.
Branch Offices: London, Leeds, Manchester, Newcastle- 
on-Tyne. Copper Sulphate and Lithopone W orks: W ldnes, 
Lancs. Solder W orks : Stratford, London, E. I S. Enquiries 
for Llthopone and Solder to : 14 Berkeley Street, London,
W . l .  South African W orks: McKechnie Brothers S .A . 
(P ty .) Ltd ., P .O . Box No. 382, Germ iston , S .A .

September, 1951



TH E  JO U R N A L OF TH E  IN STITU TE OF METALS

KODAK FILMS and CHEMICALS for Industrial Radiography

▲
Alum inium  alloy casting 2 |"  x II }"  
for aircraft accessory part.

Radiograph which revealed .
defect in casting. ^

Radiography
ensures
aircraft reliability

K O D A K  LTD.,  I N D U S T R I A L  S A L E S  D IV IS IO N ,  K O D A K  H O U S E ,  K IN G S W A Y ,  L O N D O N ,  W.C.2 'Kodak’ is a registered trode-mark

Septem ber, 1951 9

After machining, this aluminium alloy casting was to be an important part 
in an aircraft accessory vital to high altitude flying. The finished part was 
needed quickly by the customer. Design specifications demanded high quality.

In a few minutes, radiography checked the quality, and revealed a defect 
that caused rejection of the rough casting at the foundry. Other castings, 
proved sound by radiography, were sent to the customer.

Cases like this show how more and more foundries are able to release 
only sound castings. Even more important, radiography is showing how 
to make consistently sound castings, by revealing the internal effects of 
changes in gating, venting, chilling, pouring temperature and other variables.

For reliable radiographs, you need

Section reveals hole detected by 
radiography.
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J. STONE & CO. (CHARLTON) LTD.
C H A R L T O N ,  L O N D O N ,  S . E . 7

and  " X -ray  quality’’ castings

The fluorescent method o f crack detection, 
involving the impregnation o f the castings with 
a fluorescent m aterial and their subsequent 
examination in ultra-violet light, constitutes a 
useful supplement to X -ray inspection. The 
application o f  th is method to a light alloy 
casting is shown above.

T H E  R A D IO L O G IC A L  E X A M IN A T IO N  o f castings, o rig in a lly  d eve lo p ed  

to  m e et th e  re q u irem e n ts  o f  th e  a ircraft in d u stry  fo r  h igh ly-stressed  ligh t 

a llo y  co m p o n en ts, has lon g since been estab lish ed  on a ro u tin e  basis. 

O u r  o w n  v e ry  c o m p le te ly  equ ip p ed  radio logical d e p a rtm e n t has been in 

o p era tio n  fo r m o re  than ten  years.

O th e r  in d u stries have n o w  co m e to  re co gn ise  th e  va lu e  o f  th is p en e­

tra tin g  su p p le m e n ta ry  in sp ectio n  se rv ice  and, by sp ecify in g  ‘ ‘ X -ra y  q u a lity ” , 

have been ab le  w ith  advan tage  to  e x te n d  th e ir  use o f  n o n -ferro u s castings 

and reap th e  full ad van tage  o f  ligh t a llo ys in th e ir  d esigns. . . . Substantial 

savings can also be m ade by th e  rad io logical exam in atio n  o f  castings call­

ing fo r  a co n sid e ra b le  am o u n t o f m achining : hidden fau lts a re  d isco v e r­

able  b e fo r e  th e  castin g reach es th e  m achine sh o p — not on th e  last 

o p era tio n .

R A D I O L O G I C A L  E X A M I N A T I O N S

10 September, 1951
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E L E C T R IC  F U R N A C E S

B a tc h  Annealing by G.E.C.Vertical C y lin d rica l Fu rn ace

C o n tin u o u s Annealing by G.E.C. V e r t ic a l  F u rn a ce
. « S tó ł

Continuous Strip

C o n t in u o u s  A n n e a lin g  b y  G .E .C . R o lle r  H earth  Fu rn ace
b-llu¡hi!

Tube in Lengths

T H E  G E N E R A L  E L E C T R I C  C O .  L T D . ,  M A G N E T  H O U S E ,  K I N G S W A Y ,  L O N D O N  W . C . 2

12 September, 1951
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•  - r  •

d e e p  te iió tin a  
5 teeLô

Send fo r Booklet No. 494

HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND

September, 1951



TH E JO U R N A L OF TH E IN STITU TE OF METALS

ELECTRIC  FURNACE CO. LTD. 
ELECTRIC RESISTANCE FURNACE CO. LTD.

Netherby, Queens Road, Weybridge, Surrey

ELECTRIC MELTING AND HEAT TREATMENT  

FURNACES FOR THE ALUMINIUM INDUSTRY

EFCO-LINOBERG TWO-CHAMBER INDUCTION MELTING FURNACE

R A T IN G O U T P U T

k W . lbs. p er h o u r

40 200

80 400
120 600

EFCO-LINDBERG PIT TYPE FURNACE

T h e  v e rtica l ty p e  cy c lo n e  is ideal fo r  batch 

h eat tre a tin g  alum inium  o r  m agnesium  

castings and fo rg in gs. T h e  ch a rg e  is 

handled in and o u t  o f  th e  fu rn a ce  in 

baskets o r  f ix tu re s . If th e  w o r k  is t o  be 

q u en ch ed  it rem ains on th e  fix tu re  and 

is q u ick ly  tra n sfe rre d  fro m  th e  fu rn ace  to  

th e  quench  tan k in a m a tte r  o f  seco n d s.

Standard sizes from  12 in. d ia m ete r  by 16 in. d e ep  to  5 ft . d ia m e te r  by 14 ft. d e e p — 300  k W .

14 September, 1951
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f o i  . . . . .  
greater developments
t o - m o r r o w

W hat is so new today— what makes 
men stare in awe at their own achieve­
ment, will be replaced by something that 
is newer to-morrow. This is inevitable. 
Just as inevitable as the fact that 
aluminium is part of this process of 
progress. Engineers, designers and 
technicians are finding that when they 
have a problem to solve, aluminium is 
the metal that helps to solve it.

Progress has brought ever-increasing new uses o f  
aluminium. Keeping pace with these 
developments requires adequate supplies o f this 
light metal, produced in the most economical 
manner through an integration o f the many 
stages o f production from the mining o f bauxite, 
shipping o f raw materials and generating o f 
hydro-electric power, to the ultimate extraction 
and fabrication o f  the metal—all assisted by 
research, technical and commercial services. This 
co-ordination is achieved through Aluminium 
Limited, the Canadian Parent Company, whose* 
subsidiaries are located chiefly in the British 
Commonwealth.

ALUMINIUM UNION LIMITED THE ADELPHT, STRAND, LONDON, W.C.2 

AN  ALUMINIUM LIMITED COMPANY ' PRINCIPAL BRITISH COMMONWEALTH DISTRIBUTOR OF ALUMINIUM  

September, 1951
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J O S H U A  B I G W O O D  & S O N  L I M I T E D
W O L V E R H A M P T O N  - E N G L A N D

16 September, 1951

Bigw ood T u b e  or B a r  S tra ig h ten ers  are in  use  

in  ligh t a llo y  w ork  in  m a n y  co u n tr ies.  ( I llu s ­

tra ted  is  T y p e  B — w ith  5 idle rolls.)

B igw ood  17-roll or 23-roll P rec is io n  R o ller  

S heet Leveller used w ith  success on  light a lloys.

B igw ood 2 0 0 -to n  Sh ee t S tre tcher w ith  pa ten ted  

se lf-co m p en sa tin g  g r ip s  fo r  w ide sheets.



STEIN and A T K IN SO N  ltd
P A R N E L L  H O U S E  25 W IL T O N  R O A D  W E S T M IN S T E R , L O N D O N ,  S .W .I

S U R F A C E  C O M B U S T I O N  C O R P O R A T I O N  - - - T O L E D O ,  U .S .A .

V IC K E R S  I N C O R P O R A T E D ........................................................................... D E T R O I T ,  U .S .A .

S T E I N  & R O U B A 1 X  . . .   P A R IS  A N D  L IE G E

A S S O C I A T E D

C O M P A N I E S
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L IP -A X IS  T IL T IN G  F U R N A C E S
F OR

A L U M IN IU M  A N D  A L U M IN IU M  A L L O Y S
F E A T U R E S

OIL OR GAS FIRED 
AUTOMATIC FUEL AND TEMPERATURE CONTROLS 

VlCKERS-DETROIT OIL HYDRAULIC TILTING 
CONTROLLED MOTION WITH FAST RETURN

TELEPHONE:
VICTORIA

.4661-6 35 YEARS OF FURNACE ENGINEERING IN GREAT BRITAIN

TELEGRAMS: 
METASTEINA 

SOWEST LO N DO N
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Rolling: Mill Equipm ent

T H E  B R I T I S H  T H O M S O N -H O U S T O N  C O ., L T D ., R U G B Y . E N G L A N D
A3999

September, 1951

Puinpless Steel-tank  
Mercury-arc Rectifiers

BRITISH THOMSON-HOUSTON

M ercury-arc rectifiers have established themselves as an 
accepted type o f electric current conversion apparatus for 
m ost applications.
The illustration shows a  21,000-kW ., 800-volt, grid- 
controlled, m ercury-arc rectifier equipm ent, com prising 
th irty  pumpless, air-cooled, steel-tank, grid-controlled 
units giving a 60-phase rectification, being tested before 
despatch from  the BTH Rugby W orks.
This rectifier equipm ent will provide D.C. power for 
driving the finishing train o f the hot strip mill in a South 
W ales steel works com prising six D .C . m otors with an 
aggregate o f  28,000 horsepower.
The services o f  BTH specialists in electric equipm ent for 
rolling mills are freely a t the disposal o f  consulting and  
operating engineers.
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T he Nimonic Alloys
These nickel-chromium alloys were developed prim arily to properties are no t so critical and, accordingly, materials
meet requirem ents for m aterials which, in addition to good which have not undergone a creep test may safely be specified,
resistance to oxidation, have outstanding resistance to creep In such cases, the alloys, although differently coded, are o f
at the high tem peratures encountered in gas turbines. There sim ilar com positions and are subjected to the same care in
are, on  the o ther hand, im portant applications where creep m anufacture.

ALLOYS A V A IL A B L E

GROUP 1 CREEP-TESTED ALLOYS GROUP 2 WROUGHT ALLOYS GROUP 3 CASTING ALLOYS

Name. Specification. Name. Spécification. Niiinc.

N im o n ic  SO 
N im o n ic  SOA

D .T .D . 725 
D .T .D . 736

N im o n ic  C — N im o n ic  C C

N im o n ic  90 D .T .D . 747 N im o n ic  B 
N im o n ic  75 
N im o n ic  F 
N im o n ic  D

D .T .D . 703 
D .T .D . 714

N im o n ic  CB 

N im o n ic  C F

TY PIC A L C R E E P C H A R A C T ER ISTIC S 
OF NIM ONIC ALLOYS IN T H E  FU LLY H E A T -T R E A T E D  CONDITION

Slrcts in lons/sq. in. required lo produce a creep extension of 0.1 per cent at specified tim cj and temperatures.

TIME & TEMPERATURE DEGREES C. NIMONIC 80 NIMONIC 80A NIMONIC SO

100 H o u r D a ta .
603 29.5 — _
650 21.0 26.0 31.0
700 16.5 19.0 24.0
750 10.0 14.5 17.0
815 -- — 10.0

300 H o u r D a ta .
600 25.5 __
650 19.0 23.0 29.0
700 14.0 15.5 21.5
750 S.O 11.5 14.5
815 — — 8.0

1,000 H o u r D a ta .
600 22.0 _ _
650 16.5 20.0 26.0
700 11.0 11.5 19.0
750 6.0 8.5 12.0
815 — — 6.0

5.000 H o u r D a ta . 
600 
650 
700 
750 
815

18.0
13.5 16.0

6.0
4.5

22.5
16.0
9.0
3.0

A V A IL A B L E  FORM S

Nimonic 80, Nimonic 80A and Nimonic 90. Hot-rolled bar, 
black or m achined finish; hot-rolled, cold-drawn, forged and 
extruded sections; forged discs and blocks; hot-rolled plate; 
cold-rolled sheet and strip; cold-drawn wire; hot pressings; 
cold-drawn tube; drop stampings.
Nimonic 75, Nimonic F, Nimonic D, Nimonic B and 
Nimonic C. H ot-rolled plate; cold-rolled sheet and strip;

forged discs and blocks; hot-rolled bar, black or m achined 
finish; hot-rolled, cold-rolled, cold-drawn, forged and extruded 
sections; cold-drawn wire; cold-draw n tube; extruded 
hollows; drop  stampings, tubes and pressed com ponents. 
Nimonic CC, Nimonic CB and Nimonic CF. Form s for 
re-melting; sand and centrispun castings; precision castings. 
Nimonic is a registered trade mark.

HENRY WIGGIN & COMPANY, LIM ITED, W iggin  S treet, B irm ingham  16
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GRAISELEY HILL »WOLVERHAMPTON
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t r o u b l e  . . .

THE JO U RN A L OF TH E IN STITU TE OF METALS

W h ile  w e  a p p re cia te  th e  n ecessity  to  
r e c o v e r  e v e ry  pound o f  th e  sca rce  non- 
fe rro u s  m etals, w e  can n o t refrain  fro m  
rem in d in g  users o f  high q u a lity  z in c  a llo y  
p re ssu re  d ie  castin gs th a t th e  fact still 
rem ains th a t such castings can O N L Y  be 
p ro d u ced  by using a llo ys w h ich  co n form  s tr ic t ly  to  B .S .S .1004.

T h e  p re se n t te n d e n c y  to  b rin g  in to  use d o u b tfu l a llo ys m akes it m o re  n ecessary  than e v e r  fo r  p u r­
chasers o f  z in c a llo y  p re ssu re  die castin gs to  e n su re  th a t th e  p re ssu re  castin gs w h ich  th e y  buy do 

in fact s tr ic t ly  co n fo rm  to  B .S .S .I004 .

FOSTER INSTRUMENT CO., LTD., LETCHWORTH, HERTS.
Te lephone: L E T C H W O R T H  984 (3 lines) EN G LA N D  Telegram s: R ES IL IA , L E T C H W O R T H

Multi-Point Strip Chart Recorder

10" Scale Flush-mounting Indicator

Dial Recorder

5" Scale C ircular W all Type Indicator

FOSTER
P Y R O M E T E R S
For over 40 years we have specialised in the design, produc­
tion and application of pyrom eters. Th is experience has 
enabled us to produce a range of instruments to satisfy 
the needs of practically every modern industrial process. 
You r problem in pyrom etry is our problem and, having 
solved it, we ensure that the instruments supplied continue 
to give satisfactory and reliable service.

i i rr  \  W c  also make the 
FOSTER IN TROSCOPE 
for internal inspection of 
inaccessible parts,  includ­
ing pipe welds, diesel 
jets, etc.
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R E F R A C T O R I E S
FOR ALE INDUSTRIAL PURPOSES

G.R. exh ib its  c o v e r  th e  requ irem en ts o f  all typ es  o f  industrial furnaces. T h e  

high uniform  q u ality  c h aracteristic  o f  all G.R. products is m a intain ed by  

e m p lo yin g th e  latest  in plant and e q u ip m e n t backed by d e v e lo p m e n t  and  

research necessary to  th e  continuous im p r o v e m e n t  o f  refractories.

THE EXH IB ITS  COVER A W IDE FIELD INCLUDING  

B A S I C  B R I C K S

A  co m prehensive range of M agnesite, C h ro m e-  
M agnesite and D o lo m ite  for open-hearth, e lectr ic  
and re-heating furnaces, cem ent kilns, etc. A  special 

feature  is the “ F e rro c la d ” m eta l cased chem ica lly  

bonded basic brick.

F I R E B R I C K S

Include the w o rld -ren o w n e d  ‘ G lenboig  ’ and  
‘ Davison ’ brands for B o ile rs , Lo co m o tives, C em en t
Kilns, and industria l furnaces generally .;

S I L I C A  B R I C K S

Fo r use in Steel Fu rnaces, C o n v erte rs , G as R etorts, 
C o ke  O vens, G lass T an ks, etc.

A  full selection  of high a lum ina, s illim a n ite  and carbon  
jo inting  and m o nolith ic com positions, m oulding and

September, 1951 21
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TH O W. W A R D  LTD
4 1 . B I 0 1  W O R K S  •

- • ' ■ - .
T E L E P H O N E :  24311  ( IS .  Lines)  • TE L E G R A M S :  “F O R W A R D ,  SHEFFIELD"

LONDON OFFICE*. BRETTENHAM HOUSE • LANCASTER PLACE • STRAND • W.C.2
GP 12
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- so wrote F A R A D A Y  in 1 8 4 5
CIVl d  S t i l l  1 0  ~ d  Cl y  platinum and its alloys are coupled 

naturally in the mind with the name o f the company 
founded by Percival Norton Johnson, F.R.S. -  the “ Mr. 
Johnson ” of Faraday’s diary.

Platinum, no longer a mere laboratory curiosity, has 
found its rightful place as an essential industrial metal. 
The story of its development is, in part, the story of 
Johnson Mattliey.

T h e  r o le  o f  p l a t i n u m  a n d  th e  o t h e r  n o b le  

m e t a ls  in  in d u s t r y  is  d e s c r ib e d  in  a  s e r ie s  

o f  D a ta  S h e e t s  th a t  a r e  a v a ila b le  o n  r e q u e s t .

Johnson 
Matthey

J O H N S O N ,  M A T T H E Y  & C O . ,  L I M I T E D  H A T T O N  G A R D E N  L O N D O N ,  E . C . I
T e le p h o n e : H O L b o r n  9 2 7 7  B IR M IN G H A M : V i t t o r l a  S t r e e t ,  B irm in g h a m  I

24 September, 1951
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The low melting po in t and  high fluidity o f M azak m ake it ideal for die casting. 
There is practically no limit to  the complexity o f  shape and  intricacy o f detail which 
can be reproduced. F o r instance, carburettors and m ortise lock parts can be 
accurately pressure die cast in M azak w ith little 
subsequent m achining. The basis o f  M azak is 
“  Crow n Special ” Z inc o f 9 9 -9 9 + %  purity, one 
o f  the purest metals commercially available.

IMPERIAL SMELTING
IM PERIAL SM ELTIN G  C O R P O R A T IO N  (SALES) L TD ., 37, D O V E R  STREET, L O N D O N , W .l .

26 September, 1951



September, 1951 27
d

TH E  JO U R N A L OF TH E  IN STITU TE OF METALS

. . . B U T  WE D O N ’ T R E L Y  O N  A C C I D E N T S

T H E  M O N D  N I C K E L  C O M P A N Y  L I M I T E D , S U N D E R L A N D  H O U S E , C U R Z O N  S T R E E T , L O N D O N , W .l

u s o 4

A n electrician named Fontaine accidentally 
discovered that a dynamo could be used as a 
motor. H e  was working on fo u r  Gramme electro­
magnetic machines at the Vienna Exhibition in 
1873. Fontaine happened to attach two loose 
wires fro m  one machine to the terminals o f  an­
other, and when the engine driving the fir s t was 
started up, the current produced by it caused 
the second to rotate rapidly. This led to the 
early development o f  electric power fo r  industry 
and traction.

Discovering facts which enable better materials and processes to be 
developed is more often a matter of patient investigation and extended 
trials than of luck.
We do not rely on the happy accident. We have a well-equipped 
Research Laboratory and a staff of experienced metallurgists and 
engineers. Their approach is scientific and their object is to 
overcome difficulties in fabrication and to develop improved materials 
to do a practical job.
If you have a problem affecting the choice of a material, write to us 
about it—our services are freely at your disposal.
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HI GH

T E M P E R A T U R E  M E A S U R E M E N T

★

B a k e r  l o n g  l i f e  Platinum  v. Platinum /R hodium  Therm ocouples are 
m ade to conform  to N .P.L . standards o f purity and accuracy.

Both 10% and 13% R hodium /P latinum  v. Platinum  Couples in the usual 
diam eters can be supplied from  stock. Special sizes can be m ade quickly 
to  order.

All Couples are thoroughly tested and guaranteed to agree within ±  1°C. 
w ith standard  calibration curves a t any tem perature up to 1200°C.

B A K E R  P L A T I N U M  L I M I T E D ,  52 High Holborn, London, W.C. 1. Chancery 8711
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m THE BRITISH OXYGEN LTD

September, 1951

ARGONARC WELDING
does &
Rolls Royce 
job!

In  welding the m odern car body, the Argonarc process 

has proved an effective and efficient m ethod of fabrica­

tion. Argon is an inert gas present in air in small quanti­

ties. Extracted, compressed and passed at low pressure 

through the Argonarc torch, it acts as a shroud to protect 

the weld from contamination by atmospheric oxygen and 

nitrogen. Welds in light metal alloys o f aluminium and 

magnesium may be made by this process with no fear of 

corrosive after-effects as no flux is used. Excellent welds 

are also obtained on stainless steel sheets—with little or 

no distortion since the source of heat, a  tungsten arc, is 

small and concentrated. Electrode wastage is also re­

duced to a minimum. For details of this new welding 

process apply to the nearest B.O.C. District Sales Office 

—The B.O.C. Technical Service Staff is ready to help you.

Argonarc Welding on the bodywork o f  
a Rolls-Royce in the coach building 
works o f  M essrs. P ark W ard Lim ited.
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T ’ S T H E  E A S I E S T ,  
L E A N E S T  WAY OF  

R A I S I NG  S T E AM

F o r  steam in quantity— any quantity— there is 
no better w ay than raising it w ith the A u to le c  Electrode 
Steam  R aiser. C om pletely autom atic, clean and silent in 
operation, it produces steam from  cold in a  m atter o f  
minutes. Special housing and boilers w ith their resultant 
dirt are n ow  no longer necessary. A  postcard will bring 
full details.

DESIGNED & MANUFACTURED BY G AV. B . E L E C T R IC  FU R N ACES L TD ., DIBDALE WORK S, DUDLEY, WORCS. 
P r o p r i e t o r s :  G I B B O N S  B R O S .  L T D .  A N D  W I L D - B A R F I E L D  E L E C T R I C  F U R N A C E S  L T D .

Rototherm
II WHHIiW

THE BRITISH ROTOTHERM CO. LTD.
M erton A bbey, L ondon, S .W .19 ’phone L IB erty  34C6

an d  a t  87 St. V incent S tree t, G lasgow , C.2

T H E R M O M E T E R S
Specially designed, robu stly  con­
structed  and instantly read, the 
R ototh erm  Dial T h erm o m eter 
is th e  accepted standard instru­
m ent fo r tem p e ra tu re  indication. 
Particularly suitable fo r type 
m etal, w h ite  m etal, etc. A va il­
able w ith  2-j", 4 "  o r 7 "  dia. dial 
and in 15 d ifferen t tem p eratu re  
ranges. T em p era tu re  C o n tro l­
lers and R ecorders are also 
available.

Write for Catalogue 
‘ Modern Thermometry ’

I N D U S T R I A L

H. K . LEW IS & Co. Ltd.

SCIENTIFIC AND TECHNICAL BOOKSELLERS

S e le c t  s to c k  o f  b o o ks on  M E T A L L U R G Y  and 
A LLIED  SU BJECTS available

Catalogue of books on Geology, Mineralogy and Mining available 
Catalogue of books on Chemical Industry nearly ready

LEWIS’S LENDING LIBRARY
S C IE N T IF IC  A N D  T E C H N IC A L

Annual Subscription from Twenty-five Shillings

P R O S P E C T U S  P O S T  F R E E  O N  R E Q U E S T

B i-m o n th ly  L ist o f  N e w  B o o ks and N e w  Editions 
sen t p o st fre e  to  su b scrib e rs  re g u larly

TH E  L IB R A R Y  C A T A L O G U E , revised to December I949, 
containing a classified Index of Authors and Subjects is 
now ready. To  subscribers 17s. 6d. n e t ; To  non-sub­

scribers 35s. net, postage Is .

S EC O N D  H AN D  B O O K  Dept:
I 40 G O W E R  S T R E E T ,  W . C . I

L ONDON:  H.  K.  L E W I S  & Co.  L t d .
136 G O W ER STREET, W.C.I

Telephone : EUSton 4282 (7 lines)
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Self-lubricating bronze bearings
Sintered (high-density) iron parts
Sintered Superload bearings and 
structural parts
Cored, solid and plate stock for 
machining
Sintered metal filters

Advantages gained from  the above a re :

HIGH OIL CONTENT! ensures continuous lubrication

HIGH STRENGTH ! oil provides a hydraulic cushion that absorbs shock loads

NO OIL DRIP! safe for T E X T ILE  & FOOD M ACHINERY

LOW COST! O lLITE is die-pressed to exact specification — no expen­
sive machining required

S IN TERED METAL PRODUCTS

THE MANGANESE BRONZE E BRASS CO. LTD.
ELTON PARK WORKS. HADLEIGH ROAD, IPSWICH.

T e le g ra m s : “ O I L I T E ,”  IP S W IC H

Septem ber, 1951

T e lep h o n e : 55<I5/554I6
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OF R EFRA CTO R IES

Sillimanite and Aluminous 
Clay Bricks of all kinds

for the

Non - Ferrous Metal Industry

SOFT SOLDERS
AND SOLDERING FLUIDS
for every industrial purpose

fojperspeec/
^ ^ W M I * c t i v a t e d I

ROSIN CORED SOLDER
“ TRICENE” & “ TELECENE”  

Soldering Fluxes
E xp e rt Technical Advice 
on a ll Soldering Problems

H. J. ENTHOVEN & SONS, LTD.
ENTHOVEN HOUSE 

89 UPPER THAMES STREET, LONDON, E.C.4
Telephone : MANsion House 4533

V h o s ^ o ^ ^ t a l

e s t a b l i s h e d  i » 7 i  
o n  a d m i r a l t y , a . i .d  a n d  w a r  o f f i c e  l i s t s

S PMiRSON HTTP.
Metal /H erc /ton ts .  Smelters, and Alloy Manufacturers

P A K i K l i A P ,  l .H
t e l e p h o n e .

BRIDGETON 16T>
A .B C  CO D E'
5<h e c h t io n

TELEGRAM S. 
•CUPRUM  G LASGO W
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THE NE W
A n  editorial notice in the August issue said a brief farewell 
to the octavo Journal, w hich all o f  us have known since our 
first acquaintance w ith  the Institute. T h e R eport o f  Council 
for 1950 had prepared us for the change, and n ow  w e  have 
in our hands the first number w ith the quarto page. The 
larger page is accompanied by a new  design o f  paper cover 
for the m onthly Journal. I w ell know  the anxious thought 
that your Council has given to both these matters before 
deciding to make a change, and I sincerely hope that members 
w ill approve die action w hich has been taken.

The increase in size o f  page is, o f  course, die more important 
o f  the changes. In making it w e have the benefit o f  the 
experience o f  many other important scientific and technical 
societies, including the R o y a l Society, the Institution o f  
Electrical Engineers, the Institution o f  Mechanical Engineers, 
the Iron and Steel Institute, and the Physical Society. The 
periodicals o f  these societies confirm our expectation that the 
new  format o f  our Journal w ill permit larger illustrations 
where desirable and a more dignified presentation o f  papers, 
the less frequent breaks at page endings being especially 
pleasing and making for easier reading.

The change in format has mainly, how ever, been decided 
upon for financial reasons. It w ill be know n to all members 
that the cost o f  producing the Journal has risen in far greater 
proportion than the amount o f  subscriptions, and the problem 
before the Council has been to find ways o f  maintaining and, 
i f  possible, increasing the service rendered by the Institute 
without adding to die burden on individual members. The 
Council has been advised that an increase to a quarto page 
w ould bring financial advantages and, since these w ould 
coincide w ith  im proved presentation o f  papers, it was felt 
that the Council w ould have been failing in its duty i f  it had 
not grasped die opportunity thus presented.

M any w ill naturally regret the necessity for tire disappear­
ance o f  die familiar small-paged Journal, but I believe there 
w ill be a w arm  welcom e from  all members for the new 
Bulletin in w hich I have die honour to include this message. 
It is intended that the Bulletin shall incorporate the Institute 
news and announcements, die news o f  Local Sections and 
Associated Societies, news o f  kindred societies and o f  joint 
activities, w hich have hitherto appeared at the beginning o f

JOURNAL
the monthly Journal. I hope and confidently expect that the 
Bulletin w ill also become a medium for the discussion, by 
correspondence, o f  all non-ferrous metallurgical topics other 
than mining and extraction. The pages o f  this new  publica­
tion should reflect the views o f  members on subjects which, 
although they m ay not be appropriate for placing on record 
w id i the scientific papers contributed for discussion at General 
Meetings o f  the Institute, arc nevertheless o f  importance for 
die progress o f  metallurgical science and practice. From time 
to time papers prepared for Local Section meetings are recom­
mended as being o f  interest to the general membership o f  the 
Institute, even though it m ay not be claimed that they possess 
the features o f  original w ork or a n ew  survey w hich are looked 
for in papers published in the annual proceedings o f  the 
Institute. The Bulletin w ill often be die appropriate vehicle 
for dicse communications.

Taste in covers varies: some w ill applaud, others w ill be 
less enthusiastic over the design w hich graces this first issue 
in the new format. W e  believe that, apart from  its intrinsic 
merit, it is likely to have an appeal for readers w ho m ay not 
be familiar w ith the aims and activities o f  the Institute’s w ork 
and w hom  it is desired to attract to read our news or proceed­
ings and the advertisements. A ll o f  us arc anxious diat the 
cover should be w orthy o f  the Institute, and this I believe has 
been achieved, but let us reflect that the paper cover o f  the 
monthly Journal is in any case an ephemeral thing w hich w ill 
disappear when the contents are bound in the cloth boards 
o f  the annual volumes.

Publication is the function w hich absorbs the greater part 
o f  the income o f  the Institute, and I diought it fitting when 
so important a change was to be made in the appearance and 
content o f  the Journal that your President should re-state die 
considerations w hich had led to this step being taken. I do 
not feel that m y statement needs to be defensive or apologetic ; 
rather do I commend our new Journal to you  as evidence 
o f  vigorous health in our constitution, and as a production 
w orthy o f  the high traditions o f  the Institute.

M ,
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INSTITUTE NEWS
E le ctio n  to F ill a  C a su a l V a ca n cy  on the C oun cil

In accordance w ith the powers granted in Article 28, die 
Council has nominated M r. N . I. B o n d - W il l ia m s , B .S c ., 
Chairman and M anaging Director, Aston Chain and H ook 
C o ., Ltd., Birm ingham , to fill a vacancy for an Ordinary 
M em ber o f  Council, caused by the death o f  M r. Harry Davies.

M r. Bond-W illiam s w ill, as required by Article 28, present 
him self for re-election at die 1952 Annual General Meeting.

E lectio n  of C o u n cil for 1952-53
In accordance w ith  the Articles o f  Association, the follow ­

ing are due to retire from  the Council at die 1952 Annual 
General M eetin g:

President:
Professor A . J. M u r p h y , M.Sc.

Past-Prcsident:
Colonel Sir P a u l  G u e t e r b o c k , K .C .B ., D .S .O ., M .C ., T .D .,

D .L., J.P., M .A ., A .D .C .

Vice-Presidents:

M ajor C . J. P. B a l l , D .S .O ., M .C .
C . J. Sm it h e l l s , M .C ., D .S c .

Honorary Treasurer:
W . A . C . N e w m a n , O .B .E ., B .Sc., A .R .S .M ., A .R .C .S ., 

D .I.C .

Ordinary Members o f Council:
D . F. C a m p b e l l , M .A ., A .R .S .M .

T . M . H e r b e r t , M .A .
H . W . G. H ig n e t t , B.Sc.

A . R . P o w e l l

In addition, M r. A lfr e d  B a e r  and M r. B o n d - W il l ia m s , 
w ho were appointed by the Council to fill casual vacancies 
during the year, also retire and present themselves for re- 
election, in accordance w id i Article 28.

Under Article 19, Professor A . J. M u r p h y  w ill fill the 
vacancy on the Council as Past-Prcsidcnt.

In accordance w ith  Article 22, the Council nominates die 
follow ing members to fill the other vacancies:

A s President:

C . J. S m it h e l l s , M .C ., D .Sc., Director o f  Research, The 
British Alum inium  Com pany, Ltd., Gerrards Cross.

A s Vice-Presidents:

G . L. B a il e y , M .Sc., Director, British Non-Ferrous Metals 
Research Association, London.

S. F. D o r e y , C .B .E ., D .Sc., W h .E x., F .R .S., C h ie f Engineer 
Surveyor, Lloyd’s Register o f  Shipping, London.

A s Honorary Treasurer:

E. H . J o n e s , D irector and General M anager (Bristol), 
Capper Pass and Son, Ltd., Bristol.

A s Ordinary Members o f Council:

N . P . Inglis.^PIi .D ., M .Eng., Research [Director, Imperial 
Chem ical Industries, Ltd., Metals Division, Birmingham.

Iv o r  J e n k in s , D .Sc., C h ie f Metallurgist, Research Labora­
tories, General Electric C o., Ltd., W em bley.

A . G. R a m s a y , B.Sc., Ph.D ., Director, T he M ond Nickel 
C o ., Ltd., and W orks Manager, Clydach Refinery.

H . Su t t o n , D .Sc., Director o f  Research and Developm ent, 
Aircraft Materials, Ministry o f  Supply, London.

M ajor P. L it h e r l a n d  T e e d , A .R .S .M ., D eputy C h ie f o f  
Aeronautical Research and Developm ent, Vickers-Armstrongs, 
Ltd., W eybridgc.

W . J. T h o m a s , Assistant M anaging Director, T he British 
Alum inium  C o., Ltd., London.

Members arc reminded diat, in accordance w ith  Article 22, 
any ten members m ay also at, or before, die business part o f  
the Autum n General M eeting (16-18 September 1951), 
nominate in w riting, w id i the written consent to act i f  elected 
o f  the person nominated, any duly qualified person odier than 
one o f  those nominated by the Council to fill any vacancy 
on the Council, but each such nominator is debarred from  
nominating any odier person for die same election. I f  tw o 
or more persons are nominated for any honorary office diey 
(or such o f  them as are not Ordinary Members o f  Council w ho 
arc not retiring at die next Annual General M eeting) w ill be 
deemed to have been nominated also for any vacancies among 
the Ordinary Members o f  Council. N o  person is eligible 
to fill any vacancy at such Annual General M eeting unless he 
has consented in w riting to be nominated and has been 
nominated or deemed to be nominated for the same in 
compliance w id i this Article.

Sen ior V ic e -P re sid e n t, 1952-53
T he Council has elected Professor F. C . T h o m p s o n , D .M et., 

M .Sc., to serve as Senior Vice-President for the year 1952-53, 
and he w ill be their nominee for the Presidency in 1953-54.

S y m p o siu m  on “ E q u ip m e n t for the T h e r m a l  
T r e a tm e n t of N o n -F e rro u s M eta ls  and A llo y s  ”

T he follow ing papers have been invited for this Symposium, 
w hich is being arranged in connection w ith  the 1952 Annual 
General M eeting :

(1) “ Electric Furnaces for the Thermal Treatm ent o f  
Non-Ferrous Metals ” , b y  an author selected by die Electric 
Furnace Section o f  the British Electrical and Allied Manu­
facturers’ Association.

(2) “  Gas-Fired Furnaces for the Therm al Treatment o f  
Non-Ferrous Metals ” , by  M r. J. F. W aiglit (W est M id­
lands Gas Board).

(3) “  Batch Thermal Treatment o f  Light A lloys ” , by 
M r. C . P. Paton (Northern Alum inium  C o., Ltd.).

(4) “  Batch and Continuous Annealing o f  Copper and 
Copper Alloys ” , by M r. Edw in Davis and M r. S. G. 
Tem ple (Imperial Chem ical Industries, Ltd., Metals 
Division).

(5) “  Flash-Annealing o f  Light A lloys ” , by M r. R . T . 
Staples (T.I. Alum inium , Ltd.).

(6) “  B right Annealing o f  N ickel and Its A lloys ” , by  
M r. H . J. Hartley (Henry W ig gin  and C o ., Ltd.).

(7) “  Continuous Therm al Treatment o f  Light Metals ” , 
b y  M . M . Lamourdcdieu (Société Centrale des Alliages 
Légers).

The papers w ill appear together in the January or February 
1952 issue o f  the Journal.

In fo rm al D iscu ssio n  on “ T o o l and D ie M a te ria ls  
for the H ot W o rk in g of N o n -F e rro u s M eta ls  ”

T he special General M eeting on this subject, previously 
announced, w ill be held at the University o f  Birm ingham  on 
the afternoon o f  Thursday, 3 January 1952. T he chair w ill 
be taken by M r. Christopher Smidi.
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E lectio n  of M em bers

The follow ing 30 Ordinary Members, I Junior M ember, and
6 Student Members were elected on 18 July 1951 :

A s Ordinary Members

A l l a r d , Marc., Ing. civil des Mines, Directeur, Institut de 
Recherches de la Sidérurgie, 185 rue President Roosevelt, 
Saint Germain-cn-Laye (S. et O .), France.

B l y t i i , Howard Neville, B .A ., Lecturer, R o yal School o f  
Mines, Prince Consort R oad, London, S.W.7.

B u n t o n , John D ., C h ie f Metallurgist, C .A .V . Ltd., W arple 
W a y , Acton, London, W .3.

C h e n , Neng-Kuan, D r. Eng., Research Associate, Depart­
ment o f  Mechanical Engineering, The Johns Hopkins 
University, Baltimore 18, M d., U .S.A .

C l a x t o n , C yril Charles, Joint Managing Director, Sheffield 
Tw ist D rill and Steel Com pany, Ltd., Sheffield.

E l l i s , Dennis Thomas, C h ie f Metallurgist, Jaguar Cars, Ltd., 
Coventry.

E n g l is h , Alan, Blast Furnace Assistant, Appleby-Frodingham 
Steel Co., Ltd., Scunthorpe, Lincs.

F a t t a h , Mohamed Ahm ed Abdel, B.Sc., Engineer, Ministry 
o f  Defence, Cairo, Egypt.

H a r r is , Arthur Clement, Assoc. Met., Research Metallurgist, 
Simon-Carves, Ltd., Cheadle Heath, Stockport.

H a u t , Frederickjoseph Georg, B.Sc., Constructional Engineer, 
B oxm oor Engineering Corporation, Ltd., W atford, 
Herts.

J o n e s , Sir Lewis, J.P., Secretary, The South W ales Siemens 
Steel Association, N orth Hill, 2 St. James’ Crescent, 
Swansea.

L e w i s , George Leonard, Sales Engineer, Vickers (Eastern), 
Ltd., Killick Building, H om e Street, Bom bay, India.

L i t t l e w o o d , Frederick Richard, C h ie f Designer, British 
Sewing Machines, Ltd., Lombard R oad, London, S.W .19.

L o m b a r d i , Dott. Paolo, Technical Management Official, 
Società Metallurgica Italiana, Borgo Pinti 99, Florence, 
Italy.

O ’ C o n n o r , Kenneth, Manager, Foundry Sheet and Strip 
Division, Dom inion Foils (Canada) Ltd., Cap de la 
Madeleine, Quebec, Canada.

O r l a n d o , Dott. Giuseppe, Vice-Chairman, Società Metal­
lurgica Italiana, Borgo Pinti 99, Florence, Italy.

P e p l o w , Douglas Boraston, Metallurgist, British Electricity 
Authority, Southern Division, h i  High Street, Ports­
mouth.

P r a s a d , Rajendra, B.Sc., Assistant Professor o f  Metallurgy, 
College o f  M ining and Metallurgy, Benares Hindu 
University, Benares, India.

P r y o r , Horace, W orks Manager, Humber Ltd., Coventry.
R o b in s o n , Eric A .,  M .C ., Managing Director, The Super­

heater Com pany, Ltd., 53 Haymarket, London, S .W .i.
R u s h w o r t h , David, Fuel Economist, Albion Chambers, 

K ing Street, Nottingham.
Sa l a h  el- D i n  N e s s im , A h m a d , B .Sc., Engineer, Ministry o f  

Defence, C a ir o , Egypt.
Sa n d b e r g , Alexander Christer Edward, B .S c .,  Consulting 

Engineer, 40 Grosvenor Gardens, London, S .W .i .
Sa r g e a n t , Colin W ilfred, W orks Manager, James Evans 

and Son, Ltd., Victoria W orks, Brom ford Lane, W est 
Brom wich.

S c o r t e c c i , Dott. Massimo, General Secretary, Istituto 
Italiano della Saldatura, V ia X X  Settembre 8, Genoa, 
Italy.

Sn e d d e n , George T ., Colvilles, Ltd., Crosshill Street, M other- 
well, Lanarkshire.

S p a r k e s , Edward John, Chemist, Blackburn Generating 
Station, British Electricity Audiority, Blackburn, Lancs.

T a l in i , Dott. Renzo, C h ief o f  Chemical Laboratories, Socicta 
Metallurgica Italiana, Fomaci di Barga, Lucca, Italy.

W o o d , H. Carrington, W ellm an Smith O w en  Engineering 
Corporation, Ltd., 25 W ilton  Road, London, S .W .i.

Y a t e s , Harry, Managing Director, Smith and McLean, Ltd., 
179 W est George Street, Glasgow, C.2.

As Junior Member

M it c h e l l , N eville  M ., Metallurgist, R o y a l Aircraft Establish­
ment, Fam borough, Hants.

A s Student Members

B r a in e ,W illiam  Alan, Staveley Iron and Chemical Com pany, 
Ltd., Chesterfield.

M c L e n n a n , John Andrew, Trainee Metallurgist, Metal Manu­
factures, Ltd., Port Kcmbla, N .S .W ., Australia.

M i r z a , Mohammad Razi, B .A ., Technical Apprentice, 
JohnI.T hom ycroft and C o.,Ltd.,W oolston, Southampton.

N a y l o r , Graham L., Metallurgical Apprentice, Stewarts and 
Lloyds, Ltd., Bilston, Staffs.

P l a c k e t t , John Ronald, Student o f  Metallurgy, University 
o f  Birmingham.

R o l l s , R oger, Research Assistant, T aylor Brothers and C o ., 
Ltd., Trafford Park SteelW orks, Manchester, 21.

PERSONALITIES
M r. A . M . B ae r  

(M e m b e r  o f C o u n c il)

Alfred Baer was born in London in 1896 and educated at 
H arrow  and Balliol Colleee, O xford. A fter his education 
had been inter­
rupted by the 1914- 
18 W ar, in the 
course o f  w hich he 
served in Gallipoli 
and France, M r.
Baer took a B .A . 
d e g r e e  a n d  w a s  
called to the Bar o f  
the Inner Temple.
H e entered industry 
w hen he joined 
Messrs. Henry Gard­
ner and C o ., Ltd., 
in 1920; he was 
appointed a director 
o f  the com pany in 
1927. Throughout 
the last w ar he acted 
as Joint Controller 
o f  N on  -  Ferrous 
Metals. Last year 
lie was appointed Vice-Chairm an o f  The Consolidated Zinc 
Corporation, Ltd. In addition, M r. Baer is Chairman o f  H . J. 
Enthovcn and Sons, Ltd., a member o f  the Eastern Gas 
Board, and a director o f  T he Zinc Corporation, Ltd., Imperial 
Smelting Corporation, Ltd., and N e w  Broken Hill Consoli­
dated, Lid,, am ong other companies,

3

[.Elliott and  F ry , L td .
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M r. E . A . G . L id d iard
( C h a ir m a n  o f  th e  L o n d o n  L o c a l S e c tio n )

Edwin A ndrew  Guthrie Liddiard was born in 1903 and 
educated at Christ’s Hospital. From 1922 to 1925 he was a

laboratory assistant 
w ith Messrs. Cam - 
mcll, Laird and 
Co., Ltd., Sheffield, 
and studied at the 
University in the 
evenings. The next 
three years were 
sp e n t at C a m ­
bridge, where he 
took the Natural 
S c ie n c e  T r ip o s ,  
Part I, and in his 
final year studied 
metallurgy under 
H cycock. From 
1928 to 1932 M r. 
Liddiard was a R e ­
search Metallurgist 
w ith I.C.I. (Fertil­
izers and Synthetic 
Products), Ltd., 
Billingham. He 

then joined the British Non-Ferrous Metals Research Associa­
tion as Assistant Developm ent Officer. Later he was appointed 
Assistant Research Superintendent (1937) and Research 
Manager o f  the Association (1943). W hen the Fulmer Research 
Institute was established in 1946, M r. Liddiard was appointed 
Director, a position he still holds. He has taken an active part 
in Institute o f  Metals affairs and has for the last tw o years been 
a member o f  the Publication Committee.

Harold Montague 
Finniston was born 
in 1912 and edu­
cated in Glasgow, 
where he attended 
the University and 
die R o yal Techni­
cal College. He 
g r a d u a t e d  w ith  
first-class honours 
in metallurgy in 
19 3 3 - A f t e r  a 
period in industry 
w ith Messrs. Stew ­
arts and Lloyds, 
Ltd., he returned 
to G lasgowm .1937 
as C h ie f Research 
Officer o f  the 
Scottish C oke R e ­
search Com m ittee. 
H aving gained his 
Ph.D . degree in

1940, D r. Finniston joined the Bragg Laboratory o f  die N aval 
Ordnance Inspection Department, Sheffield, where he was in 
charge o f  the M etallurgy Section until 1946, w hen he was

papers and articles on non-ferrous metallurgical subjects. He 
is a Fellow o f  the Institution o f  Metallurgists, a Fellow o f  the 
R o yal Institute o f  Chemistry, and a member o f  the Society o f  
Chemical Industry, the Institute o f  British Foundrymen, the 
W est o f  Scotland Iron and Steel Institute, and other bodies.

M r. M . M . H allett
( C h a ir m a n  o f  th e  S h e ff ie ld  L o c a l S e c tio n )

Michael M ountjoy Hallett was born in 1911 and educated 
at K in g’s School, W orcester, and University College, Cardiff, 
where he graduated in metallurgy in 1931 and took the M .Sc. 
degree in 1939. A fter graduation, he was awarded an 
industrial bursary b y  die R o yal Commissioners for the 
Exhibition o f  1851, and spent the next tw o years in the 
Research Laboratory o f  T he M ond N ickel C o., Ltd., 
Birm ingham . In 1933 he was appointed to die permanent 
staff o f  die same laboratory and w orked on the scaling o f  lo w - 
alloy steels, on the development o f  heat-resisting alloys, and 
particularly on the various types o f  nickel cast iron. In 1943 
he was appointed C h ief Metallurgist o f  the Shecpbridge 
Stokes Centrifugal Castings C o ., Ltd., and in 1949 became

seconded b y  die R o y a l N aval Scientific Service to die Depart­
ment o f  A tom ic Energy. He w ent to £anada to organize the 
metallurgical side o f  the atomic-energy w ork there, and on his 
return in the follow ing year became D eputy Head o f  the 
M etallurgy Division o f  the A tom ic Energy Research Establish­
ment at Harwell. In 1948 he was appointed to his present 
post o f  Head o f  the M etallurgy Division, w ith the rank o f  
D eputy C h ief Scientific Officer.

M r. Jo h n  A rn o tt  
( C h a ir m a n  of th e  S c o t t i s h  L o c a l S e c tio n )

John Arnott was born in 1891 and educated at Ardrossan 
Academ y. A fter leaving school, he became a premium 
student in the laboratory o f  Messrs. Tatlock and Thomson, 
city analysts o f  Glasgow, and a student in the R o y a l Technical 
College, Glasgow. He later spent some time in a small 
consulting laboratory w h ere 'th e  w ork  was mainly metal­
lurgical. Joining the firm o f  G. a n d j. W eir, Ltd., Cathcart, 
in 1913, he has remained w ith them ever since, and is now  
their C h ief Metallurgist. M r. Arnott is die author o f  many

D r. H . M . F inn iston  
( C h a ir m a n  o f  th e  O x fo rd  L o c a l S e c tio n )
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C h ief Metallurgist to the Sheepbridgc Engineering, Ltd., 
Group. He has published papers on metallurgical aspects o f  
alloy cast irons, and on corrosion-resisting alloys. He is a

member o f  die Institute o f  Marine Engineers and o f  various 
other societies, both British and American. He serves on 
several committees o f  the British Cast Iron Research Associa­
tion and the Institute o f  British Foundrymcn.

PERSONAL NOTES
M r. V . T . B a l a s u b r a m a n ia n  has returned to India, where 

he w ill be in charge o f  the foundry o f  India Pistons, Ltd., 
Madras.

D r . C . S. B a r r e t t , o f  the Institute for the Study o f  Metals, 
Chicago, is visiting dais country and w ill for a time be w orking 
in the M etallurgy Department at Birm ingham  University.

M r. K. W . J. B o w e n  has been awarded the degree o f  
Ph.D . o f  Cam bridge University.

M r . C . L. M . C o t t r e l l  has been appointed Assistant C h ief 
Metallurgist (ferrous metals) to the British W elding Research 
Association.

M r . C . J. D a n c e u f ie l d  has transferred from the Research 
Laboratories o f  The British Alum inium  C o., Ltd., to die 
Com pany’s works at W arrington.

M r. H. E. D ixo n  has been appointed C h ie f Metallurgist 
(non-ferrous metals) to the British W elding Research 
Association.

M r. J. D odd  has been awarded the degree o f  B.Sc. in 
Applied Science (Metallurgy) at Durham  University.

M r. A . G. D uce has been awarded the Ph.D . degree o f  
Cam bridge University.

D r . H u g h  F o r d  has been appointed Professor o f  Applied 
Mechanics in the University o f  London. The appointment, 
which is tenable at Imperial College, w ill have effect from  
i  October 1951.

M r . E. R . F r a n c is  has been appointed Technical Informa­
tion Officer to T he M ond N ickel C o ., Ltd.

D r . M a x  H a n s e n  has been appointed Assistant Chairman 
o f  the Metals Research Department o f  the A rm our Research

Foundation o f  die Illinois Institute o f  Technology, Chicago. 
He was previously Supervisor o f  Physical M etallurgy Research 
o f  the Foundation.

M r . A . R . H a r d in g  has been awarded the degree o f  Ph.D. 
o f  Birm ingham  University.

M r . P. T . H o u l d c r o f t  has been appointed Assistant C h ie f 
Metallurgist (non-ferrous metals) to the British W elding 
Research Association.

M r . G. L u c a s  has been awarded die Ph.D . degree o f  Durham 
University.

M r . G. H. N o o r d h o f  has been appointed Talks Producer 
in the B .B .C . Television Service and w ill be concerned 
mainly w ith  scientific and medical programmes.

D r . E. O r o w a n  has been appointed George W estinghousc 
Professor o f  Mechanical Engineering at the Massachusetts 
Institute o f  Technology.

M r . A . R . P a l m e r  has left England to take up an appoint­
ment w ith  the Colonial Developm ent Corporation in Tangan­
yika.

M iss E. W . P a r k e r  has been appointed Assistant to the 
Manager o f  the Developm ent and Research Department o f  
The M ond N ickel C o., Ltd.

M r . M . S. P a t e r s o n  is returning from the Institute for the 
Study o f  Metals, Chicago, to Australia, where his address w ill 
be Aeronautical Research Laboratories, Department o f  
Supply, B o x  4331, G .P .O ., Melbourne, C . i .

D r . K. W in t e r t o n  has been appointed C h ief Metallurgist 
(ferrous metals) to the British W elding Research Association.

M r . A . W ip p e r m a n , for a number o f  years on die staff o f  
the Industrial Division o f  Johnson, M atthey and C o., Ltd., 
has recendy left for Australia, where lie w ill take up a senior 
appointment w ith the Com pany’s Australian associate, Garrett, 
Davidson, and M atthey Pty., Ltd., 824 George Street, 
Sydney, N .S .W .

D eath s

The Editor regrets to announce the deaths o f :

M r . F r e d e r ic k  W il l ia m  D i n g w a l l  (Original Member), 
Chairman and M anaging Director o f  Everitt and C o., Ltd., 
Liverpool.

M r . A lfr ed  H o l l e y  M u n d e y  on 5 July at the age o f  83. 
He was formerly Technical Director o f  Fry’s Metal Foundries, 
Ltd., and served on the Council o f  the Institute in his capacity 
as Chairman o f  die London Local Section in 1927-28 and as 
an Ordinary M em ber o f  Council from  1930 to 1938.

NEWS OF LOCAL SECTIONS 
AND ASSOCIATED SOCIETIES

O fficial V isits  b y  the P resid en t

The President, accompanied by the Secretary, w ill pay 
official visits to Local Sections and Associated Societies as 
detaded b e lo w :

W ed., 7 N o v. 1951. Manchester Metallurgical Society.
Thur., 8 N o v. 1951. London Local Section.
Tues., 15 Jan. 1932. South W ales Local Section.

Leeds M e ta llu rg ica l S o cie ty

Dr. R . Goodacre has succeeded M r. F. Lindars as Secretary 
o f  die Society.
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JOINT ACTIVITIES
Jo in t C o m m ittee  on M e ta llu rg ica l E d ucation

M r. D . R . O . T h o m a s  has accepted an invitation to serve 
as Chairman o f  the Joint Com m ittee in succession to M r. E. G. 
Lawford.

N o tc h -B a r  T e s tin g  of M a te ria ls  in R elation  to 
W elded C o n stru ction

The Joint Com m ittee on Materials and Their Testing, in 
association w ith the Institute o f  W elding, announces a 
Symposium on “  Recent Developments in N otch-Bar Test­
ing o f  Materials and Their Relation to W elded Construction,”  
to be held in London on Wednesday, 5 Decem ber 1951.

Papers arc being invited from  a number o f  British and 
foreign experts and w ill be preprinted and introduced b y  a 
rapporteur, w ith a view  to discussion, w hich w ill occupy two 
sessions, one in the morning and one ' in the afternoon. 
Further particulars w ill be issued shortly.

NEWS OF KINDRED SOCIETIES
T h e  In stitu tio n  of M e ta llu rg ists

T he follow ing elections have recently been announced :

A s Fellows
F. A . Forward (University o f  British Colum bia), B . R . 

Nijhawan (National Metallurgical Laboratory, Jamshedpur, 
India), J. R . R ait (Hadficlds, Ltd.), J. T aylor (R oyal Technical 
College, Glasgow).

A s Fellows from the Grade o f Associate

J. W . H oughton (Park Gate Iron and Steel C o., Ltd.),
H. Padget (Dorman Long and C o., Ltd.), T . Pow ell (British 
Electro-Metallurgical C o., Ltd.), O . R . Smith (Aluminium 
Laboratories, Ltd.).

A s Associates

E. Calvert (Richard Johnson and Nephew , Ltd.), R . Clark 
(Thomas Firth and John Brow n, Ltd.), L. J. Dcrham (Imperial 
Smelting Corporation, Ltd.), D . A . Driffill (Hadficlds, Ltd.), 
J. A . Gam er (Steel, Pecch and Tozer), W . H . L. Hooper 
(Imperial Chem ical Industries, Ltd., Metals Division), E . L. 

James (John Garrington and Sons, Ltd.), R . Mercer (Enfield 
R o llin g Mills, Ltd.), C . G. Nicholson (Thomas Firth and 
John Brow n, Ltd.), N . W . Thom son (B.S.A . Tools, Ltd.), 
W . O . Turton (John Baker and Bessemer, Ltd.), K. G . W o o d  
(Cumberland Technical College).

A s Associates from the Grade o f Licentiate

I. C . H. Hughes (The M ond N ickel C o., Ltd.), I. P. 
M cD ow all (Stewarts and Lloyds, Ltd.), S. D . Pitt (Bunda- 
berg Foundry C o ., Ltd.), P. J. R o w lin g  (Powers Samas 
Accounting Machines, Ltd.), H. J. Sharp (Hoover, Ltd.),
H . Simms (Applcby-Frodingham  Steel C o.), J. S. Thom pson 
(Durham Chemicals, Ltd.), R . E. H. W ilham s (Powell 
Duffryn Technical Services, Ltd.), L. A . W illsm ere (Ministry 
o f  Fuel and Pow er).

A s Licentiates
J. S. A m bler (Eastern Smelting C o ., Ltd.), E . H . Bridges 

(D avy and United R o ll Foundry, Ltd.), L. J. H olton (Acloque 
and C o .), A . W . M eadows (D udley D rop Forging C o ., Ltd.),
G . W . Miles (Edgar A llen and C o ., Ltd.), A . S. Narayanan 
(Tata Iron and Steel C o., Ltd.), K . A . O liver (C. A krill C o., 
Ltd.), D . A . R yd er (Joseph Lucas (Gas Turbines), Ltd.),

P. Tharmalingam (Government o f  Ceylon), P. J. W akem an 
(Hale and Haîc, Ltd.).

In tern ation al C o n g ress on In d u strial C h e m istry
The Twenty-Fourth International Congress on Industrial 

Chem istry w ill be held in Paris from  25 N ovem ber to 1 
Decem ber 1951. The proceedings o f  the Congress w ill be 
divided in 19 sections, one o f  w hich w ill deal w ith metallurgy. 
A n  exhibition w ill take place simultaneously w id i the congress. 
Full particulars m ay be obtained from  the Société de Chim ie 
Industrielle, 28 rue Saint-Dominiquc, Paris (7e).

S y m p o siu m  on M in eral D re ssin g , S e p te m b e r  
1952

Arrangements are n ow  being made by the Council o f  the 
Institution o f  M ining and M etallurgy to hold a tw o-day 
Symposium on Mineral Dressing on 23 and 24 September 
19J2, at the Imperial College o f  Science and Technology, 
South Kensington, London, S.W .7.

The purpose o f  die Symposium w ill be to discuss recent 
developments (a) in fundamental concepts and experimental 
mcdiods, (b) in practice at selected plants o f  particular interest, 
and (c) in plant design and machine manufacture.

Several papers are already in preparation, and odiers are 
being considered by prospective authors. A nyone w ho 
wishes to submit a paper is invited to send a synopsis o f  its 
contents and an indication o f  its probable length to the 
Secretary o f  the Institution, Salisbury House, London, E.C.2.

A ll papers accepted for the Symposium w ill be sent as pre­
prints to those w ho propose to attend the tw o-day discussion, 
and a volum e containing the papers and a report o f  the 
discussion w ill be published after the meeting.

OTHER NEWS
R esearch  on Creep and F a tig u e  P ro p e rties of 

M etals  a t E levated  T em p e ra tu re s
Shortly after the end o f  the war, the Light A lloys Sub­

com m ittee o f  the Ministry o f  Aircraft Production Metal­
lurgical Research Com m ittee reviewed the position in the 
field o f  research on creep and fatigue properties o f  metals at 
elevated temperatures. Under the chairmanship o f  Professor 
L. Aitchison, a policy was framed for the guidance o f  workers 
em ployed on investigations for the Governm ent Services on 
creep. A  memorandum incorporating the Sub-Com m ittee’ s 
recommendations on this subject was drafted in 1947. A t 
the same time thought was given to corresponding investiga­
tions on fatigue.

W hen, in 1948, the M inistry’s Research Com m ittee was 
superseded by the Inter-Service Metallurgical Research 
Council, consideration o f  this subject was continued by the 
Non-Ferrous Metals Com m ittee o f  that Council under the 
chairmanship o f  M r. (now  Professor) A . J. M urphy. In due 
course a further memorandum was produced, incorporating 
that Com m ittee’s recommendations on research on the fatigue 
o f  metals at elevated temperatures.

These memoranda were primarily intended to help in  the 
formulation o f  Governm ent research policy. N o  extensive 
series o f  researches was directly initiated to implement these 
various recommendations, w hich w ere regarded as providing 
a co-ordinating policy w ithin w hich investigations in this 
field could, i f  attention were paid to die broad aspects suggested 
in the memoranda, be directed towards the provision o f  
information o f  the greatest general benefit. Research into 
the mechanism o f  creep and fatigue was not regarded as 
com ing within the scope o f  these recommendations.
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W ithin die somewhat limited range o f  laboratories con­
cerned, this policy has m et w ith  success. Investigators study­
ing some particular application o f  metals or alloys at high 
temperatures have been pleased to broaden their w ork  to 
bring it w id iin  die scope o f  the general recommendations 
made. For this reason the Non-Ferrous Metals Committee 
o f  the Inter-Service Metallurgical Research Council has 
recommended the issue o f  a general statement summarizing 
the views expressed and recommendations made in the earlier 
memoranda, w id i the object o f  giving an opportunity to all 
investigators w orking in this field to m odify and direct their 
researches in such a w ay  as to contribute the maxim um 
amount o f  useful information on die behaviour o f  metals and 
alloys w hen subject to creep and fatigue conditions at high 
temperatures.

T he approach to this matter by die Committees concerned 
has been a desire for die greatest amount o f  fundamental 
information on the behaviour o f  metals under these conditions. 
It is inevitable diat m any laboratories are primarily concerned 
w ith  providing data on die creep and fatigue resistance o f  
specific alloys. T he values thus obtained are available to 
engineers, and m ay contribute in some measure to the general 
understanding o f  die phenomena concerned. It m ay happen, 
how ever, diat those investigators w ho have made tests w ith a 
view  to providing data arc not in a position to extend them 
sufficiently to provide information o f  fundamental scientific 
value. There are, w idiin the Com m ittee’s knowledge, 
certain researches in this field w hich could be so extended w idi 
little additional time and effort and whose value, diercforc, in 
their contribution to our general knowledge, could be greatly 
enhanced.

This note is not published w id i the intention o f  attracting 
a number o f  new  workers into this field. Adm ittedly, an 
enormous amount o f  further know ledge on these subjects is 
needed, but, in view  o f  die heavy demands for research 
workers on other aspects o f  m etallurgy, an intensive attack on 
creep and fatigue m ight absorb an effort that w ould be out o f  
proportion to die probable immediate benefits. Publication, 
however, w ill have served its purpose i f  it encourages diose w ho 
o f  necessity or by  desire are w orking in diis field to try to fit 
their investigations into the fram ework which is here described.

Factors Recommended for Consideration 

It is suggested that the most important general approach in 
diis matter should be an orderly investigation o f  the influence 
o f  variables in mctallographic structure and in composition 
on creep and fatigue resistance at elevated temperatures. The 
follow ing factors arc considered to be im portant:

A . Factors Relating to the Matrix :
(i) Grain-sizc.
(ii) Orientation.
(iii) The effect o f  previous mechanical strain and o f  die 

manner in w hich this is effected.
(iv) Effect o f  solute metals present in alloying pro­

portions in solid solution.
(v) Effect o f  small amounts o f  dissolved impurity.
(vi) Crystal structure o f  die matrix crystals (i.e. face- 

centred or body-centred cubic, hexagonal, &c.).

B . Factors Relating to the Second, “  Dispersed ”  Phase :
(i) Distribution o f  particles (e.g. grain-boundary distribu­

tion or uniform distribution).
(ii) Particle size.
(iii) Am ount o f  second phase present.
(iv) Nature o f  second phase present (whether “  inter- 

metallic compound ”  or “  electron compound ” , & c.—

influence o f  crystal structure and other properties o f  second 
phase).

C . Temperature-Dependent Factors :

Relaxation towards equilibrium o f  non-equilibrium 
structures at die elevated service temperatures, rccrystalliza- 
tion, grain grow di, absorption or globularization o f  
precipitates, See., and the influence o f  stress on such 
structural changes.

Materials Recommended for Study

As w ill be obvious from  die fact that this approach to the 
subject was suggested by the Light A lloys Sub-Com m ittee, 
aluminium alloys were primarily in mind at the outset. It 
was, how ever, felt diroughout all these discussions diat the 
w ork should not be confined to aluminium alloys, but diat a 
number o f  different solute and solvent metals must be 
considered i f  information o f  general application is to result. 
T he Com m ittee has accordingly made die follow ing more 
specific recommendations.

Bearing in mind die large number o f  variables referred to 
above, it is clearly necessary to choose for examination 
systems in 'w h ich  there is a reasonable prospect o f  studying 
these factors separately and in which, therefore, such factors 
as alloy constitution are already w ell know n. It is furdicr- 
more considered diat die w ork  should be carried out using 
pure materials so that the effects o f  impurities m ay later be 
investigated separately, and that in the initial stages o f  the 
w ork  die materials should be in structural equilibrium at the 
temperature o f  die test before die start o f  the test. The 
information resulting as to die behaviour o f  the material 
under such controlled conditions w ill provide a background 
against w hich subsequent w ork on die behaviour o f  non­
equilibrium structures is less difficult to interpret. The 
importance o f  a full and detailed description o f  the specimens 
tested and o f  dieir mediod o f  manufacture, including surface 
finish, cannot be over-emphasized. In some investigations 
already in progress or contemplated, it m ay only be possible 
to make a specific and accurate measurement o f  grain-size, 
composition, and any tendencies to preferred orientation in 
the specimens used and to record all available details o f  their 
history. The provision o f  such information gives a greatly 
enhanced value to die results o f  what m ight otherwise be an 
ad hoc creep or fatigue test on an ill-defined specimen.

(a) Factors Relating to the Matrix 

For studies o f  die effect o f  factors associated w id i the 
matrix, the alloys chosen must remain reasonably hom o­
geneous over a range o f  compositions and temperatures. In 
diis section o f  the w ork  investigations on pure metals and on 
single crystals had rather less encouragement than the investiga­
tion on alloy systems, except in so far as die study o f  die pure 
metal is necessary to compare its behaviour w id i diat o f  a 
solid solution based thereon. W hile, in Section A , item (iv) 
is perhaps receiving the greatest emphasis in w ork n ow  in 
progress, the other items should clearly receive simultaneous 
consideration, since the behaviour o f  a polycrystalline aggregate 
w ill be profoundly affected b y  grain-size, orientation, and 
other such matters.

A llo y  systems particularly mentioned as w orth y o f  con­
sideration in this part o f  the w ork  are die aluminium-zinc and 
aluminium-magncsium alloys and copper-base alloys in 
which the valency o f  the solute can readily be varied (the 
lattice distortions produced by a large number o f  elements in 
copper are accurately know n, and can dierefore be direcdy 
compared w ith  mechanical properties). Magnesium alloys,

7
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such as those w ith cadmium or aluminium, provide materials 
based on a hexagonal metal, and iron, w hich can exist in face- 
centred cubic and body-centred cubic forms, provides an 
opportunity o f  correlating properties w ith changes in crystal 
structure.

(b) Factors Relating to the Second Phase

Systems in which the second phase is com pletely insoluble 
in the solid state are difficult to find, but some w ork is in 
progress in co-operating laboratories on the aluminium-iron 
and lead-copper systems, where this condition is approached.

The effects o f  the mode o f  occurrence, distribution, and 
particle size o f  a dispersed phase could be studied in the 
system aluminium-copper, about the precipitation processes 
in w hich much is already known. In this case a definite 
intermetallic compound o f  limited hom ogeneity range is 
formed. Research should preferably be planned to include 
the effects o f  different types o f  dispersed phase. M any 
systems o f  the “  aluminium plus intermetallic compound ”  
type are available, w hile in the system aluminium-magncsium 
there is an intermediate phase o f  relatively w ide hom ogeneity 
range. It m ay be necessary at some stage o f  die w ork to 
extend investigations to die effect o f  second phases o f  the 
“  electron compound ”  type, in order to complete the picture.

(c) Temperature-Dependent Factors

T he effect o f  these variables could be examined using die 
aluminium-copper system or perhaps, better, in some system 
such as aluminium-magncsium, where the variation o f  
solubility w id i temperature is more pronounced.

General Observations

It is not intended in this note to do more than indicate an 
approach to the problem  and a general line o f  thought. 
Metallurgists w ill 110 doubt think o f  alloy systems other than 
those mentioned above, a study o f  w hich could profitably 
form  a part o f  the general investigation here outlined. It is 
desired to emphasize only diat a programme o f  this general 
type m ight be expected to give information w ith regard to the 
effects o f  several factors treated, as far as possible, separately. 
T he success or otherwise o f  die correlation w ould tend to 
reveal whether factors other dian those enumerated should be 
considered. M ore com plex alloys, more nearly related to 
alloys at present in service, could dien be examined and 
developed in the light o f  the knowledge gained.

It cannot be too strongly emphasized that there is no desire 
or intention in the minds o f  the Com m ittee to direct researches 
on creep and fatigue o f  metals into any unduly narrow  
channel. The Com m ittee’s object is only to call the attention 
o f  all interested parties to die desirability o f  carrying out w ork 
in this field on such materials and in such a w ay, wherever 
possible, as to make the most effective contribution to our 
structure o f  knowledge on the subjects.

T he Non-Ferrous Metals Com m ittee w ould welcom e 
information as to the particular researches o f  investigators 
w orking in this field. Those interested should communicate 
w ith  die Secretary, Non-Ferrous Metals Com m ittee, Inter- 
Service Metallurgical Research Council, M etallurgy Depart­
ment, R o y a l Aircraft Establishment, Fam borough, Hants.

P o st-G r a d u a te  C o u rses in S tru ctu re s and  
M ate ria ls

A  post-graduate course in T heory o f  Structures and Strength 
o f  Materials, extending over one year (October to June), w ill 
begin at the Department o f  Engineering, Cam bridge U ni­
versity, on S October 1951.

T he latest advances made in the understanding o f  the 
behaviour o f  metallic structures under static, repeated, or 
fatigue loading, w ill be the principal subject o f  the course, 
w ith particular emphasis on w elding as a method o f  fabrica­
tion. N o  attempt w ill be made to teach conventional 
methods o f  design, but present-day practice and possible 
future developments w ill form  the subject o f  critical study.

The object o f  the course is not to train research workers, 
but to help engineers to apply die latest advances in kn ow ­
ledge. T he course w ill include lectures, colloquia, and 
laboratory w ork, and each student w ill be encouraged to make 
a detailed study o f  some problem o f  particular interest to him.

The course is open to University graduates w ith industrial 
experience, and also to students w ho have suitable equivalent 
qualifications.

Applications for admission should be sent to the Secretary, 
Faculty Board o f  Engineering, Engineering Laboratory, 
Cambridge, from  w hom  further particulars m ay be obtained.

B ritish  N o n -F e rro u s M etals  F ed eration

The follow ing officers o f  the Federation have been appointed 
for the year 1951-52: President, M r. W . J. T erry; Past- 
Presidents, D r. Horace W . Clarke and M r. W . H. Henm an; 
Vice-Presidents, M r. W . F. Brazener, M r. H. C . Gibbins, and 
M r. H . E. Jackson; Treasurer, M r. A . L. Johnson; Chairman 
o f the Executive Committee, M r. W . J. Terry.

Members o f  Council elected for the year arc :

Brass and Copper Tube Association : M r. L. Endall, M r. H. C . 
Gibbins, M r. S. G. S. Heinrich, and M r. W . R . D . Macdonald.

Cold-Rolled Brass and Copper Association : M r. W . F.
Brazener, D r. Horace W . Clarke, M r. A . Dando, and The 
Hon. John Grimston.

Extruded Brass and Copper Alloy Association : M r. J. C . 
Colquhoun, M r. G. Meredith, M r. E. J. O verton, and M r. 
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SYN O PSIS

Previous work showed that the grain refinement produced by the addition o f  titanium or 
boron to aluminium casting alloys is prim arily caused by nucleating particles in the m elts; the 
nuclei in titanium-containing alloys were found to be titanium carbide crystals, though only a 
small proportion o f the added titanium was present in this form. The main objects o f the present 
work wore to identify the nuclei in other fine-grained aluminium alloys and to find w ays of 
increasing the proportion o f the refining elements present as nucleating compounds.

B y  centrifuging the particles from molten alloys containing boron but no titanium and observ­
ing the change in grain-size produced, evidence was obtained th a t the nuclei in these alloys are 
aluminium boride crystals. The minimum boron addition for adequate refinement o f these alloys 
therefore depends mainly on the solubility o f aluminium boride in molten aluminium.

Attem pts to increase the concentration o f titanium carbide in alloys containing titanium 
achieved no useful results, owing to difficulties in forming or dispersing the carbide as fine particles. 
The addition o f  boron instead o f carbon was more effective in producing refinement, nucleating 
particles o f titanium boride being formed a t very low concentrations o f titanium and boron; 
moreover, boron was more easily added than carbon, as aluminium-boron master alloys could be 
used. The boride formed was isomorphous w ith pure T iB 2, but had slightly different lattice 
dimensions and a range o f composition (cr0 =  3010-3  016 A ., c0 =  3-235- 3-240 A.).

The grain refinement o f some commercial casting alloys by  simultaneous additions o f titanium 
and boron was studied in detail; grain coarsening duo to high casting temperatures, repeated 
remelting, or grav ity  segregation during solidification was less than in alloys containing much 
larger percentages o f titanium alone. Alternative methods o f  adding titanium and boron and the 
refinement produced b y  borides o f transition m etals other than titanium were investigated.

A s the boron additions required when titanium  was present were small, the mould reaction 
previously encountered in alloys of high boron content was largely avoided.

I.—INTRODUCTION
It has been shown in previous work 1 that the small 
grain-size produced by the addition of a grain-refining 
clement to aluminium casting alloys is mainly caused 
by fine particles of a specific compound of this element, 
which are either introduced in the added hardener or 
formed by reaction with a constituent of the melt. 
This compound has certain properties which enable 
the particles to act as nuclei when the casting starts to 
solidify, and thus to produce a large number of grains.

The resulting refinement of the macrostructure 
greatly improves the properties of cast solid-solution- 
type alloys,2- h 5’ 6>7 and one of the objects of the 
present work was to produce even finer grain-sizes, 
particularly when high casting temperatures have to 
be used. The refining element is used most effectively 
—and economically—when as much of it as possible 
is present as small particles of the nucleating com­
pound, and the aim of most of the experiments 
described below was therefore to find ways of achieving 
this.

In  some of these experiments it was first necessary 
to identify the nuclei. The earlier w ork1 on grain 
refinement by the addition of boron, for example, 
did not establish the identity of the nuclei, although 
it was suggested that they were crystals of aluminium 
boride (A1B2) ; further experiments, described in 
Section III, have therefore been made to confirm this 
suggestion.

The nuclei in alloys refined by the addition of 
titanium and tantalum were found 1 to be interstitial 
carbides of these elements, and indirect evidence 
indicated that the nuclei in alloys containing other 
transition metals were the similar carbides formed by 
these elements ; attempts have therefore been made 
to increase the carbon content of some titanium 
hardener alloys and to make direct additions of 
titanium carbide to molten aluminium alloys. The 
results arc summarized in Section IV.

The work described in Section I II  confirmed that 
crystals of aluminium boride could act as solidification 
nuclei. This suggested tha t the isomorphous borides 
formed by several of the transition metals might also

* Manuscript received 3 February 1951. The w ork December 1950. 
described in this paper was made available to members o f the f  Research Investigator, British Non-Ferrous Metals
B.N .F.M .R .A . in a confidential research report issued in Research Association, London.
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2 Cibula : Grain Refinement of

be suitable, particularly as these borides are similar 
to the interstitial carbides; it  had already been re­
ported to the Association * tha t simultaneous addi­
tions of titanium and boron, which might be expected 
to form titanium boride in the melt, refined the 
grain-size of aluminium alloys more effectively than 
the addition of either element alone. The grain- 
refining effects of additions of titanium and boron 
together were therefore studied in some detail, in­
cluding the identification of nuclei and the examina­
tion of the effects of remelting, increase in casting 
temperature, and gravity segregation during solidi­
fication. The grain-refining effects of additions of 
boron together with several other transition elements 
were examined briefly. The results are given in 
Section V.

II.—EXPERIMENTAL TECHNIQUE
1. M a t e r ia l s

The compositions of the two grades of aluminium, 
the commercial casting alloys, and the hardener 
alloys, and the methods of preparation of the hardener 
alloys, are described in Table I.

Super-purity aluminium was used as the basis 
metal in all the experiments in which it was im­
portant to avoid the presence of impurities, including 
the preparation of the hardener alloys which were 
required. Most of the experiments on the refinement 
of alloys of commercial composition and purity were 
carried out with aluminium-4-8 or 4-9% copper alloy 
(B.S. 1490, L M 11), made from commercial-purity 
aluminium and the hardener alloys described in 
Table I. A few other experiments were made with 
the commercial casting alloys noted in the table.

The fluxes used in the experiments described in 
Section IV, 3, were made from chemicals of Analar 
grade.

2. M e l t in g  a n d  Ca s t in g

The high-purity materials were melted in Sala­
mander crucibles which were coated with pure 
alumina cement and, except in the preparation of 
hardeners, were heated in an electric furnace to 
minimize gas pick-up. These melts were stirred 
with pure alumina (AR) rods and were cast without 
being degassed. Bars of § in. dia. for grain-size 
measurement were cast in green Mansfield sand, and
l-in.-dia. bars, from which specimens to be centri­
fuged were machined, were made in cast-iron moulds.

The melts of commercial-grade alloys, usually 3 kg. 
in weight, were heated in uncoatcd crucibles in a gas- 
fired furnace. They were degassed with chlorine as 
soon as the temperature reached 660°-720° C., the 
flow of gas being gradually increased to raise the 
temperature of the melt up to, but not above, the 
selected casting temperature, making use of the heat 
generated by the strongly exothermic reaction be­

tween the chlorine and the melt. A constant time of 
degassing was used in each series of alloys poured at a 
constant temperature for comparison of grain-sizes. 
The reduced-pressure gas-test was used to check that 
the melts were substantially gas-free. With the ex­
ceptions noted below, the commercial-purity alloys 
were cast into inclined D.T.D. bar moulds in green 
synthetic sand and were poured in 8-12 sec. per bar.

Melt temperatures were measured to 4-5° C. with a 
Chromel/Alumel thermocouple.

3. E x a m in a t io n  o f  Ca s t in g s

Sections for grain-size determination were taken 
from the junction of the D.T.D. bars and the feeder- 
heads (before heat-treatment) and from the middle 
of the -f-in.-dia. bars. The average grain diameters 
were measured with a rule, at a convenient magnifica­
tion.

As previous work 4 had shown that boron promotes 
mould reaction in the aluminium—4-9% copper alloy, 
the distribution of porosity in the polished sections of 
the test-bars was noted and the overall percentage of 
voids in each bar calculated from its density, measured 
before heat-treatment. The density of the void-free 
alloy containing 4-90% copper was taken as 2-800 
g./c.c. in the as-cast condition.

Some of the D.T.D. bars in the aluminium-copper 
alloy were solution-treated at 525°-535° C. for 16 hr. 
and aged at 140° C. for 16 hr. in a forccd-air-circulation 
furnace, and the ultimate tensile strength and elonga­
tion were determined on 0-564-in.-dia. test-pieces 
machined from the bars.

4. Ce n t r if u g in g  E x p e r im e n t s

The use of the centrifuge developed by Baker for 
the identification of constituent particles in molten 
metals has been described previously.1’3-8

Cylindrical 12-g. specimens were melted in a closed 
graphite crucible which lay on its side in a horizontal 
tube-furnace mounted on the arm of the centrifuge. 
The melt was then rotated about a vertical axis with 
a centrifugal acceleration of 140 g. and was finally 
allowed to solidify with the centrifuge either rotating 
or stationary, as desired. The temperature of the 
metal could be measured to ¿1 0 °  C. or better by 
means of a thermocouple passing into the lid of the 
crucible with the weld close to the surface of the 
specimen.

III.—THE IDENTIFICATION OF NUCLEI IN 
ALLOYS REFINED BY THE ADDITION 
OF BORON

1. P r e v io u s  W o r k

In  earlier work 1 on the addition of boron to pure 
aluminium, it  was observed tha t 0-01% boron was. 
just sufficient to diminish undercooling before solidi­
fication and slightly to reduce the diameter of the

* This information was originally given in 1948 b y  been confirmed by other members o f the British Non-Ferrous
D r. Strauss o f Messrs. Foundry Services, L td ., and has since Metals Research Association.
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T a b le  I.— Composition and Preparation of Alloys Used.

3

Alloy Mark Alloy Content, % Impurities, % Method of Preparation
Section of Report 

Describing Experi­
ments in Which the 

Alloy is Used

A lum in ium  Metal
S.p. A1 <0-01 to ta l 0-001 T i I I I ;  IV , 3 ; V, 2.
C.p. Ai . <0*3 y. 0-11 Si; 0-10 F e ; 0-002 Ti IV, 2 and 4 ; V, 3 

and 4.

Hardener Alloys
Al-Cu NOU 501 50 Cu Cathode Cu (99-99%) dissolved in 

m olten s.p. Al.
'N K Y  25 1-56 Ti 0-21 Si; 0-01 F o ; traces 

Mg, Mn, Cu, Zn.
Potassium  titanofluoridc stirred 

into m olten s.p. Al in graphite 
crucible a t  1100° C.

NICY 21 1-81 Ti As N K Y  25, bu t prepared a t 
1300°-1400° C.

A l-T i N K Y  22 1-20 Ti As N K Y  25, bu t prepared a t

O JF  1 2-GG Ti
1000° C. (approx.).

Commercial hardener, as received.
O JF  2 2-22 Ti Commercial hardener (O JF  1) re ­

m elted to  1100° C. under cover of 
K F  +  graphite.

Al-B
:NLC 7 0-32 B 0-08Si; 0-01 F e ; <0-002 

Ti.
I  Potassium  borofluoride stirred f 
1 in to  m olten s.p. Al a t  1100° C. I

NLC 10 0-50 B 0-16Si; < 0 -0 1 F e ; <0-01 
T i; traces Mg, Cu, Zn.

in graphite crucible.

A l-T i-B  .

"NKY 27 1-3 T i; 0-7- 
1-5 B

C.p. Al and commercial Al-2-7%  
T i hardener m elted to  1100° C. 
and commercial A l-25%  B alloy 
added through cryolite flux. Cast 
a t  c. 1400° C.

Al-V

N K Y  28 0-2G T i; 0-16 B As N K Y  27 b u t commercial A l- 
10% T i hardener added after 
boron a t  c. 1500° C., and alloy 
poured im m ediately a t  c. 1100° C.

OGQ 1 4-9 V 0-7F e ; 0-23Si; 0-06Cu; 
0-01 T i; traces Mg, Mn, 
Ni, Zn.

Commercial A l-50%  V alloy dis­
solved in m olten Al under cryo­
lite  a t  1100° C.

A l-Zr N SK  10 1-75 Zr Commercial A l-24%  Zr alloy d is­
solved in m olten Al a t  1100° C.

A l-Nb NLA G 0-21 Nb Commercial A l-17%  N b -|- T a 
alloy dissolved in  m olten Al a t 
1150° C.

Al-Cr N SH  3 G-95 Cr E lectrolytic Cr dissolved in m olten 
Al a t  1000° C.

1

I I I ;  IV ; V. 

I I I ;  V, 3.

IV, 2.

I I I .

V, 2 and 4.

V, 2.

V, 4.

B.S. 1490, LM 11 
B.S. 1490, LM 10 
B.S. 1490, LM 4

4-8 Cu; 0-13 Ti 
10-6 Mg 

3-8 Cu; 4 0 Si; 
0-6 Fe ; 0-6 Mn ; 

0-08 T i

Commercial Casting Alloys 

0001 T i
V, 3.

C.p. A1 : com m ercial-purity alum inium  ; S.p. A l : super-purity  alum inium .

columnar grains of the cast alloys, indicating that a 
very small number of nuclei were present at this 
boron content ; larger additions produced more 
marked refinement and prevented any detectable 
undercooling. These effects approximately coincided 
with the appearance of aluminium boride (A1B2) 
crystals which were observed in alloys containing 
0-02% or more boron, in agreement with recent data 
on the aluminium-boron system.9

The aluminium atoms in the boride lie on a simple 
hexagonal lattice,10 in the close-packed planes of 
which the interatomic distance (3-00 Â.) is similar 
to the corresponding distance in solid aluminium

(2-86 Â.). This similarity and the above observations 
suggested th a t aluminium boride crystals were re­
sponsible for the observed grain refinement, nucléation 
of the aluminium-rich solid solution being accom­
plished by the deposition of the close-packed planes of 
aluminium atoms on to corresponding planes in the 
boride lattice.

I t  was also observed 1>4 that little or no grain 
coarsening occurred in alloys containing boron when 
the melts were superheated to temperatures up to 
960° C. before casting, whereas alloys containing 
titanium showed considerable grain coarsening after 
superheating. This observation also agreed with the
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suggestion tha t aluminium boride crystals function 
as nuclei. In the alloys containing titanium, the 
nuclei are particles of titanium carbide, both elements 
of -which are minor constituents of the alloy ; when the 
melt is superheated, the nuclei dissolve, but they do 
not easily re-precipitate on cooling, presumably be­
cause both the carbon and the titanium are greatly 
diluted and the nucléation of titanium carbide 
crystals is therefore difficult. The aluminium boride 
crystals must also dissolve when the melt is heated to 
the aluminium-boron li qui dus temperature, but, as 
aluminium is the major constituent of the alloy, the 
formation of aluminium boride crystals should be less 
liable to suppression on cooling,* and they should 
therefore re-precipitate when the casting cools and 
thereafter nucleate the aluminium-rich dendrites ; 
the loss of refinement after superheating should 
therefore be less than in alloys containing titanium. 
(Nevertheless, some supersaturation occurs even with 
aluminium boride, as described in the Appendix.)

The absence of grain coarsening in alloys containing 
boron would be a useful property in commercial cast­
ing alloys, but, unfortunately, the addition of 0-03- 
0-05% boron required for grain refinement was also 
found to increase gas pick-up on melting and to 
produce mould reaction in sand castings of alu­
minium-copper 4 and aluminium-magnesium-beryl- 
lium alloys.11 The following experiments were 
therefore made to confirm the identity of the nuclei 
in alloys containing boron, so that it could be decided 
whether the amount of boron required for refinement 
might be reduced and the undesirable effects of boron 
additions thus minimized.

2. P r im a r y  P a r t ic l e s  i n  a n  A l u m in iu m - B o r o n  
A l l o y

In  order to identify particles other than aluminium 
boride crystals, which might form the nuclei in alloys 
containing boron, attempts were made to concentrate 
the primary particles in a molten aluminium-boron 
alloy by centrifuging, and to identify the segregate 
by X-ray examination ; a similar technique had been 
used successfully with alloys containing titanium.1

A specimen of high-purity aluminium-0-04 % boron 
alloy was centrifuged at 680° C. for 15 min. ; a section 
through the surface containing the segregated particles 
is shown in Pig. 1 (Plate I). All the lines in the 
diffraction pattern obtained by examination of the 
segregate with glancing-angle X-rays were identified 
as those of aluminium or aluminium boride (A1B2). 
Numerous crystals of this compound, often hexagonal 
in shape, could be seen in the section through the 
segregate, but the only other constituent which could 
be distinguished was occasional plates very similar to

* The chance o f  a  molecule o f A 1B 2 forming in the m elt is 
proportional to the square o f the concentration o f boron atoms 
(the concentration o f  aluminium atoms being practically 
unity) ; sim ilarly, the chance o f a  molecule o f  TiC forming is 
proportional to the product o f the concentrations o f  titanium  
and carbon atoms. The latter product is much smaller than

those identified as aluminium carbide in other speci­
mens. The latter compound has been observed in 
several boron-free alloys prepared from hardeners 
made under an active flux in graphite crucibles, and 
is unlikely to have any significant connection with 
the grain-refining effects of boron.

The above observations are consistent with the 
view that the solidification nuclei in the specimen 
were the crystals of aluminium boride; however, the 
possibility cannot be excluded that the nuclei were 
crystals of another compound which were very 
similar to the boride in appearance and too few to be 
detected by X-ray examination. The relation be­
tween grain-size and the presence of aluminium 
boride particles was studied further in the experi­
ments described next.

The grain-refining effects of boron in aluminium 
are most marked when another element such as 
copper is present which produces concentration 
gradients during solidification and, by hindering' 
crystal growth, allows the maximum number of 
nuclei to become effective in forming new crystallites. 
The experiments described in the remainder of this 
section were therefore carried out with alloys contain­
ing large percentages of copper to obtain the maximum 
range of grain-sizes; in the above experiments with 
binary aluminium-boron alloys, the detection of con­
stituents was facilitated by the absence of CuA12, but 
the increase in grain-size caused by centrifuging was 
small.

3. T h e  R e m o v a l  o f  A l u m in iu m  B o r id e  Cr y s t a l s  
fr o m  A l u m in iu m - C o r p e r - B o r o n  A l l o y s  b y  
Ce n t r if u g in g

(a) The Influence of Temperature
The removal of the nuclei from a molten alloy by 

centrifuging should result in a coarse grain-size after 
solidification. If  the nuclei are aluminium boride 
crystals, it should be possible to produce grain 
coarsening only by centrifuging at a temperature well 
below the aluminium boride liquidus temperature, 
for otherwise most or all of the boride would be in 
solution and could not be segregated at the bottom 
of the crucible. On the other hand, if the nuclei are 
not aluminium boride but are some other compound, 
grain coarsening would result from centrifuging even 
above the aluminium boride liquidus temperature if 
the other compound were not in solution at that 
temperature. Experiments were therefore made to 
determine whether the removal of aluminium boride 
crystals by centrifuging an aluminium-5 % copper- 
0-04 % boron alloy a t a low temperature resulted in 
grain coarsening and whether grain coarsening was

the form er a t  the usual concentrations o f  these elements and 
the compound TiC is therefore probably more likely  to  super­
saturate. This simple comparison o f the tendency o f  the two 
compounds to supersaturate is only very  approxim ate as the 
formation o f the smallest stable crystal nuclei is dependent on 
several other factors (which cannot be calculated a t present).



Aluminium Alloys by Titanium and Boron 5

produced even at higher temperatures a t which no 
segregation of aluminium boride occurred.

Two specimens of this alloy were centrifuged for 
15 min., at 655° C. (only 10° C. above the aluminium- 
5%  copper liquidus temperature) or 760° C., and 
were allowed to solidify with the machine stationary; 
two other specimens were merely heated in the 
stationary centrifuge for 15 min., one at each tempera­
ture, to obtain the grain-sizes of the non-centrifuged 
alloy for comparison.

As anticipated, a segregate of aluminium boride 
crystals (shown in Fig. 9, Plate II) was obtained 
only in the specimen centrifuged at the lower tem­
perature; in the other centrifuged specimen the 
crystals were observed over the entire cross-section 
where they had re-precipitated only after centrifuging 
had stopped. Corresponding effects were observed in 
the macrostructures of the specimens : an increase in 
grain-size occurred after centrifuging at 655° C. (as 
may be seen by comparison of Figs. 5 and 6, Plate 
I), whereas the two specimens treated at 760° C. 
had identical grain-sizes (slightly larger than that 
shown in Fig. 6, Plate I).

The largest grain-sizes tha t could be obtained in 
specimens cooled from each of these two temperatures, 
if it were possible completely to remove the boron- 
containing nuclei in each case, should be the same as 
the grain-sizes of boron-free aluminium-5 % copper 
specimens melted under the same conditions. The 
macrostructures of two specimens of the boron-free 
alloy, heated at 655° and 760° C., respectively, 
are shown in Figs. 7 and 8 (Plates I and II). 
Comparison of Figs. 7 and 5 (Plate I) shows that 
the grain coarsening which occurred in the specimen 
centrifuged at 655° C. was almost the maximum that 
cordd be produced, in contrast with the great differ­
ence in grain-size between the boron-free specimen 
heated at 760° C. (Fig. 8, Plate II), and the boron- 
containing alloy centrifuged at the same temperature.

These results confirm that grain coarsening occurs 
after centrifuging an aluminium-copper-boron alloy 
only if most of the aluminium boride crystals are thus 
removed from the molten alloy.

(b) The Influence of Alloy Composition
The densities of the aluminium boride crystals and 

the primary dendrites of solid solution in the alu- 
minium-5% copper-0-04% boron alloy (3-2 and
2-56 g./c.c., respectively), are greater than tha t of the 
liquid metal (approximately 2-48 g./c.c.) during the 
first stages of solidification. When a specimen of 
this alloy is melted and is then allowed to solidify 
under centrifugal force, the boride crystals segregate 
to the base of the crucible (i.e. away from the axis of 
rotation) as the temperature falls and dendrites of 
solid solution then start to grow into the liquid metal 
from the same surface. Only the first dendrites are 
formed close to A1B2 crystals, and, whether these act 
as nuclei or not, the resulting macrostructure should 
be coarse grained. This is confirmed by the specimen 
shown in Fig. 10 (Plate II).

I f  the copper content is increased to 20%, however, 
the density of the primary solid-solution dendrites 
(2-62 g./c.c.) becomes lower than that of the copper- 
rich liquid (2-8-3-2 g./c.c.) throughout solidification, 
whereas the aluminium boride crystals are still denser 
than the liquid metal. If this alloy had solidified 
under centrifugal force, the first dendrites of solid 
solution formed at the face containing the segregated 
aluminium boride crystals would move towards the 
opposite face of the specimen (i.e. towards the axis of 
rotation), and this should be repeated with successive 
dendrites, all of which could thus be formed in the 
presence of aluminium boride crystals ; consequently, 
if the latter function as nuclei the resulting grain-size 
should be much finer than in a boron-free alloy of the 
same copper content, in spite of the initial segregation 
of the boride and in contrast with the 5% copper 
alloy.

To confirm this conclusion, a specimen of alu- 
minium-20% copper-0-04% boron alloy was centri­
fuged for 12 min. at 620° C. and solidified under 
centrifugal force; a boron-free alloy was similarly 
treated.

The macro-section of the boron-free specimen 
consisted mainly of large columnar dendrites, as 
shown in Fig. 11 (Plate II) (from the centre of 
the specimen) and Fig. 12 (Plate II) (from the 
base). The latter shows a dense band of dendrite- 
free eutectic a t the base of the specimen.

The boron-containing alloy, however, consisted 
almost entirely of small equiaxial dendrites, as shown 
in Fig. 13 (Plate II) (from the centre of the 
specimen); the only large dendrites grew from the 
sides of the specimen near the base (they are visible 
at the right of Fig. 14, Plate II). A thin, discon­
tinuous layer of segregated aluminium boride crystals 
was observed at the base of the specimen, but other 
crystals were scattered over the remainder of the 
specimen in the primary dendrites. Small dendrites, 
which had become trapped in the band of solid 
eutectic, were observed growing from the patches 
of boride crystals, Fig. 14 (Plate II), but none 
were observed at the corresponding face of the boron- 
free alloy, suggesting that the .formation of primary 
dendrites was facilitated by the boride crystals and 
proceeded to a later stage of solidification.

4. F u r t h e r  D is c u s s io n

The results obtained above are all in agreement 
with the suggestion that aluminium boride crystals 
are the nuclei in alloys containing boron. The only 
other explanation is that the nuclei are another com­
pound of boron with a constituent of high-purity 
aluminium, which dissolve in molten aluminium over 
approximately the same range of temperature as 
aluminium boride and re-precipitate on cooling, but 
no evidence of the existence of such a compound has 
been obtained by visual or X-ray examination. For 
this reason and others which were discussed above, 
the second explanation is unlikely, and it seems
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reasonable to conclude tbat tlie nucleating particles 
in aluminium-boron alloys are aluminium boride 
crystals.

The maximum proportion of the added boron tha t 
can be present as aluminium boride is determined by 
the aluminium-boron equilibrium diagram; it is, 
therefore, not possible to prevent undesirable mould 
reaction effects by reducing the amount of boron 
unless a third element can be found which, when 
present in small amounts, forms a similar boride at 
lower boron contents. This possibility is discussed 
further in Section Y.

IV.—THE EFFICACY OF GRAIN REFINE­
MENT BY ADDITIONS OF TITANIUM

1. P r e v io u s  W o r k

The results of previous experiments showed that 
the nuclei in fine-grained alloys containing titanium 
are particles of titanium carbide.1 The amount 
of titanium present as titanium carbide was estimated 
to be only 0-001-0-01%, i.e. only 1-10% of the added 
titanium, in an alloy containing 0-1% titanium; it 
has also been estimated that of the remaining 0-09% 
titanium only about 0-003% is required in solution 
in the molten aluminium and in equilibrium with 
undissolved carbide, if excess carbon is present. This 
suggests that, if it were possible to prepare titanium 
hardener alloys containing greater proportions of 
carbon, smaller additions of titanium, down to 0-01% 
or less, might be sufficient to produce maximum grain 
refinement, provided that the alloy contained amounts 
of other alloying elements sufficient to produce the 
necessary concentration gradients round growing 
crystals of the aluminium-rich solid solution.

Micro-examination of the alloys described above 
showed that some of the titanium carbide crystals 
were as large as 5 p. and had dendritic structures; 
this indicated tha t a larger carbon content in a 
titanium hardener alloy might increase the average 
size of the carbide particles rather than increase their 
number, and the amount of titanium required for 
refinement might therefore not be much reduced. 
Nevertheless, attempts were made to prepare titanium 
alloys of high carbon contents, and experiments on 
the direct addition of titanium carbide to aluminium 
alloy melts were also carried out.

In other work,4 it was found that castings prepared 
from commercial alloy ingot already containing 
titanium had much larger grain-sizes than castings 
made from melts of the same composition which had 
been prepared from a laboratory titanium hardener. 
A possible reason for the smaller number of nuclei in 
the commercial alloy was that the titanium hardener 
used in its preparation had a lower carbon content 
than the laboratory hardener, which had deliberately 
been made under conditions which facilitated carbon 
pick-up. An alternative explanation was that the 
coarse grain-sizes of the commercial alloy were the 
result of remelting, flux treatments, flushing with an 
inert gas, or holding the molten alloy for long periods

at a low temperature during manufacture, all of which 
have been shown J>4’13 to produce a reduction in the 
number of nuclei. To determine which was the 
correct explanation, the effectiveness of a commercial 
aluminium-titanium hardener alloy was compared 
with tha t of the laboratory hardener previously used, 
with the result described below.

2. T h e  A d d it io n  o f  Ca r b o n  to  T it a n iu m  
H a r d e n e r  A l l o y s

(a) Commercial Titanium Hardener 
A commercial titanium hardener containing 2-66% 

titanium was treated with graphite under a cryolite 
flux at approximately 1100° C. The effectiveness of

CASTING TEM PERATURE.“  C.

F i g .  15.—Comparison of Grain-Sizes and  Tensile Properties o f 
Test-B ars in  Al—4-8% Cu-0-12%  T i Alloy, prepared  from
( • ----------• )  as-received and (o----------o) carbon-treated
commercial titan ium  hardeners, (------------- ) a  laboratory
titan ium  hardener, and  (------------- ) commercial B.S. 1490,
LM 1 1  alloy ingot.

the treated and as-received alloys was compared 
with tha t of the laboratory hardener previously 
used 4 by measuring the grain-sizes of test-bars in an 
aluminium-4- 8 % copper-0-12% titanium alloy pre­
pared from each hardener and cast a t a series of
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temperatures between 680° and 900° C. The increase 
in grain-size with pouring temperature, caused by 
solution of the nuclei, should be least in castings 
containing the greatest proportion of titanium in the 
form of carbide, i.e. in the alloys made from the most 
effective titanium hardener alloy.

The results of grain-size, ultimate tensile strength, 
and elongation measurements are shown in Fig. 15; 
the results previously obtained with the laboratory 
titanium hardener and those obtained with commercial 
ingot already containing titanium have been included 
for comparison.

The results obtained from the carbon-treated and the 
as-received commercial hardener and the laboratory- 
made hardener were much the same, but the castings 
made with each of the three hardeners had consider­
ably finer grain-sizes, with correspondingly higher 
tensile properties, than castings made from the 
commercial B.S. 1490, LM 11 alloy ingot. The 
scatter in the results obtained with the as-received 
commercial hardener was large; this was probably 
caused by segregation in the hardener which resulted 
in a variation in titanium content in the castings.

The commercial hardener was therefore as effective 
as the laboratory-made hardener and, assuming the 
former to be typical of commercial hardeners, the 
coarse grain-sizes of commercial aluminium-4-5% 
copper ingot already containing titanium are not 
caused by the use of an ineffective hardener in its 
preparation; the loss of refinement is probably, 
therefore, the result of the manufacturing process of 
the ingot.

The latter conclusion is supported by the even 
larger grain-sizes of castings made from some batches 
of secondary alloys; for example, test-bars made 
from a batch of B.S. 1490, LM 4 alloy containing
0-08% titanium had a gram-size of 2-5 mm. when
poured at 700° C., compared with approximately 
0-25 mm. which can be obtained by adding the same 
amount of titanium in a hardener alloy.

(b) Aluminium-Titanium Hardener Alloys Prepared 
at High Temperatures 

The solution of the nuclei caused by superheating 
aluminium-titanium alloys indicates that the solu­
bility of carbon in these alloys increases with tempera­

ture. Titanium hardener alloys were therefore pre­
pared at higher temperatures than are normally used, 
in an attempt to saturate the alloys -with carbon at 
these temperatures and obtain higher carbide contents.

The hardeners were made from potassium titano- 
fluoride a t approximately 1350° and 1600° C., respec­
tively, graphite being added to the flux. To prevent 
the formation of larger titanium carbide crystals, the 
alloy prepared at the highest temperature was granu­
lated in water instead of being cast into ingot moulds. 
The flux cover was very fluid at 1100° C., vigorously 
attacking the crucible and pieces of graphite, but at 
1600° C. it formed a solid crust which apparently 
merely coated the graphite, and the advantage of the 
high temperature of preparation was thus partly lost.

These hardeners were compared with one made at 
1100° C. by casting series of test-bars as described 
above. The results obtained with the hardener made 
a t 1350° C. showed no improvement; considerably 
inferior results were obtained with the hardener 
prepared at 1600° C.

I t  is possible tha t the use of more stable fluxes 
which remain fluid a t high temperatures might 
facilitate the introduction of carbon and yield more 
successful results, but the prospect was not sufficiently 
promising to warrant further work along these lines.

3. D ir e c t  A d d it io n s  o f  T it a n iu m  Ca r b id e

Titanium carbide powder of particle size 1 /x (the 
finest available commercially) was mixed with 120- 
mesh aluminium powder and pressed into pellets 
containing 10% by weight of carbide. The pellets 
were then stirred into 600-g. melts of high-purity 
aluminium-5 % copper alloy, from which bars for 
grain-size measurements were cast. A high casting 
temperature of 850° C. was used to produce a wide 
range of grain-sizes for ease of comparison.

No addition could be made without a flux, as the 
carbide merely oxidized and mixed with dross. Thin 
flux covers, of the compositions noted in Table II, 
were used in subsequent experiments, the results of 
which are included in the table.

The analysis shows tha t only 10% or less of the 
added titanium actually entered the melt and, 
although these small amounts were sufficient to

T a b l e  II.—Additions of Titanium Carbide to Aluminium-5% Copper Alloy Cast at 850° C.
Titanium Addition

Grain Dia., nun.

Nominal, % By Analysis, %

0 1 2 0 1 2 0-5-0-7
0-12 1-9

None 3-5
None 1-5; 2-5
0-12 < 0-01 ; 0 015 1-0; 0-9
0-20 0 0 10 0-75
0-30 0-025 0-5

None 1-5
0-12 0-01 1-2
0-30 0025 0-7

Mark Method of Addition Flax

[Previous w ork (1-in.- 
dia. bars)]

XOU 150 A
B, D
C ,E  
F
G
H
J
K

' A l-T i hardeners 
' Commercial ingot

T itanium  carbide pellets

None
None

None

140%  K F , 54%  A l l  
i (m.p. 570° C.)

1 52%  N aF, 48%  K F  ! 
j (m.p. 700° C.) I
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produce a marked reduction in grain-size, equal to 
tha t obtained by adding 0-12% titanium as a hardener 
alloy, the efficiency in the use of the added titanium 
was less than when a hardener is used.

In other experiments, attempts were made to reduce 
the amount of flux required and thus the proportion 
of carbide trapped in the flux. The carbide powder 
was stirred into small pellets of molten flux which, 
when solid, were plunged into molten aluminium- 
copper alloy. The results showed no significant 
improvement.

4. F u r t h e r  D is c u s s io n

Although the results obtained above with titanium 
carbide additions confirmed that it is possible to 
produce grain refinement with much smaller titanium 
additions than are normally used, no method of 
practical value was found. The results showed that 
the obstacles in increasing the carbon content of 
aluminium-titanium alloys are largely caused by the 
difficulty of achieving intimate contact and wetting 
between carbon or titanium carbide and molten alu­
minium, either due to interference by oxide films or 
to inherently unsuitable angles of wetting. I t  has 
been suggested that one way of avoiding the difficulty 
would be by pre-wetting titanium carbide powder by 
sintering with nickel or cobalt powder, but the high 
melting point of these metals would he inconvenient 
with aluminium alloys and bridging betWeen carbide 
particles might prevent their complete dispersion.

The introduction of carbon into molten aluminium- 
titanium alloys is also limited by the low solubility of 
carbon in the melt, for any excess of carbide would 
tend to remain where it was formed, in contact with 
the source of carbon, instead of dispersing in the melt, 
unless the carbide could be precipitated in the liquid 
metal.

In the work described in the next section on the use 
of titanium boride instead of titanium carbide, the 
difficulties described above were overcome by using 
separate aluminium-titanium and aluminium-boron 
hardener alloys; by this means it was possible to 
precipitate the boride particles in the melt and control 
the excess of either constituent. This could not be 
done with titanium carbide additions because carbon 
cannot be added already alloyed with aluminium.

V.—GRAIN REFINEMENT BY SIMULTANE­
OUS ADDITIONS OF TITANIUM AND 
BORON

1. T h e  T r a n s it io n -M e t a l  B o r id e s

Several transition metals form diborides which are 
isomorphous with aluminium boride (A1B2) and have 
very similar lattice dimensions 14> 15>16 as shown in

Table III. These compounds have strongly metallic 
properties and a typical interstitial structure,* and 
are similar to the interstitial compounds formed by 
carbon, nitrogen, and hydrogen with certain of the 
transition metals.

T a b l e  I I I .—Lattice Parameters of Some Diborides 
with AlBn-Type Hexagonal Structures. 14> 15>16

Compound o„ Â. <•„, A. c/a

A1B„ 3-00 3-25 1-08(3)
T iB ................................... 3-028 3-228 1-064
ZrB„ 3-170 3-533 1-114
NbB„ 3-080 3-3013 1-071
T aB .................................. 3-088 3-318 1-074
VB.................................... 2-998 3-057 1-020
CrBo 2-969 3-066 1-03

The similarity of the diborides to aluminium 
boride and to the interstitial carbides, all of which 
probably form nuclei in aluminium alloy melts, 
suggests tha t the diborides might function in the 
same way. This would be of practical value, how­
ever, only if the concentrations of boron required to 
precipitate the transition metal diborides in molten 
aluminium were less than the concentration necessary 
to form aluminium boride, for otherwise the latter 
would form in preference to the former. Unfortu­
nately, no data have been published on the alu­
minium-transition metal-boron ternary systems or 
on the free energies or heats of formation of the 
borides, which would enable a comparison of the 
respective concentrations to be made. However, the 
information tha t the addition of boron and titanium 
together produced greater refinement than either 
element alone, suggested that crystals of titanium 
diboride did, in fact, form in the melt and act as 
nuclei during solidification.

If this were so, the addition of boron to alloys con­
taining titanium would increase the proportion of 
titanium present in an effective form (either carbide or 
boride) and make it possible to reduce the amount of 
the metal required for refinement. The effects would 
thus be similar to those aimed at in the experiments 
on the addition of carbon described in the previous 
section, but the addition of boron is easier to carry 
out, by using, for example, an aluminium-boron 
hardener alloy. The objectionable effects of boron 
additions—the increase in the gas pick-up during 
melting and the promotion of mould reaction after 
casting—would also be reduced by the presence of 
titanium if smaller boron additions were required; 
this point is examined in more, detail below.

I t  has been assumed that if the formation of a 
transition metal boride can occur in molten alu-

* T he borides differ, how ever, from  th e  tru e  in te rs ti tia l  
com pounds, in  w hich  th e  non -m eta llic  a to m s a re  iso la ted  from  
each  o th e r  in  th e  in te rstices  o f  a  la t t ic e  o f  m e ta l a to m s, in  
t h a t  th e  boron  a to m s them selves fo rm  a  n e tw o rk  w ith  fa ir ly  
s tro n g  b o n d s .16 F o r  th is  reaso n  th e  m eta l a to m s in  severa l o f  
th e  d ib o rid es a re  m ore w idely  spaced th a n  in  th e  p u re  m eta ls , 
a n d  severa l tra n s it io n  m eta ls  can  th u s  fo rm  in te rs ti tia l

d ib o rid es even th o u g h  th e  in te rstices in  th e  m e ta l la ttic e s  a re  
n o t  q u ite  larg e  enough  to  acco m m o d ate  th e  iso la ted  b o ro n  
a to m ; th e  fo rm atio n  o f  a n  in te rs ti tia l  carb ide, on  th e  o th e r 
h a n d , is closely  lim ite d  b y  th e  re la tiv e  sizes o f  th e  carbon  
a to m  a n d  th e  tra n s it io n  m e ta l a to m , in  accordance w ith  
H ag g ’s ru le .
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Fig. 1.—Segregated A1B, Crystals in Centrifuged Al-0-04% B Big. 2.—Segregated Prim ary Crystals in Centrifuged A l-
Alloy. x  1000. 0-04% B-0-12% Ti Alloy. x  2000.

F i g .  5.—A l-5%  Cu-0-04% B Alloy, Centri­
fuged for 15 min. a t 655° C. X 3.

Fie. 6 .—A l-5%  Cu-0-04% B Alloy, Heated 
for 15 min. a t  655° C. in Stationary 
Centrifuge. X 3.

Fig. 7.—Al-5%  Cu Alloy (boron-free), Heated 
for 15 min. a t  655° C. in Stationary 
Centrifuge. X 3.

f r o  {ace j>. S.

Fig. 3.— Precipitated Constituent in Interior of Centrifuged 
Al-0-04% B Alloy, after Ageing for 12 months a t Room 
Temperature. X 150.

F ig . 4.—Same as Fig. 3. x  1000.
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F ig . 11. Large Dendrites in Interior of A1 20% Cu Alloy F iC. 12.—l.arge Dendrites near Base of Specimen Shown in
(boron-free), Solidified under Centrifugal Force. Etched in Fig. 11. E tched in 0-5% HF. x  15
0-5% HF. x  15.

Fig. 8.—Al-5%  Cu Alloy (boron-free), 
H eated for 15 min. a t 760° C. in 
Stationary Centrifuge. X 3.

F ig . 13.—Small Dendrites in Interior of Ai-20% Cu-0'04% B 
Alloy, Solidified under Centrifugal Force. Etched in 0-5% 
H F. x  15.

Fig. 14.—Small Dendrites Forming a t Base of Specimen Shown 
in Fig. 13, from Segregated A1B, Crystals. E tched in 0-5% 
HF. x  15.

Fig. 9.—Segregate of AIB, Crystals a t 
Right-Hand Edge of Specimen shown in 
Fig. 5. x  1000.

Fig. 10.—Al-5%  Cu-0-04% B Alloy, Heated 
for 12 min. a t 660° C. and Solidified 
under Centrifugal Force, x  3.
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minium, the diborides described in Table I II  will be 
precipitated. Some of the transition metals, however, 
form other borides more complex than those described 
in the table, and the possibility tha t one of these 
complex borides may be formed, perhaps only over 
certain concentration ranges, must be remembered.

2 . N u c l e i  i n  A l u m i n i u m - T i t a n i u m - B ô r o n  
A l l o y s

(a) Addition of Boron to Coarse-Grained Aluminiurn- 
0-14% Titanium Alloy 

In order to study the grain-refining effects of 
additions of boron to an aluminium-titanium alloy, 
nuclei of titanium carbide which were already present 
were first removed by bubbling nitrogen through the 
molten alloy under a cover of magnesium chloride/ 
potassium chloride flux, as described previously.1 
A 4-kg. batch of coarse-grained aluminium-0-14% 
titanium alloy was thus prepared.

Melts of 300 g. of this alloy were then heated to 
760°-770° Cl, a t which temperature additions of the 
aluminium-0-5 % boron hardener were made, and the 
grain-size bar was immediately cast a t 760° Cl 
Super-purity aluminium was substituted for the 
aluminium-titanium alloy in one melt to confirm the 
absence of refinement by 0-01% boron (the largest 
addition used) when only 0-001% titanium was 
present; 0-2% copper was also added to this melt to 
provide small concentration gradients during solidi­
fication similar to those caused by the presence of 
titanium in the other alloys.

I t  was also desirable to confirm th a t the additions 
of the boron hardener did not re-introduce significant 
cpiantities of carbon into the titanium alloy. Un­
fortunately the carbon content of the hardener was 
not known, but an indication of the importance of 
this factor was obtained by making an addition of 
commercial-purity aluminium equal in weight to the 
largest addition of boron hardener alloy.

T a b l e  IV.—Effect of Boron Additions on Grain-Size of 
Aluminium-Titanium Alloys Cast at 760° C.

Mark, NKZ Titanium Content 
of Melt, % Additions, % Grain Dia., mm.

136
137 
135
131
132

133

0-1-1 

approx. 0-001

None 
0-0001 B 
0-001 B 
0-01 B 
2 c.p. A1

0-01 B, 0-2 Cu

Columnar grains 
0-8 
0-23 
0-23 

1-5 - f  colum nar 
grains 

1 -(- columnar 
grains

The grain-sizes of the test-bars given in Table IV 
show clearly the marked effect of very small additions 
of boron, and confirm that the concentration of boron 
required to precipitate titanium boride particles is 
less than is required to form aluminium boride 
(0-0001% compared with approximately 0-01%).

The precise concentration of boron required probably 
varies with the titanium content, according to a 
reaction such as the following :

T i (solution in -j- 2B (solution in T iB 2 (solid) 
aluminium) aluminium)

in which the presence of excess titanium reduces the 
concentration of boron in solution in equilibrium with 
titanium boride.

The boron addition required for maximum refine­
ment (approximately 0-0001r0-001%) is of the same 
order as the estimated carbon content of a fine­
grained aluminium-0-1% titanium alloy.1

(b) Primary Particles in an Aluminium-0■ 12% 
Titanium-0-04% Boron Alloy 

An aluminium-0-12% titanium-0-04% boron alloy 
was centrifuged at 680° C. for 15 min. to concentrate 
the primary particles. The surface at which the 
particles had segregated was then examined with 
glancing-angle X-rays and sectioned for micro­
examination ; scrapings from the surface were 
examined in an X-ray powder-camera for the deter­
mination of lattice parameters.

The diffraction pattern obtained was of an A1B2- 
type structure, but the lattice parameters deduced 
from the pattern were not those of TiB2 or A1B2 but 
were of intermediate dimensions. Furthermore, the 
lines in the diffraction pattern were diffuse, whereas 
those produced by aluminium boride crystals in the 
aluminium-0-04% boron alloy described above were 
very sharp. As the size of the crystals was not small 
enough to account for this difference, it apparently 
indicated a range of composition with a corresponding 
range in lattice dimensions. The lattice parameters 
obtained in these experiments are given in Table V,

T a b l e  V.—Lattice Dimensions of the Hexagonal 
AlB.r'Type Structures Identified in Aluminium- 
Titanium-Boron and Aluminium-Boron Alloys.

Lattice
Dimensions,

À.
AlBj TiB,

Crystals in 
Al-0-0i% 
B Alloy

Crystals in Al-0-01% 
B-0-12% Ti Alloy

°o 3-00 3-028 3-000 3-010-3-016 ap p rox .
co 3-25 3-228 3-243 3-235-3-240 „
c/a 1-08(3) 1-0C0 1-081 1-074

together with the parameters of the two pure borides. 
The results suggest that the boride which is formed in 
the aluminium-titanium-boron alloy is titanium 
boride with either excess titanium or considerable 
proportions of aluminium boride in solution; the 
latter explanation would not be altogether unexpected, 
in view of the close similarity of lattice structures and 
dimensions of the two borides and the fact that the 
crystals are formed in the presence of a great excess 
of aluminium.

The range of composition of the boride crystals 
indicates that they did not attain equilibrium
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with the melt. This may have been caused by coring 
produced during the growth of the crystals, or by a 
coating of titanium boride formed on the original 
crystals of aluminium boride introduced in the 
hardener alloy; the hollow, shell-like structures seen 
in the micro-section through the segregated particles 
(Fig. 2, Plate I) may be evidence of such a 
coating.

3. G r a in  R e f in e m e n t  o f  S om e  Co m m e r c ia l  
Ca s t in g  A l l o y s

(a) Grain-Sizes
To obtain information on the practical value of the 

above results, a number of test-bars were cast in 
commercial alloys refined with titanium and boron 
which were added as the hardener alloys in Table I.

Three series of castings were made in aluminium-
4-9 % copper alloy containing 0, 0-01, and 0-05% boron 
respectively; the titanium content in each series 
varied from approximately 0-002% (the inherent 
content of the commercial-purity aluminium) to 0-2%. 
Two melts of each composition were prepared, one 
being cast at 680° and the other at 800° C.

The grain-sizes of the test-bars are shown in Fig. 16. 
The bars cast a t 800° C. show the differences in grain- 
size most clearly and indicate the effectiveness of the 
boron additions in reducing grain coarsening caused 
by the use of this high casting temperature. Although 
an addition of 0-01% boron was inadequate to pro­
duce refinement when the titanium content was only 
0-002%, in the presence of 0-01% or more titanium 
this small boron addition was just as effective as 
much larger amounts. The addition of 0-02% 
titanium and 0-01% boron together had a refining 
effect somewhat greater than that of 0-05% boron or 
of 0-20% titanium added singly.

The bars cast a t 680° C. had a much smaller range 
of grain-sizes, though the slight differences observed 
were in the same order as in the bars cast at 800° C. 
Measurements 17 of the temperatures of the metal 
entering the test-bar moulds during casting showed 
that, even at the beginning of pouring, the temperature 
of the metal was a t the liquidus temperature of the 
alloy; the particles of solid metal formed in the 
pouring stream as it cooled would subsequently act 
as nuclei and thus account for the small maximum 
grain-size in the castings poured at a low temperature. 
The loss of heat and the amount of solid formed during 
pouring would vary with the melting and casting 
conditions, and would be greatest with small melts 
such as were used in the present work.

Two combinations of titanium and boron contents 
were selected from the above results—0-03% titan­
ium -f- 0-01% boron, and 0-01% titanium +  0-003% 
boron—and the increase in grain-size with casting 
temperature of aluminium-4-9 % copper alloys refined 
with these additions was investigated more fully by 
casting test-bars a t various temperatures between 
680° and 900° C.

The results (shown in Fig. 17) confirm that the 
increase in grain-size with casting temperature is 
considerably less than in alloys refined with the much 
larger titanium additions normally made 4 (shown by 
the dotted line in Fig. 17). For castings made from 
melts which need not be heated above 720° C. the 
smaller titanium and boron additions should be 
adequate.

The grain-sizes of bars cast from three melts in 
aluminium—1.0% magnesium-0-02% beryllium alloy

' X ---------X 0 %  B
« -----# 0-01% B
o -------- o 0 05% B

(a )  ■

5c
f N .

V. P ) X
-V  .... W .......... ----------- -------

c  o  --------------—-------------»

TITANIUM. PER CENT

F ig . 16.—V ariation of Grain-Sizo w ith T i  Content of Test-B ars in 
Al-4-9%  Cu Alloy Containing 0, 0-01, or 0-05% B, poured a t  
(a) 6S0° C. or (6) S00° C.

refined by the addition of 0-03% titanium +  0-01% 
boron are given in Table VI; the grain-sizes are 
similar to those obtained with aluminium-copper 
alloys.

The addition of 0-01% boron to a secondary alloy 
(B.S. 1490, LM 4) already containing 0-08% titanium 
also produced a marked reduction in grain-size in 
test-bars poured at 700° C., from 2-5 mm. in the boron- 
free alloy to 0-25 mm. Many commercial casting 
alloys, although containing 0-1 % or more titanium, are 
nevertheless coarse grained, because of the absence of 
nucleating particles, and the addition of small quan­
tities of boron alone to these alloys should produce 
satisfactory grain refinement.
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The above results show that the addition of 0-01% 
titanium and 0-003% boron should adequately refine

-----------------------------1-----------------------------1-----------------------------1-----------------------------L _
650 750 850

CASTING TEM PERATURE.0 C

F ia . 17.—V ariation of Grain-Size w ith Casting Tem perature of 
Al-4*9% Cu Test-Bars Containing T i and B.

the grain-size of aluminium alloy castings poured at 
temperatures below 720° C., but larger additions—up 
to 0-03% titanium and 0-01% boron—are required 
when higher casting temperatures are used. In 
attempts to prepare a hardener alloy containing both 
titanium and boron (described below, p. 13), severe 
gravity-segregation of titanium boride crystals oc­
curred in the melt, suggesting that excessive additions

T a b l e  VI.—Grain-Sizes of Test-Bars in Aluminium- 
10% Magnesium-0-02% Beryllium Alloy Refined 
with 0-03% Titanium and 0-01% Boron.

Casting Temp., 0 O. Grain Dia., Dim.

700 0-30
750 0-33
800 0-37

of titanium and boron would cause similar segregation 
in melts of commercial aluminium casting alloys. A 
member of the Association has encountered segrega­
tion of titanium boride in melts held a t 700° C., and 
containing only 0-005% of each element. I t  is clear, 
therefore, that additions of titanium and boron must 
be made with caution, especially where the melt is 
liable to stand undisturbed for long periods.

(b) Gas Pick- Up and Mould Reaction
The increase in gas pick-up during melting and the 

promotion of mould reaction after casting, which were 
caused by large boron additions in previous work,4 were 
confirmed in these experiments. The melts contain­
ing 0-05% boron required the longest periods of de­

gassing with chlorine before the reduced-pressure test 
indicated freedom from dissolved gas, and the per­
centages of voids in the test-hars poured from these 
melts were high when the titanium content was below 
0-1%. These effects were most marked in the alloys 
cast a t the highest temperatures, as shown in Fig. 18.

Fig. 19 illustrates the sub-surface pinhole formation 
typical of mould reaction caused by 0-05% boron, in 
an aluminium-copper alloy of low titanium content 
cast at 680° C. The pinholes in an alloy cast at 
800° C. were less regular, and much more porosity 
occurred in the interior of the test-bars, as would be 
expected. The high boron content produced other 
noticeable surface effects—an increase in dross forma­
tion, and a green tinge on the top surface of the feeder 
heads in alloys cast a t the lower temperature—which 
are no doubt connected with the effects described 
above.

There were no significant differences in the per­
centages of voids in test-bars containing 0-01% or less 
boron cast a t 680° C., but when the pouring tempera­
ture was above 750° C. even 0-01% boron produced 
a significant, though small, increase in porosity in 
alloys of low titanium content, as shown in Fig. 18.

When the titanium content was 0-1% or greater, 
no mould-reaction effects were seen even with the 
highest boron additions, the percentages of voids in 
the test-bars being the same as in the boron-free bars. 
This was probably the result of the reduction in the 
concentration of boron in solution in equilibrium with 
excess titanium, as suggested in Section V, 2 (a), 
for it is unlikely that boron present as titanium boride 
crystals, instead of in solution, would promote reaction 
of the melt with moisture.

TITANIUM, PER CENT.

F ig . IS.—V ariation o f Percentage of Voids w ith T i C ontent of 
T est Bars in Al-4-9%  Cu Alloy Containing 0,0-01, or 0-05% B, 
poured a t (a) 680° C. or (6) 800° C.
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F ia . 19.—Sub-Surface Pinholes Caused by Mould Reaction in 
T cst-B ar of A l-4-9%  Cu-0-05% B Alloy Cast a t  680° C. X 2-5.

(c) Persistence of Refinement on Remelting
An increase in grain-size in aluminium casting 

alloys may result not only from the melt being super­
heated but also from repeated melting,13 the effect 
being greater the higher the melt temperatures. The 
reason for the grain coarsening is probably the in­
creasing solubility of the nucleus compound in the 
melt as the temperature rises above the melting point; 
the smallest nuclei would tend to dissolve completely 
and, when the melt is cooled again, they would 
probably re-precipitate on to existing, undissolved 
nuclei, thus progressively reducing the total number 
of nuclei.

As this effect is of practical importance, and 
experiments were made to compare the increases 
in grain-size of alloys refined with either 0-2% titan­
ium alone or with 0-03% titanium -j- 0-01% boron. 
These additions were selected because the grain-sizes 
of castings from the initial melts were similar. A 
test-bar was cast at 780°-790° C. from each of the 
original 12-kg. melts, after degassing, and the remain­
der of the metal was ingotted and remelted; this 
procedure was repeated four times with each alloy', 
the melts thus being composed completely of “ scrap ” .

The results (the full lines in Tig. 20) show that the 
increases in grain-size of the two alloys were, within 
the limits of experimental error, the same. The 
results obtained by Sicha and Boehm 13 (the broken 
lines in Fig. 20), using somewhat different experimental 
conditions, suggest that remelting has more adverse 
effects in alloys containing only about 0-1% titanium.

I t  is concluded, therefore, that grain coarsening 
after remelting is no greater in alloys refined with 
titanium and boron additions than in alloys of the 
same initial grain-size refined with titanium alone. 
The grain coarsening after an addition of 0-03% 
titanium -4- 0-01 % boron is less than in alloys contain­
ing the normal titanium additions of 0-10-0-15%.

(d) Gravity Segregation During Solidification
I t  has been observed, in previous work by the 

Association and in industrial practice, that the upper 
parts of many aluminium alloy castings contain 
regions of large grain-size. The effect is more 
marked the greater the section-thickness and the 
higher the casting temperature, and although the 
coarse grains often occur only very close to the top 
surface, in large castings they sometimes form a wide 
zone of columnar grains. This type of grain coarsen­
ing is particularly objectionable because it occurs in 
castings which are otherwise adequately refined, 
though it can sometimes be confined to the feeders.

The explanation of this structure which has been 
put forward 1>18 is that the primary solid-solution 
crystals, being denser than the melt in most alu­
minium casting alloys, sink as they are formed and 
thus remove most of the effective nuclei from the 
upper parts of the castings. This grain coarsening 
cannot be entirely prevented, as it is primarily caused 
by the differences in the density of the constituents of 
the pasty alloy. However, it can be minimized by 
increasing the number of nuclei available so that new 
grains can form as the original crystals are removed 
by sedimentation; furthermore, the grains are finer 
and therefore sink through the melt more slowly.

Grain coarsening caused by sedimentation in alloys 
containing titanium should be reduced by additions 
of boron, for this should increase the number of

f  (COLUMNAR GRAINS)

NUMBER OF REMELTS

F ig . 20.—Increase of Grain-Size a fte r Remelting in Al-4-9%  Cu 
Alloy Test-Bara Refined w ith 0-20% Ti or 0-03% T i -f- 0-01% 
B, Cast a t  780°-790° C.

nuclei. To illustrate this effect of boron additions, 
horizontal cylinders of 5 in. dia. and 7 in. long were 
cast in aluminium-4-8% copper alloy containing
(1) 0-13% titanium already present in the ingots of 
B.S. 1490, LM 11 alloy; (2) 0-1.3%titanium added as 
a hardener alloy; or (3) 0-03% titanium -j- 0-01%



Aluminium Alloys by Titanium and Baron 13
boron added as hardener alloys. Each melt was 
poured at 725° C. after degassing.

Measurements of the grain-sizes in vertical sections 
through the castings, given in Table VII, show that

T a b l e  VII.—Grain Coarsening Due to Gravity Segre­
gation in  ¡j-in.-dia. Castings of Aluminium-
4-8% Copper Alloys.

Pouring Temperature 725° C.

Width of 
Columnar 

Grains, 
mm.

Dia. of 
Equi-axial 

Grains, 
mm.

Grain-Eefining Additions Columnar
Zone,
mm.

0-13% Ti already present in
comm. B.S. 1490, LM 11 ingot 18 3 0-7

0-13% Ti added as hardener alloy 17 3 0-4
0 03% Ti +  0-01% B added as

hardeners . . . . 9 1 0-23

the zone of columnar grains was smallest and the 
equiaxial grains were finest in the alloy containing 
both titanium and boron. These results confirm that 
the additions of titanium and boron together, in the 
above amounts (3), reduce but do not eliminate grain 
coarsening caused by gravity segregation during 
solidification.

4. A l t e r n a t iv e  M e t h o d s  o f  A d d in g  T it a n iu m  
a n d  B o r o n

(a) Aluminium-Titanium-Boron Hardeners
As it would be of some advantage if the additions 

of titanium and boron could be made in a single 
hardener alloy, two attempts were made to prepare 
an alloy containing 1-5% titanium and 0-5% 
boron.

In the first experiment, an aluminium-1-5 % 
titanium alloy was heated to 1600° C. and the re­
quired amount of aluminium-25 % boron alloy was 
stirred into the melt through a flux of cryolite. The 
final alloy contained only 0-1% boron which was 
heavily segregated in the last-poured ingots, the 
titanium content being the same in all ingots.

Test-bars containing 0-03% titanium, made from 
this hardener and cast a t temperatures up to 870° C., 
had grain-sizes only slightly coarser than are obtained 
by adding 0-12% titanium as a normal titanium 
hardener alloy. The addition of boron had therefore 
increased the effectiveness of the 1-5% titanium alloy 
as a grain-refiner, but the grain-sizes produced with 
this hardener were not as fine as can be obtained 
using separate additions of a boron hardener 
alloy.

The second titanium-boron hardener alloy was 
made by rapidly stirring an aluminium-10 % titanium 
alloy into an aluminium-0-5% boron melt at 1600° C. 
and casting immediately. The first-poured ingot had 
titanium and boron contents of only 0-26 and 0-16%,

respectively, the boride crystals having segregated 
into the final ingot.

These results confirm that the solubility of titanium 
boride in molten aluminium is very low, and it is 
doubtful whether it would he practicable to prepare 
a single hardener alloy containing large percentages 
of both titanium and boron without marked segrega­
tion.

(b) Reduction of Salts of Titanium and Boron
Titanium and boron may also be introduced into 

aluminium alloy melts by the reduction of salts such 
as potassium titanofluoride (K2TiFe) and potassium 
borofluoride (KBE,}), and by using mixtures of these 
salts the additions may he made simultaneously. A 
proprietary mixture of two similar salts is available.

Several experiments were carried out in which 
quantities of the proprietary material were plunged 
into 3-kg. melts of aluminium-4-9 % copper alloy at 
750° C. After the dross had been removed, the 
temperature of the metal was raised to 800° C. by 
bubbling chlorine through the melt and grain-size 
bars were cast; the resulting grain-sizes were com­
pared with those obtained using hardener alloys. 
One melt of aluminium-10 % magnesium alloy was 
similarly treated. The results are given in the first 
three parts of Table VIII.

The grain-sizes obtained, though fine, were not as 
small as those obtainable by using hardener alloys, 
even when excess of the salt was added. The reason 
for this difference may have been that the boride 
crystals produced by the addition of mixed salts were 
larger than those formed from hardener alloys, foi- 
analyses showed that the transfer of titanium and 
boron was generally efficient by both methods. Only 
with the 10% magnesium alloy was the reduction of 
salts inefficient, which is in agreement with earlier 
work.3 The best result was obtained with the com­
mercial 4-8% copper alloy already containing 0-13% 
titanium.

Other results (in the last part of the table) obtained 
with a simple mixture of potassium titanofluoride and 
potassium borofluoride showed that the temperature 
of addition affected the resulting grain-size ; the mix­
ture melted completely only a t 750°-770° C. and when 
this occurred the resulting grain-size was as fine as 
that obtained by using hardener alloys, but at lower 
temperatures the addition of the mixture of salts 
was less effective, apparently because of loss of boron. 
The results obtained with the proprietary mixture 
would possibly have been better if a higher temperature 
had been used, but it would usually not be desirable to 
exceed 750° C. in commercial melting practice because 
of the increase in gas pick-up. The size of the melt 
may also affect the results obtained with the pro­
prietary mixture.

5. T h e  E f f e c t  o f  Ot h e r  B o r id e s

Zirconium, vanadium, niobium, and chromium 
form diborides similar to titanium boride, as described
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T a b l e  V III.—Addition of Titanium and Boron to Aluminium Alloy Melts by Reduction of Salts.

Mark,
NOTJ

Alloy

Addition oi Titanium and Boron

Grain-
Si-ze,
mm.Source Temperaturo of 

Addition, °  0.

Ti Content, % B Content, %

Nominal Analysis Nominal Analysis

287
289
300

\ Al-4-9% Cu-0-001% 
1 Ti
Al-4-9% Cu-0-001% 

Ti

Commercial preparation of Ti and B 
salts.

Hardener alloys.

750 {  

With charge

003
0 1 2
0-03

0-03
0-08
0-03

0-005
0-02
0-01

0-01
0-02
0-01

0-5
0-5
0-25

28S A l-10%  Mg Commercial preparation of salts. 750 0-03 < 0-01 0-005 <0-005 1-0

307A
307B

\ Al-4-8% Cu-0-13% f 
/ Ti (comm, ingot) 1

No addition.
Commercial preparation. 750 0-06 o-öi 0-005

1-1
0-4

311
312

\ Al-4-9% Cu-0-001% 
J Ti

Potassium titanofluoride +  potas- f 
siurn borofluorido mixture. <-

710-730
750-770

0-03
0-03

0-03
0-04

0-01
0-01

<0-005
0-005

0-45
0-27

in Table III. Series of aluminium-4-9% copper 
alloys were therefore made to which were added 
0-01% boron and varying amounts of each of the 
above elements, to compare the effects of these 
additions with that produced by using titanium. All 
the additions were made as hardener alloys, and the 
melts were cast a t 800° C.

The results of the grain-size measurements are 
plotted in Fig. 21, together with those obtained 
from bars containing titanium with 0-01% boron. 
None of the four alternative transition metals was more 
effective than titanium in reducing the grain-size at low 
concentration, if the additions are compared on the 
basis of either weight per cent, or atomic per cent. 
Both vanadium and niobium produced marked 
grain refinement, but none occurred with zirconium 
or chromium additions, presumably because the con-

FlO. 21.— Grain-Sizes of Test-Bars in Al-4-9% Cu Alloy Contain­
ing 0-01% B and Small Quantities of a Transition Metal, Cast 
at 800° C.

centrations of the latter elements were too low to 
precipitate their respective diborides, or because other 
(unsuitable) borides were formed.

VI.—SUMMAKY AND CONCLUSIONS
(1) Substantial evidence has been obtained which 

shows that the grain refinement of aluminium alloys 
by the addition of boron is caused by nucléation by 
aluminium boride crystals in the melt. This con­
clusion was supported by other results obtained by 
using the isomorphous borides of certain transition 
metals. The metal atoms in these borides lie on 
simple hexagonal lattices, in the close-packed planes 
of which the interatomic distances are similar to 
the corresponding interatomic distance in solid 
aluminium.

(2) When boron is added to aluminium alloy melts 
containing titanium, marked grain refinement is 
produced which is thought to be caused by the forma­
tion of a boride with lattice dimensions similar to 
those of aluminium boride, which is probably titanium 
boride containing aluminium boride in solid solution. 
When the titanium content is over about 0-005%, 
this mixed boride is precipitated a t very much smaller 
boron concentrations than are required to form pure 
aluminium boride in titanium-free alloys, and the 
boron addition necessary for maximum grain refine­
ment is correspondingly less. For example, grain 
refinement of an aluminium-0-14% titanium alloy 
was produced by as little as 0-0001-0-001% boron—a 
quantity very similar to the estimated amount of 
carbon required to refine an alloy of similar titanium 
content.

(3) Two combinations of titanium and boron con­
tents have been selected from these results for practical 
use—0-01% titanium +  0-003% boron for alloys 
cast a t low temperatures, and 0-03% titanium 
-)- 0-01 % boron for alloys which have to be heated 
above 720° C. before casting. Even the highest
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additions represent a considerable saving in the use 
of titanium, and tlie grain refinement obtained is 
little affected by overheating the melt. Mould 
reaction and the loss of refinement caused by remelt­
ing in alloys containing the above additions are slight 
and not likely to be of any practical importance, and 
grain coarsening due to gravity segregation during 
solidification is reduced.

(4) Excessive additions of titanium and boron 
cause segregation of titanium boride crystals in the 
melt. As the loss of refinement on remelting is small, 
it should be unnecessary to make additions of titanium 
and boron to remelted scrap metal already containing 
these elements. Even with this precaution, however, 
segregation of titanium boride may still be encoun­
tered in quiescent melts unless the metal is stirred 
vigorously just before casting.

(5) Titanium and boron have also been added to 
aluminium alloy melts by the simultaneous reduction 
of molten salts of these elements, but the grain-sizes 
produced by this method are affected by the tempera­
ture of addition and the composition of the melt, and 
the method may be completely successful in practice 
only if the magnesium content is small and the tem­
perature of addition high.

(6) Experiments on the addition of boron with 
transition metals other than titanium indicate that 
low concentrations of vanadium and niobium also 
produce marked refinement in the presence of boron.

(7) Very little success was obtained in attempts to 
increase the carbon content of alloys containing 
titanium; the addition of carbon presented much 
greater experimental difficulties than the addition of 
boron, and is unlikely to prove as successful as the 
latter.
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APPENDIX

T h e  S u p e r s a t u r a t io n  o f  A l u m in iu m  B o r id e  
i n  A l u m in iu m

When the centrifuged aluminium-0-04 % boron 
specimen, which was discussed in Section III, 2, 
was examined again after twelve months, a new 
constituent was observed over the whole cross-section,

which was quite different in shape from the segregated 
aluminium boride crystals. The distribution of the 
new constituent suggested that it had precipitated 
from the solid metal on crystallographic planes and 
at the boundaries of dendrite arms as indicated in 
Fig. 3 (Plate I).* At a high magnification, the 
precipitate was similar in appearance to aluminium 
boride (A1B„), but was quite different in shape, 
as shown in Fig. 4 (Plate I). I t  was largely 
situated in bands around what seemed to be sections 
of dendrite arms (as can be seen, for example, a t the 
right of Fig. 3 (Plate I), so that the dendrites were 
revealed in a similar way to that usually produced by 
coring.

These observations can be interpreted in the follow­
ing manner. The formation of primary aluminium 
boride crystals may be partly suppressed a t high 
rates of cooling (40° C./min.) and the dissolved boron 
concentrates in the residual liquid as the super­
saturated melt solidifies, producing coring. Some of 
the aluminium boride may form at the boundaries of 
dendrite arms, where its concentration is highest, at 
the moment when they solidify, but most of the 
compound precipitates from the solid metal on 
ageing. . . .

This interpretation explains several observations 
which have been made in earlier work. For example, 
castings in high-purity aluminium-boron alloys, with 
a few exceptions, have columnar macrostructures, 
which can be explained by the absence of concen­
tration gradients large enough to prevent the growth 
of the columnar grains in the solidifying alloys ; some 
castings, however, have been observed with central 
zones, varying in size from casting to casting, of very 
fine equiaxial grains a t the boundaries of which was a 
discontinuous constituent.1 This phase now appears 
to have been aluminium boride which was formed in 
the way described above, and it is therefore possible 
that the concentration gradients which led to its 
formation caused the restriction of the growth of the 
dendrites which resulted in the fine equiaxial structures. 
The grain-boundary precipitate was observed in 
greatest amounts in castings made from melts which 
had been heated above 860° C., but the reason for 
the variation from casting to casting cannot be 
given.

The lamellar pattern of the precipitate between the 
arms of dendrites in the centrifuged specimen is 
apparently identical with the eutectic-like structures 
which have been observed in previous work.3 The 
observation may also explain the wide diversity of 
equilibrium diagrams which have been proposed for 
the binary aluminium-boron system,12 one of which 
showed a eutectic point at more than 15% boron and 
565° C., and another a eutectic a t less than 0-05% 
boron and 658° C., with primary aluminium boride 
forming only at higher boron contents in both 
cases.

* During the period o f  twelve months the m etallographic specimen had been mounted twice, the temperature being 
raised to approxim ately 130° C. each time.
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SOME OBSERVATIONS ON THE OCCURRENCE 
OF STRETCHER-STRAIN MARKINGS IN AN 
ALUMINIUM-MAGNESIUM ALLOY *

By R. CHADWICK,! M.A., F.R.I.C., F.I.M., M e m b e r , an d  
W. H. L. HOOPER,! B.Sc., A.I.M., Me m b e r

SYNOPSIS

Detailed observations have been made o f the appearance of and dimensional distortion 
associated w ith surface markings developed by the progressive stretching o f alum inium -3%  
magnesium alloy sheet in different conditions o f cold working and annealing. In material of 
0-025 mm. grain-size, markings develop with a  very small strain and are a t first normal to the 
tension axis but subsequently become random in direction, reaching maximum intensity at about 
1% , and decaying within a  2 %  extension. These random markings consist o f a series o f kinks, 
and there is no thinning of the sheet. Parallel, intersecting bands or shallow grooves a t a  definite 
angle to the direction of stretching first appear a t about 2%  extension and increase progressively 
in intensity up to the point o f fracture. Parallel bands, which are caused by local thinning or 
necking, are o f much less intensity than the random markings, which are the main cause of defects 
in pressing operations.

When the grain-size exceeds 0-05 mm., random markings do not occur in stretching, nor are 
they obtained in partially annealed or temper-rolled sheet irrespective of grain-sizo. Parallel 
bands are found in all these materials. When the grain-size is increased substantially, the well- 
known “  orange-peel ”  effect develops on stretching and completely masks any other effect which 
might be present, the degree of roughening from this cause in sheet of 1-0 mm. grain-size being 
comparable w ith that produced by random markings in fine-grained sheet.

I.—PREVIOUS WORK
St r e t c h e r -s t r a in  markings are of particular signi­
ficance in the manipulation of soft mild-steel sheet, 
and both practical and theoretical aspects of their 
occurrence have been the subject of numerous in­
vestigations. The physical appearance of strain 
markings and the conditions under which they occur 
have been discussed in some detail by Jevons,1 who 
states th a t the uneven surface associated with 
stretcher-strains develops within an elongation of 
about 4% , beyond which the surface again becomes 
smooth and even. The standard method of prevent­
ing the occurrence of stretcher-strains in steel is by a 
light rolling reduction or passage through roller 
levellers, although the condition of immunity to strain 
marking is retained for only a short time.

Strain markings have been reported on several other 
metals, such as 70 : 30 brass, Duralumin,2 and com­
mercial aluminium,3 but Jevons points out that in 
non-ferrous metals the effect is quite different from 
that experienced in steel, and occurs with much 
greater deformation. The intensity is also less, and 
all these metals are regularly used for deep and shallow 
pressings without any seriously detrimental stretcher- 
strain defects. Knight and Murray,4 in a study of 
an aluminium-magnésium alloy, have shown that 
strain markings occurring with light stretching

have some resemblance to those observed on mild 
steel. The markings were found to be particularly 
intense in fine-grained sheet, and in this connection 
it is of interest to observe that in an investigation by 
one of the present authors,5 covering a number of 
alloys of zinc, strain lines were obtained only in a 
zinc-magnesium alloy, which has the characteristic 
of recrystallizing with a very fine grain-size.

In recent scientific studies of stretcher-strain 
phenomena, particular attention has been paid to 
the associated discontinuities in stress/strain curves, 
rather than to the strain markings themselves. 
McReynolds3 has reviewed work in this field, and 
has also carried out a detailed investigation of the 
behaviour in straining of commercial-purity alumin­
ium sheet, but it is clear that the relationship between 
the steps or discontinuities and strain markings is by 
no means clearly defined. For example, it has been 
reported that both mild steelG' 7 and 70 : 30 brass 8 
show stepped curves only a t elevated temperatures, 
although pronounced markings develop in each case 
on stretching at room temperature. The extent to 
which discontinuities in the stress/strain curves are 
detected depends to some extent upon the elastic 
recovery in the straining mechanism, and studies of 
this type cannot be expected to provide information 
on the nature or range of occurrence of the strain 
markings themselves.

* Manuscript received 12 April 1951.
t  Assistant Research Manager, Imperial Chemical Indus­

tries, L td ., Metals Division, W itton, Birmingham.

X Research Technical Officer, Imperial Chemical Industries, 
L td ., Metals Division, W itton, Birmingham.
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II.—PRESENT INVESTIGATION
1. S c o p e

The experiments described were concerned with 
the appearance, magnitude, and conditions of occur­
rence of strain markings in an aluminium-3 % mag­
nesium alloy, which, from published literature and a 
preliminary survey made by the authors, was indi­
cated as being probably the type of aluminium alloy 
most liable to such effects.

Various possible methods of measuring irregularities 
on a sheet surface were considered. For example, 
strained specimens were sectioned with the object of 
examining the surface under the microscope. How­
ever, even when tapered sections were cut at a narrow 
angle to the surface, and the precaution was taken of 
copper plating, in order to retain the sharpness of the 
surface, before mounting in methyl methacrylate, the 
magnitude of the effect was for the most part too small 
for an accurate assessment to be made by ordinary 
microscopical means. Mechanical methods proved 
more suitable and the experiments described were 
carried out with the Talysurf instrument, in which 
the displacement of a stylus traversing the specimen 
surface is magnified electronically and recorded on a 
paper chart.

The observation of Knight and Murray4 that 
strain markings are most intense on annealed fine­
grained material, was confirmed, and the stretching 
of fine-grained sheet up to the point of fracture was 
investigated in some detail. Additional observations 
were concerned with the study of markings in annealed 
sheet of different grain-sizes, and in temper-rolled and 
partially annealed sheet.

2. P r e p a r a t io n  o f  M a t e r ia l

All the sheet material required was rolled from a 
single ingot of 5 in. thickness, the composition of 
which, as determined by chemical analysis on the 
0-25-in.-thick, hot-rolled stock, w as: magnesium
3-03, manganese 0-46, iron 0-23, silicon 0-14, copper 
0-03, titanium 0-01%, remainder aluminium. An 
earlier investigation 9 had shown that the final grain- 
size of this type of alloy depends mainly on the ulti­
mate cold-rolling reduction and, to a smaller extent, 
on the rate of heating during subsequent annealing. 
Consequently, in order to obtain the largest possible 
range of grain-sizes in the present experiments, the 
sequence of cold-rolling and intermediate annealing 
operations was so arranged that final rolling reductions 
ranged from 5 to 80%, intermediate annealing being 
carried out at 400° C.

The cold-rolled samples were annealed by three 
alternative procedures, decided by reference to the 
curves reproduced in Fig. 1, which were plotted from 
hardness tests on samples reduced 10, 25, and 80% in 
thickness by cold rolling, and annealed for 2 hr. at 
suitable temperature intervals.

After final rolling, rectangular specimens 8 x 2  in. 
were cut from the flattened sheet and the following

treatment applied : (1) a rapid anneal in a salt bath 
at 500° C., designed to give the finest series of grain- 
sizes ; (2) an anneal at 400° C. with slow heating in an 
air furnace, providing a series of coarser grain-sizes; 
or (3) an anneal at 325° C. in an air furnace in order 
to obtain the partially softened non-recrystallized 
condition on some of the specimens, and to increase 
still further the range of grain-sizes available.

A series of temper-rolled specimens was prepared 
from annealed 18-gauge sheet of fine grain-size, 
obtained by annealing at 400° C. after a final reduction 
of 80% in thickness, and therefore in its soft condition 
susceptible to stretcher-strain markings. Temper 
rolling was carried out in the same direction as previous 
cold rolling, and reduction in thickness ranged from 
1 to 10%, control being effected by measurement of 
elongation on a length of 4 ft.

A N N EA L IN G  T EM P ER A TU R E . °  C .

F i g .  1 .— Annealing Curves of Aluminium-Magnesium Alloy Sheet.

Immediately before submitting them to stretching 
tests, all the 8  X  2-in. samples, whether annealed or 
temper-rolled, were polished by hand on both surfaces 
with metal polish, and then brightened by electrolytic 
treatment in a mixture of phosphoric acid and alcohol. 
The bright surface gave an almost level trace on the 
Talysurf apparatus and enabled markings to be seen 
or photographed with equal facility.

Surfaces were etched for grain-size measurement by 
immersing small areas at the ends of strips in the 
phosphoric acid mixture, and applying a lower voltage 
than that at which polishing takes place, for a period 
of some 10-20 sec. Grain-sizes were estimated by 
comparison, at a magnification of X 100, with a stand­
ard series of photomicrographs covering a range of 
mean grain diameters of 0-017-0-12 mm. For larger 
grain-sizes, the X 100 image was measured directly.

All strips annealed in a salt bath recrystallized. On 
the other hand, with specimens annealed in an air 
furnace a t 400° or 325° C., recrystallization occurred 
only after rolling reductions greater than 5 and 10%, 
respectively. The grain-size of recrystallized material 
varied from 0-025 to 1-0 mm., the values obtained 
being included in Table III.

In the non-recrystallized specimens grain-sizes were 
apparently unchanged by the final rolling and anneal­
ing procedures. The X-ray diffraction patterns were,
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however, characteristic of what is now regarded as 
the recovered condition, in which the individual 
grains seen under the microscope are apparently 
agglomerates of smaller crystals, differing in orienta­
tion by only a few minutes of a degree.

3. S t r e t c h in g  E x p e r im e n t s

The 8 X  2-in. specimens were stretched in a 
hydraulic tensile-testing machine, the operation being 
interrupted at progressively increasing extensions for 
Talysurf traces to be made on the rolled surfaces. 
Extensions of up to 1 % were measured with a Lamb 
extensometer of the mirror-and-scale type, and those 
between 1 and 2%  with a direct-reading dial instru­
ment, the gauge-length being 2 in. in both cases. 
Extensions greater than 2%  were measured with 
spring-loaded dividers.

(a) Fine-Grained Specimens
The whole range of surface effects broadly termed 

stretcher-strain markings can be most readily de­
scribed by reference to the stretching of a sample 
prepared by annealing after a cold reduction of 80%, 
when at 400° C. the grain-size developed is 0-025 mm. 
Two distinct types of strain markings were observed. 
The first of these, which has been termed “ random 
markings ” , reaches a maximum intensity with about 
a 1% extension, thereafter diminishing rapidly in 
intensity with further stretching. The strain lines 
are often slightly curved and vary considerably in 
direction and in closeness of spacing, and the pattern 
appears to be identical on the two surfaces of the 
sheet. At an extension of about 2%, when random 
markings have virtually disappeared, the second type 
of marking begins to appear and consists of a cross- 
hatching of closely spaced parallel bands inclined at 
about 57° on either side of the line of stretching. 
These bands increase progressively in intensity, until 
necking and fracture eventually occur on one of them. 
The random markings a t about 1 % extension are by 
far the most significant and prominent of the two 
types of strain effect.

The nature of random markings, the progressive 
development of which is illustrated in Eigs. 5, 6, and 7 
{Plate IV), can best be understood by describing 
experiments carried out on a typical area of a stretched 
specimen, such as that illustrated in Fig. 2 (Plate 
III). The traces made by the Talysurf stylus on 
the two opposite faces of the sheet along the line X X  
arc shown in Fig. 3 (Plate III), and in Figs. 2 and 3, 
the letters A l, B l  to A 5, B5 refer to the successive 
areas over which the stylus passes. I t  will be noted 
that there is a sharp break or change in direction 
corresponding to the boundary line between light and 
dark areas. In effect, the surface can be regarded as 
consisting of planes inclined at variable small angles, 
which calculation shows to be generally smaller than 1', 
to the general level of undistorted surface. Since, 
moreover, the traces are closely similar on the two 
sides of the specimen, it would seem that in effect the 
strip is concertina-ed, the two faces being parallel

with no perceptible thinning at any point. A further 
series of surface traces along parallel lines 1-9 is 
recorded in Fig. 4 (Plate III). I t  will be noted 
that where the tongue-shaped marking is narrow the 
inclination is steeper than where the marking is wide, 
and it is clear, therefore, that there is a slight degree 
of curvature of the individual segments. The form 
of the surface can be more clearly understood by 
reference to Fig. 12 (Plate VI), which shows a 
model of a strained specimen with markings similar 
to those illustrated in Fig. 2. The surface contour is 
on the same magnification as Figs. 3 and 4, but 
thickness is reduced relative to the other dimensions.

The first random markings were detected at very 
small extensions. A typical specimen in which the 
overall plastic strain is 0-015% is illustrated in Fig. 5 
(Plate IV). The surface within the gauge-length 
itself is free from markings, and the points over 
which markings occur may therefore be assumed to 
have suffered an extension exceeding 0-015%. This is 
confirmed by continuing the stretching, for with the 
first intrusion of strain markings into the gauge- 
length (Fig. 6, Plate IV), the extension has in­
creased to 0-03%, and calculations from measurements 
of surfaces partially affected by strain markings 
indicates that the development of random markings is 
accompanied by an extension of at least 0-5%. The 
spread of strain marking over the whole specimen is 
illustrated in Fig. 7 (Plate IV), in which the 
measured plastic strain over the gauge length is 1%. 
Smooth and uniform stretching of a specimen up to 
1% extension is difficult to achieve, because of the 
sudden stress-relief that accompanies the formation 
of new areas of random strain markings, but with 
careful control it is possible to watch the movement 
of the strain lines or tongue-like formations, which 
can proceed either by a smooth and regular movement 
or by more rapid shooting and darting. When 
stretching first begins the lines are almost normal to 
the direction of strain, but as extension proceeds they 
tend to curve at the ends, and also to fork and branch, 
so that by the time they approach maximum intensity 
at about 1 % extension, they take a great variety of 
forms, and their direction appears to be quite random. 
There is, however, some reason to believe that if 
uniform straining in one direction could be achieved, 
the lines would remain normal to that direction, the 
forking and branching being probably associated with 
lack of homogeneity in the material due to slight 
variations in gauge and temper.

The degree of roughening or magnitude of the 
strain-marking effect on each individual specimen was 
taken as the maximum vertical distance between any 
pair of adjacent inflections in the Talysurf trace; for 
example, in Fig. 5 the distance measured is PQ. 
Mean values of such measurement obtained at inter­
vals in the progressive stretching of a number of fine­
grained specimens are plotted in Fig. 13 (Plate VI), 
curve A  (the broken line) representing strains over 
which the surface was only partly affected by mark­
ings. The strain markings are probably of maximum
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intensity as soon as they appear, when their depth is 
about 0-003 in., although an exact evaluation is diffi­
cult when the surface is only partially affected. As 
stretching continues the bands multiply and groups of 
markings merge; accordingly, striations become less 
clearly defined, the measured roughness values 
diminishing rapidly so tha t at 2% elongation random 
marking has almost disappeared (Fig. 8, Plate IV) 
and surface irregularities are of the order of 0-0001 in. 
The sharp fall in roughness values between 1 and 2% 
extension will be observed in Fig. 13. Parallel bands, 
traversing specimens at an angle of about 57° to the 
direction of stretching, are just apparent a t 2% 
extension, and roughness at this stage results partly 
from these bands and partly from residual random 
markings. As stretching is continued, parallel bands 
increase in depth and Fig. 9 (Plate V) illustrates 
the surface appearance of a specimen with a perma­
nent extension of 5% , where the bands are closely 
spaced and quite conspicuous.

Features of parallel bands are their straightness, 
and manner of propagation, groups moving in a series 
of short jumps, seldom sweeping a distance greater 
than about 1 in. At 2%  strain the magnitude of 
roughness associated with the bands is probably much 
less than 0-0001 in., but as stretching continues, the 
magnitude increases progressively, as indicated in 
Fig. 13, the maximum depth a t an extension of 10% 
being 0-0003 in., when the operations were discon­
tinued. Surface-contour records taken at this stage, 
Fig. 10 (Plate V), show that every depression in 
the system of parallel bands has an associated depres­
sion of similar magnitude in the opposite surface, 
causing in effect, a series of necks, in one of which, 
when stretching is continued, fracture eventually 
occurs.

(b) Specimens of Differing Grain-Size
Similar though less-detailed observations were 

made on the full range of annealed specimens, the 
appearance of which, after stretching to 1, 5, and 10% 
permanent extension, is recorded in Table I. Plots 
of the severity of strain marking, using the basis 
of measurement already described in connection with 
the sheets of fine-grained specimens, are shown in 
Fig. 13, for a representative series of grain-size values.

Behaviour in stretching was related entirely to 
grain-size. Specimens prepared by different rolling 
and annealing schedules, but with equal grain-size 
values, developed the same types and intensities of 
strain marking.

Random markings occurred with maximum inten­
sity a t about 1% extension in specimens with grain- 
sizes of from 0-025 to 0-042 mm. and were similar in 
appearance and of the same order of intensity over 
this range, as was also the decay of marking as the 
extension was increased from 1 to 2%. A specimen 
with the next largest grain-size of 0-05 mm., when 
stretched up to an extension of 1%, was, however, 
entirely free from random markings.

Clearly marked parallel bands developed in all 
specimens within the grain-size range of 0-025- 
0-06 mm., and the intensity of marking for any given 
degree of deformation appeared to be, within the 
limits of experimental error, independent of grain- 
size, as can be seen from the three curves relating 
to specimens within this range of grain-sizes plotted 
in Fig. 13. With grain-sizes of 0-05 mm. and over,

T a b l e  I.—Stretching Characteristics of Annealed 
Sheet.

Roll­
ing
Re­
duc­
tion,

%

G rain- 
Size, 
mm.

Type of Marking

1% Extension 5% Extension 10% Extension

5

10

20
25
30
•10
80

1-0

0-15

0-0G0
0-057
0-0-12
0-010
0-025

A n n ea led  30 m ill. 
Severe orange-peel 

effect.
Slight orange-peel 

effect.

iN o  markings.

1 Severe random 
| markings.

in a sa lt bath a t  500° 
Severe orange-peel 

effect.
Orange-peel effect 

and parallel 
bands.

Parallel bands.

0.
Severe orange-peel 

effect. 
Orange-peel effect 

and parallel 
bands.

Parallel bands.

5

10

20
25
30
•10
80

0-025 0

0-25

0-08
0-051
0-012
0-038
0-025

A n n ea led  2 hr. in  
S l ig h t  parallel 

bands.
Slight orange-peel 

effect.
>No markings.

1 Severe random 
| markings.

n  a ir  fu rn a c e  a t  -100° 
Parallel bands.

Orange-peel effect. 

Parallel bands.

0.
Parallel bands. 

Orange-peel effect.

Parallel bands.

5
10
20
25
30
•10
SO

0-025 °
0-025 «
0-057 t
0-057
0-05
0-012
0-026

A n n ea led  G hr. in  
"I Slight parallel 
/  bands.

> No markings.

1 Severe random 
J markings.

n a ir  fu rn a c e  a t  325° 

■Parallel bands.

C.

* Parallel bands.

0 Not rccrystallized. f  Partially rccrystallized.

parallel bands were not masked by random markings, 
and in some instances were detected visually at 1% 
strain, but they were too shallow at this stage—less 
than 0-0001 in.—to measure with the Talysurf 
instrument. With increasing strain, parallel bands 
became progressively deeper, the merging of bands 
being the mechanism by which this occurred up to the 
point a t which necking began at an extension of 
about 20%.

The upper grain-size limit for the appearance of 
parallel bands is governed by the occurrence of the 
well-known “ orange-peel ” effect, which results from 
non-homogeneous deformation within individual 
grains in material of large grain-size. In  stretching 
sheet of 0-25 mm. grain-size the orange-peel effect is 
superimposed on parallel bands, but the roughness 
value a t between 1 and 10% extension is only slightly 
higher than in fine-grained material. With further 
increase in grain-size the orange-peel markings are of 
much greater significance, and with a 1-mm. grain- 
size roughening is severe and completely masks 
parallel bands at all extensions (see Fig. 11, Plate Y).
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F ig s .  5-10.—Strain Markings Obtained by the Progressive Stretching of an Aluminium-Magnesium Alloy Sheet of 0-025 ram. Grain-Size, with Talysurf Traces 
of Upper and Lower Surfaces from A to A '.

F i g .  11.-—Markings on Aluminium-Magnesium Alloy Sheet of 1-0 mm. Grain-Size.
Permanent extensions over the 2-in. gauge length B B ' are as indicated in parentheses.
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F i g . 12.—Solid Model of a Group of Random Markings.
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F i g . 13.—Effect of Strain on the Depth and Type of Markings on Annealed Sheets of Mean Grain-Sizc
Ranging from 0-023 to 1-0 mm.
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T a b l e  I I .—Stretching Characteristics of Temper-Rolled Sheet of Grain-Size, Before Rolling, 0-025 mm.

Rolling
Reduction,

%

0-5*} Extension 1% Extension 2% Extension 4% Extension

Maximum 
Talysurf 

Deviation, 
10"» in.

Type of Marking
Maximum 
Talysurf 

Deviation 
10-» in.

Type o 1 Marking
Maximum 
Talysurf 

Deviation, 
10-» in.

Type of Marking
Maximum 
Talysurf 

Deviation, 
10-» in.

Type of Marking

1 0-1 1 0-1 1 0-15 I 0-18
2
4

0-1
0-15 ¡-Parallel bands 0-1

0-15 >■ Parallel bands 0-15
0-2 j-Parallel bands 0-1S

0-22 ¡-Parallel bands
10 0-18 J 0-2 J 0*22 J 0-3 J

The degree of roughening resulting from orange-peel 
effect with a 1-mm. grain-size a t 10% stretching is 
indicated in Fig. 1 (Plate YI), and it will be noted that 
the measured irregularities are of about the same order 
as those associated with random markings in fine­
grained sheet with 1% stretching. Orange-peel 
effects, like parallel bands, are of relatively slight 
significance when the amount of stretching is small.

The non-recrystallized specimens, all three of which 
had about the same apparent grain-size of 0-025 mm., 
were entirely free from the random strain markings 
which are obtained in the fully recrystallized metal of 
similar grain-size. Parallel bands, however, began to 
appear a t about 1 % strain and deepened progressively 
with further stretching in precisely the same manner 
as in recrystallized sheet, a typical surface-roughness 
curve being shown as a broken line in Fig. 13.

(c) Temper-Rolled Specimens
As already stated, sheet for temper-rolling experi­

ments was annealed at 400° C. after a final rolling 
reduction of 80%, and, having a grain-size of about 
0-025 mm., was intensely susceptible to random 
markings.

Detailed observations were made and results are 
recorded in Table II  on specimens subjected to rolling 
reductions of 1, 2, 4, and. 10% in thickness; and in 
order to ascertain whether the behaviour in stretching 
is affected by strain-ageing effects, as it is in mild 
steel, the first series of experiments, carried out 
within 1 hr. of rolling (and in one or two instances 
within a few minutes of rolling) were repeated after 
an interval of three months.

None of the temper-rolled specimens showed any 
signs of random markings with light straining, as 
indeed might be expected by analogy with steel. 
Parallel bands, however, could be observed in every 
instance with only 0-5% strain and were, in all but 
the most lightly rolled specimens, of measurable 
depth with this extension, so tha t these bands were 
clearly of greater significance than in annealed sheet. 
The surface appearance and the maximum degree of 
irregularity of the various temper-rolled specimens 
with applied strains of 0-5, 1-0, 2-0, and 4-0% are 
recorded in Table II. I t  will be noted that the depth 
of the bands increases progressively with stretching, 
as in annealed sheet, while for a constant deformation, 
depth also increases slightly with temper-rolling

reduction; but even with a 10% temper rolling, the 
depth of parallel bands for any given extension is only 
about twice that obtaining in annealed sheet, and the 
total surface irregularity associated with parallel 
bands is small compared with that of random 
markings.

4. M e c h a n ic a l  P r o p e r t ie s  o f  S h e e t

In annealed recrystallized sheet, hardness, proof 
stress, ultimate tensile strength, and elongation all 
increase by small progressive amounts with diminish­
ing grain-size (Table III). For example, in alloys 
with a 0-05-0-06-mm. grain-size, and therefore free 
from random marking effects, the proof stress is 
about 1 ton lower than in sheet of 0-025-mm. grain- 
size, which is susceptible to random markings; in

T a b l e  III.—Mechanical Properties of Annealed 
Sheet.

Rolling
Reduction,

/ O
Graln-Size,

mm.

Vickers 
U P . 

Hardness 
Number 
(10 kg. 
load)

0-1% Proof 
Stress, 

tons/in.*

Ultimate
Tensile

Strength,
tons/in.3

Elongation 
on 2 iu.p

O '/0

i
Annealed 30 min. in a salt bath at 500° C.

5 1-0 55 4-8 13-6 24
10 0-15 57 4-9 14-0 24
20 0-0G0 57 5-6 14-2 23
25 0-057 58 5-6 13-8 23
30 0-042 58 5-G 13-9 26
40 0-040 59 6-0 14-0 26
80 0-025 GO 6-6 14-2 26

Annealed 2 hr. in  an air furnace

do§Tt<e

5 0-025 * 64 7-4 14-7 20
10 0-25 52 5-1 13-9 21
20 0-08 52 6-0 14-1 22
25 0-054 53 5-7 14-0 23
30 0-042 53 6-0 14-0 23
40 0-038 55 6-4 14-3 23
80 0-025 55 6-9 14-4 24

• i i i
Annealed 6 hr. in an air furnace at 325° C.

5 0-025 * GG 7-5 14-4 20
10 0-025 * G7 7-6 14-4 19
20 0-057 t 61 7-1 14-2 23
25 0-057 58 6-2 14-2 22
30 0-05 59 6-2 14-0 21
40 0-042 59 6-5 14-2 23
80 0-026 61 7-1 14-4 25

* N ot recrystallized. f  P artia lly  recrystallized.
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other properties the proportionate differences are 
smaller. Again, sheet annealed at a low temperature 
so as to give a non-recrystallized or recovered structure 
is slightly higher in proof and tensile strength than 
fully annealed material. Temper-rolled sheet shows a 
wider range of mechanical properties (Table IV),

T a b l e  IV.— Mechanical Properties of Temper- 
Polled, Sheet.

It oiling 
Reduction,°//O

Vickers D.P. 
Hardness 
Number 

(10 kg. load)

0-1% Proof 
Stress, 

tons/in.*

Ultima to 
Tensile 

Strength, 
tons/in.1

Elongation 
on 2 in., %

Annealed 54-9 6-9 14-4 24
1 70 8-3 14-6 20
2 73 9-4 14-8 19*
4 82 11-4 15-3 15

10 84 12-2 16-2 9

strength increasing progressively with rolling reduc­
tion, but where this does not exceed 2%, ductility is 
not seriously impaired.

III.—SIGNIFICANCE OF THE RESULTS
The experiments show that strain markings in 

annealed recrystallized sheet can be divided into two 
distinct types. Random markings are associated 
entirely with deformations of less than 2% and reach 
maximum intensity with about 1% stretching. 
They are found only in material with a grain-size 
below a sharply defined limit of about 0-05 mm. 
Parallel bands occur in all material irrespective of 
grain-size, but where this exceeds 1-0 mm. they are 
completely masked by the orange-peel effect. In 
annealed material parallel bands reach a measurable 
intensity at an extension of 2%, thereafter increasing 
progressively in magnitude up to the point of fracture. 
On the other hand, in sheet softened by a non- 
rccrystallizing anneal or temper-rolled after a full 
anneal, parallel bands are of measurable depth at 1 % 
strain, but in neither of these conditions is the surface 
affected by random markings.

The depth of random markings is about 0-003 in. 
a t 1 % extension, while parallel bands do not exceed a 
depth of 0-0003 in. with extensions of up to 10%, so 
tha t random markings are the only ones seriously 
detrimental in pressing. They can be avoided by 
subjecting sheet to one of the following procedures:

(1) By adjusting rolling and annealing 
schedules to give sheet with a final grain-size of 
0-05-0-08 mm.

(2) By the application of a small final rolling 
reduction followed by a low-temperature non- 
recrystallizing anneal.

(3) By the application of a final temper- 
rolling reduction to fine-grained annealed sheet.

The third procedure, unlike temper rolling in mild 
steel, provides material which, over long periods of 
storage, is immune from any tendency to develop the 
more conspicuous, or random, type of strain effect on 
stretching.

I t  seems likely that the parallel markings, observed 
on every sample examined in the present investigation 
irrespective of its physical condition, are of more 
general occurrence than random markings, and indeed 
from careful reading of published work it appears 
probable that parallel banding is the type of marking 
reported in brass, Duralumin, aluminium, and a 
variety of other metals in sheet form. Random 
markings seem to be closely analogous to stretcher- 
strain effects in soft mild steel although according 
to Jevons the markings of steel are characterized by 
depressions on the two opposite faces of the sheet, 
giving rise to a local necking effect, and not to the 
kinking observed in the present investigation on 
aluminium-magnésium alloy sheet.

I t  is of interest to note tha t few metals or alloys can 
readily be obtained with the fine grain-size which the 
present experiments indicate to be essential to the 
development of random markings in aluminium- 
magnésium alloy, and this may well be one reason for 
the relatively rare occurrence of this phenomenon.
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THE EFFECT OF PHOSPHORUS ON 
THE CORROSION-RESISTANCE OF MAGNESIUM 
AND SOME OF ITS ALLOYS

By E. F. EMLEY.t B.Sc., Ph.D., A.I.M., F.R.I.C., M e m b e r , 
A. C. JEŚSUP,% M.C., A.Inst.P., F.I.M., M e m b e r , and 
W. F. HIGGINS,t  M.Sc., Ph.D., A.R.I.C.

SYN O P SIS

Corrosion tests have heen carried out, b y  total immersion in salt solution, on samples of 
magnesium alloys containing various amounts o f  phosphorus and other impurities. I t  is con­
cluded that the corrosion-resistance o f pure magnesium is reduced b y  the presence o f phosphorus 
in amounts over about 0-002% , but th at this effect can be suppressed by addition o f  manganese. 
W ith a normal iron content, the adverse effect o f phosphorus is not suppressed by manganese. 
Phosphorus also exerts a marked adverse effect on the corrosion-resistance o f high-purity Elektron 
A 8 (aluminium 8, zinc 0-4, manganese 0-25%, remainder magnesium).

The amount o f phosphorus that can be introduced into magnesium is much greater in the 
presence o f  iron. Phosphorus increases iron pick-up in remelting AS alloy.

Phosphorus is precipitated from magnesium by zirconium, and the corrosion-resistance of 
alloys containing zirconium is unaffected by phosphorus present in the metal used for their 
preparation.

I.—INTRODUCTION
A n  important study of factors affecting the corrosion- 
resistance of magnesium and its alloys has been made 
by Hanawalt, Nelson, and Peloubet.1 This showed the 
general nature of the adverse effects of iron and nickel 
on corrosion-resistance, the existence of tolerance 
limits, and the manner in which the positions of these 
limits can be modified by the presence of aluminium, 
zinc, and manganese.

From the work of these authors it might be thought 
that, in order to prepare magnesium and its alloys in 
the state of highest corrosion-resistance, it  would 
suffice to reduce the iron and nickel contents to below 
about 0-002% and 0-0005%, respectively, and to add 
sufficient manganese. This is by no means the case, 
however. Hanawalt, Nelson, and Peloubet were 
mainly concerned with the total quantities of impurities 
present, and the conditions of preparation of their 
samples, namely, slow cooling of the metal in a body 
of molten flux, were such as to favour settling out of 
insoluble particles. Since commercial alloys contain 
varying amounts of insoluble particles and may 
exhibit microporosity, a knowledge of the extent to 
which the presence of such defects can reduce 
corrosion-resistance is a matter of practical importance, 
and one which it is hoped to discuss in a later 
paper.

Except where otherwise stated, the present paper

refers to metal free from appreciable microporosity or 
abnormal numbers of particles. Even with such 
metal considerable variations in corrosion-resistance 
can occur; for instance, two samples of high-purity § 
Elektron AS alloy, with iron and nickel contents 
below the limits mentioned above and containing 
0-25% manganese, can differ in corrosion rate j| by 
a factor of 100.

In considering the reasons for such large differences 
in corrosion-resistance, the possibility naturally arises 
that there may be other elements besides iron and 
nickel that can exert adverse effects. Comparative 
analyses for metallic impurities of samples of high- 
purity A8 of widely differing behaviour yielded no 
indications that any of the impurities detected might 
be harmful. Some circumstantial evidence suggested, 
however, tha t phosphorus might be a factor in deter­
mining corrosion-resistance. In particular, it was 
observed that the lowest corrosion rates obtained with 
A8 alloy prepared from electrolytic magnesium con­
taining 0-015-0-025% phosphorus were appreciably 
higher than the lowest rates for the same alloy made 
from either ferro-silicon magnesium or electrolytic 
magnesium of very low phosphorus content; there 
was, however, little difference in average corrosion 
rate between the alloys made from these two grades 
of magnesium, a t any rate on a production scale. I t  
was accordingly decided to investigate the effect of 
phosphorus on corrosion-resistance, and an account

* Manuscript received 13 November 1950.
t  Metallurgist,M agnesium Elektron, L td ., Clifton Junction, 

nr. Manchester.
X Chief M etallurgist, Magnesium Elektron, Ltd.
§ I t  is convenient to use this term to designate Elektron A 8

JOURNAL OF THE INSTITUTE OF METALS
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o f low iron and nickel contents.
|| Statements concerning corrosion-resistance and corrosion- 

rate figures in the present paper refer to weight loss (mg./ 
cm .2/day) during 28 days’ complete immersion in 3%  N a d  
solution saturated with Mg(OH)2.
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of the work done and results obtained is given 
below.

II.—INTRODUCTION AND REMOVAL OF 
PHOSPHORUS

In endeavouring to prepare corrosion specimens 
which would show unequivocally the effect of phos­
phorus, it was necessary to find a method of intro­
ducing the phosphorus without appreciable iron pick­
up. Direct use of red phosphorus, even in conjunction 
with graphite crucibles and melting tools, proved 
unsatisfactory, and finally the phosphorus was 
introduced by plunging into the metal a mixture of 
A.R. calcium phosphate with sufficient Melrasal Z 
flux to control burning. This process had to be 
carried out in graphite crucibles using graphite 
plunging tools, as otherwise iron pick-up was excessive 
even at low temperatures, and it appeared that the 
presence of phosphorus in magnesium appreciably 
increased iron pick-up from mild-steel crucibles.

1. S o l u b i l i t y  o f  P h o s p h o r u s  i n  M a g n e s iu m

Using graphite crucibles and tools, the maximum 
amount of phosphorus tha t can be introduced into 
pure magnesium at normal operating temperatures is 
about 0-09%. If, however, iron crucibles are used,

IRON, PER CENT

F i g .  1 .— Relation Between Phosphorus and Iron Content for 
Melts Containing More Than 0-08% Phosphorus.

phosphorus contents up to about 04 %  can be 
achieved, introduction of the extra phosphorus being 
accompanied by iron pick-up. For each phosphorus 
content above about 0-09%, a minimum iron content 
is found (see Fig. 1), indicating some association 
of iron and phosphorus in the molten alloy. This is 
further confirmed by the observation that, in the 
presence of much phosphorus, removal of iron from 
A8 by addition of manganese and settling is in­
complete.

With phosphorus contents above about 0-03%, 
small cavities are present in the solidified alloys 
(Figs. 2-5, Plate VII), and, from the number 
and size of these, the phosphorus content can be 
roughly estimated. The cavities are mentioned by 
Vosskiihler,2 but not by Bulian and Fahrenhorst,3 who 
found in alloys containing phosphorus a constituent 
resembling Mg2Si in habit which they attributed to 
the compound Mg3P2. In addition to these small 
cavities, metal saturated with phosphorus may 
develop considerable piping on solidification (Figs. 6 
and 7, Plate VII), inflammable vapour, apparently 
phosphorus, being evolved. From the uniform distri­
bution of cavities in metal containing phosphorus, it 
appears that the latter is largely in solution in the 
molten magnesium; and with less than 0-09% phos­
phorus and in the absence of more than about 0-002% 
iron, little analytical evidence of segregation has been 
obtained. With high phosphorus and iron contents, 
some segregation of phosphorus can occur in the 
molten alloy, especially if the melt is settled with the 
top kept hotter than the bottom to minimize con­
vection ; irregular phosphorus segregation in the 
solid metal is frequent. Repeated fluxing of mag­
nesium with a high phosphorus content was found to 
reduce the phosphorus to about 0-1%. Treatment 
with a fully chlorinated hydrocarbon, such as hexa- 
chlorethane, does not remove phosphorus.

From the foregoing observations it appears probable 
that phosphorus can be present in molten magnesium, 
both in the dissolved state and as an insoluble complex 
with iron.

2 . R e m o v a l  o f  P h o s p h o r u s  b y  P r e c i p i t a t i o n  
a n d  S e t t l in g

The introduction into magnesium of zirconium and 
certain other of the less-common elements causes 
precipitation of any phosphorus present. With 
zirconium the phosphorus is precipitated in the form 
of insoluble zirconium-phosphorus particles. If the 
full zirconium content is not added, or if it is added 
and the metal is subsequently remelted, the precipi­
tated phosphorus settles out to give a final content of 
not more than 0-002%. The phosphorus content of 
zirconium-containing alloys when the full zirconium 
content is added in one stage may be somewhat 
higher, e.g. 0-004%, presumably because settling of 
the precipitated phosphorus is less complete in the 
more viscous alloy.

When it is desired to remove phosphorus without 
leaving residual zirconium dissolved in the metal, the 
dephosphorization may be performed by adding a few 
per cent, of a zirconium-aluminium master alloy. 
This is itself insoluble in magnesium and forms in­
soluble particles on which the phosphorus precipitates 
and which are easily removed by settling. De­
phosphorization without leaving residual precipitant 
in the final metal can also be effected by additions 
of rare-earth metals, the excess being removed by 
fluxing.



P l a t e  VII.

F ig .  2.— Polished Section of Magnesium Containing 0-2% P, 
0 02% Fo, Showing Numerous Cavities. Unetclied. x  50.

F ig .  3 .— Section of Same Metal after Rcmclting and Repeated 
Fluxing. P  =  0-1%. Unetched, x  50.

, G .  7 . Horizontal Section Through the Same Ingot Showing
Extensive Piping, x  1.

r  'I t .. e   .. *> «

j ,1G. 4 ,—Same Metal Polished Electrolytically. X 1000.

Fig. 6— Ingot Poured a t 750» C. from a Melt of Magnesium 
Saturated with Phosphorus, Showing Extensive Areas of 
Oxidation and General “ Gassy ” Appearance, x  4-

F ig. 5.—Cavity Showing a Triangular Facet, x  1000.
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III .—CORROSION TEST METHODS

1 . M a t e r ia l s

The magnesium used in preparing the corrosion 
test specimens was made by the ferro-silicon process 
and its chemical composition was as follows :

Fe, P, Ni, Al, Ca, Cu, Mn,
V f  0z  Of  Of  Of  Of  Of
i  o Vo /o Vo /O / o /o

<0-002 °  Up to 0-0001 0-005 0-002 0-002 0-003 
0-005

Na, Pb, Si, Zn,

0-01 0-001 0-002 <0-01

° For most of the work magnesium containing less than 0-002% iron was 
selected. When difficulty was found in preparing samples rich in phosphorus 
with iron contents below 0*003%, subsequent “ blank ” and low-phosphorus 
melts were made from ferro-silieon magnesium with an initial iron content 
exceeding 0-002%. This appeared to be essential in order to avoid possible 
confusion of the effects of iron and phosphorus on the corrosion rates.

The aluminium and zinc used were of 99-99% 
purity. Manganese was added as MnCl2 (iron content 
0-2%) or, where small amounts were required, as a 
magnesium-manganese hardener alloy made from 
MnCU. Phosphorus was added either directly as 
A.R, quality Ca3(PO,,)2 mixed with Melrasal Z  flux or 
as a hardener alloy with magnesium. Dephosphoriza- 
tion, where required, was carried out by means of a 
zirconium-aluminium master alloy or, in a few cases, 
with rare-earth metals.

2. M e l t s

The following series of virgin melts with varying 
phosphorus contents were prepared in graphite 
crucibles on a 10-lb. scale, the phosphorus being 
added either directly as Ca3(P04)2 or as a hardener 
alloy made in graphite crucibles :

Series A  : Magnesium with low iron and vary­
ing manganese content.

Series B : Magnesium with at least 0-01 % iron -j- 
and 0-2% manganese.

Series C : High-purity Elektron AS.

In addition, a further series was made as follows :

Series D : Remelts of high-purity A8 (prepared 
on a 250-lb. scale in steel crucibles) with phos­
phorus added as a hardener alloy made in steel 
crucibles.

3. S p e c i m e n s

Melts were cast into horizontal chill bar moulds of 
“ keyhole” section to ensure maximum soundness 
and uniformity of composition of the three specimens 
into which each bar was machined. The analyses 
quoted relate to metal immediately adjacent to that 
from which the test specimens were taken. The 
analytical methods used are described elsewhere.7

Cylindrical specimens, approximately 0-7 in. dia. X 
11, in. long, were turned from the bar and cleaned with

moist pumice powder before immersion in the corro­
sion bath. This consisted of 3% NaCl solution 
saturated with Mg(OH)2. Cleaning of specimens 
after removal from the bath was effected by thorough 
washing with water and immersion in boiling chromic 
acid saturated with Ag2Cr04. By this means it was 
possible to remove practically all the corrosion product 
without dissolving any metal.

The immersion period was 28 days in all cases, and 
wherever possible all the specimens in one series were 
corroded at the same time in one bath. Where more 
than one bath was employed, the specimens in each 
were representative of the whole composition range 
of the series. To check that comparable corrosion 
rates were obtained irrespective of the bath used, 
separate tests were made on specimens all cut from 
the same piece of Elektron ZW3 sheet, and also on 
specimens cut from cast ZW3 slab made by the direct- 
chill process and known, from previous work, to have 
uniform corrosion rates. The average results on six 
pieces of sheet in each bath obtained in three separate 
and successive tests, and on four pieces of the slab in

T a b l e  I.—Variations in Corrosion Rate of ZW 3 Alloy 
Due to Bath Used, and Range of Corrosion Rates 
among Similar Specimens.

Sheet Direct-ChiU-Cnst Slab

Bath Corrosion líate, Corrosion Rate,
No. No. of mg./cm.*/daj- No. of ing./cm.ł/day

Speci­ Speci­
mens mens

Average Max. and Min. Average Max. and Min.

1 6 0-335 0-431-0-276 4 0-167 0-249-0-135
2 6 0-408 0-472-0-314 4 0-197 0-262-0-124
3 0 0-264 0-313-0-204 4 0-170 0-190-0-142
4 G 0-263 0-294-0-224 4 0-145 0-156-0-129

a test made many months earlier, are given in Table I. 
The table also gives the maximum and minimum values 
for the specimens in each bath, showing the degree of 
variation commonly found between nominally identical 
specimens.

IV.—DISCUSSION OF CORROSION TESTS
The results of the corrosion tests are given in 

Tables II-V  and Figs. 8-10. Although the results 
on individual melts exhibit wide scatter, plots of 
corrosion rate against phosphorus content for each 
series disclose, in all cases except that of magnesium 
containing over 0-2% manganese, tendencies for the 
corrosion rate to increase with phosphorus content. 
These trends, shown on a single diagram in Fig. 10, 
are also evident from inspection of the mean results 
for each of the groups into which the tables have for 
convenience been divided (see also Fig. 9).

f  E lec tro ly tic  m agnesium  co n ta in s a t  le a s t  0-01%  iro n , figure. T he so lu b ility  o f iro n  in  m agnesium  ap p ears to  be 
R em elting  o f p u re  ferro-silicon m agnesium  once o r  tw ice in  a b o u t 0-025%  a t  650° C .1' 6 
th e  u su a l steel crucibles increases th e  iro n  co n te n t to  a  sim ila r
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T a b l e  II.— Effect of Phosphorus on the Corrosion Bate 

of Magnesium with Varying Manganese Content 
(Series A).

Virgin melts in 10-lb. graphite crucibles.

Range 
of Man­

Range 
of Phos­

Melt
No.

Chemical Analysis
Corrosion Rate, 
mg./cm.*/day

ganese
Con­

phorus
Con-

tent,
o//O

t cnt,
Of,0 Fc, % Mn, % 1> o/X ł /O

of 3 
Speci­
mens

Range

0-0-05 <0-002 A1
A2
A3
A4
A 5 
AC

0-004
0-005
0-003
0-003
0-006
0-006

0-004
0-027
0-005
0-004
0-00G
0-004

0-001 * 
<0-001 

0-001 
0-001 ° 
0-001 
0-001

0-117
0-226
0-128
0-199
0-396
0-082

0-096-0-155
0-146-0-31-1
0-117-0-135
0-154-0-231
0-34S-0-123
0-062-0-103

Mean 0-0045 0-008 0-001 0-19

0-002-
0-01

A7 
AS 
A 9 
A10 
A ll

0-003
0-005
0-002
0-002
0-005

0-005
0-032
0-010
0-004
0-028

0-002° 
0-002 ° 
0-003* 
0-008 « 
0-007

-1-790
0-388
1-997 
5-100 
0-590

4-18 -5-15
0-276-0-501
1-845-2-221 
4-67 -5-52 
0-572-0-612

Mean 0-0031 0-022 0-0014 2-57

»>0-01 A12 
A13 
AH  
A15 
A16

0-002
0-003
0-001
0-004
0-001

0-050
0*005
0-029
0-005
0-00-1

0-011
0-045
0-031
0-0-10
0-090

1-5-17
0-316
5-1S0
0-700
0-371

1-355-1-793 
0-29S-0-3-13 
5-03 -5-92 
0-503-0-812 
0-327-0-151

Mean 0-003-1 0-019 0-041 1-67

0-051-
0-2

<0-002 A17
A18
A19

0-004
0-002
0-002

0-084
0-160
0-150

<0-001 
<0-001 
<0-001 *

0-119
0-0S3
0-051

0103-0-137
0-080-0-086
0-051-0-05S

Mean 0-0027 0-131 <0-001 0-085

0-002-
0-01

A20
A21
A22

0-003
0-002
0-004

0-080
0-1-10
0-170

0-003 *
0-002
0-003°

1-442
0-082
0-771

1-315-1-561
0-068-0-090
0-716-0-853

Mean 0-003 0-130 0-0026 0-77

>0-01 A23 
A24 
A 25 
A26 
A 27 
A2S 
A29 
A 30 
A 31

0-003
0-003
0-001
0-003
0-003
0-003
0-005
0-003
0-003

0-070
0-100
0-0S5
0-090
0-070
0-090
0-085
0-1-10
0-1-10

0-012
0-015
0-020
0-099
0-091
0-052
0-066
0-016
0-061

0-326
2-270 
0-178 
0-318 
0-19S
0-300
1-135
3-660 
0-168

0-275-0-372
1-969-2-572 
0-158-0-205 
0-268-0-313 
0-194-0-201 
0-211-0-429
0-954-1-429
1-99 -6-08 
0-1C7-0-171

Mean 0-0033 0-097 0-013 0-95

>0-2 <0-002 A32 
A33 
A 34

0-006
0-001
0-00-1

0-300
0-650
0-310

<0-001 * 
<0-001 * 

0-001

0-385
0-170
0-08-1

0-348-0-432
0-153-0-181
0-060-0-098

Mean 0-0017 0-420 <0-001 0-21

0-002- 
0-01 i

A35 I  
A3G j 
A3 7 
A38 
A39 j

0-002
0-003
0-004
0-004
0-001

0-410
0-850
0-660
0-330
0-610

0-002 * 
0-002 * 
0-002 
0-004 ° 
0-004 *

0-142
0-075
0-153
0-355
0-210

0-106-0-197
0041-0-101
0-110-0-172
0-318-0-393
0-197-0-230

I Mean 0-0034 0-572 0-0028 0-19

>0-01 ! A40 
A 41 
A42 
A4 3 ! 
A il  j

0-004
0-004
0-006
0-003
O-OUG

0-220
0-300
0-650
0-290
0-660

0-016
0-015
0-033
0-065
0-068

0-614
0-079
0-083
0-213
0-061

0-402-0-900
0-062-0-089
0-057-0-107
0-1G2-0-273
0-031-0-080

Mean j 0-0016 0-124 0-039 0-21

* Prepared from fcrro-silicon metal after depliosphorization with zirconium- 
aluminium alloy.

1. M a g n e s iu m  a n d  M a g n e s iu m - M a n g a n e s e  
A l l o y  (S e r i e s  A  a n d  B)

From the results for Series A  melts (Table II and 
Figs. 9 (a-)-(c)) the following tentative conclusions can 
be drawn :

(i) Phosphorus has an adverse effect on the 
corrosion-resistance of pure magnesium.

(ii) The “ tolerance limit ” for phosphorus is 
about 0-002% (Fig. 8).

(iii) Addition of manganese suppresses the 
effect of phosphorus.

CORROSION RATE, 
MG./SO C M /D AY

• >1

© 0-31- I
® 0-11-0-3
O  0 - 0 - 1

0.0< 0-04 0 08 0.1
PHOSPHORUS. PER CENT

Fig . 8.—Effect of Phosphorus and Manganese on the  Corrosion- 
Resistance o f Magnesium.

The point nearest the origin represents the  five m elts indicated 
in the  m argin, which could no t be p lo tted  separately in the  
available space.

All m elts w ith  a  corrosion ra te  exceeding 1 m g./cm .2/d ay  lie 
w ithin the  m arked area.

T a b l e  I I I .— Effect of Phosphorus on the Corrosion- 
Besistance of Magnesium Containing at Least 
0-01 % Iron and 0-2% Manganese (Series B).

Virgin melts in 10-lb. mild-steel crucibles.

Range of 
Phosphorus 
Content, %

Melt
No.

Chemical Analysis
Corrosion Rate, 

mg./cm.*/day

Mean of 
3 Speci­
mens

Range
Fe, % Mn, *o p  O'* » ,o

< 0005 B1
B2
B3

0-06
0-06
0-01

0-29
0-29
0-11

<0-002
<0-002

0-003

0-601
1-185
0-230

0-551- 0-673
1-042- 1-258 
0-178- 0-330

Mean 0-013 0-33 0-002 0-67

0-01-0-025 B4
B5
B6
B7

0-015
0-024
0-015
0-021

0-36
0-33
0-25
0-33

0-012
0-023
0-023
0-023

1-43
1-68
1-79
2-45

0-610- 2-32
1--16 — 2-03 
1-500- 1-975 
1-951- 3-105

Mean 0-020 0-32 0-02 1-S4

>0-025 BS
B9
B10
B ll

0-015
0-02
0-02
0-01S

0-21
0-28
0-2S
0-23

0-033
0-06
0-06
0-08

5-07
7-45

12-20
2-19

2-162- 9-250 
1-85 -10-89 

10-67 -13-78 
1-73 -  2-46

B12
B13

0-018
0-018

0-24
0-20

0-17
0-19

2-13
11-10

1-68 -  2-60 
8-42 -13-15

Mean 0-01S j  0-24 0-098 6-67
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F ig .  9.— Effect of Phosphorus Content on Corrosion-Resistancc.
(a)-(c) Series A  : Magnesium containing (a) < 0-05%  M n; (b) 0-05-0-2% M n; (c) > 0-2%  Mn. 
Id) Series B  : Magnesium containing a t  least 0-01% Fe and 0-2% Mn.
(c) Series C : H igh-purity  A8 (phosphorus added as pure Ca3(P 0 4)2).
(/) Series D  : H igh-purity  AS (phosphorus added as hardener m ade in steel crucible).

•  Individual melts. X Grouped m ean results.

The Series B  results (Table III  and Fig. 9 (d)) further 
indicate :

(iv) That when the iron content is “ normal ” , 
phosphorus exerts an adverse effect even with {-% 
manganese present.*

I t  will be seen that, despite the use of graphite 
crucibles and tools, some iron pick-up occurred during 
preparation of the series A  melts, five melts in par- 
ticiilar containing as much as 0-006% iron. None of 
these shows a high corrosion rate, and it is evident 
tha t iron pick-up does not invalidate the results by it­
self contributing to the observed deterioration in 
corrosion-resistance which accompanies the intro­
duction of phosphorus. This is in accordance with 
the high tolerance limit of pure magnesium for iron 
(0-017%) found by Hanawalt, Nelson, and Peloubet,1 
and the observation by Fox, Bushrod, and Mayer 8 
that the corrosion-resistance of Elektron AM503 alloy 
(magnesium-1-5% manganese) is independent of the 
iron content.

The mean figure of 0-19 mg./cm.2/day found for

magnesium of low iron, manganese, and phosphorus 
contents accords well with Hanawalt’s figure of 0-15 
mg./cm.2/day for pure magnesium, obtained by inter­
m ittent as opposed to total immersion in salt solution. 
In general, however, the two forms of test are not dis­
similar in effect,9 and the values are found to be com­
parable, probably because of the short time of immer­
sion in Hanawalt’s test, which is too short to permit 
much draining, still less drying, of the specimen.

In view of the variable phosphorus content of the 
ferro-silicon magnesium available for the tests 
(up to 0-005%), some of the melts were prepared from 
magnesium dephosphorized with zirconium-alumin­
ium alloy, to assist in the control of phosphorus con­
tent in the lower ranges. These melts are indicated in 
Table II. The evidence available indicates that the 
dephosphorization process is without appreciable 
effect on the corrosion rate for a given phosphorus 
content. This has been verified on a large scale, a 
rate of 0-16 mg./cm.2/day j  being obtained for 
magnesium so dephosphorized, in agreement with the 
figure of about 0-2 mg./cm.2/day found for the un-

* Addition o f several per cent, o f manganese m ight, o f f  Mean o f eight results ranging from 0-12 to 0-18 mg./cm.2/ 
course, suppress the effect o f phosphorus in this case also. day.
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Phosphorus added as pure Ca3(P 0 4)2 to  10-lb. virgin m elts of AS in  graphite crucibles.
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Range of Phos­
phorus Content,

%
Melt Xo.

Chemical Analysis Corrosion Rate, mg./cm^/Uay

Mean of 3 
Specimens RangeAl, % Zn, % Mil, % Fc, % NI, % r ,  %

< 0-001 Cl 7-4 0-52 0-31 0-004 0-0002 < 0-001 t 0-028 0-025-0-031
G'2 7-7 0-49 0-29 0-005 0-0003 < 0-001 Î 0-031 0-024-0-036
C3 7-5 0-41 0-30 0-003 N.D. < 0-001 t 0-035 0-026-0-047
C4 7-7 0-49 0-37 0-005 N.D. < 0-001 % 0-054 0-039-0067

Mean 0-004 0-0003 < 0-001 0-037

0-001 C'5 7-0 0-62 0-40 0-0035 0-0004 0-001 t 0-031 0-024—0-030
CO 7-4 0-59 0-33 0-0035 0-0004 0-001 Î 0-032 0-026-0-039
C7 8-2 0-49 0-38 0-005 0-0004 0-001 t 0-048 0-038-0-057
CS 7-4 0-54 0-32 0-004 0-0004 0-001 0-045 0-035-0-061
CO 7-0 0-55 0-45 0-0035 0-0004 0-001 0-056 0-040-0-075

Mean ... 0-004 0-0004 0-001 0-042

0-002-0-003 CIO 7-4 0-51 0-36 0-0035 0-0004 0-002 0-031 0-031-0-032
O il 7-5 0-45 0-30 0-0035 0-0004 0-002 0-056 0-045-0-077
Cl 2 7-2 0-41 0-40 0-005 N.D. 0-002 t 0-100 0-068-0-118
C13 7-0 0-44 0-22 0-003 N.D. 0-003 t 0-078 0-065-0-105

Mean ... 0-004 0-0004 0-0025 0-066

0-005-0-03 C14 7-5 0-49 0-25 0-002 N.D. 0-005 f 0 -111 0-067-0-162
CIS 7-7 0-51 0-22 0-004 N.D. 0-010 0-254 0-197-0-329
CIO 7-5 0-52 0-22 0-004 N.D. 0-02 0-409 0-187-0-531
C17 7-5 0-4S 0-28 0-005 0-0004 ' 0-03 0-092 0-082-0-103
CIS 8-0 0-57 0-33 0-0045 0-0004 0-03 0-115 0-089-0-156

Mean 0-004 0-0004 0-019 0-20

>0-03 C19 7-7 0-70 0-35 0-005 0-0004 0-05 0-186 0-090-0-322
C20 9-0 0-57 0-40 0-005 0-0004 0-06 0-103 0-046-0-202
C21 8-8 0-72 0-48 0-005 N.D. 0-07 0-095 0-060-0-114
C22 7-0 0-52 0-36 0-005 N.D. O-OS 0-224 0-198-0-263
C23 7-2 0-32 0-31 0-005 * 0-0002 0-08 2-75 2-48 -3-03
C24 7-8 0-55 0-39 0-005 N.D. 0-09 0-118 0-097-0-148
C25 4-3 0-31 0-47 0-005 N.D. 0-10 0-139 0-126-0-154
C26 7-8 0-50 0-25 0-004 N.D. 0-12 0-131 0-090-0-162

Mean 0-005 0-0004 0-081 0-14 §

N.D. =  N ot determined.
* Confirmed by analyses on the test specimen after corrosion, 
f  Melts dephosphorized with zirconium -alum inium  alloy.
j  Melts dephosphorized with Mischmetall (rare-earth m etals of the cerium group). 
§ Excluding M elt C23, th e  corrosion ra te  o f which appeared to  be anomalous.

treated pure magnesium. Table IV suggests that 
this dephosphorization process is without appreciable 
effect in the case of high-purity A8 also.

The fact that when the iron content is high the 
presence of manganese does not suppress the 
adverse effect of phosphorus, appears to confirm 
earlier indications of the possible existence in mag­
nesium of some iron-phosphorus complex.

2 . E l e k t r o x  A8 (S e r i e s  C a n d  D)

Results from series C (Table IV and Fig. 9 (e)) 
show a broad correlation of corrosion rate with phos­
phorus content, but none with tha t of any of the other 
constituents over the composition range covered. 
Neither of the processes employed for removing 
phosphorus appears to have affected the corrosion- 
resistance appreciably. (One melt with an ano­

malously high corrosion rate (2-75 mg./cm.2/day) has 
been excluded in calculating the mean rate for the 
appropriate group and also in drawing Fig. 9 (e); 
this is discussed later.)

The corrosion rates for the low-phosphorus high- 
purity A8 average less than one-fifth tha t of pure 
magnesium and are therefore very low indeed. Since 
the iron contents of these specimens extend to 0-005%, 
it must be assumed that the tolerance limit for iron 
in magnesium containing 8% aluminium is consider­
ably higher than the figure of 0-002% given by 
Hanawalt, Nelson, and Peloubet,1 a t least in the 
presence of a few tenths per cent, of zinc. They 
reported tha t 0-5% zinc was without effect on the 
position of the iron tolerance limit but that 3% zinc 
raised it to 0-003%.

Corrosion rates from series D (Table V and Fig. 
9 (/)) also show a broad correlation with phosphorus
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T a b l e  V.—Effect of Phosphorus on the Corrosion- 

Resistance of High-Purity A8 (Series D).
Phosphorus added as a raagnesium-phosphorus hardener alloy made in steel 

crucibles to 10-lb. melts in graphite crucibles of A8 °  ingot made on a 250-lb. 
scale in steel crucibles and dephosphorized with zirconium.

Corrosion Rate, mg./cm.*/day
Chemical Analysis

phorus Melt.
Content, No. No. of

o/ Speci­ Mean Range
Fe, % Ni, % iO mens

0-0-005 D1 0-00-1 0-0002 0-003 3 0-7-15 0-675- 0-705
D2 0-001 0-0002 0-001 o 1-298 0-655- 1-9-1
D3 0-003 0-0002 0-005 3 0-5-11 0-110- 0-718

Mean 0-00-1 0-0002 0-001 0-86

0-006- D1 0-00-1 0-0002 0-006 2 0-90 0-726- 1-09
0-01 D5 0-003 0-0002 0-006 4 1-10 1-18 -  1-67

D6 0-00-1 0-0002 0-007 5 1-69 1-25 -  1-98
1)7 0-00-1 0-0002 0-007 2 2-55 1-71 -  3-3S
D8 0-003 0-0003 0-008 1 0-59 0-151- 1-30

Mean 0-001 0-0002 0-007 1-13

>0-01 1)9 0-001 0-0002 0-013 5 13-10 11-9 -11-1
D10 0-001 0-0003 0-018 o 2-67 2-11 -  3-60
D ll 0-001 0-0003 0-026 o 37-20 36-2 -3S-G

Mean 0-001 0-0003 0-019 17-7

0 Composition of parent material: A1 7-G, Zn not determined (nominal 0-1), 
manganese 0-08%, magnesium remainder.

T a b l e  VI.—Comparative Corrosion Rates of High- 
Purity AS Prepared on a Medium Scale in Mild- 
Steel and Graphite-Lined Carborundum Crucibles.

Crucible
Melt

Chemical Analysis
Corro­
sion

Rate,
No. mg./

Material Scale,
lb. Fe, % Ni, % p O'x J /o

cm.*/ 
day t

Mild steel 250 251B2
120B
434B
169B
•170B
505B
579B

0-002
<0-002

0-001
0-001
0-001

<0-001
<0-001

0-0005
0-0009
0-0005
0-0006
0-0003
0-0008
0-0007

<0-001
<0-002

0-001
<0-001
<0-001
<0-001
<0-001

0-78
0-9S
1-lG 
0-30 
0-37 
0-22 
0-17

“ Tercod ’ ’ (graphite- 
lined carborundum)

100 551B
198B

0-001
0*0015

0-0001
0-0003

0;002
0-002°

0-019
0-078

°  Melt, dephosphorized with zirconium-aluminium alloy, 
f  Mean of -1 specimens.

content, but are much higher than those of series C 
for the same composition. One reason for these 
higher results might a t first sight be taken to be the 
lower manganese content (0-08%) of the parent 
material, removal of some manganese having accom­
panied the dephosphorization process. On the other 
hand, Idanawalt, Nelson, and Peloubet1 state that 
“ a few hundredths per cent.” of manganese is suffi­
cient to raise the very low iron tolerance limit observed 
in the presence of aluminium to 0-002% for any 
aluminium content; and in the present work very 
low corrosion rates have been obtained with remelted 
dephosphorized high-purity A8 containing only 0-09% 
manganese.* Moreover, the corrosion rates for the

* Corrosion rate 0-055 mg./cm.2/day (mean o f four results 
ranging from 0-018 to 0-097 mg./cm.2/day).

f  The abnorm ally high degree o f  scatter in corrosion rate 
shown b y  melts (as distinct from individual test specimens) in

low-phosphorus alloys of Table V are normal for high 
purity A8 of full manganese and negligible phosphorus 
contents made in 250-lb. steel crucibles (Table VI). 
I t  appears, therefore, that the higher corrosion rates 
of series I) must be attributed at least partly to some 
factor associated with the scale of working or crucible 
material employed. Intensification of the adverse 
effect of phosphorus may result from addition of 
phosphorus as a hardener made in a mild-steel crucible 
and therefore probably existing as a phosphorus-iron 
complex. At the same time the low manganese 
content may have accentuated the adverse effect of 
the phosphorus.

Analysis and microscopic examination of the 
corroded test specimen of the anomalous melt C23 
(Table IV) failed to show any reason for the high rate. 
The latter is intermediate between those of series C 
and D for the same phosphorus content, and the 
simplest explanation appears to be that part of the 
phosphorus was for some reason present in the same 
state as in the series D melts, i.e. probably as a com­
plex with iron.f Although this melt has been ex­
cluded from the group mean, its implications are 
considered important, and further work on the matter 
is in progress.

I t  is interesting to note that the corrosion rates from 
series C (with phosphorus added in graphite crucibles) 
and series D melts (with phosphorus added in mild- 
steel crucibles) lie, in general, respectively below and 
above the figure of 0-2 mg./cm.2/day representing 
pure magnesium. A similar difference is found 
between the corrosion rates of high-purity A8 made in 
graphite and steel crucibles when a medium scale is 
employed (Table VI).

3 . A l l o y s  C o n t a in in g  Z ik c o n iu m

As already indicated, zirconium is a precipitant for 
phosphorus, and in commercial alloys containing 
zirconium the phosphorus content is below 0-005%. 
No indications have been obtained of any effect of 
phosphorus on the corrosion-resistance of alloys con­
taining zirconium. This is to be expected, since the 
phosphorus is present in combination with zirconium 
in the form of insoluble particles and is thus analogous 
to iron, which in zirconium alloys is present as 
zirconium-rich particles and does not appreciably 
affect corrosion-resistance.

V.—EFFECT OF PHOSPHORUS ON IRON 
PICK-UP IN THE REMELTING OF A8 IN 
MILD-STEEL CRUCIBLES

In view of the existence of a tolerance limit for 
iron in high-purity A8 alloy, the question of iron 
pick-up on remelting the alloy in the usual mild-steel 
crucibles is one of considerable practical importance.

the present investigation, and, in particular, the tendency for 
scatter to increase w ith  increasing phosphorus content, may 
also be attributable to variations in the state o f  the 
phosphorus.
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The subject has been studied by Fox, Bushrod, and 

Mayer,8 who called attention to the existence of a 
“ seasoning ” effect, as a result of which iron pick-up 
decreases on successive remeltings in the same 
crucible until, after two or three melts have been 
made, a roughly constant low iron pick-up occurs. 
This seasoning of the surface of the crucible is accom­
panied by decarburization and pick-up of aluminium 
and magnesium in the surface layers.* Further work 
has shown that the seasoned surface deteriorates if the 
crucible is allowred to stand empty for a day or two, 
probably owing to the absorption of moisture by 
residual flux adhering to the crucible walls. Washing 
the crucibles also destroys the “ seasoning Even 
with seasoned crucibles, occasional melts high in iron 
are obtained at temperatures around 800° C. and 
above. This is no doubt due to local flaking off of 
the seasoned surface, leaving an area of unseasoned 
steel exposed to the magnesium.

In view of the probable existence of phosphorus as a 
complex with iron and the difficulty found in pre­
paring high-phosphorus alloys writh low iron content, 
experiments were made on the effect of phosphorus 
on iron pick-up in wTell-seasoned mild-steel crucibles. 
The results (Table VII) show that the effect is indeed 
pronounced.

T a b l e  VII.—Effect of Phosphorus on Iron Pick-Up in 
Remelting A 8 in Seasoned Mild-Steel Crucibles.

(10-lb. Scale)

Phosphorus,
»0 Melting Cycle

Useful Life 
of Seasoned 

Surface *

Average Iron 
Pick-Up per 
licmelt, %

< 0-001 Held for 30 min. a t  S00° C. > 1 2 0-0003
0-02 2 0-001
0-00 it it it Nil 0-008

* That is, number of consecutive melts with iron pick-up 
< 0-002%.

T a b l e  VIII.—Effect of Remelting on Iron Content 
of AS.

Melt
No.

Crucible Chemical Analysis

Iron
Pick-Up,

/oMaterial Scale, p  O'-1 1 / o
Initial

Fe, %

lb.
Initial Final

B35S Mild steel 10 0-001 0-003 0-003 0
B362 0-001 0-001 0-0025 -0-0015
B3G3 0-001 0-001 0-0025 -0-0015
B1000 N.D. 0-0015 <0-001 -0-001

B3GI Cr-Mn-Al 20 0-002 0-003 0-002 -0-001
B3GG steel 0-001 0-001 0-001 -0-003
B231 <0-001 0-003 0-003 0
B236 <0-001 0-003 0-003 0
B237 <0-001 0-003 0-005 -f 0-002

B431 Mild steel 250 0-0015 0-0015 0-0015 0

N.D. =  not determined.

* This led to the subsequent suggestion o f  C. J. Bushrod to 
add aluminium to high-chrome-manganese steel for use in 
melting magnesium, and subsequent w ork b y  J. K . Davies

Further work on remelting the lowr-phosphorus 
high-purity alloy has shown that if, instead of holding 
the melt a t fairly high temperatures for a period, the 
melt is merely raised to 750° C., stirred for 1 min., 
and potired after standing for, say, 5 min., the iron 
content may, in fact, fall. Table V III illustrates this.

VI.—FINAL CONSIDERATIONS
The work described has shown that in addition to 

iron and nickel a third element, phosphorus, can exert 
a pronounced adverse effect on the corrosion-resist- 
ance of magnesium when present in trace amounts.

P ig . 10.— Effect of Phosphorus Content on Corrosion-Resistance.

From examination of the individual results, as well as 
the trends displayed in Fig. 10, it appears that corro­
sion discontinuities are less marked than with iron 
and nickel, the phenomena of sharp tolerance limits 
being not in general evident. The adverse effect of 
phosphorus shotvs, however, some analogies with that 
of nickel :

(1) The most pronounced corrosion discon­
tinuity occurs with magnesium alone.

(2) The adverse effect is suppressed by man­
ganese.

(3) The adverse effect is not suppressed by 
manganese wrhen aluminium is present.

The precise significance to be attached to the mutual 
effects of iron and phosphorus in promoting their 
entry into magnesium (Fig. 1 and Table VII) is not 
yet clear. I t  is possible that the solubility of iron 
in magnesium is increased in the presence of phos­
phorus and vice versa. On the other hand, some 
settling out of phosphorus andiron has been observed 
in the molten alloys, irrespective of whether the

and J. H . T. Pctch has shown that such crucibles behave as 
i f  they were permanently in a “  seasoned ”  condition.
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phosphorus or the iron was introduced first into the 
magnesium; and this suggests the existence of some 
insoluble compound present in the molten alloy. 
The curve of Fig. 1 does not, however, represent a con­
stant iron : phosphorus ratio, and the phosphorus 
increments, being between five and ten times the iron 
increments on an atomic basis, do not appear to 
correspond with likely compounds. Even higher 
phosphorus: iron ratios have been inferred from 
comparison of analyses taken from the top and bottom 
of settled melts. Unfortunately, it has not proved a 
simple matter to decide from metallographic evidence 
whether or not phosphorus and iron form a compound 
insoluble in the molten alloy. The cavities may be 
gas voids or, as suggested by Vosskiihler,2 they may be 
formed by the removal of soft particles during the 
polishing process. With mechanical polishing it is 
difficult to avoid partially filling cavities with polish­
ing compound, and, with electrolytic polishing, 
cavities could arise through reaction of phosphide 
particles with the electrolyte. Very few of the 
particles described by Bulian and Fahrenhorst3 and 
attributed to Mg3P2 have been seen in any of the 
alloys examined.

On the question of the difference in corrosion rates 
shown by the two series of A8 melts for a given 
phosphorus content, it has been suggested that this 
may be largely attributable to the presence of phos­
phorus in series D melts in the form of a complex 
with iron. If this complex is unstable, or if a super­
saturated solution is involved, decomposition might 
occur on solidification with liberation of iron on 
subsequent remelting, the liberated iron then settling 
out under the combined action of aluminium and 
manganese in the ordinary way. A process of this 
type would explain the frequent drop in iron content 
on remelting A8 when the phosphorus content is low. 
As a consequence it would be expected tha t the 
corrosion rate would improve. This has, in fact, been 
verified and in certain circumstances the remelting 
of high-purity A8 in steel crucibles has been found to 
reduce the corrosion rate by a factor of up to one 
hundred. Such work, however, lies beyond the in­
tended scope of the present paper, the main object 
of which is to call attention to the adverse effects 
which phosphorus can exert on the corrosion-resistance 
of magnesium and its alloys.

ACKN O W LED G EM EN TS

The authors’ thanks are due to Mr. W. Unsworth for 
carrying out most of the melting work, to Mr. W. R. 
Braithwaite for making some of the corrosion tests, 
to Messrs. J. B. Wilson and D. R. Knowles for helpful 
discussions on statistical aspects of the results and for 
making the majority of the calculations involved, and 
to the Directors of Magnesium Elektron, Ltd., for 
permission to publish the paper.

APPENDIX
N o t e  o n  S t a t is t ic a l  A s p e c t s  o f  t h e  C o r r o s io n  

T e s t  R e s u l t s

Table I I  (Series A .- Effect- of Phosphorus on Magnesium 
of Varying Manganese Content)

The results do not show a significant * product- 
moment correlation coefficient (r) between phosphorus 
content and corrosion rate, nor a significant partial 
correlation coefficient when the effect of manganese is 
eliminated. On the other hand, if the true curve of 
corrosion rate against phosphorus should be sigmoid 
with a sharp tolerance limit, a significant correlation 
coefficient would not necessarily be expected. In 
such a case, however, there should be a significant 
difference between the test results from samples with 
phosphorus contents above and below the tolerance 
limit when tested by the “ Student ” t test for com­
parison of means.

If the first occurrence of corrosion rates above 1 
mg./cm.2/day is taken as evidence tha t a tolerance 
limit has been exceeded (as appears reasonable from a 
study of the diagram in Ilanawalt’s 1 paper), then the 
tolerance limit for phosphorus in pure magnesium will 
lie between 0-001 and 0-002% (Fig. 8). Applying this 
tolerance limit to all the melts containing less than 
0-2% manganese (Figs. 9 (a) and (6)), the corrosion 
test results on melts with higher and lower phosphorus 
contents are found to differ significantly (p — 0-02). 
The same applies to the melts containing less than 
0-05% manganese (Fig. 9 (a-)), the lower degree of 
significance (p — 0-05) being due to the smaller 
number of melts falling below the tolerance limit.

Treated separately, the melts with intermediate 
manganese content (Fig. 9 {(>)) indicate a slightly 
higher phosphorus tolerance limit between 0-002 and 
0-003%, and division of the group here yields a signi­
ficant difference (p =  <0-001). Hanawalt, Nelson, 
and Peloubet1 found that the nickel tolerance limit 
was raised by manganese, and, in view of the general 
resemblance in behaviour between nickel and phos­
phorus already noted, the same might apply to the 
phosphorus tolerance limit.

With manganese content greater than 0-2% (Fig. 
9 (c)), corrosion rates above 1 mg./cm.2/day were not 
obtained, and at no point is it possible to divide the 
melts into two groups so as to yield a significant t test. 
(With a division at 0-0015% phosphorus p =  0-9.)

Table I I I .  (Series B ; Effect of Phosphorus on Mag­
nesium Containing at Least 0-01% Iron and
0-2% Manganese)

The correlation coefficient between phosphorus and 
corrosion rate is not significant (p =  0-1). If the 
results are grouped into those with phosphorus con­
tent above and below 0-025%, so as to obtain as 
nearly as possible groups of equal size, application of

* The level o f  significance adopted is a chance probability p  o f 0-05, i.e. a 1 in 20 possibility that the observed distribution 
is due to chance.
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the t test shows a significant difference in the means
(p =  < 0 - 0 1 ) .

Table IV . (Series C : Effect of Phosphorus on AS)
If, for the reasons discussed on p. 29, melt C23 is 

excluded, the partial correlation coefficient between 
phosphorus content and corrosion rate with the effect 
of manganese eliminated is just significant (p =  0-05).

Table V. (Series D : Effect of Phosphorus-Iron ” 
on A 8)

The correlation coefficient between phosphorus 
content and corrosion rate is significant (p =  <0-01). 
In this case the analytical values obtained for iron 
and nickel are sufficiently constant to make the 
derivation of the second-order partial correlation 
coefficient appear unnecessary.
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CREEP AND STRESS RUPTURE AS 
RATE PROCESSES*

By ITALO S. SERVI.f Dott., S.M., ScD., and N. J. GRANT,J B.S., ScD.

SYN O PSIS

Creep data for an iron-cobalt-chrom ium -niekel alloy reported by Grant and Bucklin (Trans. 
Amer. Soc. Metals, 1950, 42, 720) are analysed according to the rate-process theory o f  plastic 
flow. The data indicate that the theory can be applied over only a  limited range o f  creep rates.

Air empirical equation, which relates the applied stress and the temperature to the minimum 
creep rate, is suggested for the analysis o f creep data. This equation is valid only in the absenco 
o f  structural instabilities.

I.—INTRODUCTION
T h e  phenomenon of creep in metals has long been of 
great scientific and practical interest. The literature 
shows tha t much effort has been expended in analysing 
each curve and in relating families of curves to 
establish fundamental relationships between the 
variables involved in creep. The primary scientific 
aim has been to obtain a better understanding of the 
mechanism of creep, whereas the aim of the engineer 
has been the prediction of strain, strain rate, and life 
as a function of temperature, stress, and history of the 
material.

One of the recent important basic studies has con­
sidered the flow of metals to be a deformation process 
which takes place when a “ unit of flow ” is excited 
to an activated state. Such units of flow consist of 
groups of atoms which pass over one another by a 
shear process. The size of each unit of flow is a char­
acteristic of the material and depends also on the 
temperature of testing.

The “ theory of activated complex ” or rate- 
process theory ” was first proposed by Eyring 1 and 
was applied to chemical reactions only. I t  was later 
applied to studies of viscosity, plasticity, and diffu­
sion,2 and subsequently by Kauzmann 3 and Dush- 
man, Dunbar, and Huthsteiner 4 to the flow of solid 
metals. According to this theory, the rate of shear 
is proportional to the rate at which the unit of flow 
crosses a free-energy barrier, which is a function of 
the applied shear stress. By introducing several 
simplifying assumptions, the following ultimate 
equation is obtained :

r  =  M e -^ /* r sinh (Ns) . . . .  (1)
where

r =  minimum creep rate.
s =  applied tensile stress.

T  =  absolute temperature.
AF  =  free energy of activation.

R  — gas constant per mole.
M, N  are constants, at constant temperature.

Since
sinh (Ns) ^  ~

when Ns is sufficiently large, equation (1) can be 
written :

log r =  log r0 +  Ps . . . (2)

where r0 and P  are constants at constant temperature.
A further contribution to the study of flow of metals 

was made by Nowick and Machlin,5 who derived a new 
equation for the steady-state rate of creep through 
the use of the rate-process theory and of the disloca­
tion theory.

In an effort to find a practical application of the 
rate-process theory, Machlin and Nowick 6 developed 
an equation from stress-rupture tests which relates 
the rupture life to the stress and the temperature. 
This equation is based upon the assumption that the 
rupture life is inversely proportional to the rate at 
which the unit of flow crosses the energy barrier. 
Their suggested analysis of the data was intended to 
permit both extrapolation and interpolation to longer 
test times and higher test temperatures.

One of the more important observations common to 
all these applications of the rate-process theory is 
that, according to equation (2), a straight line should 
be obtained when the applied tensile stress is plotted 
against the logarithm of the minimum creep rate or 
against the logarithm of the rupture life for each 
constant temperature of testing. FuiTher speculation, 
including the calculation of the “ size of unit flow ” 
and the calculation of the “ free energy ” and “ en­
tropy of activation ” , was based upon the applicability 
of the creep law as expressed by equation (2).

I t  is interesting to note that the rate-process theory 
is consistent with the empirical law suggested by 
Ludwick.7 Such semi-log relationships are not in 
agreement with the observed straight-line relation­
ships between stress and minimum creep rate when 
the data are plotted on a log/log basis. Since con­
siderable experimental evidence has accumulated over

* Manuscript received 19 January 1951. % Associate Professor, Massachusetts Institute o f Teclmo-
t  Research Assistant, Massachusetts Institute o f Tech- logy, Cambridge, Mass., U .S.A. 

nology, Cambridge, Mass., U.S.A.
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a long period of time that such straight-line log/log 
plots are real, it is difficult to reconcile theory and 
test data.

The purpose of the present paper is to demonstrate 
that the creep law expressed by equation (2) cannot 
be applied when the creep-rate data are extended 
over a considerably wider range of creep rates than 
has previously been examined. The creep-rate data 
recently published by Grant and Bucklin 8 for the
S-590 * alloy will be used for this purpose, since these 
data are much more extensive than any other appear­
ing in the literature.

Before presenting a detailed analysis of these data, 
a few general considerations should be discussed. 
Most creep data are reported in the literature in a 
graphical form. Calculations based on these plots 
can be greatly affected by the type of co-ordinates 
employed. I t  is suggested tha t the “ range of 
accuracy ” be plotted around each experimental point 
before deciding the position of the “ best ” experi­
mental curve, especially when a large number of test 
points are not available. This is of the greatest 
importance when logarithmic co-ordinates are em­
ployed. I t  can be demonstrated tha t if a variable x 
is plotted on a logarithmic scale, a range of accuracy i  
ax plots on that scale as ±  log (1 +  «)• Although 
the range of accuracy is proportional to the variable, 
the graphical representation of this range is indepen­
dent of the value of the variable. On the other hand, 
the graphical indication of constant uncertainties 
depends on the value of the variable.

The graphical analysis of creep data according to 
the rate-process theory may lead to rather uncertain 
results when the data present a considerable scatter. 
If the graphical method suggested by Dushman et al.* 
is used, the location of the straight line drawn in the 
semi-log plot of stress against creep rate has a great 
effect in the determination of the extrapolated 
intercept a t zero stress. By re-examination of the 
data for higli-purity aluminium presented by Dush­
man et al* in graphical form, it was possible to cal­
culate an activation energy Qx whose values lay 
between 5000 and 20,000 cal., according to the way 
in which the best lines were plotted through the 
limited data on the semi-log basis.

Furthermore, for best results, the analysis of creep 
data must be restricted to data from samples which 
show, as far as can be determined metallographically 
and otherwise, a stable structure and a similar type 
of deformation. With this in mind, the analysis of 
the creep data for S-590 alloy will be restricted to that 
range in which the type of deformation is determined 
to be high-temperature behaviour,8 and in which 
oxidation and other possible sources of instability 
have no marked effect. I t  is worth bearing in mind 
that oxidation was minimized through the addition 
of 20% chromium, and tha t the effect of other struc­
tural instabilities was greatly reduced by solution- 
treating and pre-ageing the test-bars for stability.

II.—ANALYSIS OF THE CREEP DATA 
FOR S-590 ALLOY

The original data (Grant and Bucklin,8 Table II), 
from which only the high-temperature-behaviour 
points were taken, were converted into C.G.S. units, 
and the logarithm of the minimum creep rate was 
plotted against the stress. I t  was observed that 
straight lines could not be drawn through the experi­
mental points. The trend of the points follows a 
family of smooth curves, whose slope decreases as the 
strain rates increase (see Fig. 5). Within a given 
range of strain rates, the slope of the curves decreases 
as the temperature decreases.

I t  was first thought that, although straight lines 
could not be drawn on a semi-log plot, the experi­
mental data might still be consistent with the rate- 
process theory, if they fitted the hyperbolic sine 
equation (1). In order to resolve this uncertainty, a 
hyperbolic sine curve was drawn near the experi­
mental curve at 922° K. (1200° F.). Fig. 1 shows that 
the deviation of the theoretical hyperbolic sine curve 
from a straight line starts at a much lower stress than 
the deviation of the experimental curve. The same 
procedure was applied to other curves, with similar 
results.

Although the experimental data indicated that a 
semi-log relationship between stress and minimum 
creep rate cannot be applied to the behaviour of the
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Creep R ates (r).

S-590 alloy, the rate-process theory was applied to 
the data by deliberately limiting the range of creep 
rates, the graphical method suggested by Dushman 
et al.i  being used. The intercepts log r0 a t zero 
stress were determined for each curve after drawing 
the best average straight line in the limited range of 
creep rates. Three ranges, shown below, were selected 
at the lower creep rate end, where the approach to a 
straight-line semi-log relationship comes closest:

(a) 10-5-10~6 sec.-1
(b) 10-G-10-7 sec.-1
(c) 10-7- l(H  sec.-1

The values of log r0 are plotted against the reciprocal 
of the absolute temperature in Fig. 2.

The uncertainty of the points plotted in Fig. 2 is 
great, and therefore any conclusion or calculation of 
the activation energy or the activation entropy is open 
to doubt. Nevertheless, it appears that a straight 
line may be obtained when the values of log r0 are 
plotted against the reciprocal of the absolute tempera­
ture, except where the material approaches the transi­
tion from high-temperature to low-temperature be­
haviour. The trend of the points plotted in Fig. 2 
indicates that an activation energy of the order of 
magnitude of 120,000 cal./g.-atom can be approxi­
mately estimated from these data; this value can 
vary between rather wide limits, according to the

d  2

way in which r0 is determined from the semi-log plot 
of stress against minimum creep rate.

In order to find a more general relationship between 
stress, minimum creep rate, and temperature, the 
data for S-590 alloy were replotted, using double 
logarithmic co-ordinates. The data included in the 
high-temperature range, in the absence of major 
sources of instability such as oxidation, show a definite 
linear trend when the logarithm of the minimum 
creep rate is plotted against the logarithm of the stress 
(Fig. 3). I t  was also observed tha t these straight 
lines drawn as shown converge at a single extrapolated 
point situated at a stress of 1010'6 dynes/cm.2 and 
at a creep rate of 107 sec.-1. When the slope of the 
isothermal lines is plotted against the reciprocal of 
the absolute temperature, a linear relationship is 
found (Fig. 4). Therefore, all the data included 
within the limits mentioned above may be expressed 
by a simple equation of the type :

logr =  a +  (b/T — c) (logs — d) . (3)
where :

r — minimum creep rate, 
s =  applied tensile stress,

T  =  absolute temperature, 
a, b, c, d =  constants depending on the material and 

structure.

For the S-590 alloy the constants are : a =  7, b — 
20,000, c =  8-8, d — 1-6, if the minimum creep rate 
is expressed in sec.-1 and the stress in 109 dynes/cm.2.

Data calculated from equation (3) were recorded 
on a semi-log plot (solid fines in Fig. 5) together with

LOGARITHM OF STRESS

F i g .  3.—Log/Log P lo t of Minimum Creep R a te  against Stress for 
S-590 Alloy (in C.G.S. Units) a t  Different Tem peratures.
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F ig . 5.—Semi-Log P lo t o f Minimum Creep R ate  against Stress 
for S-590 Alloy.

  Replotted from  curves o f Fig. 3.
 Curves through experim ental points.

the experimental points. The best smooth curves to 
fit the experimental points (broken lines in Fig. 5) 
were also drawn for the two lower temperatures, where 
the deviation is more marked than at other tempera­
tures. Fig. 5 shows that the experimental points 
follow the trend of the calculated curves, thus demon­
strating that the linear trend observed on the log/log 
plot is not an artificial effect due to the type of co­
ordinates used.

Equation (3) is not to be regarded as an equation 
of state, nor is it  suggested as a basis for the extra­
polation of creep data. I t  is simply reported as an 
empirical relationship between creep rate, stress, and 
temperature, and it can be used for interpolation with 
sufficient accuracy only if based on considerable 
experimental data. The position of the common 
point a t which all the isothermal straight lines meet 
on the log/log plot cannot be determined within 
reasonable limits of accuracy, even with extensive 
experimental data. I t  is not possible to decide 
whether this point has physical significance or whether 
it is only an empirical reference point on which a 
mathematical analysis is based.

I t  may be suggested, at least as a first approxima­
tion, that a t a certain very high strain rate, the 
strength of the grain boundaries would be constant, 
regardless of the temperature. This would be true 
if the mechanism of deformation and fracture common 
to high-temperature behaviour prevailed a t that very 
high strain rate. Actually, it was proved experi­
mentally that a t a much lower strain rate a different 
mechanism of deformation and fracture becomes the 
controlling factor. This change is indicated on a 
log/log plot of minimum creep rate against stress by 
a change in slope of the experimental curves.

Although the physical significance of the reference 
point discussed above is doubtful, it is worth mention­
ing tha t a common point for all the curves plotted 
on double logarithmic co-ordinates was found to exist 
for other alloys, provided major instabilities were not 
operative. The data by White, Clark, and Wilson 9 
for a Cr-Mo-Si steel, show this very clearly. The 
same evidence is found for the behaviour of 18 : 8 
molybdenum stainless steel,10 and for 3S-H12 alumin­
ium alloy.11 Even stress-rupture data have a similar 
trend, as can be shown using the data reported by 
G ran t12 for the cobalt-chromium “ J  ” alloy.

I t  is obvious tha t at constant stress, equation (3) 
becomes of the same form as Boltzmann’s equation :

rate — Ae~ QIRT.
Moreover, it can be shown that the successful applica­
tion of the rate-process theory to a limited range of 
creep rates, as demonstrated in Fig. 2, can be extended 
to any range of creep rates in a quite general way. In 
fact, equation (2), which is consistent with the rate- 
process theory, can be written :

log fi =  log r0 -{- — • s . . (4)

for each constant temperature. Differentiating equa-
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tion (3) with respect to stress, a t constant temperature, 
the following equation is obtained :

d lo g r _  (b/T — c) 
ds ~  s

Substituting in (4):

log n  =  log r0 +  b/T — c
or

Iog ro =  ~  b/T  +  c -1- log n  . . (5)
Over a limited range of creep rates, log r, may be 
regarded as a constant, and therefore the logarithm 
of the intercept r0 of the best average curve at zero 
stress is a linear function of the reciprocal of the 
absolute temperature. The activation energy is pro­
portional to 6, and therefore constant in any range of 
creep rates. The activation entropy is proportional 
to (c log fi), and therefore it increases as the creep 
rate increases.

III.—CONCLUSIONS
Creep data for the S-590 alloy reported by Grant 

and Bucklin 8 clearly show that a linear relationship 
is not obtained when the logarithm of the minimum 
creep rate is plotted against the stress over a fairly 
large range of creep rates. This experimental evi­
dence is in disagreement with the fundamentals of 
the statistical theory of the rate process. The rate- 
process theory may be successfully applied only to a 
limited range of creep rates. If the experimental 
curves are compared with corresponding curves 
predicted by the rate-process theory, it may be con­
cluded either that the theory cannot be applied or 
tha t the size of the unit of flow decreases (instead of 
remaining constant) as the strain rate increases at 
constant temperature.

Extrapolation of creep data based on the results of 
the rate-process theory cannot be safely carried out.

Interpolation leads to good accuracy only if restricted 
to the same range of creep rates.

A general approximate equation is suggested for 
interpolation of creep data in a wider range of creep 
rates. This empirical equation is based upon the 
experimental evidence of a linear relationship be­
tween the logarithm of the minimum creep rate and 
the logarithm of the stress. I t  is in good agreement' 
with the results of the rate-process theory only over a 
limited range of creep rates, and it is found to be valid 
only in the absence of major instabilities and there­
fore cannot be safely used for extrapolation of data 
unless the absence of instabilities can be assured.

A CK N O W LED G EM EN T

The authors wish to express their thanks to the 
U.S. Bureau of Ships, under whose sponsorship this 
research was carried out.

R E F E R E N C E S

1. H. Eyring, J. Ghem. Physics, 1935, 3, 107.
2. II. Eyring, J . Ghem. Physics, 1936, 4, 283.
3. W . Kauzm ann, Trans. Amer. Inst. M in. Met. Eng., 1941,

143, 57.
4. S. Dushman, L . W . Dunbar, and H. H uthsteinor,./. A ppl.

Physics, 1944, 15, 108.
5. A . S. Nowick and E . S. Machlin, J. A ppl. Physics, 1947,

18, 79.
6 . E . S. Machlin and A. S. Nowick, Trans. Amer. Inst. M in.

Met. Eng., 1947, 172, 386.
7. P. Ludwick, “  Elemente dor Technologischen M echanik” .

Berlin : 1908.
8 . N. J . G rant and A. G. Bucklin, Trans. Amer. Soc. Metals,

1950, 42, 720.
9. A . E . W hite, C. L. Clark, and R . L . W ilson, Trans. Amer.

Soc. Metals, 1938, 26, 60.
10. “  Steels for Elevated-Tomperature Service 1949.

(United States Steel Corp.).
11. J . E . Dorn and T. E . Tietz, Proc. Amer. Soc. Test. Mat.,

1949 49, 815.
12. N. J , Grant, Trans, Amer. Soc, Metals, 1948, 40, 585,



NOTICE TO AUTHORS OF PAPERS FOR THE “ JO U R N A L” 
A N D  C O N T R I B U T O R S  T O  D I S C U S S I O N S

1. P apers w ill be con sidered  for publication  from  n o n ­
m em b ers as w ell as m em b ers of the’ In stitu te . They arc 
accepted for publication in the Journal and not necessarily for presen­
tation at any meeting of the Institute. MSS. should be addressed to 
The Editor o f Publications, The Institute o f Metals, 4 Grosvcnor Gardens, 
London, S.W.i.

2 . P apers su itab le  for publication  may be classified as :
(a) Papers recording the results o f original research.
(b) First-class reviews of, or accounts o f  progress in, a particular 

field.
(c) Papers descriptive o f works methods, or recent developments in 

metallurgical plant and practice.
(d) Papers in classes (a), (b), and (c) above, previously published in 

languages other than English, French, German, or Italian, if  o f sufficient 
merit.
3. M anuscripts and illu stra tion s should be submitted in dupli­

cate. MSS. must be typewritten (double-line spacing) on one side o f the 
paper only, and authors are requested to sign a declaration that neither the 
paper nor a substantial part thereof has been published elsewhere. Excep­
tions may be made in certain cases where a paper has been published in a 
language other than English, French, German, or Italian (see 2 (d) above). 
MSS. not accepted are normally returned within 6 months o f  receipt.

In the interests o f economy, all papers must be written as concisely as 
possible ; in general, internal research reports arc not in suitable form for 
publication as papers in the Journal. All but the simplest mathematical 
expressions should be written by hand, with capital and small letters 
clearly distinguished. Superscript and subscript letters should also be 
plainly indicated. Greek letters and special signs should be identified in 
the margin. For style, spelling, and abbreviations used, any recent issue 
o f the Journal may be consulted.

4 . Syn op sis. Every paper must have a synopsis (not exceeding 250 
words in length) which, in the case o f  a paper reporting original research, 
should state its objects, the ground covered, and the nature o f  the results. 
The synopsis will appear at the beginning of the paper, and should be in 
a form suitable for use by abstracting organizations. Extracts from 'a  
“  Guide for the Preparation o f  Synopses ” drawn up by the Abstracting 
Services Consultative Committee arc reproduced below.

5. R eferences must be collected at the end o f the paper and must 
be numbered in the order in which they occur in the MS. Initials o f  authors 
must be given, and the Institute’s official abbreviations for periodical 
titles (as used in Metallurgical Abstracts) should be employed, where known. 
References to papers should be set out in the style :

A. L. Dighton and H. A. Miiey, Trans. Electrochem. Soc., 1942, 8 1 , 321 
(i.e. year, volume, page).

References to books should be in the following style :
C. Zcner, “ Elasticity and Anclasticity o f Metals ” . Chicago : 1948 

(University o f  Chicago Press).
6. Illu stra tion s. Each illustration must have a number and descrip­

tion ; only one set o f numbers must be used in one paper, and it is desirable 
to number the half-tone illustrations consecutively, rather than to inter­
sperse them with the line figures. The captions should be typed on a 
separate sheet.

The set o f line figures sent for reproduction must be drawn (about 
twice the size to appear in the Journal) in Indian ink on smooth white 
Bristol board, good-quality drawing paper, co-ordinate paper, or tracing 
cloth, which are preferred in the order given. Co-ordinate paper, i f  used, 
must be blue-lined, with the co-ordinates to be reproduced finely drawn in 
Indian ink. Curves should be drawn boldly (i.e. at least twice the thick­
ness o f the frame). Experimental points should be indicated by open or 
closed circles, triangles, squares, &c. (preferably not crosses). Curves 
should be broken on each side o f  such symbols and plenty o f allowance 
should be made for closing up in blockmaking. All lettering and 
numerals, &c., should preferably be in pencil, so that the Institute’s standard 
lettering may be affixed, and ample margins must be left outside the frame­
work o f  the figures to enable this to be done. The second set o f line illus­
trations may be photostat copies.

P hotographs must be restricted in number, owing to the expense of 
reproduction, and photomicrographs should be trimmed to the smallest 
possible o f the following sizes consistent with adequate representation o f 
die subject : 4 in. deep by 3 in. wide : 2 in. deep by 3 in. wide : 
2 in. square. Magnifications o f  photomicrographs must be given in each 
case. Photographs for reproduction should be loose, not pasted down (and 
not fastened together with a clip, which damages them), and the figure 
number and author’s name should be written on the back of each. Captions 
should be given to the photomicrographs, but these should be kept as brief 
as possible.

Because o f the present high cost o f  printing and paper it is imperative 
that authors restrict illustrations (particularly photographs) to the absolute 
minimum deemed necessary to support their argument. Only in excep­
tional cases will illustrations be reproduced if  already printed and readily 
available elsewhere.

7 . T ables or D iagram s. Results o f experiments, &c., may be 
given in the form o f tables or figures, but (unless there arc exceptional 
reasons) not both. Tables should bear Rom an numbers, and each should 
have a heading that will make the data intelligible without reference to 
the text.

8. C orrections. A certain number o f corrections in proof are 
inevitable, but any modification o f the original text is to be avoided. Since 
corrections are very expensive, the Institute reserves the right to require 
authors to contribute towards their cost if  the Editor deems them to be 
excessive. The Institute also reserves the right to require a contribution 
to the cost o f  remaking any block where this is necessitated by an error on 
the author’s part.

9 . R eprints. Individual authors are presented with a maximum o f 
25, and two or more authors with a maximum o f 50 reprints from the 
Journal, without covers. Limited numbers o f  additional reprints can be 
supplied at the author’s expense, if  ordered before proofs are passed for press. 
(Orders should preferably be placed when submitting MSS.)

10. D iscu ssion . Except in the case o f  special symposia, shorthand 
records o f discussions arc not taken at meetings. W ritten discussion may 
be submitted on any paper, preferably typewritten (double-line spacing). 
References should be given in the form o f footnotes. Paragraphs 6 and 
7  above are also applicable to such contributions. Reprints o f discus­
sion cannot be supplied to contributors.

G U I D E  F O R  T H E  P R E P A R A T I O N  O F  S Y N O P S E S
{As recommended by the Abstracting

1. P urpose. The synopsis is not part o f the paper; it is intended to 
convey briefly the content o f the paper, to draw attention to all new in­
formation, and to the main conclusions. It should be factual.

2 . Sty le  o f w ritin g . The synopsis should be written concisely and 
in normal rather than abbreviated English. It is preferable to use the third 
person. W here possible use standard rather than proprietary terms, and 
avoid unnecessary contracting.

It should be presumed that the reader has some knowledge o f the sub­
ject,but has not read the paper. The synopsis should therefore be intelligible 
in itself without reference to the paper ; for example, it should not cite 
sections or illustrations by their numerical references in the text.

3. C o n te n t .  The title o f the paper is usually read as part o f the syn­
opsis. The opening sentence should be framed accordingly and repetition 
o f the title avoided. I f  the title is insufficiently comprehensive, the opening 
should indicate the subjects covered. Usually the beginning o f  a synopsis 
should state the objective o f  the investigation.

It is sometimes valuable to indicate the treatment o f the subject by such 
words as : brief, exhaustive, theoretical, &c.

The synopsis should indicate newly observed facts, conclusions o f an

Services Consultative Committee)
experiment or argument and, i f  possible, the essential parts o f  any new 
theory, treatment, apparatus, technique, &c.

It should contain the names o f any new compound, mineral species, 
&c., and any new numerical data, such as physical constants; if  this is not 
possible, it should draw attention to them. It is important to refer to new 
items and observations, even though some are incidental to the mam pur­
pose o f the paper ; such information may otherwise be hidden, though it 
is often very useful.

W hen giving experimental results the synopsis should indicate the 
methods used ; for new methods the basic principle, range o f operation, 
and degree of accuracy should be given.

4 . R eferences. If it is necessary to refer to earlier work in the 
summary, the reference should always be given in full and not by number. 
Otherwise references should be left out.

W hen a synopsis is completed, the author is urged to revise it carefully, 
removing redundant words, clarifying obscurities, and rectifying errors in 
copying from the paper. Particular attention should be paid by him to 
scientific and proper names, numerical data, and chemical and mathematical 
formula:.



A SIMPLE METHOD OF X-RAY MICROSCOPY 
AND ITS APPLICATION TO THE STUDY OF 
DEFORMED METALS *

By R. W. K. HONEY COMBE, f  M.Sc., Ph.D., M e m b e r  

SYN O PSIS

A  method o f obtaining images from metal crystals, using a line source o f characteristic 
X -rays, is described. The images can be enlarged to a t least 50 diameters to reveal significant 
microscopic phenomena, in particular distortions arising from slight plastic deformation which 
are not readily observed by optical micrography. However, optical micrography is o f great 
assistance in the initial interpretation o f the X -ray images, and the two techniques should be 
regarded as complementary. The scope o f the method in the study o f  plastic deformation is
illustrated by a series o f  X -ray 
under varying conditions.

I.—INTRODUCTION
I t  has been realized for many years that X-rays can 
be used to obtain images of crystal surfaces, but few 
attempts have been made to apply such methods to 
the study of deformed crystals. Berg 2 has described 
two ways by which X-ray images could be obtained. 
Firstly he suggested the use of a point source of poly­
chromatic X-rays, a method which has recently been 
used by Guinier and Tennevin3 to obtain sharp 
images of crystals. The second method, which Berg 
adopted for his experiments, employed characteristic 
radiation from a line source; he showed that if the 
crystal was set a t a suitable Bragg angle, a point-for- 
point image of the crystal surface was obtained. In 
this way Berg examined crystals of natural rock salt 
and detected striations in the image which he attri­
buted to plastic deformation by slip along (110) 
planes in a [100] direction.

The matter was not investigated further until 1945, 
when B arre tt4 showed that a similar technique could 
be applied to the study of many metallurgical prob­
lems. Barrett found that a surprising degree of 
resolution could be obtained by using an ordinary line 
source of the type frequently available in X-ray tubes. 
With high-resolution photographic plates, he was able 
to obtain significant detail in the X-ray images at 
magnifications of 50 or more. This work was neces­
sarily exploratory in character, but it sufficed to show 
that X-ray microscopy of this type would be a 
valuable new way of studying the deformation of 
metals, as well as other phenomena such as recrystal­
lization and grain growth.

In the present work, the author has used a method 
based on the same principle and has applied it 
primarily to a study of the deformation of metal 
crystals. In conjunction with the classical methods 
of optical micrography it has proved very useful in

* Manuscript received 6 February 1951.

£
JOURNAL OF THE INSTITUTE OF METALS

optica l m icrographs o b ta in ed  from  m eta l cr

studying the inhomogencities that develop during 
plastic deformation in both single-crystal and poly­
crystalline specimens. This work is the subject of a 
separate paper.5 In the present paper it is proposed 
to describe and discuss the technique of X-ray 
microscopy and to show how some of the results can 
be interpreted.

II.—DESCRIPTION OF TECHNIQUE
The principle of the method is shown schematically 

in Fig. 1. The crystal is rotated until a Bragg 
reflection occurs, and then, if the crystal is perfect, 
the X-rays reflected are defined by a series of cones

F ig . 1.— Schematic Diagram Showing Principle of X-Ray 
Technique.

with apexes on the fine source. The rays forming 
these cones will give on reflection a point-for-point 
image of part of the crystal surface on a suitably 
placed photographic plate. Clearly, the image will 
be unique because each point on the crystal surface 
will reflect only one incident ray, namely, that which 
makes the correct Bragg angle with the set of reflect-

f  Armourers and Brasiers’ Company Research Fellow, 
Cavendish Laboratory, Cambridge.
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ing planes. As the crystal is rotated, other planes 
will, of course, reflect a t different Bragg angles and 
result in similar images of the crystal. If the orienta­
tion of the crystal is not uniform, certain regions '«dll 
not be in a position to reflect when the rest of the 
crystal is reflecting ; this results in white areas in the 
X-ray image. The simplest case is tha t of a small 
included grain, which is revealed as a sharply bounded 
white area even if the orientation difference is quite 
small (see, for example, Fig. 5 (a), Plate VIII). 
The method has, however, been applied to the study 
of much smaller disorientations which occur as a result 
of plastic deformation. Here the interpretation is 
not quite so simple and will be dealt with in detail in 
a later section.

In practice, the apparatus is extremely simple. A 
demountable X-ray tube was employed for the present 
work, because the filament could be frequently re­
placed and the focal line on the target adjusted ; nor­
mally the source was about 10 mm. long and 1 mm. 
wide. The target metal was chosen to give a radiation 
of relatively long wave-length, so tha t only a thin 
surface layer contributed to the reflection. Copper 
(A/,-a — 1-59 Â.) was frequently used, but equally 
satisfactory results were obtained with cohalt ( À =
1-74 À.) and manganese (XKa =  2T0 À.) radiation. 
Pig. 4 (Plate VIII) is a photograph of the experi­
mental arrangement. The window W  of the X-ray 
tube was covered by a pair of adjustable slits, whose 
sole purpose was to limit the size of the beam. The 
crystal C to be examined was mounted on the spindle 
of a Unicam X-ray camera, and could be rotated about 
its vertical axis, or raised or lowered to bring different 
parts of the crystal into the beam. The camera was 
mounted on an adjustable bench which could be 
raised or lowered by means of the cantilever L  or 
rotated about a pivot P  directly beneath the window 
of the X-ray tube. The bench was sufficiently long 
for the camera to be moved up to 55 cm. from the 
target.

As the distance of the crystal from the focal line 
was increased, the better the resolution became and 
the smaller the disorientation that could be detected. 
The reverse was true, however, for the distance be­
tween the specimen and the photographic plate on 
which the reflected image was recorded. The plate 
or fluorescent screen holder was mounted on a rod R  
attached to the body of the camera, and could be 
easily adjusted to the required height. The holder 
could be moved horizontally so tha t the photographic 
plate was brought very close to the surface of the 
crystal, the usual working distance being between 
2 and 5 mm. The holder was adjustable in three 
directions a t right angles and therefore could make 
any desired angle with the crystal surface.

As the X-ray beam was very broad, it was necessary 
to reduce scattered radiation by means of a lead 
tube T,  and to absorb the direct beam by a movable 
lead screen S  which was guided along the camera table 
in brass slots.

To obtain an X-ray micrograph, the specimen,

usually a large single crystal or coarse-grained poly­
crystal, was mounted in the X-ray camera, as shown 
in Fig. 4 (Plate VIII), and a fluorescent screen was 
placed in the holder about 2 cm. from the specimen 
and parallel to the incident beam. After the eyes had 
become accustomed to complete darkness, it  was 
possible to see the individual reflections on the screen 
as the crystal was slowly rotated. A suitable reflec­
tion was selected and the plate-holder brought as close 
to the crystal as feasible, the plate being still parallel 
to the incident beam. In these circumstances the 
photographic plate was adequately protected from the 
direct beam by the thin metal flange of the holder. 
Even without going to extreme lengths to improve 
the sharpness of the line source, the resolution of the 
method proved so satisfactory that the images ob­
tained revealed significant detail when enlarged 50-100 
diameters. This necessitated the use of fine-grained 
photographic emulsions. Kodak Maximum Resolu­
tion plates capable of resolving 1000 lines/mm. 
proved to be extremely satisfactory; the exposure 
time was usually between 2 and 6 hr. For work 
requiring magnifications of only 20 times or less, 
Kodak B.10 plates were adequate, the exposure time 
varying between 1 and 30 min., depending on the 
intensity of the reflection. Kodak D.8 developer 
was used.

III .—SELECTION OF A SUITABLE 
REFLECTION

During rotation of the crystal, a large number of 
reflections were usually observed, but all were not 
suitable for detailed examination. The most obvious 
cause for rejection was the interference on the plate of 
two or more reflections. This frequently occurred, 
particularly with deformed crystals, as each reflection

(?)

(b)
Fio. 2.— Effect of (a) Variation of Bragg Angle and (6) Variation 

o f Angle between Specimen and Incident Beam.

then took place over an extended angular range. The 
likelihood of interference was also greater because the 
reflections were frequently larger than 1 cm.2 in area. 
Some reflections were excessively distorted as a result 
of striking the screen at a very oblique angle. Fig. 
2 (a) shows the effect when the Bragg angle is altered 
by choosing a different set of reflecting planes (or by
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using a different wave-length), while the angle be­
tween the specimen and the photographic plate re­
mains constant (in this case 45°). I t  is clear that 
the image is the same size as the area irradiated when 
the triangle A BE  is isosceles, in which case the Bragg 
angle is approximately 56°. As the Bragg angle 
increases beyond 56°, the image becomes larger, while 
if the angle is below 56° the image is correspondingly 
smaller. In  practice, the best results are obtained 
when the reflection is not distorted greatly one way 
or the other.

Other factors remaining constant, the reflection 
comes from a larger area of the specimen if it is almost 
parallel to the incident beam than if it is almost 
normal to it. This is shown in Fig. 2 (6), where a 
Bragg angle of 45° is used for simplicity. When the 
photographic plate and the crystal are at a very acute 
angle, images are frequently obtained from the com­
plete width of the surface presented to the incident 
beam. There is another reason for putting the plate 
at a very acute angle to the specimen. In practice, it 
is found that the resolution of the image is greater, 
the closer the plate is to the specimen, but some parts 
of the specimen are inevitably more distant from the 
photographic plate than others (Fig. 2). This differ­
ence is obviously minimized by making the angle 
between the plate and crystal as small as possible.

IV.—THE APPEARANCE AND INTERPRE­
TATION OF X-RAY IMAGES FROM DE­
FORMED CRYSTALS

The image from an undeformed crystal is uniform, 
and no detail can be seen after considerable enlarge­
ment. Marked changes in orientation such as those 
occurring at grain boundaries and twin planes are 
clearly revealed by sharp breaks in the continuity of 
the reflection. However, when a metal crystal is 
deformed, local disorientations usually occur, the 
presence of which is shown indirectly by asterisms in 
X-ray Laue photographs. While the detailed nature 
of these inhomogeneities will be considered elsewhere, 
it  is relevant now to consider how the X-ray images 
can be modified by them.

The most straightforward change in the image 
arises when the local rotation of the crystal is so great 
that this region is not able to reflect any of the incident 
X-rays. Thus the distorted region will behave exactly 
like an included grain of different orientation and a 
white area will appear in the X-ray image. Fig. 5 (a) 
(Plate VIII) illustrates this modification of the image 
in the case of a reflection from one grain of a coarsely 
crystalline aluminium specimen, which was deformed 
by 0-6% elongation in tension at room temperature. 
The white bands represent lamellar disorientations.

There are also white areas in Fig. 6 (Plate VIII) 
which correspond with regions of the crystal that, as a 
result of plastic deformation, have become dis­
oriented so that they no longer contribute to the 
reflection. In these circumstances, it is reasonable to 
expect that a slight rotation of the specimen may

and its Ajiplication to the
bring some of the non-reflecting regions into a reflect­
ing position, while at the same time other regions may 
cease to reflect. In practice, a lightly deformed 
aluminium crystal will give a reflection over an an­
gular range of l°-2°, the angular spread increasing 
with the deformation; but at each particular setting 
of the crystal within this range a slightly different 
image will be obtained because of local variations in 
orientation. For example, Figs. 6 (a) and (6) (Plate 
VIII) represent the same reflection from a deformed 
aluminium crystal which has been rotated 15' between 
the two photographs. The same general features are 
evident in both photographs, namely the lamellar 
disorientations, but some areas of the crystal which 
have not reflected in Fig. 6 (a) are reflecting in Fig. 
6 (6) and vice versa.

If a disorientation in the crystal is sufficiently small, 
then the region concerned may be in a position to select 
rays which make the requisite Bragg angle from an­
other point on the line source. Fig. 3 shows dia- 
grammatically that this will result in a local displace­
ment of the image which will cause interference on
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Fio. 3.— Effect of Local Rotation on the Image.

the photographic plate. I t  will be more pronounced 
the greater the distance of the plate from the specimen, 
and this is an additional reason for placing the photo­
graphic plate as near as possible to the crystal. If, 
on the other hand, the distance between the X-ray 
source and the crystal is increased, then the image 
will become more sensitive to orientation differences 
in the crystal. This follows directly from the fact 
that the angle subtended by the source to any point 
on the crystal will be smaller the greater the distance 
between them. The effect of changing this distance 
on the sensitivity of the technique is illustrated in 
Figs. 7 (a) and (b) (Plate VIII), which represent an 
X-ray reflection Horn an aluminium crystal after 1-7 % 
elongation by slow straining at 300° C. Fig. 7 (a) was 
taken with the crystal 20 cm. from the X-ray source, 
and shows no large white regions representing dis­
orientations. However, in Fig. 7 (6), which was taken 
with the crystal 52 cm. from the source, large dis­
oriented regions are revealed.

There is obviously a practical limit to disorienta­
tions tha t can be detected with the technique as it 
stands; this is imposed by the dimensions of the 
X-ray source and by the workable distance of the 
specimen from the source. If the line source is 
assumed to be 10 mm. long and it is foreshortened to 
1 mm. by using the X-ray tube in the usual way, then 
for a crystal 50 cm. away orientation differences of 0' 
should be detected. In practice, the disorientations
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which can he observed are rather smaller than this, 
but no quantitative estimate has been made. In 
this respect the method is not as sensitive as one 
devised by Guinier and Tennevin 3 for investigating the 
perfection of crystals. Their method employs a point 
source of polychromatic X-rays and by using the 
focusing condition it has been possible to detect dis­
orientations as small as 10". However, this method 
does not reveal the distribution of inhomogeneities in 
the crystal, and thus does not fall into the category of 
X-ray microscopy. I t  should be mentioned that the 
technique described here is more than adequate for 
the study of lightly deformed crystals, because after 
about 1% elongation in tension the resulting dis­
orientations are usually sufficiently large for detection 
by X-ray microscopy. In fact, after about 10% 
elongation in tension, the disorientations frequently 
become so great that the method is then too sensitive. 
This difficulty can be partly overcome by reducing 
the distance of the specimen from the X-ray source to 
a minimum.

I t  soon became evident that the above considera­
tions were not the only ones defining the nature of 
the X-ray image. Within a- totally reflecting area, 
it was found that the intensity of the image was not 
uniform. Some of the variations resulted from a 
lack of uniformity in the source, while others could 
be attributed to the displacement of incident radiation 
by disoriented regions so that they overlapped other 
parts of the image. When these causes had been 
eliminated, however, there remained narrow lines of 
high intensity in many of the X-ray images. By 
comparison with optical micrographs it was found 
that distorted regions of the crystal were responsible 
for the areas of high intensity. For example, one 
type of inliomogeneity resulting from deformation 
consists of narrow bands in which the crystal is 
sharply bent— kink bands. The lamelkc between 
these narrow curved regions become disoriented as 
the deformation proceeds, and a lamellar type of 
disorientation results (see, for example, Fig. 6, 
Plate VIII). However, the bands themselves fre­
quently show in the X-ray images as dark lines more 
intense than the adjacent regions of the crystal. This 
effect is best observed when the disorientations have 
been insufficient to produce the white non-reflecting 
lamellae in the images. Fig. 8 (a) (Plate IX) is an 
X-ray image from an aluminium crystal deformed by
2-9% elongation at 450° C. The dark bands corre­
spond with narrow kink bands on (110) planes. In 
other circumstances, kink bands can also be revealed 
by the absence of a reflection when the rotations 
within them have been relatively great. These two 
effects of kink bands on the X-ray image are illustrated 
in Fig. 7 (a) (Plate VIII), in which both black and 
white lines can be seen. I t  should be mentioned 
that if a crystal containing kink bands is annealed at a 
high temperature, so tha t the curvatures are elimin­
ated by polygonization, the intensity of the reflections 
from the bands diminishes markedly and more bands 
appear as white lines in the image.

The reason for these intense reflections may be the 
focusing by the bent lattice, but it seems more likely 
that it is an extinction phenomenon resulting from 
the distortions, which are in effect concentrations of 
dislocations. Some support for the latter view is 
found in the fact tha t other phenomena in deformed 
crystals which are associated 'with concentration of 
dislocations produce similar effects in the X-ray 
images. For example there is the slip process, which, 
although it occurs on a scale rather too fine for com­
plete investigation by the X-ray technique at its 
present stage of development, nevertheless can be 
detected and studied under favourable conditions. 
Here also, the slip bands are revealed in the X-ray 
images as narrow bands of high intensity (Fig. 9, 
Plate IX).

Polygonization,6 although it removes lattice curva­
tures hy diffusion of dislocations and thus causes 
changes in the intensity of reflections from kink 
bands, does form narrow walls of dislocations separat­
ing regions differing slightly in orientation. These 
walls are often revealed in X-ray images as dark lines. 
Fig. 10 (Plate IX) is such an X-ray image taken 
from an aluminium crystal after 7% elongation in 13 
days at 300° C., in which a complicated network of 
polygon boundaries is visible. In this case the dis­
orientations between the polygons are so small that 
the majority are reflecting the incident X-rays, and 
they would not have been detected but for the stronger 
reflections from their boundaries.

Once it is appreciated that the X-ray image may 
be modified in the ways mentioned above, it is possible 
with some experience to interpret the images fairly 
accurately. Interpretation is greatly aided by using 
the X-ray method side by side with optical micro­
graphy, although frequently the features which are 
observed in X-ray micrographs after small deforma­
tions, are not detected optically till after much 
heavier deformation. In the next section, a more 
detailed comparison of the results obtained by the 
two methods will be given.

V.—A COMPARISON OF X-RAY AND OPTICAL 
MICROGRAPHY OF DEFORMED CRYSTALS

I t  should be emphasized first that the features of 
deformed crystals revealed by X-ray micrography 
differ from those normally observed by optical micro­
graphy. The optical examination of metals depends 
to a large extent on the observation of differences in 
surface level, e.g. grain boundaries and slip bands, and 
of differences in appearance produced by etching. 
X-ray micrography on the other hand is not particu­
larly sensitive to small changes in surface level; this 
can be seen by comparison of Figs. 5 (a) and (b) 
(Plate VIII), which represent X-ray and optical 
macrographs taken from one grain of a coarsely 
crystalline aluminium specimen after 0-6% elongation 
in tension at room temperature. Optical examination 
in oblique illumination has revealed slip bands and a 
number of irregular surface blemishes (Fig. 5 (bj), all
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of which are absent in the X-ray macrograph (Fig. 
5 (a)). The great advantage of X-ray micrography in 
the study of deformed crystals is in the detection of 
small local changes in orientation not revealed by 
optical microscopy. The X-ray reflection gives a map 
of the orientation changes which produce optically 
observable effects only a t much heavier deformation. 
For example, Fig. 5 (a) contains several white bands 
representing disorientations in the crystal; on the 
other hand optically it  is only just possible to detect 
some of the bands in oblique illumination (Fig. 5 (b)) 
because of slight changes in surface level. ®Further- 
more, there is no indication in Fig. 5 (b) of the smaller 
included grain which is clearly delineated as a white 
area in Fig. 5 (a).

Scratches inscribed on specimens show up clearly in 
X-ray images (Figs. 5 (a), and 7, Plate VIII, and 
Fig. 8 (a), Plate IX) because the severe deforma­
tion in the scratch causes local disorientations. For 
this reason it is essential to eliminate mechanical 
polishing as a means of preparing the crystal surfaces. 
This need is further illustrated in Figs. 11 (a) and 
11 (b) (Plate IX). A copper crystal was filed to 
produce a flat surface, ground, then electrolytically 
polished to remove all scratches. I t  was then de­
formed by 2-9% elongation, but the results of this 
deliberate deformation were entirely masked in the 
X-ray image by the effects of filing and grinding 
(Fig. 11 (a)). The crystal was then further electro­
polished to remove 2 mm. of metal, approximately 
25% of its original thickness. The X-ray micro­
graph taken at this stage revealed the more uniform 
effects of the tensile deformation and the coarse 
growth mosaic typical of cast single crystals (Fig. 
11 (b)). X-ray micrography is thus a simple and 
sensitive way of studying the extent of deformation 
of metal crystals by various surface treatments.

The X-ray technique has proved very useful in a 
study of the plastic deformation of single crystals, 
the detailed results of which are to be discussed in a 
later paper.5 While the method is applicable to an 
individual grain in polycrystalline aggregates, the use 
of single crystals is preferable so that simpler stresses 
can be applied to the specimen during deformation. 
X-ray micrographie examination of single crystals 
deformed in tension has revealed the presence of local 
disorientations or inhomogeneities long before they 
could be detected optically. For example, Fig. 12 (a) 
(Plate IX) shows an X-ray micrograph of an aluminium 
single crystal after 4-6% elongation in tension at room 
temperature, in which lamellar disorientations are 
evident. The cause of these disorientations proved 
to be narrow kink bands or regions of curvature which 
could not be detected optically until after much 
greater deformation. Fig. 12 (b) (Plate IX) is an 
optical micrograph taken on the same crystal after 
10% elongation, in which the narrow kink bands can 
just be seen ; however, there is no indication of the 
marked disorientations which have resulted in the

crystal. In Fig. 8 (a) (Plate IX), which is an 
X-ray micrograph from an aluminium crystal de­
formed by 2-9% elongation in tension at 450° C., the 
disorientations have not been sufficient to show up as 
white regions in the image, but the distorted regions 
appear as intense black bands. The corresponding 
optical micrograph reveals no sign of the kink bands, 
the only feature being the rather ill-defined high- 
temperature slip bands (Fig. 8 (6)).

I t  is not obvious at first sight that the bands of 
Figs. 8 (a) and 12 (a) (Plate IX), are identical, but 
a careful comparison of X-ray and optical micrographs 
at various stages of the deformation confirms this 
view. The most convincing evidence is obtained from 
the orientation of the bands within the crystals. The 
determination of the orientation of the bands is a 
simple matter in optical micrography if the orientation 
of the crystal itself is known; but with X-ray micro­
graphs some distortion of angular relationships exist­
ing in the crystal usually results in the X-ray image. 
This follows because the reflected image may strike 
the photographic plate at any angle in space. A 
correction factor can be obtained by inscribing on 
the specimen two fine scratches making different 
angles with the axis. These will appear in the X-ray 
image (e.g. Fig. 11 (6), Plate IX), and the angles 
can again be measured.

Now it can be shown t h a t :
tan a =  A  tan |B -j- B

where a =  angle on X-ray image, ¡1 =  actual angle 
on specimen surface, and A  and B  are constants for 
a given reflection. With two pairs of angles, two 
simple equations are obtained from which the factors 
A  and B  can be determined.* Thus the angles made 
by bands on surfaces of the crystal can be found when 
the bands are visible only in X-ray images. The 
orientation of the bands fe then obtained by plotting 
the angles obtained from two faces of the crystal on a 
stereographic projection containing the crystal orienta­
tion. By this method it was found that the bands in 
Figs. 8 (a) and 12 (a) (Plate IX) occurred on (110) 
planes in the early stages of the deformation. In all 
the crystals examined these bands possessed the same 
crystallographic habit independent of temperature 
and speed of deformation.

X-ray micrography has revealed a second lamellar 
type of disorientation, but in most of the crystals 
examined the bands were initially almost parallel to 
the active slip plane, namely (111) in aluminium and 
copper. Fig. 11 (6) (Plate IX) is an X-ray image 
of a copper crystal deformed to 2-9% elongation by 
tension in which these lamellar disorientations are 
visible. Because of their crystallography they could 
easily be confused with slip bands, but optical ex­
amination at much greater deformations confirmed 
that such bands were present in the crystal and 
showed that they were regions in which a second slip 
system had operated, causing local disorientations.

* B  is usually quite sm all and can often be neglected.
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Thus optical examination revealed how the hands 
were formed, while X-ray microscopy proved to be a 
much more sensitive means of detecting them.

The slow deformation of crystals at elevated tem­
peratures usually results in the formation of similar 
inhomogeneities. For example, Figs. 6 (a) and (6) 
(Plate VIII) are X-ray micrographs taken from an 
aluminium crystal after four days’ slow deformation 
a t 300° C. (3% elongation). The large-scale lamellar 
form of the image is due to disorientations resulting 
from the formation of kink bands, which under these 
conditions cause almost macroscopic disorientations 
in aluminium of high purity. However, slow deforma­
tion at high temperatures is a rather different problem 
from that of deformation at low temperatures, because 
polygonization can occur simultaneously with the 
deformation. The work of Wood and his collabora­
tors 7’8 has shown the important part played by this 
phenomenon in the creep of aluminium polycrystals 
a t elevated temperatures. By X-ray powder methods 
and optical micrography, they have found that strain- 
free fragments are formed within the individual 
crystals at an early stage of the deformation. But 
these methods do not reveal the origin of the frag­
ments, nor do they show their exact mode of distri­
bution within the grain and how it changes as the 
deformation proceeds further. X-ray microscopy is 
proving of value in this field, as it is capable of show­
ing the mode of occurrence of the polygons at an early 
stage of the deformation, and the behaviour of indi­
vidual fragments of a crystal can be followed. I t  has 
been mentioned already that the polygons are first 
revealed in X-ray micrographs by the intense reflec­
tions from their boundaries (Fig. 10, Plate IX ); in 
this way the fragments can be detected in the early 
stages of the deformation when the orientation differ­
ences are too small to be revealed by absence of 
reflections. As the deformation proceeds the dis­
orientations between the polygons become greater 
and they no longer all reflect simultaneously. This 
stage is shown in Figs. 6 (a) and (6) (Plate VIII) in 
which the long lamellae are no longer reflecting uni-

formly—there are white areas within dark lamellae 
which represent large individual polygons.

In conclusion, it is not suggested that the X-ray 
method described here is incapable of improvement. 
Certain alterations such as the provision of a much 
smaller source and a reduction of the divergence of 
the X-ray beam will certainly increase the sensitivity 
of the technique. However, the aim of this paper 
has been to show that the method as it stands provides 
a simple and effective way of studying the deformation 
of metal crystals, which yields information not 
normally obtained by optical micrography or more 
standard X-ray methods. The interpretation of the 
X-ray images can be a source of difficulty, particularly 
if the deformation is severe, but if the experiments 
are restricted to lightly deformed specimens and 
include optical micrography, then significant results 
can be obtained.
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SYMBOLS AND ABBREVIATIONS FOR USE IN “ METALLURGICAL ABSTRACTS”

A. Angstrom units =  1 x 10“3 cm.
abs. absoluto
A.C. alternating current
acldn. addition(s)
amp. ampere(s)
amp.hr. amporo-hour(s)
appn. application(s)
approx. approximate(ly)
aq. aqueous
at.-%  atomic per cent.
a t. \vt. atomic weight(s)
atm . atmosphere(s) [pressure]
A.W.G. American wire-gauge
B. & S. Brown & Sliarpo (gauge)
b.c.c. body-contred cubic
°B6. degree Baumo [scale]
B.H.N. Brincll hardness numbcr(s)
b.h.p. brake liorso-powcr
b.p. boiling point(s)
B.Th.U. British therm al unit(s)
B.W.G. Birmingham wiro-gaugo
°C. degroo Colsius (formerly centigrade) [scale]
C coulomb(s)
cal. caloric(s)
c.c. cubic centimetre (s)
c.d. current donsity(ics)
G.G.S. centimetro-grammo-sccond (units)
chem. chemical
cm. contimetre(s)
coeff. cocfficient(s)
compn. composition(s)
conc. concentrated (adj.)
const. constant (adj. or noun)
contg. containing
cryst. crystalline
crystn. crystallization
cwt. hundrodwoight(s)
B.C. diroct current
d density (ies)
dotn. determ ination^)
dia. diametcr(s)
dil. dilute (adj.)
dm. decimetre(s)
D.P.N. diamond pyramid (hardness) number(s)
elect. electric, electrically)
oloctrochem. olectrochemical(ly)
e.m.f. electromotive forcc(s)
estn. estimation(s)
oV. electron volt{s)
°F. degree Fahrenheit [scale]
F Faraday’s constant
f.c.c. face-centred cubic
f.p. freozing point{s)
ft. foot; feet
ft.-lb. foot-ponnd(s)
g. gramme(s)
g.-atom grammo-atom(s)
g.-mol. gramme-moleculc(s)
gal. gallon(s)
grav. gravimetric(ally)
H .F . high-frequency
h.c.p. hexagonal close-packed
H-ion hydrogen-ion
h.p. horse-power
h.p.-hr. horse-power-hour(s)
hr. hour(s)
in. inch(es)
in.-lb. inch-pound(s)
indust. industrial
°K. degree Kelvin absoluto [temperature scale]
kc. kilocyclc(s)
kc./s. kilocycle(s) per second
kg. kilogramme(s)
kg.cal. kilogramme-calorie(s)
kg.m. kilogramme-metre(s)
kin. kilometre(s)
kV. kilovolt(s)
kVA. kilovolt-ampere(s)
kW. k ilow atts)
kW h. kilowatt-hour(s)
kX  Crystal Angstrom(s) =  1000 Siegbahn X-units
I. litre(s)
lb. pound(s)
L.F. low-frequency
liq. liquid (adj.)

M
m.
m.amp.
m ath.
max.
Me.
Me. /s.
moch.
met.
mg.
ml.
min.
mm.
m.m.f.
mol.
m .p .

mV.
N
N.P.L.
No.
N.T.P.
Oc.
opt.
oz.
P.C.E.
p.d.
pH
phys.
p.p.m.
prepn.
prodn.
pptn.
P.S.
qual.
quant.
°R,
recrystn.
ref.
resp.
r.p.m .
sci.
sec.
sopn.
soln.
sp.
sp. gr.
spectrochem.
sq.
S.W.G.
tech.
temp.
t.p.i.
U.T.S.
V.
YA.
vol.
W.
Wh.
"•t-%
yd-
Y.P.
0//o
y
A
M
V/t
n

/
<
>
<
>

$

OC
I!
_L

molar [solution]
metre(s)
milliampere(s)
mathematical^ ly )
maximum (adj. or noun)
megacycle(s)
megacycle(s) per second
mechanical
m etallurgical ly)
milligramme(s)
millilitrc(s)
m inute(s); minimum (adj. or noun).
millimotre(s)
magnotomotivo force(s)
moleculc(s)
molting point(s)
millimicron(s) =  1 x 10“7 cm. =  10 A.
millivolt(s)
normal [solution]
National Physical Laboratory (Toddington, Middlesex) 
number(s)
normal tem perature and pressuro
oei*sted(s)
optical(ly)
ounce(s)
pyromotric cone equivalent
potential difference [electric]
liydrogen-ion concentration
physical(ly)
part{s) per million
preparation
production
precipitation
proof stress
qualitative(Iy)
quan titatively )
dcgreo Reaum ur [scale]
rccrys tal 1 i za tion
roforonce(s)
respectively)
rovolution(s) per minute
scientific
second(s)
separa tions)
solution(s)
specific
specific gravity(ies) 
spectrochomical(ly) 
square
standard wiro-gaugo (Imperial)
technically)
tempera turc(s)
threads per inch
ultim ate tensile stress(es),
volt(s)
volt-ampore(s) 
volume(s) 
watt(s) 
w att liour(s) 
weight per cent. 
yard(s) 
yield point(s) 
per cent.
microgrammo =  1 x 10“* g. 
wave-length
raicron(s) =  1 x 10-4 cm.
1 millionth micron =  l x  10-10 cm. =  0*01 A.
ohm(s)
degree(s) arc
minute of the  arc
second of tho arc
per
less than 
greater than 
not less than 
not greater than  
equal to or less than 
equal to or greater than 
not equal to 
identically equal to
approxim ately (or essentially) equal to
about
varies as
parallel
perpendicular

b
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*The Mechanical and Physical Properties o£ [Commercially] 
Pure Aluminium and Some Aluminium[-Magnesium] Alloys 
at the Temperature of Liquid Oxygen. EL Mader (Metall, 
1951, 5, (1), 1-5).— The mech. properties of pure A1 (99-5%), 
its binary alloys with 3, 5, and 7 %  Mg, and a ternary alloy 
with Mg and Jin, have been determined on autogenously 
welded and on unwelded sheets (4 mm. thick) o f annealed 
material a t room temp. (+  20° C.) and a t the temp, of liq. 
0 2 (— 183° C.). The results, which are given in tables and 
graphs, show t h a t : (1 ) the static tensile properties of both 
welded and unwelded materials are higher a t — 183° C. than 
at room temp., the difference between the two sets o f values 
being greatest w ith A1 and becoming less marked with in­
crease in Mg contont; the ternary alloy has values approx. 
equal to those o f the binary alloy contg. 3 %  M g ; (2) the 
bendability o f welded material is higher at low temp. (— 150°
C.) than a t room tem p .; it  decreases "with increase in thick­
ness of the sh eet; the ternary alloy has values approx. equal 
to those o f the binary alloy contg. 5 %  M g ; (3) impact 
strength is lower at — 183° C. than at room tem p .; it de­
creases with increasing Jig content and, in all cases, is 
considerably lower— by ~ 7 5 % — after w elding; and (4) 
dynam ic tensile strengths a t — 183° C. are little different to 
those a t + 20 ° C., although decrease in temp, does slightly 
improve the strength after welding— which is only ~20-25%  
of that before w elding; the ternary alloy is inferior to all 
other materials. The coeff. o f linear expansion, a : (i)
increases with increase in Jig content, and (ii) decreases with 
temp., and, for all materials a  S  17 x 10'°/°C. at — 120° C. 
The mean sp. heat, cP, is practically independent of compn., 
and falls from 0-224 cal./g. between + 20 ° and + 100° C. to 
0-180 cal./g. between + 20 ° and — 183° C. I t  is concluded 
that the binary alloys with 3 or 5 %  Jig are eminently suitable 
— w ith a slight preference for the latter compn.— for the 
construction of welded containers for tho transport and 
storage of liquefied gases.— E. N.

♦Application of Microradioanalytic Method to the Study of 
the Diffusion of Copper in Aluminium in the Presence of 
Calcium. Mladen Paid (Rev. M el., 1951, 48, (2), 116—120).—— 
The resistance o f the A l-C u-JIg alloys to corrosion can be 
increased b y  cladding them with pure A l, and this increased 
resistance is further improved when the coating contains 
small amounts o f Ca, as a result, it is said, o f the inhibiting 
action of the Ca on the rate o f diffusion o f the Cu. In order 
to investigate this observation, which was made by Bungardt 
(Z. Meiallkunde, 1940, 32, 363 ; Met. Abs., 1941, 8, 306) from 
microscopical examination, P . submitted specimens with 
cladding contg. different amounts o f Ca to  microradioanalysis 
(Compt. rend., 1941, 213, 572, et al.-, Mel. Abs., 1942j-9,.84), 
and so followed the Cu content o f the coating as a function o f 
the distance from the surface and the time o f heating. A  
comparison o f the gradients of tho Cu content in coatings 
heated to 500° C. for various times showed that the rates o f

diffusion o f the Cu increased with the Ca content o f the coating. 
Hence, the fact that tho presence of Ca in tho coating increased 
its resistance to corrosion could not be due to the non-existent 
inhibiting effect o f Ca on tho rate of diffusion o f Cu. The 
Cu reached the outer surface o f an A l cladding 0-15 mm. thick 
after heating for ~80 min. a t 500° C. 7 ref.—-J. H. W .

*The Pentavalent State of Americium. L . B . Werner and 
I. Perlman (J. Amer. Cham. Soc., 1951, 73, (1), 495-496).—  
A  note. The existence of Amv is corroborated. Its propn. 
and properties are described.— J. R.

♦Transitions in Chromium. Jl. E . Fine, E . S. Greiner, and 
W . C. Ellis (Trans. Amer. Inst. M in. Met. Eng. (in J. Metals), 
1951, 191, (1), 56-58).— A  report o f a  study of the thermal 
dependence— between — 200° and +200° C.— o f a number of 
tho properties o f Cr. Tho samples were prepared : (1) by 
powder-inctallurgy methods, and finally annealed a t  1400° C. 
in purified Ho, tho final product having a  purity of 99-8%, 
and (2) by  elcctroforming from aq. soln., after which they 
were packed in Cr, and vacuum annealed a t 1000° C. D is­
continuous changes were found in the Young’s modulus, 
internal friction, coeff. o f expansion, elect, resistance, thermal
e.m.f., and thermoelectric power, which are evidence of a 
transition near room temp. I t  takes place over a largo temp, 
range, progresses only as the temp, is changing, within tho 
experiment range is independent of the rato of heating and 
cooling, and is reversible with no detectable hysteresis; on 
heating, tho transition begins a t  ~  — 20° C., increases in 
intensity to a  critical value near 37° C., but is not complete 
until ~140° C. The difference between tho observed lattice 
const, and those calculated from the expansion data suggests 
that the transition involves a departure from the ideal b.c.c. 
arrangement; the difference corresponds to 0-04% more 
atoms (on the average) associated w ith a unit cell above the 
transition than below and an equal decrease in the proportion 
of unit cells. The extra atoms b y  short-range movements 
perhaps assume interstitial (face-centred) positions giving 
the denser p ackin g; or, alternatively, denser packing could 
arise from the disappearance of vacant lattice sites on heating. 
Young’s-modulus data disclosed evidence for another transi­
tion near — 150° C. This modulus effect, taking place between 
— 160° and — 120° C., with a critical temp, a t — 152° C., is 
similar to the one near room temp., but is o f much smaller 
magnitude. 14 ref.— E . N.

♦Cobalt Self-Diffusion : A  Study by the Method of Decrease 
in Surface Activity. R . C. Ruder and C. E. Birchenall 
(Trans. Amer. Inst. M in. Met. Eng. (in J . Metals), 1951, 
191, (2), 142-146).— The diffusion coeff. o f Co into Co (99-9 -f- 
% ) and Ni (99-9 +  % ) have been measured, in an atmosphere 
of H, by tho decrease in surface activ ity  o f thin (~ 10 -7 cm.) 
films o f Co contg. the radioactive isotope Co60 plated on to 
the diffusion surfaces. The Co self-diffusion coeff. obey the 
equation : -0°% =  eWfiWiRT cm .2/scc.; for dil. Co diffusing 
into N i : =  1-46 e“08!300/717’ cm .2/sec. 7 ref.— E. N.

* Denotes a paper describing the results o f original research. |  Denotes a first-class critical review.
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♦Elementary [Magnetic] Domains in a Cohalt Single Crystal.
L. F . Bates (,/. Phys. Radium, 1951, 12, (3), 322-324).— [In 
French]. Magnetic powder diagrams (Bitter diagrams) 
obtained on a  Co single crystal, either demagnetized or in a 
magnetic field || or X to the crystal axis, arc illustrated and 
discussed.— J. S. G. T.

♦Magnetic Saturation Intensity [of Cobalt] and Some Other 
Related Measurements [in Iron-Nickel-Aluminium Alloys]. 
W . Sucksmith (J. Phys. Radium, 1951, 12, (3), 430-135; 
discussion, 435-436).— [In EnglishJ. The variation o f tho 
saturation intensity of a Co single crystal was studied a t 300°- 
600° C. This variation shows the usual trend up to 400° C., 
where a phase change takes place. The calculated valuo of 
the Curie temp, o f cubic Co is ~1404° K ., above which 
temp, tho hoxagonal crystal lattice is replaced by a  b.c.c. 
lattice. A t tho transition tomp., tho magnetization rises 
discontinuously by  ~ l-5 % . Variation of saturation m ag­
netization w ith degree o f order in binary alloys is discussed 
w ith ref. to  the F o -N i-A l series o f alloys. The importance 
of measurements o f magnetic saturation in tho study of 
phase equilibria is stressed. 15 ref.— J. S. G. T.

♦Creep of Annealed High-Purity Copper : Effects of Stress, 
Temperature, Mechanical and Thermal History. W . D. 
Jenkins and T . G. Digges (Metal Ind., 1951, 78, (20), 403- 
405).— An account o f an investigation o f creep tests on annealed 
O-free, high-conductivity Cu under tension a t 110°, 250°, and 
300° F . (45°, 120°, and 150° C.) now being carried out a t  tho 
U .S. National Bureau o f Standards.— J. H. W .

♦Grain-Boundary Effect in Surface-Tension Measurement 
[of Solid Copper]. H arry Udin (Trans. Amer. Inst. M in. 
Met. Eng. (in J . Metals), 1951, 191, (1), 63).— A  note. In  
the earlier investigation of the surface tension o f solid Cu 
(ibid., 1949,185, 186; see Met. Abs., 1948-49,16, 531), it  was 
assumed that tho grain-boundary energy in a pure metal was 
very small in comparison with the energy o f the external 
surface, and, accordingly, the internal surface energy o f the 
coarse-grained specimens was neglected. However, experi­
mental evidence has since shown that far from being small, tho 
grain-boundary energy is generally the energy of an ex­
ternal surface, and, therefore, there is a  significant error in 
tho reported const. When the grain-boundary energy is 
taken into account, tho surface tension o f solid Cu a t its 
m.p. is found to be 1650 ±  100 dynes/cm., instead o f 1370, 
as previously reported; tho new tomp. coeff. is — 0-55 
dynes/cm./°C. The details o f an experiment to determine the 
grain-boundary tension are being worked out. 4 ref.— E. N.

♦Diffusion of Copper Along the Grain Boundaries of Nickel. 
R . S. Barnes (Nature, 1950, 166, (4233), 1032-1033).— It  is 
shown that the rate o f diffusion o f Cu into N i in the solid 
state is greater along tho grain boundaries than through the 
grains. Cu and N i strips were annealed in H, to remove 
oxido films, and hot-rolled together. The sandwich was 
annealed a t 1000° C. for 36 hr. in A . The cross-sectional 
surface was then polished and etched olectrolytically. Photo­
micrographs show greater diffusion along the grain boundaries 
than across them. Twin boundaries have no effect on diffusion 
ratos. The diffusing Cu atoms do not lock tho N i grain 
boundaries and so prevont grain growth during annealing. 
Rough estimates o f the ratio o f diffusion rates along the grain 
boundaries and across them give values between 1-5 and 4. 
The vol. diffusion of Cu into N i is not dependent on the 
orientation of the grain.— B. R . T . F.

♦The Ferromagnetism of Metallic Dysprosium. F. Trornbe 
(J. Phys. Radium, 1951, 12, (3), 222).— Metallic D y  is charac­
terized by a  ferromagnetic Curie point and distinct saturation 
effects a t ~105° K . A t  179° K . a very pronounced magnetic 
anom aly, possibly attributable to a  second low-temp. ferro­
magnetic state, stable a t > 1 7 5 °  K ., occurs.— J. S. G. T.

Gallium : A  By-Product Metal. A . P. Thompson and
H . R . H am er (J. Metals, 1951, 191, (2), 91-94).— A  review o f 
its history, ores, extraction, phys. and chem. properties, and 
uses. Prodn. in tho U .S.A . was estimated to have been 
~200 lb. in 1948. 11 ref.— E. N.

♦Effect of Heat-Treatment on the Electrical Properties of 
Germanium. H. C. Theuerer and J. H . Scaff (Trans. Amer.

Inst. M in. Met. Eng. (in J . Metals), 1951, 191, (1), 59-63).—  
Ingots o f Ge were prepared by reduction of GeO, a t 650° C. by 
H , fusion o f tho resulting sponge m etal a t 1000° C.— when the 
purity was 99-8%— final melting under an atmosphere o f Ho, 
and controlled solidification from the bottom upwards. 
Under these conditions normal segregation takes place and 
■most o f the impurities concentrate in the last region to freeze. 
The major part o f the ingot is, therefore, purer than it  would 
be i f  cooled random ly; the orderly advance of the freezing 
surface gives a succession of surfaces o f const, compn., and 
the distribution o f the impurities follows from tho shape o f 
tho solidifying interface a t different stages o f solidification. 
Conductivity and resistivity measurements show that in the 
as-cast state the ingot is an ?i-type conductor with peak 
reverse voltages ranging from 50 to 200 V ., depending on the 
position in tho specimen. From tho sim ilarity o f  these 
voltage contours to the contours of freezing surface, it  is 
evident that the peak rovcrse voltages are system atically 
related to purity, being highest a t tho bottom o f the ingot—  
the purest— and lowest a t the top. On heating the specimen, 
contained in a quartz tube under an atmosphere o f He, in the 
range 500°-900° C. for 24 hr. and then cooling in air, conduc­
tiv ity  measurements show that conversion to p-type conduc­
tion takes place, tho purest m etal transforming a t the lowest 
temp., and tho general curvature o f the n/p boundaries again 
suggests th at theso are regions o f equal purity formed during 
the freezing process. A t temp, as high as 900° C., however, 
the impurity-rich top is still unconverted to p-type. The 
thermal reversion is completely reversible, for after heating 
a t  500° C. for 24 hr. the whole ingot is again n-type, w ith the 
same characteristics as tho original, thus showing that no 
substantial diffusion o f impurities takes place during the 
heat-treatment process. The results are interpreted in terms 
of changes in the balance between acceptors and donors 
resulting from an increase in acceptor levels as the temp, of 
heat-treatm ent is increased. Two possible mechanisms for 
the increase in acceptor concentration are given, one postulat­
ing a  change in solubility o f an acceptor im purity, the other 
postulating tho formation o f acceptor centres by therm ally 
produced lattice defects, but further experiments are 
necessary to determine which mechanism is correct. 5 ref.

— E . N.
♦On the Crystallization of Very Thin Films of Gold. Antoine 

Colombani and Gaston R anc (Compt. rend., 1951, 232, (14), 
1344r-1346).— The behaviour o f very thin films o f A u deposited, 
by  thermal evaporation in a vacuum produced b y  an oil- 
diffusion pump in the presence of liq. air, on amorphous 
(Plexiglas) or crystalline (rock salt) supports at normal temp, 
was studied. (1) On Plexiglas.— W ith a  film thickness 
< 5 0  A., the resistivity is an increasing function o f the time.
(2) On rock salt.— Below 35 A. the resistivity increases with 
the tim e ; above 35 A. it diminishes, and the resistivity o f tho 
deposit on rock salt is always below that o f the deposit on 
Plexiglas. C. and R . draw a number o f conclusions from these 
facts and from an investigation o f the films w ith opt. and 
electron microscopes.— J. H. W.

♦Lattice-Distortion Spectrum of Evaporated Gold. P . G. 
Wilkinson (J. Appl. Physics, 1951, 22, (4), 419-423).— Thin 
Au films were deposited on liq.-air-coolcd surfaces by  evapora­
tion in various low pressures o f N, and the energy spectrum 
o f the lattice distortions responsible for tho high initial 
resistivity was determined b y  following the change o f resis­
tiv ity  as the specimen was gradually allowed to warm. In 
the range investigated, max. were found a t 80, 100, and 
120 X 10"11 erg. Tho number o f each o f these types de­
creased as the N  pressure during deposition was raised. The 
final resistivity depended on the film thickness in a manner 
which agreed with theory.— R . W . C.

♦Contact Potentials of Evaporated Iron Films in A ir and 
Nitrogen at Low Pressure. Norman Hackerman and Leland 
L . Antes (Science, 1950, 112, (2912), 471).— -The variation of 
contact potential with time for m etal surfaces prepared by 
evaporation is discussed, w ith special ref. to Fe. In  connection 
w ith the studies, electron-diffraction patterns o f evaporated 
metal films produced within an electron-microscope column
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were continuously observed from the time of their deposition, 
it being possible to follow the formation of an oxide pattern 
as a function of time and pressure. The first perceptible 
change in Fe at a pressure of 27 p. Hg occurred in 11 min., as 
compared witli 27 min. for Ni.— J. R .

♦The Dissolution oi Metals Over the Temperature Range 25° 
to — 60° C. I.-— The Dissolution of Magnesium in Hydrochloric 
Acid-Methyl Alcoliol-W ater Solutions. A. B . Garrett and 
R . R . Cooper (J. Phijs. Colloid Chem., 1950, 54, (4), 437-444).—
G. and C. have measured the dissolution rate o f Mg in HC1- 
CH 30 H -H 20  soln. in the range 25° to — 60° C. The reaction 
was found to be first-order with respect to concentration of 
HC1. The effect o f stirring speed indicated that the reaction 
is largely diffusion-controlled.— D . M. D.

♦High-Temperature Structure and Thermal Expansion of 
Some Metals as Determined by X-Ray Diffraction Data. I.—  
Platinum, Tantalum, Niobium, and Molybdenum. (Edwards, 
Spoiser, and Johnston). See col. 29.

*On Compact-Dispersed Silver. Gcorge-Maria Schwab (J. 
Phys. Colloid Chem., 1950, 54, (4), 576-580).— S. has measured 
the pore and particle size o f an A g compact, produced by the 
electrolytic reduction o f fused AgCl, in three ways : (i) by  
catalytic action, (ii) from tho sp. penetration, and (iii) by  
X-rays. I t  is found that the mean pore width s  mean particle 
width s  5 x  10~4 cm.— D. M. D.

Technetium : Element 43. J. C. Hackney (J. Chem. 
Education, 1951, 28, (4), 186-190).— E arly predictions of an 
element o f atomic no. 43 in tho same periodic sub-group as 
Mn are mentioned, and theoretical conclusions regarding its 
structure, arrived a t before tho first prepn. o f the element 
b y  Perrier and Segrd in 1937, are briefly reviewed. The 
preparation, isolation,'and chem. properties o f T c are discussed, 
and the nuclear properties o f the isotopes are tabulated. 55 
ref.— J. R.

♦Electrical Properties of Grey Tin. G. Busch, J. Wieland, and
H. Zoller {¡¡eh:. Phys. Acta, 1951,24, (1), 49-62).— [In German]. 
Grey Sn o f high p urity (99-9963%) was prepared by prolonged 
cooling o f spectroscopically pure metallic Sn. Tho variation 
of conductivity with temp, was then determined by measuring 
tho Q factor of a coil contg. a core o f the grey Sn powder 
or its alloys, a t frequencies up to 30 Me./s. (1 /Q =  R /aL , 
where R  =  ohmic resistance o f the core, L  —  its self-induct­
ance, and co =  frequency). Tho following results wore 
found : (1) conductivity a t 0° C. =  5 x  lO3 !!"1 cm"1., (2) a 
decrease in conductivity w ith decrease in temp., according 
to the exponential law, (3) an intrinsic conductivity, with an 
activation energy o f ~0-l oV., down to — 100° C., (4) largo 
increases in conductivity at low temp., w ith increasing addn. 
o f A1 (up to 0-489 at.-% ) as alloying element. Measurements 
were also made, b y  conventional D.C. methods, o f the Hall 
effect and of the rem arkably high changes o f resistivity in 
magnetic fields. I t  is concluded that grey Sn is a semi­
conductor o f high elect, resistance, w ith properties very 
similar to those of Si and Ge . 17 ref.— E. N.

♦Influence of Gas Adsorption on the Rate of Reduction of 
Nickel Oxide by Tungsten. Jean-Pierre Kiehl (Compt. rend., 
1951, 232, (18), 1666-1668).— A  mixture of N i oxide and W  
powders w-as placed in a S i0 2 reaction tube, degassed at 
450° C. in a vacuum o f 10"5 mm. Hg, and then annealed for 
15smin. a t different temp, in various gases and in a vacuum of 
6 x  10"6 mm. Hg. The gases used were : He, Ne, A, N, and 
C 0 2. Below 780° C. the rate o f reduction o f tho Ni oxide by  
W  varies according to the nature of the gas adsorbed. A t 
const, temp, and pressure tho rato is an increasing function 
first of the temp, o f liquefaction of the gas and then o f the 
quantity of tho gas adsorbed. The a  ->  (3 transformation o f 
W , determined by a  dilatometric and X -ray investigation, is 
indicated by tho variation o f the chem. reactivity o f the 
m e ta l: tho temp, o f the transformation is lower the greater 
the quantity o f gas adsorbed. Above 780° C. the rato of 
reduction of the oxide is virtual^- tho same for all the gases 
studied in consequence of the very marked diminution o f the 
adsorption. Above 850° C. the gases no longer influence the 
rate o f reduction, probably because of the rapid diminution 
o f tho reacting surface o f the grains b y  recrystn. The effect

of a vacuum is very sm a ll; it can, therefore, be assumed that, 
in tho temp, range studied, the rate of reduction tends to ­
wards zero as the pressure approaches zero. Theso results 
confirm tho results o f previous work (Forestier and K ., ibid.,
1949, 229, 197).— J. H. W .

♦The Production oi Uranium and Thorium in the Powder 
Form. P. Chiotti and B . A . Rogers (U.S. Atomic Energy 
Commission Publ., 1950, (AECD-2974), 21 pp.).— Both motals 
can be produced as powder by  forming powdered hydride 
from tho solid metals and thon decomposing the hydride under 
conditions such that no sintering occurs. U H 3 is formed most 
rapidly at ~225° C., and curves are shown relating the rate o f  
reaction and the dissociation pressure o f U H 3 with temp. 
H  m ay be purified b y  passing over Cu a t 600° C. and dried w ith 
Mg(C10.,)2 or by  passing over U  turnings a t 600°-700° C. An 
apparatus and procedure aro described for converting 100-  
250-g. charges to powder, the size o f tho particles being 
controlled by  the operating conditions. T h forms two 
hydrides, ThH 2 and ThH 3.75.4, so that tho procedure for T h is 
moro complicated and consists o f four operations : (1 )
formation o f ThH 2 a t 600°-650° C . ; (2) formation o f higher 
hydride a t <320° C .; (3) decomposition of higher hydride at 
<500° C. under atm . pressure; and (4) decomposition of 
ThH 2 a t 700° C. a t low- pressure. Crystallographic and 
thermodynamic data relating to the three hydrides aro 
included.— B. W . M.

Zirconium. G. L. Miller (Murex Rev., 1951, 1, (8), 184- 
193).— M. discusses the prodn. of Zr from Z rC l„ including the 
purification and densification of the tetrachloride, its reduction 
with Mg, tho sopn. o f ZrCl,, and the prepn. o f Zr motal from 
the reduced sponge. The fabrication o f tho Zr motal is also 
described. The properties o f Zr, including corrosion-resistance, 
machinability, plastic working, &c., are outlined. M. 
concludes with a discussion o f the appn. o f Zr, and the prodn. 
of the metal in tho U .K . 23 ref.— R . J.

♦A Metallurgical Investigation oi Silver Chloride. R . D. 
Moeller el al. (U .S. Atomic Energy Commission Publ., 1950, 
(AECU-811), 25 pp.).— The results are given o f various phys. 
measurements on AgCl, including a general survey o f the 
literature. The material w-as cast into various types o f ingot, 
and mierohardness tests were made after a  series o f cold 
reductions. Metallographie examinations w-ere made on 
polished sections, using polarized and non-polarizcd reflected 
light and also transmitted light. The tensile properties o f 
sheet material were measured by conventional methods, and 
the alloying characteristics o f AgCl w ith other alkali halides 
w-ere considered. In  m any respects, the phys. properties o f 
AgCl aro very similar to those o f the common metals, the 
main differences, such as those in elect, conductivity and 
nature o f tho bonding, being duo to the ionic nature o f the 
crystal.— B . W . M.

Mechanical Properties of Metals. H. W . Gillott (Machine 
Design, 1951, 23, (3), 143-148, 198, 200).— G. stresses that 
very few figures obtained from conventional mech. tests have 
any appn. in design, as service behaviour does not utilize the 
exact property thus measured. The normal mech. tests are 
critically discussed, and examples are quoted show-ing how 
tho results aro frequently inconsistent. For special design 
purposes the properties stated to be of greatest valuo arc 
yield strength and elastic modulus. The true stress/strain 
diagram is useful, as it  reflects the work-hardening behaviour 
o f the material, a feature of value in plastic forming processes. 
G. discusses how valuable information on usable deformation, 
combined stress, and directionality can be applied in design 
problems. Other subjects discussed include the limitations 
o f tensile data, sampling, hardness, bend and transverse tests, 
toughness and brittleness, tho effects o f repeated stress, and the 
influence o f high temp. I t  is emphasized that conventional 
tests give no information on a large number o f properties, and 
service tests are essential.— D . M. L.

Hardness and W ear. Wilhelm Späth (Metalloberfläche,
1950, [A], 4, (12), 177-180).— A  review o f the relationships 
between the mech. properties known as “  hardness ”  and 
“  wear,”  factors w-hich can be defined and measured in various 
ways. 11 ref.— E . N.
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♦The Entropies of Melting of Metals. R . A. Oriani (J . Chem. 
Physics, 1951, 19, (1), 93-97).— The melting process can be 
visualized as consisting first o f an expansion and then a 
disordering o f the crystal structure. The entropy contribution 
from the first effect is calculated by analogy w ith the process 
occurring in a  vol. expansion within an individual phase, the 
entropy contribution from the melting disorder being then 
obtained by difference from the measured entropy o f fusion. 
Tentative conclusions o f heuristic value are drawn from the 
relative magnitudes of the various quantities. A  simple 
model for the melting process is adopted, making possible a 
correlation between the amount o f disordering during melting 
and the structural contribution to the entropy of melting.

— J. R.
♦Relation Between the Atomic Vibrations of Metals in the 

Solid State and Their Heat of Fusion. Leon Jollivct (Compt. 
rend., 1951, 232, (10), 960-968).— It  is known that the atomic 
vibrations of metals are closely related to the sp. heat (Ein­
stein and Debye) and to the molting temp. (Lindem an); J. 
showed that there is also a simplo relation between the atomic 
vibrations of solid metals and their heat o f fusion. He 
calculated, v, the frequency lim it o f the atomic vibrations by 
three methods and plotted this factor against n, the principal 
quantum number of the outer layer o f the atom for a number 
of metals. The f.c.c. and h.c.p. metals lay  on one curvo and 
the b.c.c. on another. These curves were straight lines up to 
n  =  5, above which the values were dispersed. The straight 
lines corresponded to the equation : H  =  a(n —  l)Nhv, 
where II  in cal./g.-atom is tho heat o f fusion, a  is a  const, 
equal to L63 for the f.c.c. and h.c.p. metals and to 0-90 
for the b.c.c. The heats o f fusion are thus proportional 
to tho quantum o f vibrations of the atoms for the max. 
frequency of the lattice. The coeif. o f proportionality depends 
on two terms, the one characterizing the crystal structure and 
the other the energy level o f the outer electrons o f the atoms.

— J. H. W .
Development oi Improved Metals to Determine Success of

Atomic Energy Programme. ------ (Steel, 1950, 126, (15),
91-92, 94, 97).— Prepared from data presented in the 7th 
Semi-Annual Report o f the Atom ic Energy Commission, 
Jan. 1950. Am ongst the subjects reviewed are strength o f 
metals and creep, diffusion in solid metals, thermodynamics of 
metals, corrosion, and the effect o f radiation.— E . J.

•¡■Effects of Radiation on Materials. J . C. Slater (J. A pp l. 
Physics, 1951, 22, (3), 237-256).— A  declassified excerpt from 
an American survey o f tho field, dealing with the subject in 
a  general w ay, and without ref. About a  third is taken up 
b y  a concise survey o f the atomic and electronic factor’s which 
determine a  number o f important phys. and inech. properties 
o f solids, including metals. There follows a section sketching 
the present status o f collision theory as applied to tho slowing 
down of fast particles in solids ; the particular point is made 
that radiation damage must be almost entirely due to dis­
placed nuclei rather than to electronic excitation, and for 
this reason heavy and relatively slow particles should wreak 
most damage. The considerations advanced are then applied 
separately to metals, semi-conductors, ionic solids and 
ceramics, and to molecular solids. The close analogy between 
work-hardening and radiation damage is emphasized, and tho 
relevance in this connection o f the recrystn. temp, is stressed. 
Order-disorder changes, pptn.-hardening, surface removal, 
and alloy formation through retention o f fission fragments 
are discussed. In  comparison with the other categories o f 
materials, radiation damage to metals would be expected to 
be small, particularly for metals with a low recrystn. temp.

— R. W. C.
■¡Tnternal-Friction M easurem ent: Method of Investigating 

Structural Changes in Metals. [— I.-III. ] A . S. Darling 
(Metal Ind., 1951, 78, (12), 223-225; (14), 271-273; (15), 
291-292).— A  method o f obtaining information on the damping 
o f metals, unobtainable b y  other means, depends on the effect 
that internal changes have on the relationship between stress 
and strain. Zener (“  Elasticity and Anelasticity of Metals,”  
University of Chicago Press, 1948) has carried out an analysis 
leading to general equations on the assumption that an initial

stress is applied to a specimen and maintained const. Tho 
stress will relax with time owing to the progress o f various 
changos in the microstructurc, and the time of relaxation will 
bo uniquely determined by the factor causing this stress 
reduction. D. derives tho general equations and discusses 
the effect o f temp, on the stress/strain relationship and of 
thermo-elastic coupling on the damping capacity o f metals. 
He concludes that although intcrnal-friction measurements 
offer a method of investigating changes in structure of metals 
under the action of stress, theory is much in advance of 
reliable experimental results and considerably more syste­
m atic work is required. 40 ref.— J. H. W .

The Electrostatic Component of the Force of Friction. 
R . Schnurmann (Physics o f Lubrication (Brit. J . A ppl. Physics 
Suppl. No. 1), 1951, 62-66; discussion, 66- 68).— E xperi­
mental evidence, previously available, suggests that jerky 
(“  stick-slip ” ) motion o f a frictional contact operated at a 
const, rate is o f electrostatic origin. Tho electrification of 
frictional contacts is illustrated b y  discharge currents made 
visible on the screen o f a cathode-ray oscilloscope. W ith a 
metallic friction element loaded against a rotating steel disc, 
rapid oscillations appear on the screen; their amplitude is 
independent of load and speed. In  discussion, J . S . Courtney- 
Pratt maintained that there is no evidence that elect, forces 
form any significant part o f frictional forces. 12 ref.

— J. S. G. T.
♦Surface Welding and the Extreme-Pressure Lubricant.

G. I. Finch and R . T . Spurr (Physics of Lubrication (Brit. J . 
Appl. Physics Suppl. No. 1), 1951, 79 -8 1; discussion, 8 1- 
82).— When two metal surfaces aro brought into contact, 
surface oxide films prevent intermetallic w elding; the films 
m ay be ruptured by sliding. Cu single crystals weld more 
readily than similar crystals mech. polished to form work- 
hardened surface layers, or than electropolished polycryst. 
materials where deformation in each crystal grain is restricted 
a t its boundary. A l, which is harder than Sn, welds much 
more easily than Sn to Cu, since Cu20 is worn aw ay more 
quickly b y  hard A L 0 3 than by SnO. The ease with which 
metal surfaces weld on sliding depends upon their rigidity, and 
the nature and thickness of their surface films. Extreme- 
pressurc additives react w ith the oxide film to form a layer 
of chloride, oxychloride, sulphide, & c., which is moro fusible 
than the metal. 5 ref.— J. S. G. T. »

♦An Investigation of Surface Damage, Using Radioactive 
Metals. E . Rabinowicz (Physics of Lubrication (Brit. J . 
Appl. Physics Suppl. No. 1), 1951, 82-85).— In indust, 
practice, it  is generally more im portant to reduce wear than 
to reduce friction. Radioactive hemispherical sliders of 
Cu, Cd, Zn, P t, Ag, and stainless steel were slid over a bottom 
plate, and the transfer o f activ ity  to the latter recorded by 
placing it in contact with a  photographic plate which blackened 
locally owing to the radioactive material torn from the 
hemisphere during sliding. This method will detect down to 
10' 12 g. in favourable cases. Metal transfer occurs in the form 
o f discrete fragments, and well-lubricated surfaces reduce 
the transfer, compared with clean surfaces in the ratio 400, 
or more, : 1. On heating well-lubricated surfaces, tho coeff. 
o f friction and metal transfer increase m arkedly a t tho m.p. 
o f the surface film. Metal transfer, in contrast to friction, is 
sensitive to temp, change below the surface film’s m.p. 
7 ref.— J. S. G. T.

♦The Adsorption of Lubricant Films : A  Study by Radio­
active Tracers. A . C. Moore (Physics of Lubrication (Brit. 
J . Appl. Physics Suppl. No. 1), 1951, 54-56; discussion, 56- 
57).— The chem. reaction between radioactive metal foils, 
(Pt, Au, Zn, Cd, and Cu), and adsorbed monolayers o f stearic 
acid, ethyl stearate, and ootadeeyl alcohol, was studied. It  
is directly verified that when reaction occurs the system shows 
good lubricating properties a t temp, above the bulk m.p. o f 
the lubricant and up to the softening point o f the soap. I f  
no reaction takes place, lubrication occurs only below the 
bulk m.p. o f tho lubricant. Reaction does not ceaso with 
the formation of a monolayer o f soap on the m e ta l; if  suffici­
ent materials are present, thick films o f soap are built up. 
The weight o f metal detected in the tests is o f the order
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10~7 g./cm .2 o f true surface area. Tlio results obtained by 
the use o f radioactive tracers agree with those obtained by 
electron-diffraction methods. 16 ref.— J. S. G. T.

*A  Study of Boundary Lubricant Films by Electron Diffrac­
tion. J. W . Menter (Physics of Lubrication (Brit. ,J. Appl. 
Physics Suppl. No. 1), i9 5 1 , 52-53; discussion, 53-54).—  
The structures and orientations o f long-chain hydrocarbon 
compounds, including fa tty  acids, and metallic soaps on 
polished surfaces of P t, A g, Cu, Zn, Cd, mild steel, and Ni, 
were studied b y  electron diffraction. I t  is shown that the 
first monolayer is oriented with the hydrocarbon chains 
approx. normal to the surface; material above the first 
monolayer shows a different orientation and structure. 
Structuro and orientation o f the monolayer are unaffected 
by rubbing except in one case, viz. octacosanoic acid. The 
diffraction patterns remain unchanged over a considerable 
rise o f temp., but a t a critical temp., characteristic o f tire 
surface films and the chemical nature of the surface, tire 
diffraction patterns change until ultim ately reversible two- 
dimensional melting o f the film occurs. Good boundary 
lubrication requires a closely packed solid film o f oriented 
molecules on the metal surface. 16 ref.— J. S. G. T.

♦The Effect of Lubrication on Friction, Wear, and Abrasion. 
P. Grodzinski (Physics o f Lubrication (Bril. ./. Appl. Physics 
Suppl. No. 1), 1951, 86-89 ; discussion, 89-90).— Experimental 
results relating to the effect o f lubricant (water) upon the 
coeff. o f friction and abrasion between a cast-iron disc and 
a lubricated diamond surface are given. Best combinations 
of abrasive, lap material, and lubricant found b y  Knight and 
Case (Trans. Amer. Soc. Mech. Eng., 1915, 37, 297) are tabu­
lated for abrasives SiC and A120 3 and Cu, cast iron, and steel. 
11  ref.— J. S. G. T.

♦Lubrication with Materials in the Solid State. F . T. 
Barwell and A . A. Milno (Physics of Lubrication (Brit. J. 
A ppl. Physics Suppl. No. 1 ), 1951, 39-42; discussion, 42- 
43).— Coeff. o f friction between two rubbing surfaces of mild 
steel loaded a t 40 lb./in.2 and moving a t relative velocities of 
0-24 and 9-45 ft./min. using 13 solid lubricants, ranging from 
the worst (talc, 0-5) to the best (sodium stearate, 0-08), were 
measured. Only' graphite, metallic soaps, and paraffin wax 
were found to bo effective solid lubricants. Results are 
given of running tests in which mild steel treated b y  Sn or 
Cr plating and pliosphatizing was continuously reciprocated 
against mild steel either unlubricated or lubricated with 
paraffin w ax (rn.p. 55° C.) A  phosphatized surface, lubricated 
with paraffin w ax, gave the best results. I t  is suggested that 
the w ax has a sufficiently high yield value to prevent contact 
between the surfaces and that it is sufficiently non-rcactive 
towards the metal to make easy the cleavage a t the wax/mild 
steel interface. In the discussion, E . A . Smith referred to 
apparent contradiction between results obtained by B . and 
M. and by Clayton relating to graphite lubrication, and 
indicated how these could bo reconciled.— J'. S. G. T.

*The Lubrication of Metals by Long-Chain Organic Com­
pounds. K . V . Shooter (Physics of Lubrication (Brit. J. 
Appl. Physics Suppl. No. 1 ), 1951, 4 9 -5 1; discussion, 51).—  
Results o f lubrication tests made with the Bowden-Lobon 
apparatus (Proc. Roy. Soc., 1939, [A], 169, 371 ; Met. Abs., 
1939, 6, 206) using fa tty  acids as lubricants between rubbing 
surfaces o f Cu, Fo, Mg, Zn, and Cd, show that reaction and 
soap formation must occur and th at more than a mono- 
molecular layer o f soap must bo present on each sliding 
surface for good lubrication to result. 11 ref.— J . S. G. T.

Theory of D0 for Atomic Diffusion in Metals. Clarence 
Zener (J. A ppl. Physics, 1951, 22, (4), 372-375).— A  recent 
treatm ent by  W ert and Z. (Pkys. Rev., 1949, [ii], 76, 1169; 
Met. Abs., 1949-50, 17, 637) of interstitial diffusion is here 
extended to self- and substitutional diffusion a t low con­
centrations. The statistical-meeh. basis o f the theory is 
presented in detail and a general equation derived : AN =  
y$ H jT m, where p is a  dimensionless quantity involving 
an elastic modulus and T m the melting temp., A S  is the 
entropy of activation, H  the heat o f activation, and y 
a const, o f order of unity. The const, are evaluated for the 
vacancy and the ring diffusion models for diffusion (the

above equation being shown to hold in both cases). An 
important conclusion is that A S  is always positive. The 
best experimental values o f appropriate diffusion const, 
agree well with the equation, and from the values o f y required 
to obtain a fit it is concluded that the vacancy mechanism 
operates in f.c.c. motals, the ring mechanism in b.c.c. ones.

— R , W . C.
♦Influence of a Transverse Magnetic Field on the Conductivity 

of Thin Metallic Films. E. H. Sondhoimor (Pliys. Rev., 
1950, [ii], 80, (3), 401-406).— The influence .of a transverse 
magnetic field on the conductivity and H all coeff. o f thin 
metallic films, whose thickness is comparable with the mean 
freo path of the conduction electrons, is considered theoretic­
ally. Analogous to the increase o f zero-fiold elect, resistivity, 
thp Hall coeff. o f such films is predicted to be greater than the 
bulk value. I f  the film thickness is small compared with the 
mean free path, the rosistivity is predicted to increase to a 
m ax. with increasing magnetic field, and then to oscillate.

— P . C. L . P.
*On the Origin of Intermittent Activation in the Ferro­

magnetics. Robert Forror (Compt. rend., 1951, 232, (19), 
1746-1748).— F. recently introduced the conception of 
intermittent activation (ibid., 1950, 230, 1254, 1584), and a 
study of alloys confirmed that this intermittent activation 
produces forromagnetism only when it tends towards the 
4 p  state, having filled the 4 s 2 state (ibid., 1950, 231, 1130, 
1444; Met. Abs., 1950-51, 18, 602). The intermittent 
activation allows o f intermittent dissociation o f pairs of 
electrons in the 3 d state ; its cause is attributable to the 
magnetic moment o f the atom itself, and the total inter­
m ittent activation, a, is proportional to the number, n” , of 
pairs o f electrons and to the number, n', o f single electrons, 
so that a —  const, x  n "  X n'. In the series o f elements : 
V -C r-M n -F e-C o-N i, n "  increases from 0 to 5, while n ' 
decreases from 5 to 0 ; a thus has a parabolic form as a function 
o f the number o f electrons in the 3 d state. The number o f 
interactions, N , that can bo inferred from the Curie points of 
some combinations o f the MnSb type (0 =  70° C. for CrTe, 
314° C. for MnSb, and 328° C. for F eSq.,) confirms the 
parabolic form. For the normal ferromagnetics, on the other 
hand, the number o f interactions is given by N  =  const. X 
(n"  —  2)n' ; so that metallic Mn is in effect not ferromagnetic, 
while Fe has a strong molecular field. Metals and alloys of the 
f.c.c. type (Co-y, Ni, Fe-N i-y, Co-Ni-y) have a permanent 
activation o f a t least a h a lf electron, and the parabola is thus 
displaced a half-unit to the right. The intermittent activation 
is thus prim arily an internal effect o f the atom, depending on 
the atomic number. I t  is probable that it  exercises by  its 
intercepts an appreciable effect on the spatial distance o f 
neighbouring atoms and consequently on the choice o f the 
crystal lattice.— J. H. W.

♦The Electrical Resistance at Low Temperatures of Some 
Ferromagnetic Metals [and Alloys] in a Magnetic Field. C. J. 
Gortor (J. Pliys. Radium, 1951, 12, (3), 279-280; discussion, 
280).— A  brief, provisional account is given o f the researches 
of J. Sm it relating to the elect, resistance o f Ni, Fe, and 
N i-F e, N i-Co, and N i-C u alloys in magnetic fields up to 22 
kOe. a t temp, between atmospheric and that o f liq. H . The 
effect upon resistance o f field orientation relative to the elect, 
current increases considerably a t low temp., and attains an 
approx. value of a  multiple o f 10%  in some alloys a t the lowest 
temp. In  the case o f the pure metals, however, the effect 
upon resistance o f field orientation relative to the current is 
very small, and the increase of resistance due to the magnetic 
field has its normal value. In  the case o f the alloys, the 
slope, dR /dll, on the descending part o f the R/H  graph in 
strong fields vanishes a t  very low temp, except in the case of 
the 42 : 58 N i-F e alloy, doubtless due to abs. magnetic satura­
tion being very nearly attained. The 76 : 24 N i-F e alloy 
shows anomalous behaviour attributed to the development of 
superstructure in the alloy.— J. S. G. T.

t  Thermal Effects Associated with Magnetization Processes. 
L . F . Bates (J. Phys. Radium, 1951, 12, (3), 459-469 ; discus­
sion, 469-470).— [In English], Results o f experimental 
studies o f thermal effects associated with magnetization
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processes, in low and moderate fields, during the last 25 years, 
and B .’s apparatus used for this purpose, are discussed. Many 
o f the results are discussed in terms of a  theory due to Stoner 
and Rhodes (Phil. Mag., 1949, [vii], 40, 481 ; Met. Abs., 
1949-50, 17, 9). The main results obtained are : (1) thermal 
changes for initial magnetization o f all tho puro ferro­
magnetic metals are the same, initial cooling being followed 
by magnetocaloric heatin g; (2) there is a “  folding back ”  
effect in tho curves o f thermal changes for a magnetization 
cycle ; (3) internal strain in Ni produces very largo effects on 
the magneto-thermal curves ; and (4) metals and alloys show 
interesting differences. An attem pt is made to deduce 
thermal behaviour from available magnetic, magnetocaloric, 
and magnetostriction data. The result is satisfactory in the 
caso of N i under severe internal strain, but less so with well- 
annealed materials, where effects o f crystal anisotropy are 
important and difficult to estimate. 14 ref.— J. S. G. T.

*Magnetic Drag. Louis Neel (J . Phys. Radium, 1951, 12,
(3), 339-350; discussion, 350-351).— Magnetic drag in magnetic 
materials is separated into a  reversible and an irreversible 
component and the parts played by these in the magnetization 
o f substances are discussed in terms o f two fictitious magnetic 
drag fields varying with time and superposed upon the applied 
magnetic field. The reversible field is attributable to pro­
gressive stabilization o f spontaneous magnetization which is 
related to material diffusion within ferromagnetic substances. 
Magnetostriction constraints are insufficient to explain this 
diffusion stabilization, which, it is suggested, is attributable 
to magneto-cryst. coupling, for which a  mechanism is proposed. 
Irreversible drag, on the other hand, is attributable to thermal 
fluctuations, arising in various ways, o f which the most 
important, apparently, is due to fluctuations o f the inter­
nal dispersive field associated with variations in tho direction 
o f spontaneous magnetization. Numerical data relating to 
tho resp. magnitudes o f  the two types of magnetic drag are 
given. 34 ref.— J. S. G. T.

■"Irreversible [Magnetic] Drag in W eak [Magnetic] Fields. 
Jean-Claude Barbier (J. Phys. Radium, 1951, 12, (3), 352- 
354).— Experiments carried out with a  number o f ferromag­
netic metals and alloys, including Fe, N i, Co, Alnico V, Co-Zn, 
and N i-Zn ferrites, designed to study tho variation of 
magnetization w ith time, and the effect o f an alternating 
magnetic field upon remanent magnetization in weak fields, 
confirm the hypothesis o f an irreversible magnetic drag due 
to  thermal fluctuations, contained in Ndel’s theory of 
magnetic drag (preceding abstract).— J. S. G. T.

*The Coercive [Magnetic] Field. Louis Weil (J. Phys. 
Radium, 1951, 12, (3), 437-447 ; discussion, 446).— Becker’s 
and Kersten’s resp. contributions to the theory o f the 
coercive magnetic field o f ferromagnetics, and Neel’s intro­
duction o f internal demagnetizing fields are briefly reviewed, 
and some confirmations o f the theories are discussed. The 
coercive field o f finely granulated materials is attributed to :
(1 ) internal stresses, and (2) magnetic anisotropy and aniso­
tropy o f form of tho grain s; experimental results confirm 
tho roles played by these two factors. Upper and lower 
grain dimensions and tho part played b y  packing in the 
prodn. o f the coercive field are discussed with the aid of the 
theory and experimental data. 61 ref.— J. S. G. T.

[Magnetic Domain Patterns. R . M. Bozorth (J. Phys. 
Radium, 1951, 12, (3), 308-320; discussion, 320-321).—  
[In English]. The technique and interpretation of magnetic 
domain patterns, as revealed b y  magnetic powder diagrams, 
are discussed a t considerable length b y  ref. to  illustrations of 
domain patterns characterizing Fe in various states o f 
magnetization, and after mech. or electrolytic polishing, and 
under increasing tension, Co, Co-N i alloy, F e-S i alloy (showing 
that domains sometimes cross grain boundaries), and Alnico 
V. 20 ref.— J. S. G. T.

Delimitation oi the Rayleigh Domain in Alternating Fields 
in the Light o! Recent Theoretical and Experimental Work. 
I. Epelboim (J. Phys. Radium, 1951, 12, (3), 361-370; 
discussion, 370-371).— Departures from Rayleigh’s laws 
relating to magnetization in weak fields, shown bj' some 
materials o f high magnetic permeability, are referred to.

E . has shown that strips and wires o f high-permeability 
material, polished electrolytically, are heterogeneous in the 
direction o f their thickness, probably owing to irregular 
diffusion of atoms during thermal and mech. treatm ent, and 
he attributes departures from R ayleigh’s laws shown by 
these materials to this heterogeneity, which sets a field lim it 
to the applicability o f these laws. 39 ref.— J. S. G. T.

Dynamics o£ the Bloch Boundary and High-Frequency 
[Magnetic] Permeability. R . Becker (./. Phys. Radium, 1951, 
12, (3), 332-337; discussion, 337-338).— A  Bloch boundary 
in a ferromagnetic crystal is the crystal region in which the 
spontaneous magnetization o f the crystal changes from one 
permissible direction to another. In tho region o f initial 
magnetic permeability, magnetization takes place as a result 
o f an increase of domains favourably oriented a t  the expense 
of unfavourably oriented domains. This necessitates a 
displacement of Bloch boundaries separating the domains, and 
it  is shown that these boundaries possess an inertial mass 
which can be evaluated exactly. A t very H .F ., the Bloch 
boundaries are unable to follow variations o f the magnetic 
field, owing to their inertial mass. This hypothesis o f inertial 
mass of tho boundaries is used to discuss tho observed dis­
appearance o f magnetic susceptibility. Among matters 
discussed are : friction due to internal induced current, 
Snoek’s theory o f ferromagnetic resonance (Pliysica, 1948, 
14, 207), and inhomogeneity o f the magnetic field due to a 
skin effect. 12 ref.— J. S. G. T.

*fCollective Electron Ferromagnetism in Metals and Alloys.
E . C. Stoner (J. Phys. Radium, 1951, 12, (3), 372-387; dis­
cussion, 387-388).— [In English]. A  theory of ferrom ag­
netism, based on the Ferm i-Dirac statistical electron theory, 
in which it is assumed that the effective electrons (or holes) 
are arranged in a  parabolic strip, and th at the energy of 
exchange is proportional to the square o f the magnetization, 
is developed. Under certain restrictive conditions, forms of 
the magnetization curves corresponding to those in Weiss’s 
theory are derived, and it is shown that spontaneous m ag­
netization occurs below a certain temp, which is the Curie 
point. Saturation is incomplete even a t 0° K . In  the case of 
Ni, with approx. 0-6 hole/atom in the d band, marked agree­
ment is found between theoretical deductions and experi­
mental values for the variation o f magnetic susceptibility 
with temp., the variation o f spontaneous magnetization, and 
the sp. electronic heat both a t  low and a t high temp. B y  
a  natural development o f the theory, a  satisfactory explanation 
can be given o f the properties o f m any Ni alloys. Magnetic 
saturation is incomplete at 0° K , in the case o f m any alloys 
of various compositions and for Fe. In  the caso of Fe and 
Co the assumption o f a parabolic form  of electronic band is not 
a  satisfactory approximation. The influence of various forms 
of band is being studied. 28 ref.— J. S. G. T.

Ferromagnetic Resonance. C. K ittel (J. Phys. Radium, 
1951, 12, (3), 291-300; discussion, 300-302).— [In English]. 
The phenomenon o f ferromagnetic resonance absorption 
was discovered experim entally by  Griffiths in 1946 (Nature, 
1946, 158, 670; Met. Abs., 1947, 14, 4), after theoretical 
discussion o f the m atter by  Gans and Loyarte (Ann. Physik, 
1921, 64, 209) and by Dorfmann (Z. Physik, 1923, 17, 98; 
J. hist. Metals (Abstracts), 1925, 34, 493). A  math, theory 
o f the phenomenon is developed by the aid of classical reson­
ance theory, followed b y  a quantum-mech. interpretation of 
the phenomenon. Short-wave resonance and measurements 
o f the gyromagnetic coeff. are correlated, and recent experi­
mental results are briefly discussed. A  theory o f the effect o f 
frequency upon the initial permeability of ferrites, which 
agrees with recent experimental results, is developed. 38 
ref.— J. S. G. T.

*A  New Conception of the Electronic State of Ferromagnetics : 
Introduction of the Notion of Intermittent Activation. 
Robert Forrer (J. Phys. Radium, 1951, 12, (3), 402-413; 
discussion, 413).— A  math, theory o f ferromagnetism, applic­
able to metals and alloys and based upon tho intermittent 
activation o f adjacent electrons in the crystal lattice, is 
developed. The theory enables non-ferromagnetics (Cr, Mn) 
to be differentiated from spontaneous ferromagnetics (Fe, Co,
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Ni) and provoked ferromagnetics (alloys of Cr and Mn). 
The magnetic moments of numerous ferromagnetic alloys are 
calculated. Values o f the Curie const, o f Fo and Ni, calcu­
lated by aid o f the theory, agree with experimental values. 
The magnetic moments o f F e-C r and F e-V  alloys are inter­
preted in terms of the antiferromagnetism characterizing 
Fe and either Cr or V  together w ith a superposed intermittent 
electronic activation. The appearance o f ferromagnetism 
at a definite compn. in the alloys Fe-N i-y, Fe-Co-y, Pt-C o, 
P t-C r, Pf>-Mn is attributable to progressive intermittent 
electronic activation. 17 ref.— J. S. G. T .

Rotations [of Magnetic Moments] During Magnetization. 
(Initial Magnetization, Coercive Field). Charles Guillaud 
(J. Phys. Radium, 1951, 12, (3), 492-497).— Values of the 
initial magnetization, (a), and o f the coercive field, (Hc) 
are deduced theoretically from a consideration o f the rotation 
of elementary magnetic moments against the magneto-cryst. 
and tensile stresses produced by an external magnetic field. 
Theoretical values o f a and H c and some o f the const, occurring 
in the theory are compared with experimental values obtained 
for the alloys MnBi, Mn2Sb, Co and Co ferrites, w ith fairly 
satisfactory agreement in some cases. The results confirm 
magnetic moment rotation as the mechanism o f magnetization. 
16 ref.— J. S. G. T.

The Gyromagnetic (Magneto-Mechanical) Ratios of Some 
Ferromagnetics of the Iron Group. Andre J. P. Meyer (J. 
Phys. Radium, 1951, 12, (3), 303-304; discussion, 304).—  
Values o f the Lande factor, g, o f Fe and Ni, determined by 
measurement o f the Einstcin-de Haas effect by  the method 
of forced resonance employed b y  Coeterier (Helv. Phys. Acta, 
1935, 8, 522) confirm the value g =  2-00 found by Sucksmith, 
Chattok, and Bates, and indicate that eloetron spin is the 
sole source o f effective magnetic moment in metals. The 
same conclusion is reached in the ease of the isoelectronie 
alloys of Fe with Ni or Co, FeN i, FeCo, and Fo3Ni, which 
have very  different Curie points and saturation magnetic 
moments. The difference o f moments of these isoelectronie 
alloys cannot bo attributable to a variable orbital moment, as 
suggested by Forrer (ibid., 1940, [vii], 1, 74 ; Met. Abs., 
1940, 7, 205). In  the discussion, E . C. Stoner directed atten­
tion to difficulties arising from theso conclusions in inter­
preting some of B arn ett’s quite different results, and in 
explaining the phenomenon o f magneto-cryst. anisotropy in 
the absence o f orbital moments.— J. S. G. T.

Recent Developments in the Theory of Antiferromagnetism. 
J . H . Van V leck (J. Phys. Radium, 1951, 12, (3), 262-274; 
discussion, 274).— [In English]. A  review w ith 17  ref.— T . G.

[H igh Negative Molecular Fields, and the Different Mechan­
isms of Passage from Antiferromagnetism to Weiss Para­
magnetism. G. Foex (J. Phys. Radium, 1951, 12, (3), 153- 
159; discussion, 159-160).— Metals, oxides, and salts m ay 
possess magnetic properties intermediate between the para­
magnetism, independent o f tem p., and Weiss paramagnetism. 
T hey obey Weiss’s law, but with values of the Curie const., 
(C), much too large to have the customary significance, and 
very high values o f A (=  — 0°, where 0° is the Curie temp.). 
These facts are illustrated b y  the case o f y-Fe, studied by 
Sucksmith and Pearce and others (Proc. Roy. Soc., 1938, 
[A], 167, 189; Met. Abs., 1938, 5, 575). A t  temp, below 
0° C., P t  in its magnetic behaviour resembles y-Fe. Wucher 
(Comfit. rend., 1950, 230, 730; Met. Abs., 1949-50, 17, 705)

studied the magnetic properties of solid soln. o f diamagnetic 
metals in Pd and found that values o f the Curio const, and of 
A are a function o f the electronic concentration in the dis­
solved m e ta l; contrary to expectation, however, A  increases 
with increase of this concentration. I t  is suggested that the 
electronic structure of Pd metal is an equilibrium mixture of 
32-5 ions in the ds state and 67-5 neutral atoms in the d la 
state. Structures of binary alloys o f P d with Au, A g, Al, and 
Pb are briefly discussed, and difficulties encountered in 
applying Weiss’s hypothesis o f the molecular field are referred 
to. 32 ref.— J. S. G. T.

♦Ferromagnetism in W eak [Alternating] Magnetic Fields, and 
the Curie Point. R . Goldschmidt (J. Phys. Radium, 1951, 
12, (3), 355-360; discussion, 360).— Desirable properties of 
ferromagnetic materials employed in the construction of 
apparatus and appliances for use in weak alternating magnetic 
fields are briefly referred to. The development o f magnetic 
materials in the last 150 years is briefly reviewed, with illus­
trative examples o f the hysteresis cycles o f typical products 
introduced a t various epochs, w ith especial ref. to Rayleigh 
cycles, Jordan const., and magnetic viscosity. The anom­
alous behaviour o f ferromagnetics in various fields and at 
different temp, is briefly referred to, more especially with 
ref. to  initial permeability and losses in the neighbourhood 
o f the Curio p o in t; a material contg. ~ 4 %  Si, used in 
transformers and having two Curio points, and N i-F e and 
N i-Si alloys, with or without a  preferred direction of m ag­
netization, are described. In  the discussion, K . Hoselitz con­
tradicted G. in maintaining that a substance contg. 4 %  Si 
consists o f two phases with two Curio points. Alloys o f this, 
and much higher, Si content are single phase and have one 
Curie point only.— J. S. G. T.

♦Ferromagnetism, Paramagnetism, and Cohesive Energy of 
Transition Metals and Their Alloys. (Berg). See col. 24.

Non-Classical Reaction Kinetics. H enry Eyring and Peter 
Gibbs (Science, 1951, 113, (2926), 104-105).— Hardness, elect, 
resistivity, and magnetism o f metals, when treated as rate 
processes, provide examples o f non-classical kinetics. From 
the appn. o f the classical expression for the net sp. rate of 
surmounting barriers, E . and G. derive an equation for excess 
velocity in plastic flow, and proceed to interpret the data in 
terms o f crystal geom etry and penetration o f electrons through 
the electrostatic barriers separating the initial and final 
configurations. The interpretation is then extended to a 
consideration of the effects o f alloying elements on plasticity 
and elect, conductivity, between the mechanisms o f which 
there is an intimate sim ilarity. Curves of the experimental 
variations o f Brinell hardness and resistivity for some binary 
systems o f similar elements are reproduced, the parabolic 
character of tho relationships in general and the similarity 
of the hardness and resistivity curves for the systems P t-P d  and 
P d -A u  being evident.— J. R .

♦Fermi-Dirac Functions of Integral Order. P. Rhodes 
(Proc. Roy. Soc., 1950, [A], 204, (1078), 396-405).— Math. 
A fter a brief indication o f the types of phys. problems in 
which they arise— transport effects, e.g. elect, and thermal con­
ductivity, and in assemblies o f electrons distributed in a  band 
o f standard form— an account is given o f methods o f evalua­

tion of the Ferm i-Dirac functions, F„(v)) =  j {x"/(ex~’> -j- l)}dx,
Jo

for positivo integral values of n. 18 ref.— E . N.

2 — PR O PE R T IE S O F ALLOYS
♦The Mechanical and Physical Properties of [Commercially] 

Pure Aluminium and Some Aluminium [-Magnesium] Alloys 
at the Temperature of Liquid Oxygen. (Mâder). See col. 1.

♦The Distribution of Tensile Properties in Extruded Sections 
[of a Duralumin-Type Alloy].— I. H. Kostron (Metali, 
1950, 4, (21/22), 451-458).— A  study is reported o f the tensile 
properties—0-2%  P.S., U .T .S., and elongation— as determined 
on miniature test-pieces, in the directions o f the three axes o f

various shaped, extruded, and age-hardened sections o f a 
Duralumin-type alloy. The tabulated results are discussed 
in relation to the “  press effect,”  i.e. the higher tensile strength 
existing in a direction |] the extrusion axis than JL it, for which 
a  ratio o f 1-21 : 1 has been derived theoretically b y  Unckel. 
The ratio of the P.S. (1-19—1 -30) was found to be in close 
agreement with Unckel’s ratio, but a lower ratio (1-10-1-19) 
was found for tho U .T.S. Elongation was primarily dependent
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on the number and shape o f the particles o f int-ennctallic 
compounds within the specimen, for they are found as stringers 
in sections cut |[ the extrusion axis and as discrete rounded 
particles in those cut J. the extrusion axis. Although slight 
differences in properties were observed between specimens 
taken a t the beginning and towards the end of extrusion, such 
differences vanished completely i f  the material was re-aged 
after another soln.-treatment (500° C., £ hr., and water 
quench). Also, after re-ageing, a decrease was observed in the. 
P .S., especially in the direction o f the extrusion a xis; little 
difference was observed in the U .T .S .; the elongation in­
creased.— E . N.

*The Influence of Excessive [Solution-Treatment] Tempera­
tures on the [Tensile and] Fatigue Strengths of Aluminium- 
Copper Magnesium Alloys. P. Brenner (Metall, 1950, 4, 
(23/24), 502-504).— Extruded bars of two Duralumin-type 
alloys were soln.-treated for 1 hr. at 480°-550° C., quenched 
in H 20 , and aged a t room tem p .; their mierostructures and 
rnech. properties— tensile and fatigue (on notched and on 
polished test-pieces) were then determined. The mech. 
properties o f the alloy contg. the lower Cu (4-1%), Mg and 
Mn (0-6% each) were found to decrease slowly with increase in 
soln. temp, to 540° C., and thereafter, rapidly. The mech. 
properties of the alloy w ith higher contents of Cu (4-4%), 
Mg (1-3%), and Mn (1% ) showed some improvement with 
increase o f temp, up to 500° C., but thereafter deterioration 
was rapid. The deleterious effects o f excessive soln.-treat­
ment temp, are shown to  be duo to the onset o f incipient 
melting of the particles of the intermetallic phases present at 
the gram boundaries o f the alloy, thereby causing notch 
effects within the specimen ; the temp, a t which such melting 
begins decreases w ith increase in the amount of alloying 
additions present.— E . N.

*Age-Hardening [of Aluminium, Magnesium, and Copper 
Alloys]. L . E. Mondolfo (J. Metals, 1951, 191, (2), 95).—  
An A.I.M .M .E. Research in Progress summary. A  study—  
b y  means of hardness and electrolytic-potential measurements 
— o f the alloy systems o f : (1) A1 with (a) Cu 4 % , (b) A g 25% , 
(c) Cu 4, and Mg 1-7% , and (d) Zn 6 and Mg 2 %  ; (2) Mg with 
A1 9 % ; and (3) Cu w ith Bo 2 % , indicates the following 
tentative conclusions : there are a t least two types of age- 
hardening, depending on the com plexity of the transformation 
required to form the lattice of the precipitate from the lattice 
o f  the solid soln. A  simple transformation, as, for example, 
a b.c.c. precipitate forming from a f.c.c. soln., takes place in 
one step, and only one hardness peak results. W ith moro 
complex transformations, a t least one intermediate lattice is 
formed and a t least two hardness peaks occur. The first 
hardening results from  the transformation from solid soln. to 
intermediate lattice, and the second hardening from the 
intermediate lattice to stable precipitate, i f  there is only one 
intermediate lattice formed. Hardening does not result from 
actual pptn., but from the straining o f the lattice caused by- 
segregation and atomic movement before the formation of 
the new phase. Completion o f the transformation, by  causing 
a  more stable condition, results in softening.— E . N.'

^Effect of a Low Rate of Cold Working on the Kinetics of 
Hardening of Solid Solutions of Aluminium. Aurel Berghezan 
(Compt. rend., 1951, 232, (17), 1560-1562).— B. (with P . 
Lacombe) has already shown the effect o f polygonization 
treatm ent and of the rate o f quenching on the kinetics of 
decomposition of A1 solid soln. (ibid., 1949, 228, 1733, and 
1951, 232, 974; Mel. Abs., 1949-50, 17, 19 ; 1950-51, 18, 
698); he now considers a  third factor, that o f light cold- 
working o f the 8%  Zn and the 4 %  Cu alloy's previous to 
ageing. Microspecimens straight from quenching were given 
reductions o f 3, 6, and 10%  and then subjected to  prolonged 
ageing a t different temp, between 20° and 150° C. before 
determining their properties w ith a  Chevenard micromachine. 
Graphs showed that, contrary to the rapid increase of elonga­
tion and breaking stress o f "alloys aged normally a t  20° C. 
after quenching, the hardening o f the lightly cold-worked 
alloys is greatly' retarded and even stopped in certain cases. 
This result was confirmed byr measurements o f the micro- 
hardness, by  the Portevin-Le Chatelier effect (ibid., 1923,

176, 507; J. Inst. Metals (Abstracts), 1923, 30, 607), and 
b y  simple cold bending after quenching or hot before i t : 
in the latter case the effect is still more marked. A t temp, 
above normal, ageing m ay be slowed up or stopped according 
to the temp, o f annealing and the nature of the solid soln.
B . discusses the significance of these results and concludes 
that light cold work or simple bending on freshly quenched 
alloy's can partly  destroy the tendency o f supersaturated solid 
soln. o f A1 to spontaneous hardening by ageing a t room temp. 
This fact, which is in contradiction to the generally accepted 
idea that cold ivork accelerates ageing, suggests that there is a 
limit o f cold work above which this acceleration can be 
produced.— J. H . W .

^Influence of the Rate of Cooling After Homogenization on 
the Kinetics of Decomposition of Supersaturated Solid Solutions 
of Magnesium and of Silicon in Aluminium. H. Jolivet and 
M. Armand (Rev. Met., 1951, 48, (2), 91-96).— To the two well- 
known factors influencing the kinetics o f decomposition of 
supersaturated solid soln., nam ely the degree o f supersatura­
tion and the temp., should be added a third : the rate o f 
cooling after homogenization. J. and A. have investigated 
the effect o f this third factor in  the case o f the A l-11 -1%  Mg 
alloy annealed at 425° C. for 36 hr. and the A l-0 '8 %  Si alloy 
annealed a t  550° C. for 36 hr., using a Chevenard differential 
dilatometer. The alloy's were maintained for 1 hr. a t the 
temp, of homogenization and cooled in : (1) w ater a t 20° C.,
(2) boiling water, (3) air, and (4) the furnace (7° C./min.), and 
then reheated and maintained a t tho temp, o f decompn. 
The results showed t h a t : (1) pptn. in the zone in which it 
occurs relatively rapidly is considerably' aided b y  previous 
ageing, and (2) the effect o f this ageing on the rate o f pptn. in 
this zone is much greater than that o f a phase previously 
precipitated during slow cooling.— J. H . W .

^Segregation of Iron and Manganese in Some Aluminium 
Casting Alloys. W . H. Glaisher (Melallurgia, 1951, 43, 
(257), 127-131).— Tho results o f investigations into the 
troublesome gravity  segregation which m ay occur w ith alloy's 
within or near to tho limits o f specifications D .T.D . 424 and 
L .A .C . 112, owing to tho presence of undue amounts o f Eo 
and Mn, are presented. In order to ensure uniformity of 
compn. in castings, alloys o f these types should, after molting, 
bo heated to at least 50° C. above the temp, a t which segrega­
tion would occur on slow cooling, or to a  higher temp, if  
castings are to be made immediately', and should be thoroughly 
stirred. In using alloys of compn. such that gravity' segrega­
tion is likely to occur in thick-section castings, as low a pouring 
temp, as possible consistent w ith proper running o f the castings 
should bo used, provided this does not lead to segregation in 
the crucible. A  procedure for sampling this type o f alloy' for 
analysis is given.— F . M. L.

Trends in Aluminium Casting Alloys. W alter Bonsack (Trans. 
Amer. Found. Soc., 1950, 58, 69-75).— Cf. Artier. Foundryman, 
1949, 16, (4), 49 ; Met. Abs., 1949-50, 17, 567.— V . K .

^Characteristics of Some Aluminium-Zinc-M agnesium- 
Copper Casting Alloys. W . E . Sicha and H. Y . Hunsicker 
(Trans. Amer. Found. Soc., 1950, 58, 333-341; discussion, 
341-345).— On tho bases o f a study' o f compositional variations 
on easting and mech. properties of A l-Zn -M g-C u casting 
alloy's, the following two compn. were found to possess 
optimum properties : for sand casting, Zn 6-5, Mg 0-7, Cu
0-5, and T i 0-15%, for gravity  die-casting Zn 6-5, Fe 1-0, 
Cu 0-5, Mg 0-35, and T i 0-1% , balance A l. These alloys can 
be aged at room or elevated temp, and exhibit good corrosion- 
resisting and brazing characteristics.— V. K .

in vestigations to Determine the Suitability of Light Alloys 
and of Alloys of the Zam ak Type for Purposes of Screw Cutting 
[on a Lathe]. (Farrenq). See col. 67.

Aluminium-Base Friction Alloy. -------  (Fonderie, 1951,
(63), 2408-2409).— Describes the compn. and use o f Al-base 
bearing alloys used in U .S.A ., Germany, Switzerland, England, 
and France, to replace the usual low-m.p. alloy's, the Sn- 
bearing Cu alloy's, and the Cu-Pb alloy's.— J. H. W .

*On the Production of Powdered Alloys of Chromium and 
Manganese. Pierre Jolibois and Bernard Fleureau (Compt. 
rend., 1951, 232, (13), 1272-1274).— Trombe and Foex (ibid.,
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1950, 230, 2294) obtained east Cr in a  solar furnace; Grubo 
and F lad  (Z. Elektrochem., 1939, 45, 835; Met. Abs., 1940, 
7, 57) olftained tho metal very slowly beginning a t 950° C. 
by  reducing tho oxide in very carefully dried H. J. and F. 
confirmed tho latter work in a reduction apparatus previously 
used in tho reduction of phosphates (J. and J. C. Hutter, 
Com.pt. rend., 1949, 228,1389). T hey easily obtained powdered 
alloys o f Fo and Cr w ith this apparatus by  prccalcining a 
m ixture o f nitrates in a given proportion. Efforts to obtain 
Mn by the reduction of its oxides with H have always failed (cf. 
Aoyam a and Oka, Sei. Rep. Tdhoku Im p. Univ., 1933, [ii], 
22, 824; Met. Abs., 1934,1, 3 ; and D annatt and Ellingham, 
Discussions Faraday Soc., 1948, (4), 126). However, mixtures 
o f tho oxides o f Fo and Mn can be reduced in a very dry 
atmosphere. An atomic ratio o f unity seems to be the limit 
above which tho reduction becomes impossible, and nothing in 
Gayler’s fusibility7 diagram (J. Iron Steel Inst., 1933, 128, 
293; Mel. Abs., 1934,1, 294) will account for this limit. W ith 
these alloys o f Fe and Mn the reduction o f the two oxides takes 
place sim ultaneously; w ith tho Fe and Cr oxides, tho Fo is 
reduced first and tho presence of the metallic Fe appears to 
have only a  small effect on the reduction o f tho Cr oxide, 
which takes place 400° C. higher. In  both cases, tho powders 
obtained aro very homogeneous, and, later, their X -ray 
spectra null be studied.— J. H. W.

*Pliase Equilibria in an Ordering Alloy [Cobalt-Platinum] 
System. J. B . Newkirk, R . Smoluckowski, A . H. Geisler, 
and D. L. Martin (./. A ppl. Physics, 1951, 22, (3), 290-298).-— 
The order-disorder change in C o -P t alloys near the CoPt 
compn. was studied by X -ray  diffraction, elect.-resistivity 
measurement, and micro-examination. There is extensive 
evidence for the existence of a two-phase region on cither side 
o f the compn. CoPt, in which ordered and disordered material 
co-exist. A n y  one grain generally contains ordered and 
disordered patches on a fine sca le ; one of the structures is a 
W idm anstätten pattern, with (110) planes of tho disordered 
cubic phase || (10 1) planes o f tho ordered tetragonal phase. 
Calculation shows these pianos to have tho best fit o f any pair. 
I t  is considered that there is a good case for assuming tho 
general existence o f two-phase regions in alloy systems subject 
to order-disorder changes.— R . W . C.

*The Cohesion of Alloys : I.— Intermetallic Systems Formed 
by Copper, Silver, and Gold, and Deviations from Vegard’s 
Law. M. A . Jaswon, W . G. Henry, and G. V. Raynor (Proc. 
Phys. Soc., 1951, [13], 64, (3), 177-189).— Objections are put 
forward against seeking to  extend the W igner-Seitz treatment 
of metallic cohesion to alloys. A semi-empirical approach is 
proposed, applicable to dil. solid soln. The change in cohesive 
energy duo to alloying is computed b y  considering polyhedra 
of 13 atoms (for the close-packed cubic lattice)— a central 
atom  and its 12 nearest neighbours; other neighbours are 
neglected. The size of such a polyhedron in a solid soln. 
will differ from the appropriately weighted mean o f the sizes 
in the pure constituent metals, and the deviation (which is 
proportional also to the deviation from Vegard’s law') is 
directly related to the cohesive energy. The relation is 
derived, starting from a treatm ent by  Fürth (Proc. Roy. Soc., 
1944, [A], 183, 87 ; Met. Abs., 1944,11,394). The assumption 
has to be made that the variation with vol. o f the energies o f 
the components o f an alloy is the same as in pure metals. The 
size of polyhedron which will minimize the energy of the alloy is 
computed, and from this the expected deviation from Vegard’s 
law  is obtained. W ith this deviation serving as criterion, the 
predictions o f tho theory are tested on binary mixtures o f 
Cu, A g, and Au. The sign o f tho deviation is correctly pre­
dicted for each of the dil. solid soln., but quant, agreement is 
good only for tho C u -A g terminal soln. There aro satisfactory 
reasons for the less good agreement in tho other cases. Tho 
appn. o f the new ideas to the problem o f the extent o f solid 
solubility is briefly indicated. 14 ref.— R . W . C.

*The Thermal Conductivity of a Copper-Nickel Alloy at Low 
Temperatures. J. K . Hulm (Proc. Phys. Soc., 1951, [B], 
64, (3), 207-211).— The thermal conductivity o f an 80 : 20 
cupro-nickel has been measured at temp, from 1-89 to 21'9° K . 
The conductivity falls rapidly at low' tem p. Following

Makinson’s theory, tho conductivity is split up into electronic 
and lattice terms. O f the several forms of heat-wave scatter­
ing contributing to  the second term (which is cc T 2), it  is 
concluded that only electronic scattering is o f importance 
in the temp, rango studied. 12 ref.— R . W . C.

♦Effect of Ternary Additions on the Age-Hardening of a 
Copper-Silver Alloy. Harold Margolin and W alter R. 
Hibbard, Jr. (Trans. Amer. Inst. M in. Met. Eng. (in J. 
Metals), 1951, 191, (2), 174-180).— Ten ternary alloys contg. 
Cu 96, A g 3, and 1 a t.-%  of a  third element (Al, As, In, Mg, 
Mn, Ni, P, Sb, Si, orZn) were prepared, and after cold working, 
soln.-treatment, and quenching, a study wras made— by means 
of X -ray, microscopic, and hardness measurements— o f their 
behaviour on ageing a t 350°-550° C. for periods up to 120 hr. ; 
a binary alloy contg. Cu 97 and A g 3 at.-% , similarly treated, 
was used as a  comparison standard. The pptn. phenomena 
which occurred were found to include : (1 ) segregation of 
A g (and third element where involved) beyond equilibrium 
solubility limits in the case o f Cu-Ag, and probably in the 
ternary alloys as well, to form a transition Cu-base structure 
rich in A g ; (2) limited coherent growth o f the precipitate, 
involving coherency possibly between precipitate and transi­
tion Cu lattice and coherency between transition Cu and tho 
m atrix Cu lattice poorer in A g ; and (3) breaking aw ay o f tho 
precipitate, recrystn., and coarsening. Analysis o f the hard­
ness data revealed : (a) no correlation w ith grain-size or temp, 
o f ageing ; (6) max. hardness increment decreases in the order : 
P  and Mg, Mn, Ni, In, A l, Si, As, Sb, and Zn ; and (c) the 
elements, arranged in decreasing order o f their influence on the 
rate o f hardening are Sb, As, In, Mg, Si, Zn, A l or Mn, and 
N i. Precipitate in W idm anstâtten form was found, in all 
alloys, along intragranular boundaries, and in recrystallized 
nodules before attainm ent o f m ax. hardness. The effect o f 
the ternary element was related to differences betw'een 
transition and precipitate lattice parameters and analogies 
w ith soln. and strain-hardening, 22 ref.— E . N.

♦Thermoelastic Analysis of the Transformations of Bronzes. 
Robert Cabarat, Pierre Gence, Léon Guillet, and Albert 
Portevin (Compt. rend., 1951, 232, (11), 1041-1042).— Using 
tho apparatus previously described by C. (ibid., 1943, 217, 229) 
for the detn. o f the modulus of elasticity and the logarithmic 
decrement of alloys and their variation w ith the temp., tho 
authors studied the transformations in the solid state that 
occur in the Cu-Sn alloys contg. 20-32% Sn. Tho 24-9% 
Sn alloy (very near the cutectoid), cooled a t the rate o f 1°
C./min., has two phases : a  (f.c.c. w ith 7 %  Sn) and 8 
(large cubic lattice w ith  32%  Sn). When heated, it  under­
goes an isothermal transformation, and above 520° C. a
b.c.c. solid soln. is formed. The complete disappearance of the 
8-phaso a t 20° C. involves a considerable diminution in the 
modulus of elasticity. Analogous phenomena occur in the 
case of the hypoeuteetoid alloy contg. 20-2% Sn ; in the an­
nealed stage this alloy contains the same phases as the abovo 
alloy, but a t 20° C. the a-phase is in excess. The variations of 
the properties near the temp, o f transformation are less 
marked, since above 520° C. this alloy still contains an 
appreciable amount (38%) o f the a-phase. An alloy contg. 32%  
Sn corresponds to the S-phase (Cu31Sn8) and decomposes a t 
590° C. to a mixture o f two phases wdiose lattices are hexagonal 
(contg. 26 atoms) and b.c.c. The variations of the properties 
are analogous to those of the preceding alloys.— J. H. W.

♦Effect of Superheating and Casting Temperatures on 
Physical Properties and Soldification Characteristics of Tin 
Bronzes. (Ames and Kahn). See col. 59.

♦Studies of Cast Tin and Lead-Tin Bronzes, with Regard to 
the Effects of Nickel Additions. A . H . F. Goederitz (Metall, 
1950, 4, (23/24), 495-498).— A  report o f an uncompleted study 
o f the effects o f adding N i to sand- and chill-cast 86 : 14 
Cu-Sn, and Cu-Pb (12-14% )-Sn  (6-9%) bearing metals. In 
the case o f tho binary alloy, increasing addn. o f N i (up to 
4% )— thereby replacing some o f each o f the basic consti­
tuents— cause corresponding improvements in the mech. 
properties, probably as a result o f grain refinement. This 
beneficial effect is much smaller when similar addn. are made to 
the ternary alloys. The properties o f all the materials are com ­
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pared with those of Cu-Mn (7% )—Si (3%) bearing metals. I t  is 
concluded that German specifications for Cu-Sn and C u-Pb-Sn 
bearing metals are such that, while still remaining within the 
permissible limits of compn., small addn. o f N i and Mn, and 
smaller addn. (—0-5%) of Sb, A l, Mg, and Si, can be made 
with consequent improvements in properties.— E . N.

♦The Elastic Parameters of Beta-Brass. Robert A . Artman 
and Donald 0 . Thompson (J . Appl. Physics, 1951, 22, (3), 
358).— A  letter. Using several single crystals o f brass contg. 
55'12 a t.-%  Cu, Y oun g’s modulus was determined by a 
dynamic method and the rigidity modulus b y  a static one. 
The elastic parameters computed from the moduli are given, 
and differ slightly from other workers’ values. The differ­
ences are attributed to small differences in compn., and some 
phvs. conclusions are drawn from them.— R . W . C.

♦Optimum A luminium Additions in Commercial Yellow 
Brass. R . A . Colton and R . H . Gilbert (Trans. Amer. Found. 
Soc., 1950, 58, 423-427 ; discussion, 427-428).— Of. Amer. 
Foundryman, 1950, 17, (4), 135; Met. Abs., 1949-50, 17, 800.

— V . K .
♦Melt Quality and Fracture Characteristics of 85 : 5 : 5 :5  

Bed Brass. (Baker, Upthegrove, and Rote). See col. 59.
♦Remarks on the Subject of the Behaviour of Cuprous 

Metals Submitted to a Permanent Mechanical Stress. J.
Herenguel and M. Scheidecker (Rev. M et., 1951, 48, (3), 
17 3 -18 1; discussion, 181).— H . and S. undertook an investiga­
tion into the phenomena o f intergrimular failure o f brasses 
under pure mech. stress without corrosion, determining the 
exact method o f rupture and the temp, and time of appn. 
This included a  study o f the influence o f internal stress super­
posed on the external forces and the evolution of cracks 
during the subsequent met. operations. The alloy principally 
used was the 72 : 28 Cu-Zn alloy. They found that the 
binary Cu-Zn alloys are subject to considerable intergranular 
cracking when under continuous stress in the temp, interval 
from 150° C. to the m.p. The extent of the crack is related 
to the stress, the tem p., the time, and the grain-size. The 
internal tension that m ay exist in an alloy so stressed is not 
essential for bringing about fa ilu re; this is produced in annealed 
alloy's or a t  tem p, above the reerystn. temp, for cold-worked 
specimens. In  the absence o f all internal stress, failure docs 
not appear to occur. In  subsequent reerystn. the network 
o f cracks becomes intragranular; on heating the crack breaks 
up into discontinuous elem ents; there is some kind o f con­
solidation of the crack so that it is no longer susceptible to 
opening by tension; the crack becomes coated with oxide 
by  heating in air. The phenomenon occurs even for small 
Zn contents, increases with the content to a m ax. a t ~ 10 %  
Zn, and remains virtually const, up to the limit o f the a-solid 
soln. The mechanism of this cracking is still not clear, but it 
appears to be connected with dezincification.— J. H . W .

♦Plastic Deformation and Diffusionless Phase Changes in 
Metals : The Gold-Cadmium Beta Phase. L . C. Chang and 
T. A . Read (Trans. Amer. Inst. M in. Met. Eng. (in J. 
Metals), 1951, 191, (1), 47-52).— A  report o f X-ray', eleet.- 
rcsistancc, and motion-picture studies o f tho diffusionless 
phase ehango in crystals o f the (3 A u-C d alloy. In  tho alloy 
contg. 47-5 a t.-%  Cd the high-temp. phase, (31( has an ordered 
CsCl structure, 2 atoms/unit cell, and a =  3-3165 ±  0 0005 
k X . ; the low-temp. phase, ¡3', is orthorhombic, a —  3-1476, 
b —  4-7549, c =  4-8546 ±  0-0005 k X , w ith 2 Cd atoms a t 
0, 0, 0 ; 0, U -§, and 2 A u  atoms a t 0, £ ; J, £, J. Trans­
formation takes place a t ~60° and ~80° C. on cooling and 
heating, respectively. The alloy contg. 49-0 a t.-%  A u 
undergoes transformation from an ordered b.c.c. to a  tetragonal 
structure a t ~36° C. on cooling; and a reverse transformation 
on heating to  40°-55° C., depending on the previous history 
o f the alloy. The orientation relationships in the_lower-Cd 
alloy were found to be (011)^ |] to (OOl)/, and [III]# ! || to 
[HO]#'. Although, normally, multiple-interface transforma­
tion occurs, single-interface transformation can be obtained 
under carefully controlled conditions, and in the latter case, 
with both alloys, when a single crystal o f Pj transforms by 
multiple-interface mechanism into a crystal aggregate of (3', 
a  single crystal o f the initial orientation is invariably' obtained

when the reverse transformation occurs. Experimental 
evaluation shows th at the erystallographic mechanism in­
volved in the transformation is a simple homogeneous
shear (331)^ [323]^' o f ~3° plus a  possible homogeneous 
contraction of ~0-015 k X  units along tho b axis o f the 
orthorhombic cell. Tho nueleation (and therefore the 
transformation temp.) o f the [3' phase on cooling is primarily 
dependent on the existence o f imperfections within the 
specimen which have their origin in growth from tho m elt or 
in previous plastic deformation. The elect, resistivity o f the 
low-Cd alloy decreases on transformation to the orthorhombic 
phase, while th at o f the higher-Cd alloy increases on trans­
formation to the tetragonal phase. The orthorhombic phase 
has a characteristic rubber-like behaviour, which is not 
found in the tetragonal phase. 13 ref.— E. N.

♦Coefficients of Thermal Expansion of Gold-Cadmium 
Alloys Containing 47-5 a t.-%  Cadmium. Lo-Chmg Chang 
(J. Appl. Physics, 1951, 22, (4), 525-526).— A  note. An 
oscillation technique for single crystals is described which 
gives precision values for the lattice spacing of any plane w ith 
a large Bragg angle. The method was applied to measuring 
the expansion coeff. o f both forms of the substance (change- 
point ~60°-80° C.). The low-temp. orthorhombic form 
proved to be extrem ely anisotropic, w ith two negativo 
coeff.— R . W . C.

♦Magnetic Saturation Intensity [of Cobalt] and Some 
Other Related Measurements [in Iron-Nickel-Aluminium 
Alloys]. (Sucksmith). See col. 3.

Notes on Magnesium Alloys.— I.-II. F . A. F o x  (Engineer, 
1951, 191, (4958), 148-150; (4959), 180-182).— A  general 
article, outlining the manufacture, properties, and uses of 
Mg-base alloys. Tho various processes for the extraction of 
Mg are briefly described, w ith an account o f tho properties of 
the commercial alloys in tho cast, wrought, extruded, and 
forged conditions. The effect o f particular alloying elements 
— Zr, A l, Mn, Ce, &c.— on the phys. and mech. properties of 
the alloys are discussed and the tensile properties of the 
common Elektron alloys are tabulated. Heat-treatm ent 
o f Al- and Zn-contg. alloys is discussed and the fatigue proper­
ties as indicated b y  tho Wohler and H aigh tests and their 
relation to static properties, are dealt with in some detail.
F . concludes with sections on surface protection and indust, 
appn. o f Mg alloys.— D. K . W.

♦Influence of Structural Inhomogeneities on the Hot- 
Working Properties of Magnesium-Aluminium Alloys. W. 
L ott (Metall, 1950, 4, (21/22), 458-462).— A  study is reported 
on the effects o f the Mn content on the w orkability (drop 
forging and rolling) of fully homogenized ingots of Mg-Al 6 
and Mg-Al 7— binary alloys o f Mg w ith S-5-6-5 and 6-5-8% 
A l, resp. The specified Mn content is 0-05-0-4%, and this is 
added to the melt in tho form of MnCl2, which decomposes in 
contact w ith the molten Mg to form : (1 ) Mn, which improves 
the corrosion-resistance of the alloy7, and (2) gaseous Cl, 
which scours the oxide impurities in the melt, so that they 
form a surface slag which can bo skimmed off. I t  was found 
th at although other workers have reported solubilities of
0-15-0-3% Mn a t the m.p. o f the 7 %  Al alloy, the solidified 
metal contains < 0 -15 %  in solid soln., any excess being 
precipitated as A l0Mn, w ith the consequent formation of 
forging cracks. N ot only- must some Mn be present for the 
aforesaid reasons, but some must also be present to prevent 
coarse crystal formation during the prolonged homogenization- 
treatment— 20-30 hr. at 390° C.— which occurs in Sin-free 
alloys. I t  is concluded, therefore, that the specified limits for 
Mn "should be 0-l-0-3% , w ith an optimum figure o f 0 -1% ; 
under these conditions degrees o f reduction o f up to 85%  can be 
easily obtained during the prodn. o f semi-finished articles by 
rolling and drop forging. 11 ref.— E . N.

♦The Ageing of Sand-Cast M g-A l-Zn Alloys. T . E . Leontis 
and C. E . Nelson (Trans. Amer. Inst. M in. Mel. Eng. (in J. 
Metals), 1951, 191, (2), 120-124).— A  comprehensive study is 
reported o f the changes in tensile properties, microstructure, 
and dimensional stability7, as a  function of the time and temp, 
of ageing, after soln.-treatment, o f the two Mg-base alloys :
(1) AZ92A, contg. A l 9, Zn 2, and Mn 0-2%, and (2) AZ63A,
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contg. A1 6, Zn 3, and Mn 0-2%. The results show t h a t : (a) 
a  wide variation is properties can he obtained by selection o f 
ageing temp, and time, and (b) while both alloys exhibit a 
measurable amount of growth on ageing, suitable ageing treat­
ments render them dimensionally stable to subsequent exposure 
a t temp, prevailing in engine applications. 14 ref.— E . N.

♦Developments of High-Strength Magnesium Casting Alloy 
ZK 61. J. W . Meier and M. W. Martinson (Tram. Amer. 
Found. Soc., 1950, 58, 742-750; discussion, 750-751).—  
Mech. properties o f both cast and of heat-treated tost-bars 
of M g-Zn-Zr alloys were studied over the range o f 1 - 1 1 %  
Zn and (H -0-9%  Zr. Optimum properties were obtained 
with a 6%  Zn-0-7%  Zr alloy. The alloy is soln.-treated 
between 425° and 500° C. for 2 hr. and aged at 150° C. for 
48 hr. 29 ref.— V. IC.

*A  Study of the Grain Refinement and Protection Against 
Inflammability of Magnesium-Aluminium Alloys. Albert 
K eil and Pierre Bertin (Recherche abronaut., 1951, (20), 3-9).—  
A  suggested classification o f tho methods of grain refinement 
o f Mg and its alloys is formulated depending upon the 
compn. o f the nucleus o f crystn. Experimental results arc 
included to show that the casting conditions have a  marked 
effect on the grain-sizo and consequent mech. properties o f 
M g-Al alloys. Protection from inflammability is effected by 
the addn. o f ~0-01%  Bo, which does not induce increased 
grain-size. The value of Zn for grain refinement is not 
affected b y  the Be and the M gM %  A l-1 %  Zn-0-01% Be 
alloy is particularly recommended for good mech. proper­
ties combined with protection from inflammability up to 
780° C.— H. A . H.

♦Transformation Temperatures of the Definite Compounds 
MnAs, [MnSb], and MnBi, and Their Relation to a Probable 
Mechanism of Antiferromagnetism. Charles Guillaud (J. 
Phys. Radium, 19 5 1,12 , (3), 223-226; discussion, 226-227).-— 
The crystallographic and thermomagnetic properties o f the 
compounds MnAs, MnSb, and MnBi are discussed, and tho 
thermomagnetic properties o f MnAs and MnBi interpreted 
in terms o f a temp, of transformation from ferromagnetism to 
antiferromagnetism, rather than in terms of a Curie temp. 
The Mn ions form parallel layers w ith anti-parallel magnetiza­
tion between adjacent layers. The resp. ionic saturation 
magnetic moments are (in Bohr magnetons) : 3-52;

8-53 ; and ’tMnA.’ 3*40. 8 ref.— J. S. G. T.
“"Relations Between Structural State and Magnetic Properties 

of Iron-Nickel Alloys of Approximate Composition Ni3Fe. 
Emile Josso (J. Phys. Radium, 1951, 12, (3), 399-401; dis­
cussion, 401).— The changes of sp. vol. associated with tho 
order disorder transformation of alloys o f compn. approxi­
mating to th at o f N i3Fe (Permalloy) are utilizod to determine 
the equilibrium diagram of tho transformation. Changes of 
compn. o f the alloys were effected either by  varying the Ni 
content o f the alloy' or b y  adding other constituents. The 
establishment o f order in N i3Fe is accompanied b y  a rise of 
Curie point, and an increase o f the longitudinal magneto­
striction cooff. Changes o f the Curie point produced by 
variation in tho degree of order can bo accurately determined 
by the addn. o f a small quantity of Mo to the alloy N i3Fe. 
The magnetostriction cooff. o f Perm alloy in the ordered state 
is twice as great as th at in the disordered state o f the alloy’ .

— J. S. G. T."
♦Viscosity of the Sodium-Potassium System. Curtis T. 

Ewing, Joseph A. Grand, and R . R . Miller (J. Amer. Chem. 
Soc., 1951, 73, (3), 1168-1171).— Tabulated data from vis­
cosity detn. made by’ a closed-viscometer technique on N a, 
K , and three N a -K  alloy compn. from 60° (or the m.p.) to 
200° C. show that the values for the alloys vary  uniformly 
between those for the metals. The mixture equation 
<f> =  +  x Kf<  where <f> is tho fluidity and x  is the weight
fraction, was found adequately to satisfy the data. The 
temp, variation of viscosity for each o f the five metals or 
alloy’s can bo effectively expressed by Andrade’s equation 
•qul =  A ec/rT (Phil. May., 1934, [vii], 17, 698) where tj is the 
viscosity’, v the sp. vol., T  the abs. temp., and A  and C  are 
const, for any’ given liquid.— J. R.

♦The Tungsten-Aluminium Equilibrium Diagram. O.
Kubaschewski (Z. MelaUkunde, 1950, 41, (5), 159-160).—  
An annotated equilibrium diagram, embodying tho results of 
recent investigations.— E . N.

♦The Uranium-Aluminium Equilibrium Diagram. E . Schcil 
(Z. Mdallkun,de, 1950, 41, (5), 159-160).— An annotated 
equilibrium diagram, embodying the results o f recent 
investigations.— E. N.

♦Ten Zirconium Alloys Evaluated.— I.-H . F. B . Litton 
(Iron Age, 1951, 167, (14), 95-99; (15), 112-114).— L.
tabulates and discusses the mech. and oxidation resistance o f 
binary Zr alloy's contg. H f, Ti, A l, Ta, N b, W , Mo, Cu, 
O, or N. H f up to 8-2% does not affect the tensile properties; 
A l, Ti, W , Nb, O, and N  increase the U .T.S. Alloy’s contg. 
<  1%  W  or Mo tested in the condition as-rolled a t 400° C. have 
strengths comparable with those of alloy’s with 4-50%  alloy 
addn. N  and 0  both improve tho ductility. The oxidation 
resistance of Zr is not improved by’ alloying w ith small 
amounts o f A l (~0 05%) or N  (<0-013% ), and is slightly in­
creased by O. Arc-melted metal has better resistance to O 
than induction- or graphite-crucible-meltcd Zr. In general, Zr 
alloys are not as resistant to oxidation as the commercially 
pure metal. A  mctallographic investigation showed that Zr 
alloy’ systems are predominantly eutcctoidal.— J. H. W.

♦Infra-Red Photoconductivity of Certain Valence Inter- 
metallic Compounds. J. G. N. Braithwaite (Proc. Phys. Soc., 
1951, [B], 64, (3), 274-275).— A  letter. The prepn. and 
photoelectric threshold and peak wave-lengths o f a number of 
tellurides, and o f Zn3A s2, SnS, and Sb2Se3, are reported.

— R . W . C.
♦The Cohesion of Alloys, n .— Some General Metallurgical 

Implications. W . G. Henry', M. A. Jaswon, and G. V. Raynor 
(Proc. Phys. Soc., 1951, [B], 64, (3), 190-194).— C f.ibid., p. 177 ; 
Met. Abs. this vo l., col. 17. Certain general conclusions regard­
ing solubility in binary solid soln. are drawn from the theory 
described previously’ . I t  is an empirical fact that for a  given 
amount of either expansion or contraction of a solute atom, tho 
change in binding energy is always greater for contraction. I t  
follows from this that o f tho two terminal solid soln. in a 
binary system , the one which has the larger ions as solvent 
should have tho wider compn. rango. The experimental 
correlation between compressibility and Bolubility range is 
also accounted for by  tho theory. An older view, on which 
the polarizing power and polarizabilities o f the metal ions 
(as derived from experiments with salts contg. these ions) 
is an im portant factor in determining solubilities, is shown to 
require revision. Such effects are unimportant for large 
ions with a low charge (such as the metals o f group IA ), 
though they are probably’ significant in tho case of ions such 
as A l3+.— R . W . C.

♦The Cohesion of Alloys, i n .— Extension to High Solute 
Concentrations, and Application to the Alloys of Group IA  
Metals. W . G. Henrv and G. V. Ravnor (Proc. Phys. Soc., 
1951, [B], 64, (3), 195-206).— Cf. ibid., p. 190; preceding 
abstract. Tho theory described in the preceding parts is 
here extended to more conc. solid soln. Tho size devia­
tion between the 13-atom polyhedron (v.s.) in the actual solid 
soln. and th at computed as a weighted mean o f those in 
the constituents, is associated with an energy increase A. 
This is assumed independent o f concentration for dil. alloys, 
since the 12  atoms surrounding the central atom o f the poly­
hedron are generally all o f one kind. This is no longer true 
for conc. soln., and A  becomes a  function o f concentration, 
assumed linear. The gradient o f the relation is estimated 
by considering the 50 a t.-%  alloy in turn as a soln. o f A  in B , 
and o f f l  in 4 .  I t  is shown that i f  A is large, limited or 
vanishing solid solubility is expected; and i f  small, extensive 
or complete solid solubility' is predicted. Calculations in 
this connection for all the possible binary systems of Na, K , 
Cs, and R b, are in agreement w ith the theory. Where 
extensive solubility is predicted on one side o f the diagram 
only, there m ay nevertheless be complete miscibility, but 
w ith a steep dip in the solidus (as is the case for Na-Cs). The 
theory is further extended to deal with the form of the liquidus 
and the freezing range, and the position o f the eutectic point.
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In  all these connections, the qualitative predictions o f the 
theory are confirmed b y  experiment.— R . W . C.

♦Applications of Reaction Kinetics to Metallographic 
Problems [in Alloys]. George-Maria Schwab and George 
Petroutsos (J. Phys. Colloid Chem., 1950, 54, (4), 581-597).—  
S. and P. have obtained evidence as to the degree of electron 
saturation o f  the first Brillouin zone in alloys other than those 
of the Hum c-Rotliery type. The activation energy in the 
dehydrogenation o f formic aeid vapour was measured for 
various catalysts o f different compn. in 6 alloy systems. I t  
was found that in the system A u -F e there is a deviation from 
the simple Hume-Rothery rules, in agreement with elect, and 
magnetic data. In  the system F e-C  the hardness o f martcn- 
sitc can be traced to its increased electron concentration. In 
the system A u-Sb, the compound AuSb2 o f pyrite type has a 
relatively em pty zone, and in the system Cu-Sb the compound 
Cu2Sb behaves similarly. In the system Cu-Mg, the com­
pound Cu2Mg corresponds to a  saturated a  phase, while the 
compound CuMg2 has an extrem ely low degree o f zone 
saturation. In  the system A u -I’ b the compound A u2Pb, 
isomorphous to Cu2Mg, corresponds to it  also in its electron 
distribution.— I). M. D.

tRecent Progress in the Field of Permanent Magnets. K . 
Hoselitz (J. Phys. Radium, 19 5 1,12 , (3), 448-457 ; discussion, 
457-458).— [In English]. The compn., magnetic, phys. and 
mech. properties, and hcat-treatmcnt of 13 magnet steels, the 
magnetic properties of 7 pptn.-hardening, 10 isotropic, and 
8 anisotropic diffusion-hardening alloys, and of 7 permanent- 
magnet materials made from powders, are tabulated and 
discussed in considerable detail. The coercive forces of 
permanent-magnet alloys used in practice are o f the order
500-1000 Oc., and the heterogeneity produced by pptn. or 
diffusion can, to some extent, account for observed values of 
the coercive force, although the detailed mechanisms are 
not known. Some alloys o f P t  and some o f Mn possess ex­
trem ely high coercive forces; their cost or difficulty o f prepn. 
lim it their practical appn., but they are o f considerable 
sci. interest. 41 ref.— J. S. G. T.

The Electrical Resistance at Low Temperatures of Some 
Ferromagnetic Metals [and Alloys] in a Magnetic Field. 
(Gorter). See col. 10.

♦Influence of Order on Magnetic Properties [of Alloys]. 
R . Smoluchowski (J. Phys. Radium, 1951, 12, (3), 389-397; 
discussion, 397-398).— [In English]. A  new theory o f mag­
netic saturation in binary alloys, based upon fluctuations o f 
electronic concentration in all equivalent groups o f atoms, 
is developed. In the ease of the b.c.c. lattice these groups 
contain the first and second neighbours, and the theory 
agrees with experimental data relating to Fe-C o alloys. 
In  the case of f.c.c. lattices, e.g. F e-N i alloys, the group 
contains nearest neighbours only. The theory enables one to 
calculate the effect o f order upon such magnetic properties as 
saturation moment and magnetostriction, and theoretical 
and experimental results agree. The effects o f order upon 
Curie tem p., magnetic anisotropy, coercive force, and magnetic 
perm eability and the effect o f magnetic properties upon order 
phenomena are also discussed. 22 ref.— J. S. G. T.

♦Atomic [Magnetic] Moments and Curie Points of Face- 
Centred Cubic Isoelectronic Alloys of the Iron Group. P . 
Taglang (J. Phys. Radium, 1951, 12, (3), 414-417 ; discussion, 
417).— A  stud}7 o f the magnetic properties o f 4 isoelectronic

F e-C o -N i alloys, having a f.c.c. lattice, reveals the existence o f 
a linear relation between the Curio temp, and abs. atomic 
magnetic moment. Two components of the ferromagnetic 
moment arc distinguished, viz. (1 ) an extrapolated moment, 
independent of the Curie temp, but variable to the extent o f 
1 Bohr magneton/electron in the electron class, and (2) a 
supplementary moment, dependent upon the Curio temp. 
This latter result conforms with Neel’s theory of dynamic 
ionic equilibrium (“  Le Magnetisme,”  1940, vol. II, p. 105).

— J. S. G. T.
♦Ferromagnetism, Paramagnetism, and Cohesive Energy 

of Transition Metals and Their Alloys. T. G. Owe Berg (J. 
Phys. Radium, 1951, 12, (3), 418-429).— [In English]. A 
theory which extends the customary representation o f tho 
magnetic moment of binary alloys in terms of the resp. 
atomic numbers and electronic d is extended to include 
intermetallio compounds. The formula; derived are applied, 
inter alia, to calculate the magnetic susceptibility o f Ni, and 
the calculated results agree with experimental values obtained 
b y  F allot (Ann. Physique, 193C, [xi], 6, 305; Met. Abs., 1938, 
5, 260). The formulae, applied to binary Fe alloys, differ­
entiate between 3 typos of alloys, viz . perfect solid soln., 
a  “  metastable ”  phase, and an intermetallic-compound phase. 
17 ref.— J. S. G. T.

♦New Techniques and Results in the Measurement of 
Magnetostriction [of Alloys]. J. E . Goldman (J. Phys. 
Radium, 1951, 12, (3), 471-475; discussion, 475).— [In 
English]. Apparatus and technique using elect, strain gauges 
for the measurement o f linear and vol. magnetostriction are 
described. Results aro given for magnetostriction in oriented
3-5% Si steel (Hipersil), and in a very small single crystal of 
an Fe-30%  Co alloy in the form o f an oblate spheroid of 
dimensions 3-5 mm. in dia. and 0-3 mm. thick. Values of tho 
magnetostriction const, in the Fe-Co alloy a r e ; X100 =
1-5 X 10~5 ; Xm  =  8-5 X 10~6. G. suggests th at the mechan­
ism o f nucleation in Alnico V  consists in the pptn. o f a  phase 
rich in Fe and Co contg. approx. 30% Co. Nuclei with axes 
making a small angle w ith the m atrix grow preferentially, and 
magnetic anisotropy of the alloy results from cryst. anisotropy 
of the precipitate. The relation between magnetostriction 
and order-disorder transformation is briefly discussed with 
ref. to  Fe-C o alloy and to N i3Fe (Permalloy). 15 ref.

— J. S. G. T.
♦Ferromagnetism in W eak [Alternating] Magnetic Fields, 

and the Curie Point. (Goldschmidt). Sec col. 14.
The Gyromagnetic (Magneto-Mechanical) Ratios of Some 

Ferromagnetics of the Iron Group. (Meyer). See col. 13.
Rotations [of Magnetic Moments] During Magnetization. 

(Initial Magnetization, Coercive Field). (Guillaud). See col. 
13.

■¡•High Negative Molecular Fields, and the Different 
Mechanisms of Passage from Antiferromagnetism to Weiss 
Paramagnetism. (Foex). See col. 13.

♦A New Conception of the Electronic State of Ferromagnetics: 
Introduction of the Notion of Intermittent Activation. 
(Forrer). See col. 12.

♦■¡■Collective Electron Ferromagnetism in Metals and Alloys. 
(Stoner). See col. 12.

Gmelins Handbuch der anorganischen Chemie. Legierungen
der Platinm etalle: Osmium, Iridium, Platin. (------ ). See
col. 91.

3 — STRUCTURE
(Metallography ; Macrography ; Crystal Structure.)

[For a ll abstracts on the constitution of alloy systems, including X -ray studies, see 2— Properties o f Alloys.]

♦Chemical Polishing of Aluminium and Its Alloys. J.
Hérenguel and R . Segond (Rev. M et., 1951,48, (4), 262-266).—  
Electrolytic polishing is used in most laboratories for tho 
polishing of A1 and its alloys. W ith the baths usually 
employed, i.e. H 2S 0 4 and H 3P 0 4 oxidized w ith either H N 0 3 
or HX'rO.,, high c.d. is required which in large specimens re­

sults in large currents, thereby introducing practical difficulties. 
Chem. polishing has, therefore, been adopted in some labora­
tories for light alloys, using similar baths to the above. H. 
and S. investigated the possible appn. o f this process 
on an indust, scale to the chem. polishing o f Brillalumag 3 
(Mg 3% ), Alum ag 50 (Mg 5, Mn 0-4%), and 99-5% A l. T hey
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found that it is possible to use two distinct methods o f chcm. 
attack, both giving a  good polish : (1 ) a turbulent region with 
an abundant evolution of gas, and (2) an attack forming a t the 
surface of the specimen a viscous film rich in A1 salts, analogous 
to that observed in electrolytic polishing. They defined the 
range of compn. and temp, for the appn. o f each method. A 
generally applicable bath  consists o f H 3PO,t 70, H 2S 0 4 25, 
H N 0 3 5 %  by vol., the attack being carried on for from 30 
to 120 see. This reveals : (1) furrowing, which indicates 
local variations o f compn., (2) etching, whose significance has 
yet to be interpreted, and (3) insoluble phases, shown, not as 
planes but as 3-dimensional vol.— J . H. W .

♦Modifications of the Structure of Aluminium During Creep. 
G. W yon and Ch. Crussard (Rev. M et., 1951, 48, (2), 121— 
130).— W . and C. briefly review the current explanations for 
the fragmentation o f the grains o f a  m etal by creep, which 
are as important as they are debatable, and describe their 
own experiments with 99-99% A1 in the form of plates 0-8-
1-0 mm. thick, heat-treated, electrolytically polished, and 
attacked in certain cases with a mixture o f HC1, H N 0 3, and 
H F . Creep, usually a t  310° C. but also up to 600° C., was 
recorded on a Clicvonard machine. A fter testing, the speci­
mens were examined a t different magnifications, and then 
repolished, attacked b y  the 3-acid mixture, and examined for 
corrosion pits. Some two dozen photomicrographs arc 
reproduced. Creep a t  very high temp, (towards 600° C.) 
introduces broken boundaries into the interior o f the metal 
and these are very mobile a t  this temp, and constitute a 
reversible phenomenon. Once the specimen has been cooled 
to below the temp, o f total solubility o f the impurities present, 
these boundaries become very stable. W ith creep a t 250°- 
300° C. micrography reveals : thick slip b an d s; waves in the 
surface forming “  cellules ”  corresponding to  successive 
bending; largo angular kinking probably also arising from 
progressive bending; a  net-work of swellings in the smaller 
grains or near the boundaries o f the larger ones, arising from 
the boundaries of polygonization. The first types of de­
formation occur a t the lower temp., the latter a t higher tem p .; 
the “  cellules ”  are the more frequent the more imperfect the 
initial gram. A  number o f modifications o f the intergranular 
boundaries were observed and are recorded. There is a 
correlation between the modification o f the mierographic 
structure, the appcaranco of X -ray asterism, and the form of 
the creep curve, and the observations are am ply explained 
b y  the theory o f dislocations : following the distribution of 
the dislocations formed during creep progressive bending or 
well-defined kinking is observed, which depends on the 
obstacles that tho dislocations encounter. In  the conditions 
o f attack employed, large corrosion pits appeared only on 
groups o f dislocations; isolated dislocations gave small pits. 
14 ref.— J. H. W .

Interatomic Distances in Co2A l0. Linus Pauling (A da  
Cry St., 1951, 4, (2), 138-140).— [In English], A  reply is made 
to  tho criticism b y  Douglas (ibid., 1950, 3, 19 ; Met. Abs.
1949-50, 17, 571) that Pauling’s theory o f the intermetallic 
bond predicts a wrong value for the C'o-Al bond in Co2A19 
crystals. P . states that his theory was incorrectly applied, 
and shows how a correct calculation gives 2-516 A. (compared 
with the experimental value of 2-470 A.). The A l-A l distance 
is also discussed. Arguments are advanced w hy Co atoms 
should transfer one electron to A1 (in opposition to an earlier 
view proposing the reverse exchange) ; a calculation is 
presented on this assumption giving exact agreement between 
theoretical and experimental values o f the C o-A l bond 
distance.— R . W . C.

♦The Torsion Texture oi Copper. W . A. Backofen (Trans. 
Amer. Inst. M in. Mel. Eng. (in J . Metals), 1950, 188, (12), 
1454-1459).— Specimens o f O.F.H .C. Cu and o f electrolytic 
T .P . Cu were twisted, in a torsion testing machine a t  const, 
rates o f 120° and 215°/min., up to shear strains o f 7-7, and 
their pole figures were then determined b y  the Geiger-counter 
X -ray spectrometer method. The results show that the torsion 
texture o f  both materials can be described b y  a  compn. of 
tho four ideal orientations: (112 ) [1 1 1 ], (1 1 1 ) [112 ], (110 ) [001], 
and (112) [ l3 l] . The crvstallographic planes of these various

orientations arc tangential to the surface, and the directions 
are || to the longitudinal axis o f the torsion specimen, thus 
showing that the texture does not appear to be influenced by 
the principal normal strain history. Consideration of the 
possible slip directions associated w ith the ideal orientations 
(112 ) [1 1 1 ], (1 1 1 ) [112 ], and (110 ) [001] suggests that torsional 
plastic flow occurs primarily by  slip along the direction of max. 
shear stress, which is tangential to the surface o f the specimen 
and X to its longitudinal axis. Microstructure observations 
made in conjunction with reverse torsion experiments are in 
agreement with this mode o f flow. I t  is concluded that the 
results indicate that the relationship between strain and the 
development of textures is, however, b y  no moans a simple 
one. 12 ref.— E . N.

♦Interfacial Free Energy of Coherent Twin Boundaries in 
Copper. R . L . Fullmnn (J. A ppl. Physics, 1951, 22, (4), 
448-455).— A  new explanation is given of the occurrence of 
dihedral angles >180° a t the intersection of a boundary be­
tween a  grain A  and a grain B , A  and the twin o f B , and the 
coherent twin boundary o f the twin (i.e. the (1 1 1 ) plane of 
sym m etry). B y  measurements o f such dihedral angles, tho 
ra tio : energy o f coherent twin boundary to energy of grain 
boundary, the latter being assumed invariant, is found to be
0-045 ±  0 003. This ratio was also estimated by measuring, 
by  means of an oblique sectioning technique, the dihedral 
angles o f the two kinds o f boundary a t a  Cu surface etched 
by Pb vapour. The result hero was 0-026 ±  0 002. The 
reason for the system atic error being unknown, a simple 
mean value of 0-035 ±  0 006 was adopted. An appendix 
gives a full discussion o f the geom etry of oblique sections.

— R . W. C.
♦Crystallography and Interfacial Free Energy of Non­

coherent Twin Boundaries in Copper. R . L . Fullm an (J. 
A ppl. Physics, 1951, 22, (4), 456-460).— Annealing twins in 
Cu sometimes do not go right across a grain. The boundaries 
terminating such a parallel-sided twin are termed non-coherent. 
These boundaries were found all to  be close to planes o f 
particular indices, viz. (113) of the grain (which nearly coin­
cides with (335) o f tho twin), or vice versa. This information 
was found by' using an accessory, which is described, allowing 
the inclination o f a  plane running through a thin sheet to be 
determined from a microscopic examination o f the two sur­
faces of the sheet. The ratio : energy of non-cohoront boundary 
to energy o f grain boundary was determined as 0-80 ±  0-015. 
Two measurements by the Pb etch method (see preceding 
abstract) gave results close to this.— R . W . C.

♦Long-Range Order in Beta-Brass and Cu3Au. D. T . 
Keating and B . E . Warren (J. Appl. Physics, 1951, 22, (3), 
286-290).— An investigation o f long-range order was made b y  
means o f a Geiger-counter spectrometer, using single-crystal 
samples of (3-brass and Cu3Au. Experiments were made with 
tho brass at different temp., and with tho Cu3Au either at 
temp, or in the quenched condition. In  spite o f a resolution 
which would have sufficed to detect the phenomenon, no 
splitting o f high-angle reflections was found for partly  dis­
ordered samples o f either kind. There was a continuous 
transition in the lino positions from those characteristic o f tho 
ordered to those characteristic o f the disordered alloy. From 
this it  is concluded th at below the critical temp., there is only 
one ordered phase of variable long-range order, and not a 
mixturo of fully ordered and disordered domains. The 
long-range order parameter for Cu3Au is found to be a single­
valued function o f tho temp., from whichever side it  is 
approached. I f  a two-phase region does exist, it must be 
very narrow. The parameter/temp, relation agrees well with 
recent theoretical predictions.— R . W. C.

♦A Problem of Archaeological Metallurgy : X-Ray Examina­
tion of an Egyptian Object in Electrum. (Mme) A. R . W eill 
(Rev. Met., 1951, 48, (2), 97-104; discussion, 104).— W . made 
an X -ray examination o f an ancient Egyptian jewel from the 
Louvre Museum w ith the object o f carrying out a  non­
destructive analysis. She discusses the general appn. o f 
X -rays to the analysis o f solid soln. according to Vegard’s 
law  (Z. Physile, 1921, 5, 17 ; J . Inst. Metals (Abstracts), 
1923, 29, 679). This law is subject to exceptions in binary
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alloys, so that there would appear to bo still greater difficulties 
in applying it to ternary alloys, such as Electrum. Ancient 
Egyptian objects have been found to have the compn. range : 
Au 67-0-80-1, A g 20-3-25, Cu 0-8% . A u and A g arc iniscible 
in all proportions and have similar parameters, but the 
parameters o f the alloys contg. Cu decrease rapidly with the 
Cu content. The jewel in question was subjected to visual 
examination, which indicated some C u ; to a d detn., which, 
b y  means of an equal-d curve, fixed the A g content i f  the Cu 
content wore kn ow n ; and to the measurement of the para­
meter b y  X -rays, which finally suggested the compn. : A u 75, 
Ag 22, and Cu 3 % . 11  ref.— J. H . W .

♦Crystal Structures and Transformations in Indium-Thallium 
Solid Solutions. Lester Guttm an (Trans. Amer. Inst. M in. 
Met- Eng. (in J . Metals), 1950, 188, (12), 1472-1477).—  
A  report o f metallographic and X -ray diffraction studies of 
the In -T l system between 0 and 75 a t.-%  T l, the metals from 
which the alloys were prepared being o f ~99-9%  purity. 
The results show t h a t : (1) a  transformation f.c. tetragonal ^
f.c.e. occurs a t  ~105° C. a t 18 a t.-%  T l, and 25° C. a t ~23 
a t.-%  T l, the tetragonal form being the one which is stable 
a t low tem p .; the transformation produces a distinctive 
lam ellar structure (illustrated b y  photomicrographs), and the 
progress o f the interface between the phases can bo followed 
by the surface distortions produced; (2) tho b.e.c. form found 
a t room temp, is undoubtedly a terminal solid soln. derived 
from the high-temp. form o f T l ; and (3) there is no evidence 
of ordered structures at any temp. A  revised equilibrium 
diagram o f the system is given, which is derived from the 
results o f Valontiner (Z. MctaUkundc, 1940, 32, 244; Met. 
Abs., 1941, 8, 325) and tho present work. 13 ref.— E . N.

Crystallography of the Cubic-Tetragonal Transformation 
in the Indium-Thallium System. J . S. Bowles, C. S. Barrett, 
and L . Guttm an (Trans. Amer. Inst. M in. Mel. Eng. (in J. 
Metals), 1950, 188, (12), 1478-1485).— Cf. preceding abstract. 
Tho diffusionless transformation from the f.c.e. (A l) to the
f.e. tetragonal (A 6) structure in certain alloys o f the In -T l 
system  was analysed b y  metallographic and X -ra y  measure­
ments on single grains in polycrvst. specimens contg. 20-75 
a t.-%  T l. The experimental results show th at (1) the trans­
formation produces lamellse on (10 1) planes with sub-lamellse 
also on selected (10 1) planes; (2) the lamellar structures and 
the tetragonality appear a t the same tem p .; (3) the trans­
formation ceases i f  cooling is interrupted; (4) the lam ellar 
structures are formed by tho rapid (but observable) propaga­
tion o f an interface || the main bands ; each nucleus develops 
into a larger number of main bands tilted in opposite senses; 
(5) tho first plates to form possess a finite degree o f totra- 
gonality, tho axial ratio being 1 -0 20 ; as the temp, is lowered 
the degree o f tetragonality increases, and becomes 1-0356 
at room te m p .; (6) the range of temp, ovor which trans­
formation occurs, and tho hysteresis gap between the direct 
and inverse transformations, are quite small, f °  and 44° C., 
re sp .; and (7) the tetragonal to cubic transformation appar­
ently proceeds b y  a mechanism that is just the reverse o f the 
direct transformation, since, except for occasional residual 
markings, the relief effects produced on cooling disappear on 
heating. A  math, proof is given (in an appendix) which 
shows that the transformation cubic ->■ tetragonal can be 
accomplished by two shears, and it  is proposed, therefore, 
that the_transformation occurs b y  a shear on the (10 1) plane 
in_the [ 101] direction, followed b y  a second shear on (0 11 ),
[O il]. The main lamellse result from oppositely directed 
shears o f the first type, the sub-lam elte from oppositely 
directed shears of the second type. Experimental observa­
tions o f the orientation changes produced b y  the transforma­
tion are in good agreement with those postulated by this 
double-shear mechanism, but not with the frequently postu­
lated twinning mechanism. 14 ref.— E . N.

♦Formation and Behaviour o! Sub-Boundaries in [3-3%] 
Silicon Iron Crystals. C. G. Dunn and F . W . Daniels (Trans. 
Amer. Inst. M in. Met. Eng. (in J . Metals), 1951, 191, (2), 
147-154).— A  report o f an X -ray and microscopic study o f the 
structures formed in large single and two-grain crystals o f 
commercial F e-S i (3-3%) alloy which have been subjected to

plastic deformation by cold rolling or by  bending, and sub­
sequently annealed. In  single crystals the following was 
observed : (1) polygonization, which produces a relatively 
fine sub-grain structure, and (2) sub-grain growth o f a fairly 
uniform land like normal grain growth but selective in nature, 
removing tho major spread in orientation and thereby produc­
ing a more nearty perfect single crystal o f low sub-boundary 
energy. Annealing o f two-grain specimens in which either 
one or both o f the grains contained sub-grains disclosed t h a t :
(1 ) when one grain alone contains sub-boundaries, the other 
grain grows quite readily, apparently through interaction of 
the sub-boundaries with the ordinary boundary, and (2) when 
both grains contain sub-boundaries, the ordinary boundary 
sometimes fails to move, apparently from lack o f driving 
en ergy; a t  the same time, however, the sub-grains grow 
la rg e r; a t other times the boundary does move, but in general 
the area swept is not free o f sub-boundaries. The kinetics 
o f the boundary and sub-boundary migration are discussed. 
16 ref.— E . N.

♦The Crystallographic Mechanism of the Martensite Reaction 
in Iron-Carbon Alloys. J. S. Bowles (Acta Cryst., 1951, 4,
(2), 162-171).— [In English], B y  means o f a closely reasoned 
analysis a crystallographic mechanism of the martensite 
roaetion is derived which is fully consistent with : (1 ) tho 
orientation relationship observed between austenite and m ar­
tensite, (2) the martensite habit plane, and (3) the angle of 
surface tilt in a martensite needle and the behaviour of 
scratches traversing such a  needle. The starting point is the 
theoretical treatm ent o f the problem b y  Jaswon and Wheeler 
(ibid., 1948 ,1, 216); in this work certain planes o f the austen- 
ito lattice were shown to be unrotated in tho transformation 
i f  the atomic displacements were to bo kept as small as possible. 
Using these invariant planes, the index transformation m atrix 
which defines the orientation relationship, and certain geo­
metrical properties of a general typo of homogeneous dis­
tortion (i.e. a distortion in which tho direction o f atom move­
ment D  does not lie in tho undistorted plane P ), B . derives 
by  system atic trial and error a unique mechanism consisting 
of two successive distortions : (1 ) a  homogeneous distortion 
(not a  shear) in the austenite, w ith P  =  (225) and D  =  [112 ];
(2) a shear, homogeneous only within minute regions o f the 
plates formed b y  tho first distortion, w ith P  —  (112) referred 
to the martensite lattice, and D  —  [ i l l ] .  I t  is pointed out 
that both the distortions are in the resp. twinning 
directions o f austenite and martensite. This analysis applies 
to the formation o f cubic m artensite; slight modifications, 
which are discussed, are required when tetragonal martensite 
is formed. The mechanism is found to satisfy the require­
ments (l)-(3) mentioned above, and certain peculiarities in 
connection with the m ultiplicity o f tho habit planes are also 
explained. The analysis hero described applies strictly only 
to pure Fe and F e-C  alloys contg. < 1 -4 %  C ; highly alloyed 
ferrites have slightly different orientation relationships and 
habit planes.— R . W . C.

♦Metallographic Study of the Martensite Transformation in 
Lithium. J . S. Bowles (Trans. Amer. Inst. M in. Met. Eng. 
(in J . Metals), 1951, 191, (1), 44—46).— Single crystals o f pure 
L i were produced by the Bridgman technique, and then 
given an excellent metallographic polish by  gentle swabbing 
■with cold m ethyl alcohol saturated w ith reaction product, Li 
aleoholate. The alcohol was then removed w ith dry benzene 
and, after the latter had been allowed to  evaporate, the speci­
mens were rapidly quenched in liq. *X, when the spontaneous 
transformation to a martensitic structure— b.e.c. to  h.c.p. 
with the hexagonal layers in imperfect stacking sequence—  
occurred w ith an audible click, i.e. a t temp, above 77° K . 
As the relief effects produced did not disappear when the 
specimens were transferred into mineral oil a t room temp., 
when, o f course, the martensite phase was no longer present, 
orientations could be determined from back-refiection Laue 
patterns, and from these the habit plane was derived. This 
was found to be ~(441), and is closely similar to  tho habit 
planes utilized in other martensite transformations in b.e.c. 
metals. Although this (441) plane is not in agreement with 
Burgers’ prediction (Physica, 1934, 1, 5 6 1; Met. Abs., 1934,
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1, 580) of (112), the atom movements proposed by Burgers 
are probably correct, for they arc consistent w ith the observed 
suporlattice in Cu-Al martensite. To modify Burgers’ 
mechanism so that it  becomes consistent with the observed 
habit plane and relief effects, it  will be necessary to find out 
how the “  Burgers’ unit distortion ”  is repeated throughout 
the lattice. 11 ref.— E . N.

♦Crystallographic Angles for Magnesium, Zinc, and Cad­
mium. Edward I. Salkovitz (Trans. Amer. Inst. M in. Met. 
Eng. (in J. Metals), 1951, 191, (1), 64).— A  note. The angles 
between the crystallographic planes in h.c.p. crystals of 
Mg, Zn, and Cd are tabulated. A  typical (0001) standard 
projection of Zn (c/a =  1-856) is given, which, for all practical 
purposes, serves for Cd {c/a. =  1-886) also. For Mg (c/a =
1-6235), however, another net must be constructed.— E. N.

*Lattice Parameters o£ Magnesium Alloys. Robert S. 
Busk (Trans. Amer. Inst. M in. Met. Eng. (in J . Metals), 1950, 
188, (12), 1460-1464).— Two groups of binary Mg alloys were 
prepared from liigh-purity elem ents; the first group con­
sisted o f the alloys o f those elements— predominantly Group 
B — which are relatively soluble in M g ; the second group 
consisted of most of the remaining metallic elements— all 
Group A , transition or rare-earth elements— which are rela­
tive ly  insoluble in Mg. Tho lattice parameters of the 
alloys, as determined from X -ray back-reflection diffraction 
patterns o f completely homogenized samples, together with 
additional data from the literature, are tabulated. Those 
values show t h a t : (1) the change in lattice parameter a0 with 
addn. o f soluto cc tho radius o f the solute alone. Elements 
which cause a decrease in a0 are Au, Mn, R h, and Z r; all 
thoso have atomic radii smaller than that o f Mg. Elements 
which increase are As, B a, Ce, L a, Ni, and P d ; B a, Ce, and 
L a all have atomic radii greater than that o f Mg, and their 
effect is straightforw ard; As, N i, and Pd, however, have 
atomic radii smaller than th at o f Mg, and the reason that these 
elements cause a  decrease in a0 values is not know n; (2) the 
chango in lattice parameter c0 cc both the atomic radius and 
valenco o f tho solute, the relative effect o f each being 
such th a t tho c/a ratio cc the electron concentration alon e; 
elements decreasing c/a aro Au, Ce, L a, and Pd, and those 
increasing c/a are B a, Ir, P t, R h, Ti, and Z r ; (3) the soluto 
elements Ca, Cu, Sb, Si, Te, and W  show no change in either 
a0 or c/a; o f these Ca and Cu do have some solid solubility in 
Mg, but tho change in parameter is apparently too small to 
bo fo u n d ; tho other elements seem to have vanishingly 
small solid s o ly .; (4) the rare-earth elements Ce and L a  m ay 
act as electron receivers in Mg solid so ln .; (5) the fact that 
enough T i goos into solid soln. to raiso tho c/a ratio, coupled 
with its extrem ely low liq. solubility, probably means that the 
Mg-rich, M g-Ti binary alloys, like the similar M g-Zr alloys, 
constitute a peritectic system ; (6) few, i f  any, solutes in Jig 
aro fully ionized; (7) tho offectivo atomic radius, and tho 
relative effective valenco shown by a solute in binary solid 
soln. aro retained in ternary alloys. Empirical equations 
are derived from tho data which allow the calculation of tho 
lattice parameters o f ternary solid soln. from binary data. 
14 ref.— E . N.

Finishing Molybdenum. ------ (Product Finishing (Lond.),
1951, 4, (3), 62-63).— Notes on the cleaning, electropolishing, 
metallographic polishing, and etching o f Mo are given.

— H. A . H.
*High-Temperature Structure and Thermal Expansion of 

Some Metals as Determined by X -R ay Diffraction Data. I.—  
Platinum, Tantalum, Niobium, and Molybdenum. James W. 
Edwards, Rudolph Speiser, and Herrick L . Johnston (J. 
Appl. Physics, 1951, 22, (4), 424-428).— Crystal structure and 
therm al expansion were studied for the four metals between 
1100° and 2500° K . The coeff. o f (T  -  291) and o f (T  -  
291)a aro given, and comparison with values calculated by 
the Griineisen theory show th at this gives fairly good extra­
polation to  high temp. No structure changes were observed, 
and a report in the literature postulating such a chango in 
T a between 2473° and 2773° K ., on tho basis o f an observed 
permanent dilatation, is discounted as being due to mech. 
strain.— R . W . C.

♦Grain Boundaries and Sintering [of Silver]. A . P.
Greenough (Nature, 1950, 166, (4230), 904-905).— Cold- 
rolled, liigh-purity Ag sheet contg. evenly distributed blow­
holes was annealed a t 900° C. for 19 hr. in N. The blowholes 
were seen, in the microsections, to have accumulated in the 
planes of the grain boundaries and to have decreased in number 
but increased in size. The blowholes were swept up by tho 
grain boundaries during the process of recrystn. and grain 
growth. The agglomeration of blowholes can bo explained 
in terms o f the free energy o f tho system. Tho polished 
surface o f the metal showed grooves, sometimes associated 
w ith steps, after tho first annealing process. This can occur 
b y  transference of blowholes from the outer layers o f the metal 
to tho surface, either bodily or as vacant lattice sites.

— B. R . T . F .
*X-Ray Measurement of Short-Range Order in A g-A u 

[Alloys]. N. Norman and B . E . Warren (J. A ppl. Physics, 
1951, 22, (4), 483-486).— Single crystals o f A gA u and A g 3Au 
were examined in monochromatic X-radiation on a Geiger- 
counter spectrometer, measurements being made at numerous 
points in tho (7(1-0) layer o f reciprocal space. Corrections 
were made for diffuse scattering duo to temp, and for other 
forms o f extraneous scattering. The short-range order 
parameter for first and second nearest neighbours was ob­
tained from tho data by  a Fourier summation method. The 
results for nearest neighbours (oq) were : AgAu, oq =  — 0-08 
(— 0-33); A gjA u , oq =  — 005 (— 0-33). The values in 
brackets would correspond to full order. Tho parameters, oq, 
for second nearest neighbours were 0-01 in each case. The 
ratio o f oq for A gA u and A g3Au is in agreement w ith a  recent 
theoretical treatment (Cowley, Phys. Rev., 1950, [ii], 77, 669; 
Met. Ahs., 1950-51, 18, 180). Tho valuo for tho critical temp, 
obtained from the data b y  applying this theory is 160’’ K ., 
which accounts for the impossibility o f establishing long-range 
order.— R . W . C.

♦Accurate Determination of the Lattice of Beta-Titanium 
at 900° C. Daniel S. Eppelshoimor and Robert R . Penman 
(Nature, 1950, 166, (4231), 960).— Tho lattice const, o f T i 
at 900° ±  5° C. was determined using Cohen’s method of 
least squares. A  19-em. Unicam high-temp. camera was 
employed, a vacuum o f 0-3 p. H g being obtained in the vacuum 
chamber. The specimens (99 0 +  %  puro, the impurities being 
0-3% C w ith small quantities o f O, N, and Fe) were prepared 
by swaging followed by annealing for 1 hr. a t 1000° C. The 
value o f a0 for the b.c.c. lattice a t 900° +  5° C. was determined 
as 3-3065 ±  0-00001 A ., and the corresponding atomic dia.
2-86 A .— B . R. T . F.

The Structure of Electrodeposited Metals. (Hothorsall). 
See col. 45.

♦fThe Slip, Twinning, Cohesion, Growth, and Boundaries of 
Crystals. H. W ilman (Proc. Phys. Soc., 1951, [A], 64, (4), 
329-350).— Tho stability o f two lattices, rotated rclativo to 
each other and in contact along a lattice plane, is discussed in 
terms of tho d o f sites on the two lattices which are in coinci­
dence for particular angles o f rotation. Numerous experi­
mental observations o f such relationships are then listed, and 
the angles of rotation shown to be associated with a high d 
o f lattice sites in coincidence. The evidence is based on 
electron-diffraction photographs, made o f crystals grown from 
soln., cleaved crystal flakes, single-crystal films floated off 
soluble substrates (e.g. A g  and Pd deposited on rock salt), 
beaten metal foils (Cu, A u, Ag, P t, and Pd), and some o f such 
foils after recrystn. I t  is considered that in most cases 
mentioned, there has boon a phys. rotation o f the lattices 
relative to each other, induced b y  stress. The occurrence o f 
such rotation (called “  rotational slip ” ) is proved conclusively 
by  direct torsion applied to largo cleavage fragments o f 
K_,Fc(CN)e, and o f gypsum. I t  is considered that rotational 
slip plays an important role in connection w ith a  number o f 
met. phenomena, including deformation bands, secondary 
recrystn., and mech. twinning in layers o f close-packed cubic 
metals deposited electrolytically or in epitaxy. I t  also plays 
a  part in unidirectional abrasion. The relation o f  rotational 
slip to growth o f crystals is fully discussed. 80 ref.

— R . W . C.
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♦Forces Exerted on Dislocations and the Stress Fields 
Produced by Them. M. Peach and J. S. Koehler (Phys. Itcv.,
1950, [ii], 80, (3), 436-439).— The force on an element of a 
Burgers dislocation in an external stress field is deduced, 
and an analogy is drawn between this expression and that for 
the force on a current element in a magnetic field. Math, 
expressions are then obtained for the behaviour o f dislocations 
in a stress field and for the interaction of dislocations with 
one another.— P . C. L . P.

♦The Widened Lattice Interval and Its Essential Role in the 
Behaviour oE Crystalline Metal. Donald P . Smith (Science,
1951, 113, (2935), 348-352).— X -ray evidence o f widened 
lattice intervals in work-hardened metal, as compared with 
the continuous and uniform lattice indicated for the fully 
annealed or dead-soft condition, is supplemented and dis­
cussed in the light o f H  solubilities. The widened intervals 
are evidently rifts in the crystal lattice, produced initially by 
plastic deformation, but capable o f extension or healing under 
suitablo conditions. 16 ref.— J. R.

“  Oriented Growth ”  in Primary Recrystallization. Joseph 
J. Becker {Trans. Amer. Inst. M in. Met. Eng. (in J . Metals), 
19 5 1,19 1, (2), 115).— A  note. The extension o f the “  oriented 
growth ”  hypothesis o f recrystn. textures to the prim ary 
recrystn. o f single crystals a n d ' o f polycryst. materials 
showing strong deformation textures is discussed. B. 
considers that if  recrystn. textures are to be explained by 
selective growth from among nuclei o f all orientations, it is 
difficult to see how the recrystn. texture : (1 ) can have any 
dependence whatever on the manner or the degree o f deforma­
tion, and (2) can be sometimes very dependent on the annealing 
temp. 2 ref.— E . N.

*A  Theory of Deformation Textures in Metals. W . R . 
H ibbard, Jr. {Rev. M U., 1951, 48, (2), 131-134).— During 
severe cold working the orientation o f most o f the grains of a 
polycryst. metal approach a common orientation with 
respect to the axis o f stress, which defines the deformation 
texture. This texture develops progressively; but, once it  is 
established, the grains can be subjected to further cold 
working without much change o f orientation. H. puts 
forward a  theory of deformation texture starting from 
considerations o f the stable orientation o f single crystals and 
o f the slip and flow imder stress particularly applied. This 
theory prognosticates the predominant textures found 
experimentally in f.c.c., b.c.c., and h.c.p. m etals; but it  takes 
no account of the deviations from the ideal orientations that 
are found in polar figures. 22 ref.— J. H . W .

♦Atomic Relationships in the Cubic Twinned State. W . C. 
Ellis and R . 6 . Treuting (Trans. Amer. hist. M in. Met. Eng. 
(in J. Metals), 1951, 191, (1), 53-55).— It  is shown that twin­
ning in f.c.c., diamond, and b.c.c. metals can be the result of 
small atom displacements o f a fraction o f an interatomic 
distance on planes lying within a eoincidence-site superlattice; 
no extensive shear is required. In order to satisfy nearest- 
neighbour disturbance requirements across such boundaries, 
imperfections are required in a stable lateral twin boundary. 
The predisposition to twinning o f materials having a diamond 
cubic structure is the result o f this lattice having a  double 
layer o f coincidence sites along twin planes, and a favourable 
lateral (or incoherent) trans-boundary spacing. 7 ref.

— E . N.
♦A Metallographic Study of Diffusion Interfaces. G. C.

K uczyński and B . H. Alexander (J. A ppl. Physics, 1951, 22,
(3), 344-349).— B y  sintering wires to flat metallic blocks, 
diffusion interfaces were obtained between the following 
pairs o f m e ta ls : Cu-N i, A u -A g, Cu-Ag, Cu-Fe, F e-N i, 
Cu-Zn, N i-Zn, and 70 : 30 brass-Cu. Typical photomicro­
graphs are given o f the sectioned interfaces. Grooves were 
observed in all cases, “  digging ”  into the lower-m.p. compo­
nent in the interface region. This is attributed principally 
to the faster self-diffusion in the lower-melting metal. The 
relevance o f this (as y et im perfectly understood) phenomenon 
to practical powder m etallurgy is touched upon.— R . W . C.

♦The Mechanism of the Electrolytic Polishing of Metals. 
W . J. McG. Tegart and R . G. Vines (Rev. M et., 1951, 48, (4), 
245-250).— T. and V . carried out experiments on the electro­

polishing o f B i to study the parts played by the diffusion 
layer and the film o f oxide and their importance in the process. 
The bath finally adopted was a saturated soln. o f K I  acidified 
with HC1 a t 7 V. and a c.d. o f 20 amp./dm.2. An adherent 
brown film formed on the surface o f the metal, and it  was 
found advantageous to polish for successive periods o f 30 
sec. each. The mechanism o f electrolytic polishing was 
seen to be more complex than a t first appeared. The viscous 
film round the specimens, chiefly caused by diffusion, is 
important to the extent that it contributes to the prodn. and 
the protection of a film o f oxide adjacent to the metal. This 
oxide film in its turn protects the metal and ensures the uni­
form soln. o f the surface. Although this theory was based on 
metals polished in relatively static conditions and a t low
c.d., it  is also applicable to high c.d. where much gas is evolved. 
Chem. polishing is, perhaps, a manifestation o f the same 
phenomenon o f oxide formation and protection. 11  ref.

— J. II. W .
♦A Universal Electrolytic Polishing and “  Rectification ”  

[Controlled Dissolution] Solution. Jaim e Estruch Battle 
(Galvano, 1951, (169), 11-13 ).— Details are given o f an elec­
trolytic polishing soln. which is claimed to  be applicable to 
ferrous metals, brasses, bronzes, light alloys, Cu, Pb, Zn, and 
Sn. This soln., which contains 25 g./l. H..SO,, 33 g./l. H F, 
8-3 g./l. H 3B O 3, 372 g./l. H2C rO „ 12 g./l. H N 0 3, 4-3 g./l. 
phthallic acid, and 328 g./l. H 3PO J( is operated a t 94° C. using 
either Cu or stainless-steel cathodes. Recommended c.d. 
ranges and treatm ent times for the various metals are listed. 
I t  is also claimed that “  rectification ”  or controlled electrolytic 
dissolution can be performed in this bath.— H. A . H.

♦The Study of Metal Surfaces by Means of Plastic Replicas, 
[Light Microscopy], and the Phase-Contrast Process. W . 
Faasch, G. Hein, and L . K och (Metalloherfldche, 1950, [A], 
4, (9), 129-135).— A  study is reported o f the adaptation o f the 
well-known plastic-repliea techniques used in electron 
microscopy to the examination o f m etal surfaces— particu­
larly electrodoposits— by microscopy with transmitted or 
reflected light, with and without the use of phase contrast. 
O f the replica methods which were tried, “  Triafol ” — a 2%  
soln. o f cellulose acotobutyratc— and 8%  soln. o f lacquer in 
am yl acetate were the most satisfactory. Exam ination of 
the replicas by microscopy w ith transmitted light was found 
to be superior to examination by reflected light or examination 
o f the actual metal surfaces by  the met. microscope. S truct­
ural differences were accentuated, and further improvement 
was obtained by the use of phase contrast. Exam ination 
of the surfaces of electrodeposits o f Zn, Cd, and o f etched A1 
foil confirmed these findings, although no improvement over 
normal metallographic methods was found in the case of 
electrodeposits o f N i or anodically polished brass. The only 
defect in the method is the difficulty encountered in separating 
the plastic films from the metal surfaces, which often leads 
to tearing. 29 photomicrographs show the results obtained.

— E . N.
♦Replica Techniques in Electron Microscopy. A . W . A gar 

and R . S. M. R evell (Bril. J . Appl. Physics, 1951, 2, (1), 
8—11 ; erratum, (2), 60).— Basing themselves on studies o f 
pearlite, bainite, and martensitc in steel, A . and R . claim 
th at it  is possible to obtain electron micrographs o f replicas 
giving consistent and reliable interpretation. A  modified 
form o f the Form var replica technique was used, and shadow 
casting and pre-shadowing with a A u -P d  alloy were found 
useful.— R . IV. C.

Preparing Rod Specimens for X-Ray Photography. D. 
Summers-Smith (Metallurgia, 1951, 43, (257), 154).— A  small 
jig for preparing specimens ~0-015 in. sq. and a t least 0-25 in. 
long is described and illustrated.— F. M. L.

Powder Diffraction Patterns from Microsamples. L . K . 
Frevel and H. C. Anderson (Acta Crysl., 1951, 4, (2), 186).—  
[In English], A  note describing a modification to the usual 
Debye-Scherrcr arrangement for obtaining good-quality 
powder patterns from samples weighing as little as 1 y- 
The sample is picked up on the sharp apex o f a lead wedge, 
which is oscillated during the exposure about the apex ridge 
as axis. Specimen patterns are shown.— R . W . C.



Using the Bragg-Brentano Method [of Powder Diffraction] 
in Conjunction with Fine-Focus Sealed-Off X-Ray Tubes.
Henri Brasseur (Acta Cryst., 1951, 4, (2), 189).— [In French]. 
A  note advocating a focusing diffraction arrangement in 
which the (fine) X -ray focus lies on the circumference of the
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cylinder to which the film is shaped. The method is stated 
to enable a great reduction o f exposure time, and has the 
merit o f sim plicity.— R . W . C.

Bibliography of Electron Microscopy. (Cosslett). See 
col. 91.
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5 — PO W D ER M E TA L LU R G Y
♦Hot Pressing Beryllium Powder. A . U. Scybolt, J. P. 

Frandsen, and R . M. Linsm ayer (Steel, 1950, 126, (13), 71-74, 
96).— The authors have reviewed the earlier work on hot- 
pressing o f Be powder and have investigated the factors to bo 
considered. B y  the use of the apparatus described, it is 
possible to make compacts up to 12 in. in dia. and 4 in. thick, 
and o f theoretical d. The analyses and properties o f the 
samples are given and compared with those of cast Be.— E . J.

Sintered Metal Bearings. [Reservoil]. ——  (Mass Prod., 
1951, 27, (2), 38-51).— Tho manufacture and appn. o f 
“  Reservoil ”  sintered metal bearings by  the Morgan Crucible 
Co., L td ., are described.— R . W . R .

New Self-Lubricating Bearings for Machinery. [Deva]. H. 
W inkelmann (Metall, 1950, 4, (23/24), 504-505).— A  review 
o f the prodn., properties, appn., and advantages of “  Dova ”  
m etal for self-lubricating bearings. I t  is made by powder- 
m etallurgy methods, and its main feature is the high propor­
tion (>  5% ) o f  graphite which it contains. The usual difficulty 
o f obtaining satisfactory diffusion o f tho alloying components 
in the presence of such large amounts o f graphite is overcome 
b y carrying out the sintering b y  H .F. (500-2000 c./s.) 
inductive heating o f the compact (contained in a graphite 
crucible), whereby tho intenso H .F . eddy currents sot up 
within the compact facilitate the diffusion process and carry 
it to completion.— E . N.

*Hot-Dip Galvanizing of Powder-Iron Compacts. (Bablik, 
Gotzl, and Kukaczka). See col. 40.

The Manufacture of Cemented Tungsten Carbide. B . E. 
Berry (Murex Rev., 1951, 1, (8), 165-183).— B . considers 
some of the problems involved in the manufacturing processes 
concerned. The prodn. o f tungstic acid from oro is 
described, followed by some consideration of the important 
properties o f W  powder. Tho manufacture of W C is then 
discussed. H ot pressing, which is used for large pieces of 
hard metal or for pellets o f intricate bore shape, is also de­
scribed, and B . concludes with a short description of dies and 
tools.— R . J.

Hard-Metal Bits for Rock Drills. Hans Steiner (Berg- u. 
hiiltenmann. Monatsh. Montan. Hochschule Leoben, 1950, 
95, (11), 205-217).— The development, mech. properties, and 
performance characteristics o f hard metals— based on m ix­
tures o f the carbides o f W , Ti, and T a, + 8 -13 -5 %  Co— used 
for bits for rock drills, are described.— E . N.

The Production of Metal Powders. H. W . Greenwood 
(Mass Prod., 1951, 27, (3), 68-72).— A  short account of the 
prodn. and properties o f carbonyl Fe, Cu, and other powdered 
metals.— R . W . R .

♦Research on the Mechanism of Fritting. P . Laurent and 
M. Eudier (Rev. M U., 1951, 48, (4), 2 71-275; discussion, 
275).— L . and E . investigated the effect o f time and temp, on 
m etal powder compressed a t elevated temp, using Fe and Cu 
as examples. The mechanisms already put forward are : (1) 
sublimation of the m etal from surfaces of largo radius o f 
curvature and deposition on surfaces o f smaller radius of 
curvature; (2) surface diffusion o f the metal by thermal 
agitatio n ; (3) diffusion from laminae under the effect o f surface 
tension; (4) flow under the effect o f surface tension or of the 
attraction o f surfaces near points of contact. L . and E. 
critically review these hypotheses and suggest that the stages 
of fritting a t temp, of the order o f 0-8 times the abs. m.p. of 
tho metal and in a reducing atmosphero aro as follows : as 
the temp, rises, the first important operation is the reduction 
o f the surface oxides b y  the atmosphere. Under the increasing

effect o f internal stress and surface tension o f the grains, a  rapid 
agglomeration o f the particles takes place and is momentarily 
impeded by tho reduction of the internal oxides. Later, and 
a t higher temp., the internal stress is released by recrystn. and 
increase in grain-size; pores aro closed and tend towards a 
spherical form. 11  ref.— J. H. W.

♦Grain Boundaries and Sintering [oi Silver]. (Greenough). 
See col. 30.

♦Diffusion Phenomena Occurring During Sintering. Ben H.
Alexander (J. Metals, 1951, 191, (2), 95).— Cf. ibid., 1950, 
188, 1219 ; Met. Abs. 1950-51, 18, 528. An A.I.M .M .E. 
Research in Progress summary. W hen compacts are made 
b y  simultaneously winding fine wires o f two metals (A and B) 
on a spool and then sintering, such compacts exhibit all 
possible types o f junctions (A -A , B - B , A -B ),  although the 
junctions o f dissimilar metals (A -B )  are present in the 
greatest number. On measuring the change in size and shape 
o f tho interstices between the wires, it  is found that although 
a perfectly uniform bond or “  neck ”  is formed between two 
wires o f tho same metal, this is not true when tho adjacent 
wires aro dissimilar. In  the latter case the bond appears 
to form b y  the preferential movement o f one kind o f atom, 
ivith tho result that the bond or neck is asym m etric, i.o. it is 
wider on one side than the other. A n overall increase in vol. 
o f the compacts accompanies this peculiar bond formation, 
tho expansion being greater tho more asymmetric tho bond. 
Attem pts are being made to correlate the vol. changes, which 
are considerable in some cases (15-20% ), w ith the extent of 
diffusion or homogenization. Further, the rate a t which 
a bond or neck forms between two unlike metals is found to 
be about equal to the faster o f the rates o f bond formation 
between tho metals in like pairs. Tho systems being studied 
are A g-Cu, Cu-N i, A g-A u , Cu-Fe, Cu-Zn, A g-N i, Cu-W , 
A g-Zn , and A u-N i, all o f which give a wide range o f mutual 
solubilities, and consequently greatly differing amounts of 
diffusion upon sintoring.— E . N.

♦Routine Measurement of Paint Pigments and Other Fine 
Powders.— n . P. C. Carman and P. lo R . Malherbe (J. Appl. 
Chem., 1951, 1, (3), 105-108).— [Part I. is o f no metallurgical 
interest]. Extension o f a previous study on the measurement 
o f surface dia. o f various types of fine powders (J. Soc. Chem. 
Ind., 1950, 69, 134) includes consideration o f two samples of 
W  powders used by Burden and Barker (J. Inst. Metals, 
1948-49, 75, 5 1 ;  Met. Abs., 1949-50, 17, 817). For both 
samples air permeabilities a t the lower porosities (i.o. tightest 
compression in a vice as compared with tightest hand- 
packing) gave similar sp.-surface results, equivalent to a 
surfaco mean dia. o f ~0-3 \j.. Detn. by  the N-adsorption 
method were in reasonable agreement w ith results obtained 
from air-permeability measurements on one o f the W-powder 
samples, but no such agreement was found in the case o f the 
other sample, which, it  is considered, m ay be an example o f a 
powder with porous particles.— J. R .

Material Calculations in Works Engaged in Powder- 
Metallurgy Processes. Hermann Franssen (Metall, 1950, 
4, (21/22), 484-486).— A  discussion o f the prodn. and use o f 
balance sheets relating to the input and output o f raw  materials 
and finished products, re sp .; they are not only o f financial 
interest, since powder-metallurgy processes consume and 
produce large quantities o f expensive materials, but are also 
of great tech. importance.—  E . X.

Treatise on Powder M etallurgy. Vol. n ,  (Goetzel). See 
col. 93.

C
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6 — C O RR O SIO N  AND R EL A TED  PH EN O M EN A
♦Corrosion-Resistanee of Electropolished and Anodized 

Aluminium Reflectors. W . K crth  (Metalloberjlciche, 1950,
[A], 4, (12), 190).— A1 reflectors which had boon elcctrolytieally 
polished and then anodized (Eloxal process) were exposed to 
various corrosive media w ith tho following results : (1 ) flue 
gases, a t 70°-110° C., contg. up to 0-4% S 0 2 togothcr with a 
trace o f S 0 3 showed little or no effect a t the end of 4 months, 
reflectivity being unimpaired after washing off the accumu­
lated dirt and soot ; (2) dil. H 2S 0 4 (1 : 3) vapour had no effect 
after 3 months ; and (3) vapour of cone. H 2SOj produced a 
few isolated pin-points o f corrosion after 4 weeks, which had 
doubled in number after a further period o f 4 weeks. I t  is 
concluded that such A1 reflectors are excellent for search­
lights and floodlighting, as they are virtually incorrodiblo 
under service conditions.-— E . N.

♦Weathering of Some Aluminium Alloys. ------  (Light
Metals, 1950, 13, (147), 215-221).— An account is given of 
the behaviour of 2S, 3S, 50S, and 51S A1 alloys after long 
exposure to rural, indust., and maritime atmospheres, and 
tho depth o f penetration to be expected per annum under 
various conditions o f exposure is estimated. Methods o f 
cleaning weathered surfaces to restore or improve tho surface 
appearance are suggested : rubbing with w et steel wool, 
followed by washing w ith soap and water, is usually effective. 
A  number o f case histories are given.— J. E . T.

Durability of Aluminium and Its Alloys.— I.-II. ------
(Light Metals, 1950, 13, (147), 195-203 ; (149), 344-349).—  
[I.— ] Tho problem of durability is considered in a general 
manner, and a comparison is made between the properties o f 
A1 alloys and the heavy metals. The durability o f tho various 
classes o f light alloy is described, and attention is paid to 
tho types o f corrosion that m ay be encountered. [II.— •] 
Tho susceptibility o f various types of alloy to intercryst. 
corrosion is considered, and galvanic corrosion is discussed.

— J . E . T.
fT he Nature and Mechanism of Stress-Corrosion in Wrought 

Aluminium Alloys.— I.-IV . H. Vosskiihler (Werkstoffe u. 
Korrosion, 1950, 1, (4), 143-153 ; (5), 179-184 ; (8), 310-320 ;
(9), 357-3CC).— A  critical survey o f stress-corrosion in A1 
alloys contg. : (a) Mg 3-9 and Zn >  1% , (h) Mg and Zn in 
various ratios, with a  total content of > 1 0 % , and (c) Cu 3 -
4-5%  and Mg and Mn ~ 1 %  each. Stress-corrosion is one 
form o f grain-boundary corrosion, o f which the other two 
forms are stress-free intercryst. corrosion and layer corrosion, 
and various combinations o f these three forms are usually 
present together. F or stress-corrosion to occur the alloy 
must : (a) be exposed to a ttack  by  a suitable corrosive 
medium, (6) have mech. stresses present within it, and (c) be in 
a condition which renders it  susceptible to stress-corrosion. 
These factors are discussed in relation to : (1) type of stress- 
corrosion tests— (i) tho shape of the specimen, (ii) the nature 
and magnitude of the stresses— whether causing a const, 
stress or a  const, deformation, and (iii) the nature and condi­
tion of the corrosive medium— the compn. of the atmosphere 
or soln., and whether exposure to it is continuous or inter­
m ittent ; (2) tho cryst. structure o f tho material— (i) tho solid 
soln. concentration, and (ii) the grain-size and texture ; (3) 
the method and degree o f hot or cold working— rolling, forging, 
extrusion, &c. ; and (4) tho heat-troatm ent— (i) the time and 
temp, o f soln.-treatment, (ii) the nature o f the quench, and 
(iii) the tim e and temp, of cold or warm ageing and whether 
or not the material has been given a small degree ( >  10% ) 
o f cold work immediately after soln.-treatment and quenching. 
There are numerous photomicrographs. 51 ref.— E . N.

♦Corrosion and Stress-Corrosion Properties of a High- 
Strength Aluminium-Zinc-Copper-Magnesium Casting Alloy. 
R . A . Quadt and E . C. Rcichard (Traits. Amer. Found. Soc., 
1950, 58, 525-529 ; discussion, 529).— Mech. properties o f 
0-25-in.-dia. tcst-bars o f A1 casting alloy contg. Zn 7-4, Cu 
0-8, and Mg 0-4% were determined after exposure to 3 %  
aerated N aCl soln. Under these conditions o f testing the

specimens are unaffected b y  loads up to 80% o f their yield 
strength. Above this stress, cracking occurs as a result of 
stress-corrosion.— V . K .

Some Examples of Chemical Damage to Building Con­
struction [Roof Coverings of Aluminium Foil]. A. Leon 
(Werkstoffe u. Korrosion, 1950, 1, (12), 473-476).— Includes 
some examples of damage to roof coverings made o f A1 foil, 
due to tho metal being in direct contact w ith concrete, 
bitumen, or with Ee or galvanized Fe nails.— E . N.

Corrosion-Resistance of Copper and Copper Alloys. ------
(Chem. Eng., 1951, 58, (1), 108-112).— T ypical indust, uses of 
Cu alloys and a corrosion-rating chart are given.— D. M. D.

*The Rate of Solution of Copper in Various Salt Solutions, 
and the Mechanism of the Corrosion of Copper. W . K a tz  
(Werkstoffe u. Korrosion, 1950, 1, (10), 393-399).— In an 
attem pt to find an explanation for the various rates a t  which 
Cu dissolves in different types o f salt soln., a study was made 
— b y  means o f measurements o f the polarization and cathodic 
currents, and of the thickness of the layers o f O atoms on the 
surfaco of tho metal— of its rate of soln. in : ammoniacal 
0-5iV-NH,Cl, 0-5A7-NaCl (pH  =  2), 0-5W -KK03 (pH =  2), 
0-5iV-Na2SO., (pH == 3), jff/ lo-isajP O , (pH =  4-5), and
0-52V-CH3COOiSia. The results show that tho corrosion o f 
Cu is a cathodically controlled process, and that this premise 
affords an explanation for tho increasing rate of attack (with 
time or Cu content o f tho soln.) which occurs, for example, in 
acid-buffered chloride soln. As the Cu content o f the soln. 
increases, the surface films of O decrease in thickness by 
amounts which v a ry  w ith the nature o f tho soln. : thus, in 
the chloride soln. the decrease is from 36 atoms, initially, to a 
fraction (0-17) o f a layer a t a  Cu" content o f 10 mg./50 ml. 
soln., while in tho acetate soln. the decrease is from 26 to 6-2 
at 20 mg. Cu"/50 ml. soln. This decrease in film thickness is an 
indication of release from the normal O depolarization process, 
resulting from an hicrease in the rate o f discharge o f Cu" ions 
to Cu‘ ions at the cathode. This reaction predominates when 
high rates o f corrosion o ccur; it is most noticeable when tho 
soln. contains complex-forming anions such as those o f Cl and 
N H 3, and is less noticeable in N a2SO., so ln .; it  does not occur 
in phosphate or acetate soln., owing to  the probable formation 
of protective films of a cathodic nature on the surfaco o f the 
Cu. 6 ref.— E . N.

♦Studies in the Corrosion of Metals Occasioned by Aqueous 
Solutions of Some Surface-Active Agents. I.— Copper. H. 
Holness and T. K . Ross (J. Appl. Chem., 1951, 1, (4), 158- 
169).— The action of dil. aq. soln. o f representative anionic, 
cationic, and non-ionic wetting agents on sheet Cu has been 
studied, using London tap-watcr, distilled water, and tap- 
water softened by the Zeolite base-exchange process. The 
effects o f (1) varying the pH  of the soln. from 2 to 12 and (2) 
temp, changes were also investigated. Most of the anion- 
active agents studied first coated the Cu w ith a water-repellent 
film affording protection to the metal in the cases o f primary' 
and secondary N a alkyl sulphates and N a alkyl aryl sulphonate, 
but not w ith sulphonated castor oil or triethanolamine 
lauryd sulphate; w ith the cationic agents no water-repellent 
film was formed, and only triethanolamine attacked tho Cu 
to any great extent. There was no obvious action w ith  tho 
non-ionic agent. In general, attack increased w ith increasing 
temp., but changes in soln. pH  had no marked effect on the 
course o f tho corrosion. The results are graphically' expressed 
and a mechanism is suggested. 32 ref.—-J. R .

♦Corrosion Phenomena in Very Dilute Aqueous Solutions. 
IV.— Copper. L. W . Haaso (Wcrksloff u. Korrosion, 1950, 1,
(10), 390-393).— Cf. ibid., (4), 129; Met. Abs., 1950-51, 18, 
533. H. discusses the solubility' o f Cu in cone, and dil. aq. acid 
and salt soln., and in hot and cold H aO, and the effects o f small 
alloying addn. o f Ag, Sn, As, and Sb which result in further 
decreases of solubility in very  dil. soln. The mechanism o f the 
corrosion process is noted, and it  is pointed out that although 
local-cell effects do occur in very weak soln., they are extremely
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small with Cu, and soon cease, owing to the formation o f thin, 
continuous films o f corrosion products whose solubility is so 
low that they render the Cu virtually incorrodible ; only 
under extrem ely unfavourable conditions do local cells persist 
long enough to cause pitting o f the metal surface. 9 ref.— E. N.

Corrosion in [Copper Alloy] Preheater Tubes. W . K atz  
(.Mctalloberflàche, 1950, [A], 4, (11), 161-168).— A  description 
o f sp. examples of electrochorn. corrosion encountered under 
service conditions in tubos used for preheating hot salt 
(chlorides and sulphates) soin. : (1) local colls set up by the 
motor-electric effect and dissolved 0 , inside tubes of a Cu-Sn 
(5%) alloy, (2) intercryst. corrosion inside tubes of a Cu-Al 
(4%) alloy, and (3) stress-corrosion, on both the soln. and 
steam sides, of tubes made from a Cu-Al (4-5% ) alloy. Such 
corrosion often arises from the use of materials in which the 
working stresses have not been fully relieved. Suggestions 
are made as to the remedies in materials, construction, and 
operation which are necessary to minimize damage.— E. N.

Stressed Brass [Lip-Stick] Bases. H. H. Symonds. 
J. C. Chaston-{Metal Ind., 1951, 78, (17), 350; (19), 381).—  
The cracking of brass lip-stick bases was due to stress cracking 
brought about by  conditions that included the hardness of 
the metal, the circumferential tensile stress in the walls of 
the pressings, and the pitted naturo of the surface. The 
absence o f any significant corrosion showed that the failure 
could not be due to season-cracking. In correspondence,
C. suggests th at on the evidence presented, the failures 
described are typical examples o f season-cracking.— J. H. W.

Cracked [Brass] Kettle Bodies. H. H. Symonds (Metal 
Ind., 1951, 78, (19), 389).— Samples of cracked brass kettle 
bodies showed tarnishing both inside and out, and cracking 
was found to be due to the period o f time during which the 
spinnings were kept in stock under unsatisfactory conditions.

— J . H. W.
Blemished [Nickel Silver] Tableware. H. H . Symonds 

(Metal Ind., 1951, 78, (18), 367-368).— Ag-plated nickel silver 
fish knives exhibited surface pits persisting through the 
deposit. These pits were considered to have their origin in 
defects in the basis metal.— J. H. W .

*The Oxidation of Lithium and the Alkaline Earth Metals in 
Liquid Ammonia. Joseph K . Thompson and Jacob Kleinberg 
(J. Amer. Chem. Soc., 1951, 73, (3), 1243-1245).— A  study of 
tho oxidation behaviour o f L i and the alkaline-carth metals 
in liq. N H „  under conditions inhibiting amide formation in 
tho case o f Na, is reported. All the metals behave nearly 
alike under the conditions described, tho product in every 
case eontg. chiefly monoxide and a relatively low proportion 
o f peroxide. Dissoln. data for the metals and absorption- 
speotra studies o f the oxidized soln. are discussed.— J. R .

[Nickel-Base] Alloys Resistant to Hydrochloric Acid. 
B . Waeser (Wcrkstojfe u. Korrosion, 1950, 1, (9), 345-349).—  
A  review o f the resistance o f m any metals and alloys (especi­
ally  those w ith a N i base) to corrosion b y  cone, or dil. HC1. 
The effects o f inhibitors are noted. 36 ref.— E. N.

*Periodic Phenomena in the Attack of Metals by Vapour : 
Application to the Determination of Rates of Corrosion [of 
Silver and Copper]. René Dubrisay and François Arlot 
(Rev. M U ., 1951, 48, (4), 267-270; discussion, 270).— D. and 
A . investigated tho phenomena wherein, i f  a  sheet o f A g or 
Cu pierced ■with a  hole is placed on a  tube eontg. a  piece of I, 
a  series o f concentric coloured rings is formed with tho hole as 
centro. They measured tho dia. o f the rings under mono­
chromatic (Na) light and applied the formula : e —  kpX, 
whore e is the thickness of the layer, X the wave-length (of 
N a light), p  tho order o f the ring from the centre, and k  a 
coeff. depending solely on tho refractive index o f tho iodide. 
They tabulated and plotted the results a t room temp, and a t 
24°, 46°, and 60° C. A t  all these temp, the curves are similar 
and indicate a  complex mechanism, for which various theories 
have already been put forward. I t  appears certain that 
two factors are the rate o f a ttack o f the metal b y  the vapour 
and the time that the vapour is a t the hole. Curves o f the 
thickness of the iodide against the time show that the rate of 
corrosion is very high a t first and diminishes rapidly with

the time, and that it increases with the temp, up to a  certain 
point, after which it diminishes— an unexpected result. 
Above 100° C. the appearance changes completely ; some 
rings are seen a t once, and these increase in size, but not in 
number. W ith B r no rings are obtained a t room temp., but 
some m ay appear a t 0° C. W ith eleotrolytically polished 
A g or Cu the results are the same as a t  temp, above 100° C. 
and no rings appear. The rate of formation of rings increases 
with tho decrease in size o f tho tube.— J. H . W .

*Corrosion in Amine Gas-Treating Plants. F . C. Riesenfeld 
and C. L . Hughes (Petroleum Refiner, 1951, 30, (2), 97-106).—  
Results are reported o f experiments which have been conducted 
with pilot-scalo and commercial heat-oxchangers handling 
amine soln. Most o f the materials tested were ferrous, but 
a Mn-bearing A1 alloy, Monel metal, and Inconel were also 
used. Tho experiments indicate that the Mn-bearing A1 
alloy is a suitable material for use in heat-exchangers in 
glycol-amino plants, and that Monel and Inconel show good 
resistance to corrosion in aq. amino systems operating under 
a variety  of conditions. 8 ref.— G. T . C.

Corrosion and Field Lining of Sulphate Digesters. T . T. 
Collins, Jr., S. J. Baiscli, and G. T. Vander Velden (Paper 
Trade J .,  1951, 132, (6), 24, 26-27 ; (7), 18, 20, 22, 24, 26).—  
A  general survey is made of corrosion in sulphate digesters 
used in the pulp and paper industry. A fter giving a review 
of the problem w ith special ref. to the preservation o f existing 
units, the authors describe how 630 f t .2 o f a digester was lined 
with welded Inconel strips ; details and illustrations o f the 
procedure arc given. 62 ref.— J. R.

Corrosion Control for Cooling Systems of Electric Apparatus. 
Emil J. Remscheid (Gen. Elect. Rev., 1951, 54, (3), 36-40).—  
Tho corrosion problems associated with water-cooled elect, 
gear, and the methods available for overcoming them, are 
briefly described. Special ref. is made to water-cooled Hg-arc 
rectifiers ; N a2CrO, addn. to tho coolant eliminates pitting 
corrosion of the Fo cooling systom encountered when using 
certain types o f H 20 .— D . K . W.

[The Influence of Internal Stresses on Corrosion. (A 
Review). E . Franke (Werkstoffe u. Korrosion, 1950, 1, (10), 
404-412).— A  review of the literature dealing with : (1)
origin and naturo o f internal stresses, (2 ) the effects o f stresses 
on electrodo potential and rate o f corrosion, (3) the effects of 
the nature of tho surfaces, (4) stress-corrosion in non-ferrous 
metals, (5) stress-corrosion in Fe and steel, and (6) corrosion- 
fatigue. 202 ref.— E . N.

Contact Corrosion in Industrial Plant. J. F . Stirling 
(Pract. Eng., 1951, 23, (576), 294-296).— A  general review of 
the cause of contact corrosion and o f the w ays o f preventing 
it.— E. J.

Electrolytic Corrosion of Metals. A . E . Durkin (Gen. 
Elect. Rev., 1951, 54, (2), 45-48).— The more important 
elements and some o f the commonly used alloys are placed 
in an electromotive series, and a brief explanation is given of 
the manner in which metals that are to be used in contact 
w ith one another under corrosive conditions should be selected, 
in order to reduce electrolytic corrosion. 10 ref.— D. K . W.

The Origin and Nature of Galvanic Currents [Electrochemical 
Corrosion]. L . W. Haase (Werlcstoffe u. Korrosion, 1950, 1, 
(8), 297-299).— A  brief review.— E . N.

*A  New Instrument for the Measurement of the Galvanic 
Currents of Corrosion. H. P. Godard (Rev. MU., 1951, 48,
(4), 267-282).— Galvanic corrosion is defined as the accelerated 
corrosion that a metal undergoes when in contact with another 
and the two are exposed to a  corrosive medium. G. briefly 
describes the factors influencing galvanic corrosion, viz. soln. 
potential, polarization, relative surfaces of anode and cathode, 
diffusion, elect, contact, and the condition of the electrolyte. 
Ho investigated this phenomenon by : (1) measuring the 
potential o f a metal couple in open circuit, (2 ) measuring the 
potential o f a couple compared w ith a ref. couple, (3) measuring 
the direction and intensity o f the const, current o f corrosion,
(4) comparing tho pinholes, loss in weight, diminution of mech. 
properties o f specimens, either coupled or single, and (5) 
determining the polarization characteristics o f the specimens in
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tho test soln. He discusses the practical appn. o f this in­
vestigation to such problems as the corrosion o f Alclad and 
other motal-protocted alloys.-— J. H . W .

The Use of Potential Measurements in Corrosion Research. 
G. Masing (Werksloffe u. Korrosion, 1950, 1, (11), 433-437).—  
Theoretical and practical aspects o f the use of potential 
measurements in studying corrosion phenomena are discussed, 
and illustrated with ref. to the results obtained with Al, 
an A l-Cu-M g alloy, Fe, and Zn in various buffered aq. salt 
soln. 4 ref.— E. N.

Practical and Relatively Simple Corrosion Tests Found 
Effective. F. L . LaQuo (Petroleum Refiner, 1951, 30, (2), 
120- 122).— Details are given o f the design o f various types 
o f holder for corrosion specimens which m ay be inserted in the 
actual plant a t  tho corrosive location.— G. T. C.

New Corrosion-Resistant Materials [in Use] Abroad [Outside 
Germany].— IH .-V. Erich Franke ( Werksloffe u. Korrosion, 
1950, 1, (8), 305-308; (9), 349-357; (12), 497-506).— Cf. 
ibid., (5), 171 ; Met. Abs., 1950-51, 18, 533. The prodn., 
the mech. and corrosion-resistance properties, and the appn. 
o f the following materials are described in some detail : 
[III.— ] British Ni-M o an'd N i-Cr-M o sand-casting alloys, 
viz. Langalloys, contg. Ni 56-85, Mo 0-30, Cr 0-15, Si
0-75-10, and Cu 0 -3% , which correspond to  the American 
Hastelloy and Chlorimet alloys. 2 ref. [IV.— ] Cu-N i 
alloys contg. small amounts o f Fe, for condenser tubes, 
i.e. alloys o f Cu with N i 10-30, Fe >1-8, and Mn > 1-2 % . 
35 ref. [V.— ] Organic polymers o f the ethyleno tetra- 
fluoride type, known as Teflon in the U .S.A ., and Fluon in 
Britain. 36 ref.— E. N.

7 — P R O T E C T IO N
(Other than by Electrodeposition.)

Sulphuric Acid Anodizing : Further Patents Available to
Industry. ------ (Electroplating, 1951, 4, (3), 93).— Short
summaries are presented o f 11 British patents relating to 
anodizing processes or tho treatm ent o f anodic films, which 
have expired reeentty.— H . A. H.

Notes on the Production of Aluminium Reflector Surfaces.
 (Electroplating, 1951, 4, (4), 121-122).— Hints are given
on points to observe in the manufacture of high-quality A l 
reflectors. Tho factors considered include : material o f
manufacture, polishing, cleaning, and degreasing, electrolytic 
brightening, anodizing, and rinsing.— H. A . H.

Surface-Treated Aluminium in Architecture. H . v . Uslar 
(Metalloberfldche, 1951, [B], 2, (11), 161-165 ; (12), 183-186).—  
U . discusses the choice o f :  (1 ) suitable alloys, in relation to 
structural considerations, and (2 ) mech. polishing, and chem. 
and anodic oxidation procedures for obtaining the desired 
surface finish.— E. N.

Chemical Surface-Treatment Extends the Durability of 
Kool-Vent All-W eather Aluminium Awnings. Norman P. 
Gentieu (Products Finishing, 1951, 15, (7), 38—43).— Brief 
information is given on the design of tho awnings. They are 
treated b y  the Alodizing process, details o f which are not 
included.— G. T . C.

Surface Treatment and Finishing of Light Metals.— VH. 
S. W ernick and R . Pinner (Sheet Metal Ind., 1951, 28, (288), 
373-379, 383).— Cf. ibid., (285), 79; Met. Abs., 1950-51, 18, 
666. Before considering details o f indust. anodizing plants, 
W . and P. discuss some o f the general principles applicable 
to all, such as pretreatment, racking for anodizing, equipment, 
&e. The chromic acid process is then dealt with in detail, 
including tho American accelerated chromic acid process, 
and the modified process developed b y  Slunder and Pray 
(Indust. and Eng. Cliem., 1946, 38, 592; Met. Abs., 1946, 
13,420). 20 ref.— R . J.

Alloyed Chromized Coatings. -------  (Product Finishing
(Lond.), 1951, 4, (4), 58-59).— A  note on the prodn. o f alloyed 
coatings by  modifications o f tho chromizing process. Typical 
coatings considered include : C r-A l, Cr-Zr, Cr-Si, &c.

— H . A. II.
Methods of Testing Lacquer Coatings on Tinplate. W . E.

Hoaro (Sheet Metal Ind., 1951, 28, (287), 231-233, 244).—  
Methods of testing stoved or air-dried lacquer films on tinplate 
are described. The main uses o f such lacquers are : (1) 
protection of exterior surfaces, (2) protection of interior 
surfaces, (3) protection o f contents o f a container from metal 
contamination, and (4) protection of decoration or legend. 
The types o f lacquer and the required properties are briefly 
discussed. The main tests are : (a) continuity tests, (b) film 
weight or thickness-of-coating tests, (c) adhesion tests, (d) 
bend tests, and (e) abrasion and hardness tests. 20 ref.

— R . J.
*A  Survey of Coating-Thickness Variation on Commercially 

Galvanized Sheets. M. L . Hughes (J. Iron Steel Inst., 1951,

167, (1), 48-65).— H . describes the results o f a  study o f the 
distribution o f coating thickness on 13 representative samples 
o f galvanized sheet made a t 9 different works. The results 
o f measurements made along, across, and on both sides of 
the sheets are presented graphically. The thickness detn. 
were made by a  stripping method using a  2%  soln. o f Sb20 3 
in HC1. I t  is shown that tho “  overslieet ”  average coating 
thickness is surprisingly const, when sheets from a single 
batch are considered; tho individual sheets themselves may, 
however, show marked longitudinal and transverse variations 
in coating thickness. In some cases there is a tendency for 
the lower face o f a  sheet to be poorer in Zn. The possible 
causes of the observed coating-thickness variations are dis­
cussed.— R . W . R .

Revamped Production Facilities Boost Pipe Galvanizing 30%. 
Dan Reebel (Steel, 1950, 126, (8), 84-86).— Describes, with 
illustrations, a  rebuilt pickling and galvanizing plant to  treat 
all sizes o f pipes from £ to 3 in. in dia., in both standard and 
extra heavy grades. The consumption o f Zn (with the addn. 
o f 0-2-0-3 lb. o f Al/ton) is considerably reduced as a  result of 
tho modernization.— E. J.

*Hot-Dip Galvanizing of Powder-Iron Compacts. H. 
Bablik, F . Gotzl, and R . K ukaczka (Sheet Metal h id ., 1951, 
28, (287), 277-281).— The fundam ental differences between 
pow’der Fe and low-C mild steel are the lack o f scale, the 
porosity, and the large surface area available for reaction. 
Pickling treatments must therefore be short. No difficulty is 
experienced from entrapped pickle liquor, as this is completely 
evaporated out by  immersion in the molten Zn bath. The 
main conclusions drawn from this work were : (1 ) hot-dip 
galvanizing o f powder-Fe compacts is practicable and the 
corrosion-resistance is equal to that o f hot-dip galvanized 
rolled F e ; (2) a  short pickling operation is employed and the 
dry-galvanizing process is used; (3) addn. o f A l are ineffec­
tive ; and (4) U .T .S . is slightly reduced.— R . J.

Construction of a Small-Scale Sheet-Galvanizing Unit. 
M. L . Hughes and I. E . Thomas (J. Iron Steel Inst., 1951, 
167, (1), 46-47).— A  fairly detailed account is given o f the 
construction of and methods o f operation of a small-scale 
galvanizing unit (capacity 6 cwt. o f Zn) for the experimental 
galvanizing o f sheet 8 in. wide, in a  manner similar to that 
employed in industry. The sheet is passed by means o f a 
system o f rolls, through tho gas-fired pot a t six speeds in the 
rango 6-40 ft./min.— R . W . R .

The Metallurgy of Metal Spraying [Especially Zinc]. K . 
K rekeler (Metalloberfldche, 1950, [A], 4, (10), 151-153).—  
A fter a  brief outline o f the oxy-acetylcnc wire process, K . 
discusses tho properties— adhesion, flexibility, and corrosion 
resistance— o f the coatings obtained in relation to : (1 ) the 
nature o f the basis metal, (2) the particle size o f the sand used 
for sand-blasting preparatory to  spraying, (3) tho thickness 
o f the coating, and (4) the operating conditions o f the pistol, 
namely (a) wire dia. and rate o f feed, and (6) the nature o f the
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flame— whether oxidizing, neutral, or reducing. Photo­
micrographs and graphs illustrate the effects o f those variables 
in relation to the properties of sprayed Zn coatings.

— E. N.
The Metallurgy of Metal Spraying. K arl Krekeler {Berg- u. 

hiUtenmann. Monatsh. Montan. Hochschule Lcoben, 1950, 
95, (12), 340-342).— A  brief review of the processes, and o f the 
properties— adhesion, ductility, and porosity— of the coatings 
produced.— E. N.

Recent Developments in Metal Spraying by the Powder 
Process. *W. G. McDermott (Electroplating, 1951, 4, (4), 114— 
116, 131).— Details are given o f a  new metal-spraying pistol 
for use with the powder process. This pressure-fed gun is 
claimed to have m any advantages over the standard-type 
induction-fed pistol. These include the prodn. o f denser 
coatings possessing greater adhesion to the base metal and a 
very low oxide content, and increased speed of appn., resulting 
in a  lower cost for better coating.— H. A. H.

Metal Spraying in Prance : A  Survey of Recent Develop­
ments. J . Cauclictior (Electroplating, 1951, 4, (5), 163-164).

— H. A . H.
Joint Cathodic-Protection Systems. ------  (Petroleum Eng.,

1951, 23, (2), D53-D55).— Bulletin No. 4 issued b y  the 
Correlating Committee on Cathodic Protection, sponsored by 
a number of organizations. Information is presented on

techniques for the design and installation o f systems to protect 
neighbouring structures of two or more operators. The 
possible division o f responsibilities for construction, operation, 
and maintenance is discussed, and so is the sharing o f costs.

— G. T. C.
The Protection of Electric Equipment from Corrosion in 

Pulp and Paper Mills. G. W . Knapp (Paper Trade J .,  1951, 
132, (3), 18, 20, 22, 24, 26).— J. R,

Corrosion Protection in Breweries. H. N etz (Werkstoffe 
u. Korrosion, 1950, 1, (11), 441- 446).— N. discusses recom- 

' mended procedures and materials (paints, varnishes, enamels, 
&c.) for the most efficient protection o f machinery, apparatus, 
and pipes used in breweries.— E. N.

Soft Plastic Materials for Corrosion Protection. I lj. 
Sæclitlin (Werkstoffe u. Korrosion, 1950, 1, (9), 367).— Cf. 
ibid., (6/7), 251 ; Met. Abs., 1950-51, 18, 538. Corrigenda 
and some supplementary observations.— E . N.

The Influence of [the Nature of j the Pigment on the Corrosion 
Protection Afforded by Paints and Lacquers. C. Kalauch 
(Werkstoffe u. Korrosion, 1950, 1, (10), 400-404).— For the 
successful corrosion protection o f metal surfaces by  paints 
and lacquers, the nature o f the pigment and its phys.-choin. 
properties are all-important. K . discusses the influence of 
these factors in relation to the painting and lacquering of 
steel sheet. 11 ref.— E. N.

8 — E L E C T R O D E P O SIT IO N
Corrosion-Resistant Chromium Deposits. H. Silman (Metal 

Ind., 1951, 78, (17), 327-336).— S. considers the factors that 
influence corrosion-resistance o f Cr deposits and, in particular, 
discusses the effects o f the structure, hardness, gas content, 
degree o f polishing, and the c.d. o f the bath  on the resistance.

— J . H. W.
Faulty Chromium Deposits. H . H . Symonds (Metal Ind., 

1951, 78, (15), 293).— Micro-examination rovealed a cracked 
condition o f the Cr on Cr-plated jack-spindles having 
irregularities in the Cr deposit, but no defects in the basis 
metal were found.— J. H. W.

^Experiments in Chromium Plating from Non-Aqueous 
Media. A . L. Hanson, D. Frokjor, and D. Mitchell (Metal 
Finishing, 1951, 49, (4), 48-49, 69).— Experimental details 
are presented o f attem pts to deposit Cr from a number of 
organic materials. The most satisfactory were : (i) forrn- 
amide, (ii) acetamide, and (iii) acetamide-urea mixture. 
Less satisfactory were acetic acid and ethanolamine, and very 
little success w-as obtained with acetonitrile and dimethyl 
formamide. I t  is shown that Cr31- will deposit more effectively 
from  non-aq. soln. than will Cr8*. C.d. o f 5-15 amp./dm .2 
were required to produce satisfactory deposits. The addn. o f 
a  little H 2SO.i to the baths increased the conductivity, but 
it  had no appreciable affect on the plating when Cr3* was 
used, though it improved it  when Cr6* was used. 4 ref.

— G! T. C.
Copper as a Finishing M aterial: Review of 1950. (------).

See col. 70.
*The Electrodeposition of Copper-Lead Alloys. A. L.

Ferguson and Nelson W . H ovey (J. Electrochem. Soc., 1951, 
98, (4), 146-154).— An investigation is described o f a  number 
o f soln. from which Cu-Pb alloys might bo deposited. A  
cyanide-tartrate soln. appeared to be the most promising of 
these and was investigated in detail. The preferred compn. 
of the soln. w a s : N aCN 147, CuCN 150-6, NaOH  40 0, 
N aK C ,H |0 6.4H20 2 1 1 -7 , Pb(C2H 30 ,),.3H 20  75-6 g./l. 
Using a  rotating cathode, the effects were studied of variations 
in concentration o f NaCN, tartrate, acetate, and CuCN, the 
replacement of tartrate b y  citrate, pH , N H 3, dilution, certain 
addn. agents, the use of Cu-Pb alloy anodes, c.d., temp., and 
cathode rotation, in so far as these factors affected alloy 
compn., single-metal potentials, and alloy potentials. Only 
the ratio o f N aCN : CuCN appears to be critical as far as 
deposit compn. is concerned. Under optimum conditions,

bright smooth deposits m ay be obtained, but these deposits 
are hard and brittle unless the Pb content is relatively high. 
The soln. is not stable over a  long period of time unless it  is 
stored out o f contact with air. Although it is stated that the 
bath described is not suitable for commercial use, especially 
for thick deposits and for the higher Cu contents, it  is claimed 
that fundamental information has been obtained which m ay 
bo useful for developing a commercial bath. 11  ref.

— G. T. C.
* Ageing Effects in Copper-Lead Alloy Plating Solutions of the 

Cyanide-Tartrate Type. Nelson W . H ovey, Albertine Krohn, 
and A . L . Ferguson (J. Electrochem. Soc., 1951, 98, (4), 
155-159).— Cf. preceding abstract. The effects o f ageing in 
cyanide-tartrate plating soln. for Cu-Pb allo3's were studied 
during a 50-day period b y  measurements o f single-metal 
potentials, static and dynam ic alloy potentials, oxidation- 
reduction potentials, alloy compn., and absorption spectra 
o f the plating soln. Similar measurements on a  portion of 
the soln. stored under N  showed that the cause of ageing was 
atmospheric oxidation. Although the fact that ageing takes 
place suggests th at the soln. might not be satisfactory for 
commercial appn., the potential measurements indicate th a t 
in a continuous plating process, the Cu would be kept in the 
reduced state, so th at no great change would occur in the compn. 
I t  is also suggested that by  diluting the soln. and adding more 
free cyanide, the ageing effect m ight be minimized or com­
pletely eliminated. The dilution would increase the difference 
between the static potentials o f Cu and P b, leading to deposits 
o f higher Cu content, but increase in the free cyanide would 
counterbalance this effect. Excess cyanide might help to 
prevent air oxidation because o f its reducing properties and 
the common-ion effect which it  exerts on the cuprocyanide 
complex. W ork is proceeding.— G. T. C.

The Corrosion-Resistance of Nickel and Chromium Electro- 
deposits. HI.— How to Produce a Satisfactory Coating. 
J. Liger (Oalvano, 1951, (168), 11-14 ).— Cf. ibid., 1950, (167), 
1 1 ;  Met. Abs., 1950-51, 18, 613. The factors contributing 
to the prodn. o f a satisfactory N i electrodeposit are considered. 
They include coating, thickness, plating soln. operation and 
control, Cu plating before Ni deposition, and surface prepn. 
and polishing.— H . A . H.

*Plating Aluminium with Nickel. J . M. Bryan (Metal 
Ind., 1951, 78, (20), 405).— A  satisfactory laboratory etching 
process for preparing the surface o f A1 for plating was im-
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practicable for commercial appn., because the high concen­
tration of trichloroacetic acid rendered it too costly and the 
use o f acetone for washing involved high fire-risk. The addn. 
o f 2 5%  H 3PO j allowed the concentration o f the trichloro­
acetic acid to be reduced to 5% , and a brief dip in 1 : 4 K N 0 3 
enabled water to be used instead of acetone for washing. The 
compn. of the Ni-plating soln. was that devised b y  Bullough 
and Gardam (.7. Electrodepositors' Tech. Soc., 1947, 22, 169 ; 
Met. Abs., 1947-48, 15, 418) containing: N iS0 ,.7H 20 120, 
(NH|)2SO., 21, KC1 8 g., H 20  to 1 1. The bath is worked a t 
pH  =  5-6-S-8 and 35° C. for 80 min., with a  c.d. of 15 am p./ft.2.

— J. H. W .
Industrial Nickel Plating in the United States. W . H.

Prine (Metal Ind., 1951, 78, (19), 383-388).— P. tabulates 
bath compn. and plating conditions, phys. properties of the 
deposits, and recommended pretreatment cycles, and de­
scribes the methods o f plating adopted in the United States 
for : (1 ) decorative plating for appearance and corrosion- 
resistancc, (2) plating for salvage by building-up, (3) heavy 
indust, deposits for corrosion-rcsistance, (4) plating non­
conductors, and (5) eleotroforming.— J. H. W .

W hat Platers Can Do About the Nickel Shortage. ------
(Steel, 1951, 128, (14), 81-83).— B y  the use o f synthetic 
lacquers, more Cu, Zn, and other coatings, it  is shown to be 
possible to eliminate or reduce N i consumption in conven­
tional C u -N i-C r finishes.— E. J.

Silver Plating [on Brass and Other Copper-Base Alloys] 
with an Intermediate Nickel[-Silver] Plating. A . Pollack 
(Metalloberjldche, 1950, [B], 2, (10), 151).— When economic 
considerations necessitate the use o f thin A g olectrodoposits 
on Cu-base alloy articles, the following procedure is recom­
mended in order to obtain white, adherent deposits : (1 ) 
bright-Ni plate in the usual type o f b a th ; (2) treat in a 
A g-N i bath contg. NiS0.,.7H20  50, NaCN 50, and A gCN
1-2 g ./ l.; the operating conditions are : distance between 
electrodes 15 cm., 4-5 V. for the first 30 sec., dropping to
1-5-2 V . during the next 2-3 min., and final holding a t this 
voltage for 2-3 m in .; and (3) A g plate in the usual w ay for
5-15  min. For very  cheap articles the final pure A g coating 
can bo omitted.— E. N.

*Service Behaviour oi Electrodeposited Silver-Lead Bearings 
in Internal-Combustion Engines. (Rossenbeck). See col. 82.

Tin Plating [Practice in the U.S.A.]. Frederick A . Low-onheim 
(Metal Ind., 1951, 78, (21), 423-425).— L . discusses the nature 
o f the problem and the aims and scope of Sn plating as it  is 
carried out in the U .S.A ., as regards the electrotinning o f 
cold-rolled strip and the general jobbing and manufacturing. 
In  addn. to the electrotinning process, he describes immersion 
methods, “  liq. finishing ” , the tinning o f A l-alloy pistons, and 
the use o f Sn alloys for plating.-— J. H . W.

Anode Maintenance in the Alkaline Stannate Tin-Plating 
Bath. F . A. Lowenhcim (Metal Finishing, 1951, 49, (3),
60-64).— The importance o f proper anode control and 
maintenance in ensuring good w ork from the alkaline stannate 
bath is emphasized. The differences between Sn anodes and 
anodes o f other metals used in plating are described, and 
means o f recognizing when an anode is working properly are 
explained. The use o f oxidizing agents is recommended only 
as a first-aid measure.— G. T . C.

Automatic Barrel Plating [of Zinc] : New Canning Plant
at the British Screw Co., Ltd. ------ (Metal Ltd., 1951, 78,
(13), 247-250).— Describes an automatic barrel Zn-plating 
plant for the treatment o f screws, bolts, and nuts.— J. H. W.

*Determination o£ Impurities in Electroplating Solutions. 
XXI.— Traces oi Lead in Zinc-Plating Baths. Earl J. Serfass 
and M ary H . Perry (Plating, 1951, 38, (5), 473-476).— Cf. 
ibid., 1950, 37, 1057'; Met. Abs., 1950-51, 18, 378. W ork is 
described which has been carried out under Research Project 
No. 2 of the American Electroplaters’ Society. In  the method 
evolved, Pb is separated from interfering ions by  extraction 
w ith a  CCl.j soln. o f dithizone in  the presence o f K CN . A fter 
removal o f excess dithizone with alkaline K C N  soln., the 
transmittance o f the CC14 soln. is measured and the quantity 
o f Pb determined from a  calibration curve. F ull details of

the experimental procedure are included, and the method of 
obtaining the calibration curve is described. A  “  stop-and- 
go ”  method is included, which allows an approx. detn. o f 
the Pb to be made by visual comparison o f colours without 
the need for a colorimeter. The method can be used to 
determine the Pb in both cyanide and sulphate baths.

— G. T . C.
*Attempts To Electrodeposit Zirconium. M. L . H olt

(J. Eleclrochem. Soc., 1951, 98, (3), 33C-35C). W ork is 
described which was directed a t  establishing whether or not 
Zr can bo electrodeposited from a soln. A  number of aq. 
and non-aq. soln. were used, and attem pts were -made to 
deposit Zr and, in some cases, Zr alloys from them. No 
weighablc deposit o f pure Zr was obtained from any o f the 
soln. tried, though in a  few  cases very thin, slim y, metallic- 
appearing deposits wore obtained. Thcso, however, faded 
or oxidized a few  sec. after removal from the plating soln. 
Weighable deposits contg. Zr and Fe were obtained from some 
soln. I t  is pointed out that when the activ ity  o f Zr is con­
sidered it  is not surprising that the metal has not been electro­
deposited from aq. soln. I t  is suggested th at organic soln. 
should offer the most promise, since A1 has been deposited 
from several such soln. No investigation was made with 
fused baths. 14 ref.— G. T . C.

Review of Electrodeposition of Metals and Alloys. J. W. 
Cutlibertson (Product Finishing (Lond.), 1951, 4, (1), 67-74).—  
Abridged from Proc. Inst. Elect. Eng., 1950, [I], 97, (104), 
43 ; Met. Abs., 1949-50, 17, 947.— H . A. H.

Plating Stainless Steel. H . H . Head (Metal Ind., 1951, 
78, (15), 287-290).— H. gives details o f Cd (over N i strike), 
Cu, Cr, Au, Ni, and A g plating o f stainless steel.— J. H. W.

The Industrial Applications of Electrodeposited Coatings. 
P . Morisset (Usine nouvelle, 1951, (Numéro spécial), 73, 75, 
77, 79-80).— A  comprehensive survey of the characteristics 
and indust. appn. o f electrodcposited coatings. A  number of 
particularly useful tables are included. In  the first o f these, 
the min. and average coating thickness is specified when the 
metal coating is plated on to steel, Zn, Cu, and A1 and their 
resp. alloys intended for indust, or decorative purposes. 
The electrodeposited metals include N i (with a Cu undercoat), 
Cr after N i plating, Cu, Zn, Cd, Pb, and Sn (on Cu deposits), 
Zn-Sn (80 : 20), A g and Au (on Cu deposits), Rh, P t, and Pd 
(on Ni or Au). Ref. are given for these specifications. 
Further tables show recommended N i coating thicknesses for 
different corrosive conditions relative to housing and motor 
cars and when applied to Fe, Cu, Zn, and A1 and their resp. 
alloys. The properties o f the electrodoposited coatings are 
briefly described ; hard Ni and Cr plating receive detailed 
attention.— H. A. H.

Manufacturing Parts by Electrodeposition. A . G. Arcnd 
(Mass Prod., 1951, 27, (3), 80-81).— A  short account.

— R. W . R.
Making Electrotypes. ------ (Plating, 1951, 38, (5), 465-

468).— A  series o f photographs w ith descriptive captions is 
presented which illustrato the various stages in the prodn. 
o f electrot3rpes.— G. T . C.

Rotogravure Roll Making.  (Plating, 1951, 38, (3), 248-
252).— A  series o f photographs w ith descriptive captions 
describing the various electroplating operations used for 
this purpose.— G. T . C.

Plating Plastics. J . F . Stirling (Pract. Eng., 1951, 23, 
(573), 224-225).— A fter reviewing other methods of coating 
plastics, such as metal spraying, vacuum evaporation, and 
sputtering, S. considers the electroplating process. The 
plastic component is first cleaned and degreased, and then 
roughened and sealed, after which a conducting layer is 
deposited on the part. This m ay be graphitic or composed o f 
bronzing lacquers. The article is then Cu plated, and 
subsequently any o f the usual metals m ay be electrodeposited.

— E. J.
*Electrodeposits as Bases for Paints. (Silinan and W ernick). 

See col. 71.
Plating Improved with Reverse-Current Techniques. G. W .

Slornin (Iron Age, 1951, 167, (6), 94-96).— Periodic reverse-
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current plating makes possible greater plating speed and 
smoother, finer-grained deposits. The process combines 
plating and electrolytic polishing in one operation, the current 
reversal reducing surface imperfections, holding edge build-up 
to a  min., and improving brightness.— J. H. W.

Formation of Stains on Electrodeposits. W alter Burkart 
(Metattoberfldche, 1950, [B], 2, (9), 134-135).— Inefficient 
degreasing and the use of unsuitable polishing powders for 
buffing, preliminary to plating, are fruitful sources o f the 
stains often found on the final electrodeposits. For the best 
results : (1 ) degreasing should be carried out (a) in organic 
solvents or (b) eloctrolytically, and (2) the polishing powder 
should (i) bo almost neutral, with a  pH  ~ 7  ; if  it  is excessively 
acid or alkaline it reacts (except in the case of tho noble 
metals) with tho metal, forming, in tho presence o f air, rela­
tively thick oxide films which are only partly dissolved during 
plating, and (ii) be S-free. Methods are described for the 
detn. of the p H  of the paste, and for the dotection o f S therein.

— E . N.
Drag-Out Losses in Wire Plating. I.— Determination of 

Drag-Out and Liquid Film Thickness. Joseph B. Kushner 
( Wire and Wire Products, 1950, 25, (5), 414-415, 418).— A  
math, method is given for determining drag-out loss and liq. 
film thickness. Two practical examples are ca lcu lated:
(1) the amount o f Au lost during tho A u plating of wire, and
(2) the thickness of the liq. film during tho Zn plating of 
0-025-in.-dia. wire.— W . A . M. P.

Drag-Out Losses in Wire Plating.— IL-EDt. Joseph B. 
Kushner {Wire and Wire Products, 1950, 25, (8), 64G-648, 
695-697).— Methods o f reducing drag-out losses and the use 
of recovery rinse baths are discussed.— W . A . M. P.

Strike Baths. J. B . Mohler (Metal Finishing, 1951, 49,
(3), 57-59, 69).— The purpose and function of strike baths 
are described, and information is presented on the cotnpn. and 
operating conditions for Sn, Cu, and A g strike baths.— G. T. C.

The Function of Sulphites and Bisulphites in Cyanide 
Plating Solutions. Joseph Haas (Metal Finishing, 1951, 
49, (4), 64-65).— Two years’ use of sulphites in cyanide soln. 
havo indicated that they reduce wastage of cyanide, promote 
anode efficiency, and result in the prodn. o f a lustrous deposit. 
Bisulphite is recommended for use in place o f dil. H 2SO., or 
N aH C 0 3 as a means o f lowering the pH  of tho baths when this 
is necessary. The addn. also reduces the excess cyanide 
content o f tho bath.— G. T. C.

The Structure of Eleetrodeposited Metals. A . W . Hothersall 
(J. Electrodepositors' Tech. Soc., 1950, 25, 203-210).— A  simple 
qual. picture of the structure of electrodeposits is presented, 
w ith particular ref. to the manner in which it is affected by 
the conditions o f electrodcposition and by tho structure and 
surface geometry of tho basis metal. Among the conclusions 
reached is one that the structure o f eleetrodeposited metals 
is often influenced by the structure of the basis metal but, 
except for certain coarse-grained deposits formed on a coarsely 
cryst. base which is not too dissimilar hi crystal form and atomic 
spacing, the effect o f the structure o f the basis metal is usually 
confined to a  thickness o f deposit too small to bo visible under 
the microscope. Beyond this thickness, the structure of the 
deposit is governed solely by  the conditions of electro- 
deposition. On tho other hand, effects produced by tho 
geometry o f the surface persist for a much greater thickness 
through the deposit, and m ay lead to misinterpretation of 
tho structuro o f the deposit. The interference theory of 
metal deposition is briefly described, namely that the size of 
tho crystals o f an elcctrodoposit, which determines its hard­
ness, is controlled by the degree to which molecules or ions 
obstruct the free movement of the metal cations near or on the 
cathode surface. I f  the interference is small, large crystals 
are form ed; i f  great, a fine-grained, hard deposit is obtained.

— G. T. C.
*A Microhardness Tester for Metals at Elevated Tempera­

tures. [Hardness of Electrodeposits]. (Brenner). See col. 55.
Practical Implications of Throwing Power. S. Wernick 

{J. Electrodepositors' Tech. Soc., 1950, 25, 83-92; discussion, 
93-94; and (abridged) Metal Ind., 1950, 76, (2), 28-29;

(4), 65-67).— The importance o f throwing power when 
endeavouring to comply with thickness specifications is 
emphasized. A  number o f simple tests for the throwing 
power o f a  N i soln. are described, using specimens o f various 
shapes. In order to avoid troubles due to poor throwing 
power, it is suggested that attention be given to : (1) the 
shaping o f anodes and the contour o f tho cath ode; (2) the 
use o f “  robbers ”  and/or insulators which are placed at 
strategic points in the so ln .; and (3) planned racking o f work, 
so that the individual components on a rack help one another 
in “  spreading ”  the N i to the best advantage. Further 
research work is advocated with a  view  to establishing 
methods of achieving max. throwing power from electrolytes 
a t present in use and in order to develop new or modified 
electrolytes with increased throwing power.— G. T. C.

The Measurement of Throwing Power and the Prediction 
of Thickness Distribution. G. E . Gardam (J. Electrodeposi- 
lors’ Tech. Soc., 1950, 25, 77 -8 1; discussion, 93-94; and 
(abridged) Metal Ind., 1950, 76, (2), 28-29; (4), 65-67).—  
The Haring and Blum method o f determining throwing power 
is criticized as being difficult to carry out and as producing 
in certain soln. results which are worthless to tho practical 
plater for tho following reasons : (1 ) the results do not depend 
on tho linear ratio but do depend on tho scale o f tho experi­
ment ; (2) the test involves current going along two entirely 
separate paths between the anode and tho two cathodes, 
whereas in commercial practice tho path of tho current is more 
usually common as far as a  point very near the cathode ; (3) 
the scale o f magnitude o f tho current distribution on the 
objects commercially plated varies in a ratio which m ay 
largely exceed Haring and Blum ’s linear ratio of 5 : 1, but is 
usually quite unknown and incalculable. The results o f
G .’s investigations suggest that it  is much more important 
to persuade designers that the articles provided for plating 
should be simple and freo from recessed portions than that 
tho plater should endeavour to undo tho harm o f a badly 
designed article by  using a  soln. o f excessive throwing power. 
He also suggests that tho results obtained b y  tho Haring and 
Blum cell are no more than indicative in a practical case, and 
much theoretical work w-ould need to be dono before the 
distribution of deposit could be predicted on an actual article.

— G. T . C.
Continuous Electroplating Effects Operational Economy.

Dan Reebol {Steel, 1951, 128, (8), 64-66).— A  description, 
with illustrations, is given of a continuous autom atic plant 
which cleans, plates with Zn or Cd, rinses, and dries large 
quantities o f small components.— E . J.

Maintenance in the Plating Shop. J. 31. Bcskino {Product 
Finishing (Lond.), 1951, 4, (3), 92-98, 100, 102, 104).—  
Recommendations are made for the maintenance o f the 
elect, equipment hi electroplating shops.— H. A . H.

Bath Temperatures and Bath Heating in Electroplating. 
Heinz W. Dettncr {Metalloberjldche, 1950, [B], 2, (72), 18 1- 
182).— The introduction o f higher temp, for electroplating 
baths has resulted in the use of high c.d., and tho prodn. 
o f deposits which are more adherent and ductile. Recom ­
mended bath temp, and, consequently, c.d., voltage, and 
compn. are given for the deposition of Cu and its alloys, Zn, 
Cd, Ni, Cr, and Au. Details are given of the types o f the 
therm ostatically controlled immersion heaters which are 
normally used for warming the vats.— E . N.

Organic Tank Linings : An Outline of Care and Maintenance. 
Manson Glover and Gunnar Lindh {Plating, 1951, 38, (5), 
471-472).— General information is presented on tanks 
suitable for lining, tank installation, on mfeans of preventing 
damage b y  heat or meeli. causes, and on controlling corrosion.

— G. T . C.
Recovery of Chromic Acid from Plating Rinse Waters.

E . W . Neben and W . F. Swanton {Plating, 1951, 38, (5), 
457^60, 470).— A  unit composed o f glass-lined and stainless- 
steel parts for the recovery o f chromic acid is described. The 
indications are that the life o f this equipment is likely to be 
satisfactory, even if  handling material from baths in which a 
fluoride catalyst is used. The process is essentially one of
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vacuum evaporation, and the concentrate m ay be used for 
making up the plating bath. D ata are presented on the 
selection of a suitable size o f unit and o f the economics of 
operating such a unit. 3 ref.— G. T. C.

Cyanide Waste Disposal and Control. C. F . Hauri (Plating, 
1951, 38, (3), 240-242, 265).— Steps taken in one particular 
plant for disposal o f cyanide and other wastes are described. 
These include : (1) reclamation o f cyanide immediately after 
operations where it  was used ; (2) a collection system for all 
waste paint, grease, oil, solvent, &c. ; previously discharged 
into the sewer, they are now burned ; (3) non-cyanidc alkaline 
wastes wore disposed o f in conjunction w ith spent pickling 
liquors, thus avoiding undue influence on the p H  o f the 
sewage ; (4) all cyanide cleaning soln., dips, &c., were dis­
continued ; (5) destruction o f all solid or conc. plating wastes 
and cyanide-bearing heat-treating salts was initiated.-—G . T . C.

Plating Wastes : Treatment and Disposal. J . E . Cooper 
(Plating, 1951, 38, (4), 346-352, 357).— Sources o f plating 
wastes are briefly outlined, and methods of disposal are 
classified as : (1) modifications in design or operation or both 
within the manufacturing process to minimize or eliminate 
the waste problem, and (2) installation o f a chem. treatm ent 
to destroy toxic and objectionable wastes in plating-shop 
effluent. Various suggestions aro made for the modification 
o f plating shop design, including provision of arrangements 
whereby all spillage, over-flow, &c., is collected into emergency 
holding tanks, o f which each shop would require a t least two, 
one for acidic and the other for alkaline wastes. Reclaim 
rinse-tanks should follow all plating baths. Various methods 
for the treatm ent o f cyanide-contg. wastes aro briefly described 
and alkaline chlorination is tho one preferred. Cr wastes 
arc most readily treated by reduction and pptn. by  lime. 
S 0 2 and Na metabisulphito are preferred reducing agents, 
but i f  there is a local source o f waste acid pickling liquor, 
F eS 0 4 m ay prove advantageous. A  large indust, waste- 
treatm cnt plant is described. 27 ref.— G. T . C.

Methods of Determining pH  in the Plating Shop. L . J. 
Howells (Australasian Plating and Finishing, 1950, 1, (1),
11-13 , 15).— A  brief review o f colorimetric and elcctro- 
metric methods.— T. A . H.

W ater in the Plating Shop. ------ (Product Finishing
(Lond.), 1951, 4, (3), 40-50).— A  detailed survey o f all aspects 
o f the use o f water in tho piating shop. 8 ref.— H. A. H.

Review of Australian Standard Specifications for Plating.
I. E . Miller (Australasian Plating and Finishing, 1950, 1, (1), 
19-20).— A  brief review.— T . A . H.

The Possible Adaptability of the German Metal Working 
[Electroplating] Industry to Modern Methods. K a rl Sommer 
(Metalloberfldche, 1950, [B], 2, (10), 147-149).— The various 
factors which have led to stagnation in the German electro­
plating industry aro noted, and the advantages o f adopting 
modem methods— illustrated by a  comparison o f old and new 
techniques in Ni plating— are discussed.— E. N.

The Electroplating Industry in Atlanta.— -I.-H. V ictor J. 
Baran (Plating, 1951, 38, (3), 243-247; (5), 464, 469-470).—  
[I.— ] A  detailed survey o f the general nature and scope o f 
the electroplating industry in A tlan ta is presented. [II.— ] 
Comments are made regarding anodizing, Cd, Cr, Ni, A g, and 
A u plating as carried out in A tlanta.— G. T . C.

A  Modern Electroplating Shop. ------ (Sheet Metal Ind.,
1951, 28, (288), 380-383).— A  description of the now electro­
plating shop of the Westinghouse Brake and Signal Co., L td.

— R , J.
Time and Motion Studies as a Basis for Estimating Costs 

[in Electroplating, Cleaning, and Finishing Processes]. W.
Schmalz (Metalloberfldche, 1950, [B], 2, (11), 169-171).

— E. N.
A  Study of Job Plating and Its Future. 0 . Altschul (Elec­

troplating, 1951, 4, (3), 81-83, 97).— A  short history of jobbing 
plating with special ref. to economic factors. Recommenda­
tions are made for ensuring a satisfactory future for the 
industry.— H. A . H.

Estimating and Quoting Plating Prices. Jerome L. 
Bleiweis (Metal Finishing, 1951, 49, (3), 67-69).— A  costing 
system for use in m etal finishing is described.— G. T . C.

Plating Costs in a W ar Economy. W . 0 . Zinn (Products 
Finishing? 1951, 15, (6), 48-49).— A  brief general discussion.

— G. T . C.
The History of Electrodeposition. R . C. Davies (Sheet 

Metal Ind., 1951, 28, (289), 477-482).— R . J.

9 — E L E C T R O M E T A L L U R G Y  AND E L E C T R O C H E M IST R Y
(Other than Electrodeposition.)

■"Contribution to the Understanding of the Electrometallurgy 
of Aluminium. J. E . Boner (Helv. Chim. Acta, 1950, 33, (5), 
1137-1153).— [In German]. The reactions which probably 
occur in the electrolytic prodn. o f A1 aro critically considered, 
and an attem pt is made, based on recent theories of complex 
formation and thermal dissociation, to correlate the conflicting 
information in the literature of the subject. 31 rof.— E . N.

Electrothermal Processes in Aluminium Metallurgy. [— II.] 
Arturo Paoloni (J. Four Elect., 1951, 60, (1), 13-15).— Cf. 
ibid., 1950, 59, 140 ; Met. .45s., 1950-51,18 , 615. A  summary 
o f patents covering (cr) some indirect processes for the thermal 
prodn. o f A l;  (6) methods for the electrolytic recovery of 
A1 from electrothermal alloys.— H . A . H.

■"Metallurgical Investigation of the Electrothermal Reduc­
tion of Cobalt[-Iron-Manganese] Mixed Oxide and the 
Refining of Cobalt. W illy  Hilgers (Z. Erzberg. u. Melall- 
hiiltemvesen, 1950, 3, (10), 334-341).— A  report o f a  study of 
the optimum conditions for the electrothermal prodn. o f crude 
Co contg. F e 2-3, S 0-045-0-08, Cu 0-4-0-5, N i 0-04-0-06%, 
and traces o f Si, from Co-Mn—Fe mixed oxide. A  ferro 
(15-2 5%  Fe)-Co alloy is recovered from the various slags 
produced in tho process. 13 ref.— E . N.

■"The Electrolytic Precipitation of Metallic Copper Powders : 
Influence of Mechanical Obstacles Very Near the Cathode. 
N. Ibl and G. Trumpler (Helv. Chim. Acta, 1950, 33, (5 ), 
1370-1378).— [In German]. A  study is reported of the 
electrolytic pptn. (at 0-2-0-5 V.) o f Cu from CuS04 soln. 
(h g.-mol./l.) on to a horizontal cathode which has a mech.

obstacle in its immediate neighbourhood— in this ease a 
thick sludge o f BaSO , on the cathode itself. The results 
show that under these conditions a powder precipitate o f Cu 
is obtained at c.d. 0-7-0-2 m.amp./cm1. after some 4-6 hr. 
which are some 100 times smaller than those necessary for 
the formation o f powder under normal conditions. The 
phenomenon is attributed to the BaSO,, sludge suppressing the 
normal convection currents in the soln., thereby producing 
only a  very thin film o f Cu++ ions on the cathode. 12 ref.

— E . N.
■"Electrokinetics of Hydrogen Evolution. H.— Deuterium 

Overvoltage on Mercury. B . Post and C. F . H iskey (J. Amer. 
Chem. Soc., 1951, 73, (1), 161-164).— Measurements o f D 
overvoltage on H g cathodes a t c.d. o f 10 '°-> 1 0 ' 3 amp./cm .2 
and temp, from 4° to 70° C. are compared with previous detn. 
o f  H  overvoltage made under similar conditions (ibid., 1950, 
72, 4203; Met. Abs., 1950-51, 18, 381); the D overvoltages 
were 50-70 m V. higher than tho comparable values for H 
overvoltage. Electrolytic-sepn. factors are computed from 
the data, and agree very  well with experimental results. The 
overvoltage and sepn. data derived appear to preclude the 
possibility that the slow step o f the H-discharge process 
involves moro than one ion or atom.— J. R.

*Phase-Boundary Potentials of Nickel in Foreign-Ion 
Solutions. D. M acGillavry, J. J. Singer, Jr., and J. H. 
Rosenbaum (J. Amer. Chem. Soc., 1951, 73, (3), 1388).— A  
letter. Stable potentials o f N i aro plotted as a function o f p H  
in (1) K O H  and (2) 0-100Jf-phosphate buffer soln. Curves
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for the phosphate buffers show analogy w ith those obtained 
by E l W akkad and Salem (J. Phys. Colloid, Client., 1950, 54, 
1371) for Hg, and by T ourky and E l W . (J. Chem. Soc., 
1948, 740 and 749; Met. Abs., 1948-49, 16, 569 and 570) for 
Cu. Tests o f the soln. for N i were always negative, except 
when 0  was not excluded.— J. R.

*The Kinetics of the Decomposition of Sodium Amalgam 
[in Aqueous Electrolytes].— I. G. Triimpler and K . Gut 
(Iielv. Chim. Acta, 1950, 33, (6), 1922-1933).— [In German]. 
A  report o f a study of the cathodic decompn., a t various c.d., 
of pure N a amalgam in olectrolytes w ith borate buffers of 
pH  =  8-2-9-2 a t 25° C. 7 ref.— E . N.

♦Polymerization Induced by Hydrogen in Metals. Giuseppe 
Parravano (./. Amer. Chem. Soc., 1951, 73, (2), 628-630).—  
H liberated during electrolysis or adsorbed at metal surfaces 
is shown to cause initiation o f polymerization in soln. o f methyl 
m ethacrylate, the efficiency o f the process increasing with 
increasing overvoltage o f the cathode.— J. 11.

♦Theoretical Analysis of the Current-Density Distribution 
in Electrolytic Cells. Carl W agner (J . Eleclrochem. Soc., 
1951, 98, (3), 116-128).— The current distribution a t plane 
electrodes o f finite breadth is calculated under the assumption 
of a  linear polarization curve. The current distribution at 
triangular-wave profile electrodes is calculated for zero 
polarization and an approx. soln. is given for high polarization. 
Results o f the theoretical analysis are compared to experi­
mental data reported by Mantzell. I t  is shown how measure­
ments with the Haring cell can be used to predict c.d. distri­
butions for other geometrical conditions. 14 ref.— G. T. C.

♦On the Thermodynamics of Leclanche-Type Cells. C. 
Drotschmann (Meiall, 1950, 4, (23/24), 507-510).— The 
theoretical e.m .f. o f fresh Leclanche-type cells is calculated 
from the thermochem. data contained in the literature dealing 
w ith the various stages o f the reactions which occur within 
the cell. The results aro in good agreement with values 
determined experimentally.— E. N.

10 — R E F IN IN G
♦The Separation of [Aluminium] Alloy [Constituents] by 

Centrifuging. W alter R oth (Z. Erzberg. u. Metallhüttenwesen, 
1950, 3, (10), 328-334).— During the solidification o f a melt, 
the d o f the prim ary crystals separating out at any given 
temp, is usually different from that o f the residual melt and 
segregation occurs. It  should be possible, therefore, theoretic­
ally , to  increase the degree o f segregation b y  centrifuging, 
although during the course of solidification : (1 ) hi hypo- 
eutectic alloys, the main constituent of which is less dense 
than the alloying metal, tho differences in d fluctuate and m ay 
even become reversed, i.e. compared w ith the residual melt 
the prim ary crystals m ay bo less dense a t high temp, and 
more dense a t low temp. ; (2) tho shape and size o f tho primary

crystals m ay a lte r ; and (3) the viscosity o f the molt changes. 
Small-scale experiments on 70-g. melts o f binary A1 alloys 
show that in hypereutectic alloys, where the prim ary crystals 
consist o f intermetallic compounds, it  is possible to accomplish, 
with little difficulty, separations which seem feasible from the 
equilibrium diagram. In liypoeutectic alloys, however, 
little separation is possible, owing to the dendritic structure 
of the pasty, Al-rich solid-soln. prim ary crystals formed. 
Tho binary alloys studied contained Cu (5 and 20), Mg (5 and 
20), Zn (4 and 20), Fo (5), and Si (25%). I t  is considered 
that tho development of suitable largo m etal centrifuges 
would lead to  the initiation o f new segregation processes.

— E . N.

11 — ANALYSIS
♦Spectrochemical Analysis of Bismuth Matrices : Porous- 

Electrode Technique. Joseph C. Delaney and Louis E . Owen 
(Analyt. Chem., 1951, 23, (4), 577-580).— For tho determina­
tion o f 0-0001-0-5% o f Be, Co, Cr, Fe, Mn, Mo, Nb, Ni, Ti, 
V , and/or W  in Bi or B i-P b  eutectic, the sample is dissolved in 
H N 0 3 and tho soln. spectrographcd by the porous-cup 
technique after addn. o f P t  to serve as an internal standard.

— F. M. L.
♦Polarographic Determination of Cadmium in Aluminium 

Alloys. William Stross (Metallurgia, 1951, 43, (257), 145- 
147).— The sample is dissolved b y  first attacking with NaOH 
soln. and then boiling w ith H N 0 3. (NH4)2S 0 4 is added to 
the soln., which is then electrolysed to remove Cu and Pb. 
A n y  Fo in tho soln. is reduced with hydroxylamine a t pH  =  3, 
golatin is added, and, after expelling 0  with H  or N, the Cd 
is determined polarograpliically.— F . M. L.

♦Determination of Microgramme Amounts of Calcium and 
Magnesium in Vanadium Metal. Joseph Rynasiewicz, Ruth 
Guenther, M. E . Sleeper, and R . H. Gale (Analyt. Chem., 
1951, 23, (4), 668-669).— U p to 1 g. V  is dissolved in H N 0 3 
and tho soln. evaporated to dryness several times with HC1. 
The V  is romoved by adding cupferron to the chloride soln. 
and extracting tho V  cupfcrrido into chloroform. Ca and 
Mg are determined in the residual soln. by normal procedures.

— F. M. L.
♦Spectrophotometric Determination of Ce(IV). A. I.

Medalia and B . J. Byrne (Analyt.. Chem., 1951, 23, (3), 453- 
456).— 0-025 y Ce(IV) can be detected by measuring the 
absorbency a t 320 mp. Care must be taken not to use too large 
an amount of persulphate, since N H /, N 0 3‘ , and persulphate 
ions absorb appreciably a t this wave-length. 10 ref.— F. M. L.

♦Copper in White Metals : A  Photometric Method of Deter­
mination. W. C. Coppins and J. W . Price (Metal Ind., 1951, 
78, (11), 203-204).— Dissolve the sample in B r-H B r, evaporate

to dryness, cool, and dilute to 50 ml. with H B r in a stoppered 
graduated bottle. Measure the extinction on a  Spckker 
absorptiometer and calculate the Cu content by  a  comparison 
with calibration curves. Pb-base alloys require stirring and 
Sn-base alloys give a little residue. W hen the Fo content in 
the Pb-basc alloys exceeds that o f the Cu, correct on the basis 
o f 0-1%  F e 33 0-005% C u ; no correction for Fe is required in 
the Cu-base alloys.— J. H. W.

♦Electrolytic Separation of Copper from Arsenic. George 
Norwitz (Analyst, 1951, 76, (901), 236-237).— 0-1-0-5 g. Cu 
can be separated from as much as 0-75 g. A s by  electrolysis 
from a IIN 0 3 soln. contg. 50 g. N H ,N 0 3 to which is added 
H 20 2 to oxidize As to tho pentavalent state.— F . M. L.

♦Volumetric Determination of Iron in Aluminium Alloys. 
George Norwitz (Metallurgia, 1951, 43, (257), 154).— The 
samplo o f A1 alloy is dissolved in HC1, Zn pellets are added, 
and after 2 min. the soln. is filtered. 3-4 drops o f saturated 
HgCl2 soln. are added, and air is bubbled through the soln. 
to oxidize Ti. Fo is then titrated, after addn. o f H 3P 0 4, with 
standard K 2Cr20 7, using diphenylamine as indicator.— F . M. L.

♦Potentiometric Method for Microdetermination of Iron : 
Extension of Use of Silver Reductor. Ibort C. Wells (Analyt. 
Chem., 1951, 23, (3), 511-514).— 0-27-0-5 mg. Fe m ay be 
determined with an accuracy o f 2%o by reducing FoC13 in 
a  scaled-down Walden A g reductor and then potentiometrically 
titrating with standard Ce(S04)2 soln.— F. M. L.

Colorimetric Determination of Iron : A  Review of Known 
Methods.— -I. T . S. W est (Metallurgia, 1951, 43, (258), 204— 
206).— The detn. o f Fe with o-phenanthroline and with 
a,a'-dipyridyl is discussed. 21 ref.— F . M. L.

♦Separation of Iridium from Lead on a Micro Scale : Gravi­
metric Determination of Iridium. R . R . Barefoot, W . J. 
McDonnell, and F . E . Beamish (Analyt. Chem., 1951, 23,
(3), 514—516).— Soln., resulting from fire assays, contg.
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small amounts o f Ir and Pb m ay bo treated in two w ays for 
the recovery o f Ir. The Pb m ay be removed as phosphate and 
the Ir then determined b y  hydrolysis to Ir(OH)4, filtering, 
ignition, and reduction in H . Alternatively, Ir m ay be 
precipitated in an acetic ncid-NH 4 acetate soln. with 2- 
mercaptobonzothiazole and the precipitate filtered off and 
treated as above.— F . M. L.

♦Determination o£ Lead as Basic Lead Chromate and Its 
Application to the Separation o£ Lead from Silver. F . C. 
Guthrie and J. T . Nance (J . A ppl. Cham., 1951, 1, (3), 109- 
111).— Detn. o f Pb b y  pptn. o f the basic chromate PbO.PbCrO., 
provides a ready means for the quant, analysis o f A g-P b 
mixtures. To the neutral boiling soln. contg. Pb and A g a 
soln. o f K 2Cr0 4 is gradually a d d ed ; the Pb initially precipi­
tates as the pale yellow chromate, the colour changing owing 
to formation o f dark red A g„Cr0 4 when sufficient K ,C rO , 
has been added. On addn. o f sufficient N H 3 the A g2Cr04 
dissolves and orange-coloured P b0 .P bC r0 4 is formed, settling 
readily to leave a  clear yellow filterable liquid from which 
the A g can be precipitated as bromide. Results o f detn. 
b y  the method on Pb alone and with increasing proportions 
of Ag are tabulated.— J. R.

♦Determination of Impurities in Electroplating Solutions. 
XXI.— Traces of Lead in Zinc-Plating Baths. (Sorfass and 
Perry). See col. 43.

♦The Determination of Lead Oxide in the Presence of Lead. 
R . M. B lack (Analyst, 1951, 76, (901), 208-210; discussion, 
210-211).— For the detn. o f PbO  in Pb dross, a weighed sample 
o f the dross is disintegrated by gently heating w ith Hg. The 
mixture is cooled, aq. N H 4C1 added, and the soln. distilled 
for 15 min. into 2 %  H 3B 0 3 soln. The N H 4 borate formed from 
the N H 3 evolved b y  the decompn. o f NH.,C1 b y  PbO  is titrated 
w ith 0-lAr-HCl, using a  m ixture o f bromocresol green and 
methyl red as indicator.— F . M. L.

♦Precision Colorimetry : Application to Determination of 
Manganese. Irving G. Young and C. F . H iskey (Analyt. 
Chem., 1951, 23, (3), 506-508).— The transm ittancy-ratio 
approach to colorimetric measurements has been investigated 
w ith ref. to tho detn. o f Mn by oxidation with periodate 
followed b y  a  comparison o f the unknown w ith a known soln. 
o f high absorbency. A  precision o f 1% 0 is shown to be 
readily obtainable.— F. M. L.

♦Colorimetric Determination of Nickel with Alpha-Furildi- 
oxime. A . R . Gahler and A . M. Mitchell, w ith M. G. Mellon 
(Analyt. Chem., 1951, 23, (3), 500-503).— A t pH  =  7-5-8-S 
the N i complox o f a-furildioxime can be extracted into 
1 : 2-dichlorobenzene and tho colour determined spectro- 
photom etncally.— F . M. L.

♦Differential Spectropkotometric Determination of High 
Percentages of Nickel. Robert Bastian (Analyt. Chem., 
1951, 23, (4), 580-586).— N i is determined in materials contg. 
98-100% Ni w ith an accuracy o f ¿ 0  05%  b y  comparing on a 
spectrophotometer the absorbency o f a perchlorate soln. 
o f the sample and standards contg. similar known amounts 
o f Ni.— F. M. L.

♦Spectrophotometric Determination of Nickel in Calcium 
Metal Using 1,2-Cyclohexanedionedioxime [Nioximej. R a y ­
mond C. Ferguson and Charles V . Banks (Analyt. Cliem., 1951, 
23, (3), 448-453).— 2 g. Ca is added to 50 c.c. H 20  and when 
the reaction is complete 5 c.c. HC1 and 1 c.c. H N 0 3 are added 
and the soln. heated to dissolve Ca(OH )2 and oxidize any Fe. 
The soln. is cooled, N H , citrate added and the p H  adjusted 
with aq. N H 3 to 4-6. To an aliquot part are then added 1 c.c. 
each of 10%  gum arabic soln. and 0-8% nioxime soln. After 
standing 1 hr., the absorbency is measured at 550 mp. The 
red inner complex o f N i with nioxime is stabilized b y  gum 
arabic and is insensitive to p H  changes. 24 ref.— F . M. L.

♦Colorimetric Determination of Rhenium. Em il E . Malouf 
and Merwin G. W hite (Analyt. Cliem., 1951, 23, (3), 497-499). 
— 0-1 y to  2-5 mg. R e m ay be determined in the presence of 
large amounts o f Mo b y  extracting the complex o f Mo w ith 
N a ethyl xanthate into a 1 : 1 mixture o f CC14 and CcH 0 and 
then extracting the Re-thiocyanate complex into ether and 
measuring the colour electrophotometrically.— F. M. L.

♦The Determination of Sodium in Aluminium and Its Alloys 
by Vacuum Distillation. W . McCamley, T. E . L . Scott, and 
R . Sm art (Analyst, 1951, 76, (901), 200-207 ; discussion, 207). 
— Na is quantitatively separated from A1 by  distillation in  
vacuo at 900° C. and is determined in tho distillate by  tho 
Zn uranyl acetate method. Preferably a vacuum o f <  10"1 
mm. H g is used for tho distillation, although for alloys contg. 
~ 0 -l%  N a a vacuum of 10~l mm. H g m il give reasonable 
results.— F. M. L.

♦Determination of Sodium and Potassium in Lithium Metal 
by Flame Photometer. W. R . Inman, R . A. Rogers, and J. A. 
Fournier (Analyt. Chem., 1951, 23, (3), 482-483).— As little 
as 0-001% Iv and Na m ay be determined in Li, using a  flame 
photometer.— F. M. L.

♦Spectrophotometric Determination of Tellurium as the 
lodotellurite Complex. Ralph A . Johnson and Francis P. 
K w an  (Analyt. Chem., 1951, 23, (4), 651-653).— Tho reddish- 
yellow colour o f the iodotellurite complex is used for tho 
spectrophotometric detn. o f small amounts o f Te. Sc, Bi, Cu, 
and Fe interfere and must be removed.— F . M. L .

♦Volumetric Determination of Thorium by High-Frequency 
Titrimetry. W . J. Blaedel and H . V . M alm stadt (Analyt. 
Chem., 1951, 23, (3), 471-475).— H .F . titrim etry m ay be 
used for the detn. o f Th by titration w ith standard oxalic 
acid soln.— F . M. L.

♦The Determination of Tin, Lead, Copper, Iron, Aluminium, 
and Cadmium in Samples of Zinc. Fritz Bertram  (Z. Metall- 
hunde, 1950, 41, (7), 213).— A  new, rapid, accurate method is 
described, whereby all the usual impurities in commercial 
and high-purity Zn can bo determined on a  single sample. 
A ttack  30 g. turnings b y  carefully controlled addn. o f ~150 
ml. HC1 (2H C1: 1H 20)— taking care that tho reaction does 
not become violent— until only a trace of the Zn remains. 
Under thcso conditions tho more noble impurities are un­
dissolved and remain as a slime. F ilter off the residue and 
discard the filtrate. Dissolve the precipitate in 700 ml. H N 0 3 
and 300 ml. H 20 , and evaporate until s y ru p y ; add hot H 20 , 
boil, and filter off the precipitated SnO(OH)2; dry, ignite, and 
weigh as Sn02. To the filtrate add 10 ml. conc. H 2S 0 4, 
fume, add 300 c.c. cold H 20 , boil, and cool to ~60° 0 .; 
add 25 ml. C2H 5OH, stand for 2 hr., filter off the precipitated 
PbSO ,, dry, and weigh. Electrolytically determine the Cu 
in tho filtrate. A dd 20 g. N H 4C1 to the residual soln., boil 
for 5 min., cool, add excess N H ,O H  to precipitate Fe and A1 
as hydroxides, filter off, and determine the Fe and A1 
grav. or by  tho Reinhardt-Zimmermann method. To 
the filtrate add sufficient 2 %  N a2S soln. to precipitate CdS 
and any residual Zn as ZnS, stand for 30 min., and filter. 
Treat the precipitate with warm 15 %  H 2S 0 4 to dissolve tho 
ZnS, and filter. Dissolve the residual precipitate of CdS 
in the least possible quantity o f slightly diluted H N 0 3, add 
3 c.c. conc. H 2SO ,, evaporate to dryness, calcine, and weigh 
tho CdSO.,.— E . N.

♦Polarography of Tin(IV) in Presence of Traces of Tetra- 
phenylarsonium Chloride. I. M. K olthoff and R alph A. 
Johnson (Analyt. Cliem., 1951, 23, (4), 574-576).— Totra- 
phenylarsonium chloride catalyses the reduction of SnIV to 
Snu  a t the dropping H g cathode and the polarographio wave 
is appreciably improved. In the presence of a  small amount 
of this reagent, Sn m ay be readily determined even in the 
presence o f a concentration of Pb up to 0-01M .— F. M. L.

♦The Determination of Zinc by Dithizone. H. Barnes 
(Analyst, 1951, 76, (901), 220-223).— Up to 5 y Zn can be 
separated from up to 15 y Cu and then determined absorptio- 
m etrically b y  first extracting the bulk o f tho Cu from a soln. 
buffered a t p H  =  5-32 into a soln. o f dithizone in CHC13. 
N a2S20 3 is added to the aq. layer to suppress further Cu 
extraction and the Zn is then extracted into a soln. o f dithizone 
in CC1,.— F. M. L.

♦Nephelometric Determination of Very Small Quantities of 
Zinc. L . Bertiaux (Chim. Analyt., 1951, 33, (2), 59).— A fter 
reviewing various methods for the detn. o f small quantities 
o f Zn, B . describes a  nephelometric method suitable for its 
estn. when in quantities o f the order o f -¡V mg. The Zn soln.
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(free from foreign metallic radicles other than those of the 
alkalies or alkaline earths) is neutralized (using methyl 
orange as indicator) if  acid b y  N il,O H , if  alkaline by  H N 0 3, 
and then slightly acidified w ith one drop o f dil. H N 0 3 ; under 
thcso conditions the necessary NH., salts are then always 
present in the soln. A dd 10 c.c. N a3H (C03)2.H20  (100
g./l.), dilute to 500 c.c., add 5 c.c. 8-hydroxyquinoline (20
g./l., in C2H5OH), stir, and stand for 15 min. Compare the 
turbidity obtained w ith standards. I f  the Zn is present in 
quantities >0-0001 g., boil the soln. gently for 5 min., filter 
off the precipitated oxinate on a smtered glass (or paper) 
filter, and wash w ith very hot H 20 , followed by C2H 5OH, 
until tho precipitate is colourless. D ry a t 130° C. (or 125° C. 
in tho case of a paper filter) until a const, weight, cool, and 
weigh. Precipitate x  0-1848 =  Zn.— E. N.

♦m~Cresoxyacetic Acid : A  Selective Reagent for Zirconium. 
M. Venkataram aniah and Bh. S. V. Raghava Rao (Analyt. 
Chem., 1951, 23, (3), 539-540).— From 0-2-0-25iY-HCl Zr 
can be quant, precipitated and separated from m any elements 
by  m-eresoxyacctic acid.— F. M. L.

Colorimetric Determination of Metals in Industrial Wastes. 
P . G. Butts, A . R . Gahler, and M. G. Mellon (Metal Finishing, 
1951, 49, (4), 50-60, 63).— Methods are described for tho detn. 
o f Cd, Cr, Cu, Fe, Pb, Mn, Ni, and Zn in sewage and indust, 
waste waters. The methods permit the detn. o f as little as 
0-05 mg. o f the ion in question in a 1-1. sample and they are 
applicable in tho presence of other heavy metals up to at 
least 200 times tho concentration of tho desired constituent. 
Allowanco is also made for the presence o f organic matter 
and such anions as m ay commonly bo found in polluted water. 
Detailed procedures are given for preliminary treatment of 
tho sample, qual. identification o f tho heavy metals present, 
and of their quant, detn.— G. T. C.

♦Spectrophotometric Studies of Dithizone and Some Dithi- 
zonates : Molecular Extinction Coefficient of Dithizone in 
Carbon Tetrachloride. Stancil S. Cooper and (Sister) Mary 
Louise Sullivan (Analyt. Chem., 1951, 23, (4), 613-618).— The 
molar extinction coeff. o f dithizone and its compounds with

Pb, Zn, Ag, and H g11 have been determined. A  method for 
determining tho concentration of a  dithizone soln. in CC1, 
from its opt., d, and molar extinction coeff. is described.

— F . M. L.
Paper Chromatography. I.— Instruments and Techniques, 

n .— Physical and Geometric Factors. III.— Kinetic Studies. 
Ralph H. Muller and Doris L . Clegg (Analyt. Chem., 
1951, 23, (3), 396-103; 403-108; 408-111).— Reviews.

— F . M. L.
Automatic Fraction Collector for Chromatographic Separa­

tions. Donald F. Durso, Elw yn D . Schall, and R oy L. 
Whistler (Analyt. Chem., 1951, 23, (3), 425—427).— An electron­
ica lly  controlled apparatus for carrying out chromatographic 
sepn. on a  largo scale is described. Different developers 
are fed to a column and the effluents collected in separate 
receivers.— F . M. L.

♦Analysis of Solids with the Mass Spectrometer. J. G. 
Gorman, E . J. Jones, and J. A . Hippie (Analyt. Chem., 1951, 
23, (3), 438-440).— A  new technique is described, with partic­
ular ref. to  the detn. o f N i and Cr in stainless steels, which, it 
is suggested, m ay find wide appn. in the routine, rapid analysis 
o f solids with the mass spectrometer.— F . M. L.

♦Tris(hydroxymethyl)aminomethane as an Acidimetric 
Standard. John H . Fossum, Peter C. Markunas, and John 
A . R iddick (Analyt. Chem., 1951, 23, (3), 491-493).— Tris- 
(kydroxymethyl)aminomcthano has most o f the properties 
required for an ideal prim ary acidimetric standard.

— F. M. L.
♦Further Examination of Reproducibility in Chemical 

Analysis. J . 0 . L a y  (J. Iron Steel Inst., 1951, 167, (1), 42- 
43).— A  statistical comparison was made of analyses o f a 
number o f Mn-contg. samples. Both standard chem. and 
absorptiometric methods wore used, and the results were 
obtained b y  a number o f different operators. I t  is concluded 
that the attainm ent o f a within-operator standard deviation 
o f 0-010 and a total standard deviation o f 0-015 is a sufficient 
indication o f the satisfactoriness o f a method o f met. analysis.

— R . W. R.

12 — LABORATORY APPARATUS, IN S T R U M E N T S , &c.
(See also “  Testing ”  and “  Temperature Measurement and Control ” .)

♦A Simple Torsion Pendulum for Measuring Internal Friction.
M. E . Fine (Trans. Amer. Inst. M in. Met. Eng. (in J . Metals), 
1950, 188, (11), 1322).— A  description of the design and con­
struction of a modified form o f the apparatus for measuring 
internal friction described by K e  (ibid., 1948, 176, 448). I t  
has a  low parasitic energy loss or background, and deals with 
specimens 0-020-0 075 in. in dia., a t 1-12  c./s., and max. 
strains o f 0-5-10 X  10~5 ; with appropriate modification the 
sample m ay be placed in a thermostat. The apparatus may 
also be used to measure tho shear modulus.— E. N.

Reduction-of-Area Gauge Helps Determine Mechanical
Properties of Metals at Low Temperatures. ------  (Steel,
1950, 126, (11), 92-93).— As the simultaneous load and dia. 
measurements are essential for determining the true stress/ 
strain curve in tension, a new gauge has been developed, and 
full details o f its construction and use are described. It 
is suitable for use in temp.-controlled baths ranging 
from — 196° to  + 100° C. with an accuracv of 0-0001 in.

— E . J.
A  Simple Instrument for Evaluating Polished or Buffed 

Surfaces. G. E . Gardam (Metal Finishing, 1951, 49, (4),
61-63).— Cf. Electrodepositors' Tech. Soc., 1950, (Preprint No. 
4); Met. Abs., 1949-50, 17, 959.— G. T . C.

♦Apparatus and Technique for Measuring Thermal Con­
ductivity of Powdered Material. W . Z. Girton and J. H. Potter 
(Amer. Soc. Test. Mat. Bull., 1951, (172), 47-52).— Describes 
the development of apparatus and technique for measuring 
the thermal conductivity o f powdered material. The material 
was placed in the annular space between two concentric 
cylinders. The flow o f heat was radially outwards, and tho

quantity of heat was measured by the temp, rise o f tho cooling 
w ater surrounding tho outer cylinder. Guard rings were 
used to minimize end effects. Heat-transfer is a combination 
of conduction through the solid particles, convection in the 
gas pockets surrounding tho particles, and radiation between 
adjacent particles, and tho results, expressed as a  single 
coeff. designated the “  apparent thermal conductivity ” , 
are thus characteristic o f the particular sample o f powder 
used. Results are given for powdered Zn, carbonyl Fe, 
Cu-CuO eutectic, and C aC03, and it  is concluded that they are 
satisfactorily reproducible.— P. T . G.

Film-Thickness Measurements. E . J . Dunn, Jr. (Amer. 
Soc. Test. Mat. B ull., 1951, (172), 35-39).— D. describes a 
number o f instruments for measuring the thickness of films 
o f paint, varnish, lacquer, &c. Some o f these are based on 
magnetic principles and are for measuring thicknesses of 
films on steel, but others can be used also for films on non­
magnetic bases. The results are given o f several series of 
comparisons o f thcso various instruments, carried out in 
different laboratories. The recommended method for films 
>0-5 in. thick involves the use o f a dial micrometer, with one 
o f the magnetic methods as an alternative. For films 
<0-5 mil thick the difficulties o f measurement become much 
greater. I t  is tentatively concluded that one o f the magnetic 
methods is the most satisfactory for the verv thin films.

— P. T . G.
♦New Techniques and Results in the Measurement of 

Magnetostriction [of Alloys]. (Goldman). See col. 24.
The Electron Microscope and Its Metallurgical Applications.

 (Alluminio, 1947,16 , (3/4), 117-120).— The principles and
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uses o f the electron microscope are briefly described, a diagram 
of the circuit involved given, and a comparison is made with 
the light microscope. Details o f its use in investigating pure 
A1 and 99-5% A1 and the methods b y  which the surface 
replicas arc made are given. A  description o f its use in the 
laboratories o f the (French) Compagnie Générale do T.S.F . 
is incorporated.-— H. J. W .

A  Review of Some Electronic Instruments for Use in Industry.
S. F . Smith (Sheet Metal Ind., 1951, 28, (287), 247-255; 
discussion, 255-256).— S. discusses the need for new instru­
ments in industry and describes the various electronic devices 
available. These include strain-measuring devices, extenso- 
meters, equipment for vibration testing, and stroboscopic 
equipment.— R . J.

13 — PH Y SIC A L A N D  M EC H A N IC A L T E S T IN G , IN S P E C T IO N , AND 
RA D IO LO G Y

♦Measurement of Low-Order Ductility. Norman P . Pinto 
(J. Metals, 1950, 188, (12), 1444).— A  simple apparatus for 
the measurement o f low orders of ductility (1- 10%  elongation 
on 2 in.) in specimens o f brittle metals is described. The 
test-bar— round, sq., or rectangular in section— is bent over 
a  former in which the radius o f  curvature decreases pro­
gressively, e.g. from 20 to 2 in., and the elongation is read 
from a graph relating the radius o f curvature a t the point of 
fracture to bar thickne'ss. The test is valid  through both 
the elastic and plastic ranges, and notch effect is m inim ized; 
it does not, however, yield precise values of elongation 
but approximations useful particularly in comparing similar 
materials.— E. N.

♦The Application of the Resonance-Vibration Method to the 
Fatigue Testing of Spot-Welded Light Alloy Structures. R. 
W eek (Weld. Research, 1950, 4, (2), 33r-38r).— Fatigue tests 
b y  the resonance-vibration method on spot-welded light- 
ailoy beams are described, the beams consisting o f two top- 
hat sections o f 16-gauge D .T .D . 390 alloy shoot (4-9% C u - 
1 %  M g-Si-Fe-M n alloy). The work was exploratory and 
designed to  investigate difficulties arising from the use o f 
this method, and fracture was generally attributable to changes 
in stiffness, bolt holes, clamping stresses, &c. Experimental 
procedure was eventually perfected sufficiently to  cause 
fracture in consequence o f the alternating bending stresses. 
The experimental procedure and possibilities for future 
work are discussed.— W . D. B.

*A  Microhardness Tester for Metals at Elevated Temper­
atures. [Hardness of Electrodeposits.] Abner Brenner (Plat­
ing, 1951, 38, (4), 363-366).— The difficulties o f designing a 
hardness tester o f this type are briefly outlined, and a descrip­
tion is given o f a  new type o f instrument. This is an indenter 
type o f instrument in which a capillary tube o f fused silica is 
used as an indenter shaft and moves in an inert atmosphere 
through a dry bearing lubricated with graphite. The clear­
ance between the shaft and the bearing is ~ 0-001 in., and 
inert gas escapes slowly through this space during the test. 
The use o f an inert atmosphere is, o f course, necessary to 
avoid oxidation o f the m etal surface a t the elevated temp. 
The graphite bearing enables tho indenter to move with very 
little friction, which is essential if  a  light load is to be accur­
ately applied. Tho apparatus is suitable for determining the 
hardness o f electrodeposits. The procedure for making 
measurements is described in detail, and some o f the informa­
tion obtained with tho instrument is described. It  is shown, 
for instance, that the hardness o f soft Cr and hard Cr a t 800° C. 
has dropped in each ease to ~100 D .P.N . in contrast to initial 
values o f 600 and 1000 D .P.N ., resp. On cooling to room temp, 
neither electrodeposited N i nor Cr regains its original hardness. 
On the other hand, Co and Co alloys regain a  large part o f 
their initial hardness and m ay even increase in hardness 
if  the m ax. temp, has not been too high. This latter fact is 
not, however, evidence o f good hot hardness. For example, 
C o -P  alloys have a  hardness o f only 5 D .P.N . a t 800° C. The 
hot hardness o f C o-W  al loys appears to increase w ith the W  
content. Tho alloy with 3 1%  W  has outstanding hot hard­
ness. A t  800° C. it is as hard as a t room temp. 7 ref.

— G. T. C.
Six Advantages of Scratch-Hardness Testing. John H . 

Hruska ( Weld. Eng., 1950, 35, (4), 17-19, 22).— A  description 
is given o f scratch-hardness testing, with particular ref. to its

employment on C o-C r-W  facing on valves. The advantages 
of this process for evaluating hot hardness and sub-zero 
hardness are outlined.— W. D . B.

♦Hooke’s L a w : Is It a Rigid L aw ? Adrien Jaquerod 
(Rev. M et., 1951, 48, (2), 85-90).— J. has already shown 
(J. Suisse Horlogerie, 1946, 418, et al.) that Hooke’s law  
is never obeyed in torsional oscillations and that the diver­
gencies m ay be serious. Tho period always varies w ith the 
amplitude and, unexpectedly, this variation is particularly 
rapid ■with small amplitudes. The experiments were carried 
out on a large number o f metals and alloys, using a  vibrograph 
having a pendulum wire 60-70 cm. long and 0-2-T5 mm. in 
dia. Tho periods were recorded b y  means of a  photoelectric 
coll and a  beam o f light reflected by a mirror on the torsion 
pendulum. J. extended these experiments to bending 
oscillations w ith steel and brass, and confirmed the former 
observations : the oscillations' are never isochronous; their 
periods in all the cases studied diminish w ith the amplitude, 
and this diminution is particularly rapid w ith small amplitudes. 
Tho specimens were thin and relatively long tongues of tho 
metal, carrying an A l point, vibrating across a  spark gap, 
the circuit being connected elect, through a transformer. 
Curves shoving tho relationship between (T /T 0—  1)105 and 
the amplitude were drawn and extrapolated to zero, T  being 
the period and T 0 the period for a nul amplitude. E x tra ­
polation is somewhat uncertain, but this is immaterial for 
medium and large amplitudes. In  the case o f steel, annealing 
a t successively higher temp, raises the value o f the (T /T 0 —  1 ) 
curve correspondingly'. The oscillations themselves caused 
cold worldng, as was indicated by the shape o f the curves and 
as had been found in the torsion experiments. Dam ping is 
affected by annealing in the same w ay as the period. I f  
the decrement is calculated as a  function o f tho amplitude, a 
curve is nearly always obtained whose angular coeff. becomes 
smaller as the amplitude diminishes ; the decrement is virtu­
ally  const, for small amplitudes, and this is precisely the region 
in which tho divergencies from Hooke’s law vary' most 
rapidly. In  the case of m any alloys there is no longer any 
parallelism between the curve o f isochronism and that o f 
decrement. There appears to be no relation between causo 
and e ffect; all that can be said is that, in certain cases the 
discrepancies and the internal friction va ry  in a like manner. 
No explanation has y et been put forward to account for these 
facts.— J . H. W .

Testing the Wear-Resistance of Surfaces. H. Meincke 
(Metalloberfldclie, 1950, [A], 4, (10), 145-151).— A  review, 
dealing with : (1) tho construction and use of several tyq>es 
o f Gorman wear-tc3ting machines which are based on tho 
principle o f measuring wear as a  function o f the loss in weight 
o f the specimen caused b y  the abrasive action o f a  loaded 
hard-metal slider traversing its su rface; and (2) the results 
obtained from tests carried out w ith such machines in relation 
to : (a) the load on, tho speed of, and the tim e or distance 
traversed b y  the slider; (6) the structure o f the surface to 
be tested, e.g. type and size o f crystals, nature o f any surface 
film s; and (c) the hardness o f the specimen. Although no 
relationship can be found between wear-resistaneo and Brinell 
hardness, the former can often be correlated w ith scratch 
hardness. I t  is concluded that wear tests are best carried 
out a t loads o f 0-5-5 kg./cm.2, velocities o f  —1-45 m./sec., 
and distances o f 2000-10,000 m. 9 ref.— E . N.
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*A Mechanical Wear Test Using Fission Fragments.
D avid H. Frisch and Jules S. Levin (Amer. Soc. Test. Mat. 
Bull., 1951, (172), 64-65).— R adioactivity was induced into 
the surface of stainless-steel cylinders b y  exposure to fission 
fragments, produced by bombarding with neutrons a thin 
foil contg. a little U 235. The activ ity  o f the surfaces was 
measured over a period o f 105 hr., and then one of the surfaces 
was abraded and the activ ity  after abrasion compared with 
that o f the unabraded control specimen. This process 
was ropeated several times. From the results it is concluded 
that the method is adaptable to measuring wear depths from 
a few millionths to a few ten-thousandths o f an in. o f dense 
materials and up to one-thousandth of an in. o f lighter 
materials such as plastics. W ear m ay be measured at times 
from mill, to months after irradiation o f the surface.

— P. T . G.
A  Method o£ Determining the Thickness of Silver Deposited 

on Glass. L loyd S. Nelson (J. Ghem. Education, 1951, 28,
(2), 103).— The method described by Gardner and Case 
(U.S. Nat. Bur. Stand. Circ., 1931, (389)) for determining the 
thickness o f A g deposits on glass by  observation o f tho 
coloured rings formed on placing a crystal o f I  on or close to 
the surface is outlined. The relationship between the number 
of rings, formed by conversion o f the A g to A g l, and the Ag- 
film thickness is tabulated.— J. R.

Measuring the Thickness of Thin Coatings with Radiation 
Back Scattering. Erie Clarke, J. R . Carlin, and W . E. 
Barbour, Jr. (Elect. Eng., 1951, 70, (1), 35-37).— In ¡3 
gauges for tho detn. o f sheet thickness, the normal arrange­
ments o f placing the radioactive source on one side o f the 
material and the detecting head on the other in cifect limits 
the gauge to estn. based on mass/unit w eigh t; measurement 
o f coating thickness on a base material is thus not practicable 
with this type of instrument. Provided that tho atomic 
numbers of tho coating and base materials are different, 
however, coating thickness can bo determined non-destruc- 
tively b y  back scattering o f ¡3 particles originating from a 
shielded source located in the same assembly as the detector. 
Principles and theory of tho equipment are discussed and 
illustrated.— J. R .

The Defective Part Stays on Receiving Dock Due to New
Testing Plan at Byron-Jackson Plant. ------(Western Metals,
1950, 8, (7), 31-32).— A  short description of the appn. 
of the Dy-Chek inspection process to gas-turbine parts. 
Cracks or flaws are detected b y  a red dye after appn. o f a 
white “  developer.”  The red lines or spots emerge with

excellent clarity against tho white background. No indication 
is given o f the compn. o f the two liquids.— T . G.

Symposium on Non-Destructive Methods of Testing, Held
at Constance, 8 Sept. 1950. ------ (Metall, 1950, 4, (21/22),
469-470).— A  short review of tho contributions on : (1)
radiographic, elect.-conductivity, inductive, and supersonic 
methods of crack detection ; (2) tho radiographic method of 
stress detn. ; and (3) recent advances in the various types of 
induction instruments developed by Forster.— E. N.

Symposium on the Role of Non-Destructive Testing in the 
Economics of Production. (------). See col. 93.

R A D IO L O G Y
X -Ray Examination of Small Parts. ------ (J. Metals,

1950, 188, (12), 1443).— Thin-walled tubes, failures, and prob­
lems involving instruments, tools, and fine mechanisms can 
be successfully analysed b y  radiographic methods b y  using 
the proper techniques.— E. N.

Modern Non-Destructive Methods for Detecting Faults in 
Castings. —  Bastien (Usine nouvelle, 1951, 7, (6), 21).— A  
brief survey of modern methods for the X -ray radiographic 
examination of metals, with particular ref. to the examination 
of welds and castings for faults.— H. A. H.

An Evaluation of Radiography, with Particular Emphasis on 
Detection Methods. Carlton H. Hastings (Amer. Soc. Test. 
Mat. Bull., 1951, (172), 66-70).— P ast trends o f development, 
the present status, and future objectives of tho radiographie 
method o f non-dcstructivo testing are discussed. I t  is 
considered that improvements are desirable in the quality 
o f radiographs and in tho speed with which inspection data 
are obtained. I t  is suggested that techniques employing 
television or other electronic principles show promise for 
attaining these ends, and could eventually lead to autom atic or 
semi-automatic inspection and control o f products.— P. T . G.

Progress in Gamma Radiography. ------ (Atomics, 1951,
2, (4), 112-118).— Supplies of Co60, T a 182, and Ir 192 are now 
available, which are suitable for the non-destructive inspection 
of castings and welds. Co60 and T a 182 are suitable for tho 
penetration o f  steel 2-6 in. thick, and Ir192 for steel o f thick­
ness 0-5-2-5 in., and for short-foeus work w ith pipes, &c., and 
the radiography of small metallic objects. Supply' details 
and an exposure-times chart are given. A  new X -ray film, 
2 to 3 times as fast as films hitherto supplied is now available. 
New apparatus for the storage of active materials, for exposure 
o f sources for radiography, and for radiation monitoring are 
briefly described.— J. S. G. T.

14 — T E M P E R A T U R E  M EA SU R E M EN T  A N D  C O N T R O L
A  General Survey of Automatic Temperature Control.

— H. J. Bernot and P . Lam bert (J. Four Elect., 1951,60, (2), 
48-50).— Cf. ibid., 1950, 59, (6), 147 ; Met. Abs., 1950-51, 
18, 628.— H. A . H.

Pyrometry in the Non-Ferrous Foundry. [— I.-II.] 
Robert A . Colton (Foundry, 1951, 79, (2), 98-100, 243-245;
(3), 88-89, 234-237).— [I.— ] C. stresses the importance of 
measuring the toinp. a t  which non-ferrous castings are poured 
and discusses the effects o f pouring temp, on tho soundness, 
properties, and surfaco finish o f castings. [II.— ] The

different types o f pyrometer commercially' available are 
described and their use discussed. Methods o f protecting 
the thermocouple tip are considered.— R . W . R .

Metal-Decorating Ovens Require Precise Temperature
Control. ------  (Indusl. Healing, 1950, 17, (3), 4S1—182, 484,
486, 488).— A  description of continuous-feed patented metal- 
decorating ovens, using a zone typo o f construction. The 
controls for gas-fired ovens, temp, control for tho 
separate zones, and combustion safeguards are discussed.

— D. M. L.

15 — FO U N D R Y  PR A C TIC E A N D  A PPLIANCES
Aluminium Alloy Castings : A  Review of British Achieve­

ment. Frank Hudson (Trans. Amer. Found. Soc., 1950, 
58, 20-36 ; discussion, 37 ; and (abridged) Found. Trade J ., 
1950, 89, (1773), 201-205; (1775/76), 257-262).— Official 
Exchange Paper from the Institute o f British Foundrymon to 
the American Foundrym en’s Society. The current melting, 
moulding, prodn., and inspection practices in the manu­
facture o f A1 alloy castings are reviewed. 15 ref.— V . K .

*Solidification of [Duralumin] Ingots. B . H . Alexander 
(Trans. Amer. Found. Soc., 1950, 58, 270-273 ; discussion, 
273-276).— The progress o f solidification o f Duralumin 
ingots in a 6 X 6-in. mould cavity  with 2-25-in. w all thickness, 
and in a 2-4 X 2-4-in. mould cavity  w ith 0-7-in.-thick cast- 
iron moulds was studied by the slushing-out method. A  
straight-line relationship between and ingot thickness
was found to be obeyed for increasing pouring temp., which
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shift the line to the right. Slight deviations from this law 
were observed towards the end o f solidification. 15 ref.

— V . K .
♦Segregation of Iron and Manganese in Some Aluminium 

Casting Alloys. (Glaisher). See col. 16.
♦Precision Casting Aluminium in Moist Investment Moulds.

H . Rosenthal and S. Lipson (Tram . Amer. Found. Soc., 1950, 
58, 460-464; discussion, 464).— Cf. Amer. Foundryman,
1950, 17, (4), 122; Met. Abs., 1949-50, 17, 848.— V. K .

Technique of Producing Pressure-Cast Aluminium Match-
plates. Ivurt A. Miericko (Tram . Amer. Found. Soc., 1950, 
58, 198-201).— The technique of casting matchplate patterns 
in A1 alloys is described. The gypsum plaster used for the 
mould contains 75-80 parts o f gypsum plaster and 20-25 parts 
o f fibrous talc, by  weight. The alloy is forced into the mould 
cavity  under a pressure of 5 lb./in.2.— V. K .

Develops New-Type [Aluminium Alloy] Matchplate Frame. 
Franz Schumacher (Foundry, 1951, 79, (2), 194, 196).— S. 
describes a new typo of cast A 1 alloy matchplate frame, with 
which changes o f the matchplatos m ay be made in 20 sec. 
The frame can accommodate ono to four different patterns.

— R . W . R.
An [Aluminium] Alloy Designed for Pattern Shops. S.

Zucltor (Trans. Amer. Found. Soc., 1950, 58, 718-719 ; dis­
cussion, 719).— The advantages o f the Al-basc alloy contg. 
Cu 4, Si 4-6, and Mg 0-2% for the prodn. o f patterns are 
briefly outlined.— V . K .

Metal Specifications for the Brass and Bronze Foundry. 
James G. D ick (Trans. Amer. Found. Soc., 1950, 58, 208-214; 
discussion, 214-216).— Tentative specifications for ingotting 
brasses and bronzes for foundry melting purposes are out­
lined. The items in clu d e: size of the melt/ingot heat, 
general characteristics o f the ingot, and methods of marking, 
loading, sampling, and testing.— V. K .

♦Effect of Superheating and Casting Temperatures on Phys­
ical Properties and Solidification Characteristics of Tin Bronzes. 
Bernard N. Ames and Noah A . K ahn (Trans. Amer. Found. 
Soc., 1950, 58, 229-258 ; discussion, 258-260).— The standard, 
U.S. N avy, horizontal, east-to-size, fully-fed tcst-bar was 
used to study the effect o f melting practice, tapping and 
pouring tem p., and deoxidation w ith 0-01% P  on the mech. 
properties, micro- and macro-structure, d, and pressuro- 
tightness of 88 : 8 : 4 gun-metal. Comprehensive tables, 
graphs, and macro- and micro-graphs are given to show these 
relationships. Pouring temp, was found to bo the most 
important variable necessary to control in test-bar casting 
practice. High pouring temp, gives a better indication of 
metal quality than low pouring temp. Small addn. o f P  are 
generally beneficial. 24 ref.— V. K .

♦Melt Quality and Fracture Characteristics of 85 ; 5 : 5 : 5 
Red Brass. F . M. Baker, C. Upthegrove, and F . B . Roto 
(Trans. Amer. Found. Soc., 1950, 58, 12 2 -13 1; discussion, 
131-132).— Coloured fracture photographs o f test specimens 
obtained from melts o f different quality in 85 : 5 : 5 : 5 
bronze are given. Cf. also Amer. Foundryman, 1950, 18,
(4), 30; Met. Abs., 1950-51, 18, 553.— V. K .

Equipment for Degassing Magnesium Alloy Melts. A lex J. 
Juroff (Trans. Amer. Found. Soc., 1950, 58, 715 -7 16 ; dis­
cussion, 717).— A  simple unit for degassing Mg alloys with 
Cl is described. The gas is passed directly from a  cylinder 
via a rubber connector tube and a C tube immersed in the 
metal a t  a  rate o f 0-04 lb. Cl/lb. metal, for 7 min., a t temp, 
between 1330° and 13603 F. (721° and 738° C.).— V. IC.

New [Magnesium] Alloy Castings for [U.S.] Air Force 
Result in Major Expansion. F . L . Church (Modern Metals,
1951, 7, (1), 31-34).— Describes the planned expansion in 
an American foundry as a  result o f the commercial exploita­
tion o f the post-war M g-Zr-rare-earth alloys. The founding 
of a largo compressor case is quoted as an example o f the 
prodn. methods used.— R . J.

♦Casting of Magnesium-Rare-Earth-Zirconium Alloys in 
Sand Moulds. K . E . Nelson and F . P. Stricter (Trans. Amer. 
Found. Soc., 1950, 58, 400-407; discussion, 407-410).— Mg- 
baso alloy, EK30, contg. 2 -4 %  rare-earth metals and 0-1-

0-4% Zr, has been found to possess mech. (static) and creep- 
resistant properties equal to those o f other alloys in this 
class, w ith the advantage of simplified foundry handling. 
Contamination with AI, < 0 T % , results in grain coarsening. 
12 ref.— V . K .

♦Development of High-Strength Magnesium Casting Alloy 
ZK 61. (Meier and Martinson). See col. 21.

Magnesium Foundry Practice in Canada. M. W. Martinson 
and J. W . Meier (Trans. Amer. Found. Soc., 1950, 58, 729- 
736; discussion, 736-738).— Prodn. statistics, moulding, 
melting, and casting practice of Mg-base alloys in Canada 
are reviewed. 17 rof.-—V. K .

♦An Investigation of Melting and Casting Procedures for 
High-Purity Nickel. Douglas W . Grobecker (Trans. Amer. 
Found. Soc., 1950, 58, 720-727; discussion, 727-728).— The 
practice recommended for molting and casting puro Ni 
includes : use o f sillimanite-lined induction furnaces, oxidizing 
the melt by  addn. o f 0-5% NiO, boiling w ith 0-2% C addn. 
around the superheating temp., deoxidizing w ith 0-05% 
Mn, 0-1%  A l, and 0-1%  Mg, and pouring a t the lowest pouring 
temp, consistent w ith avoiding cold shuts, into green, skin- 
or oven-dried sand moulds. 12 ref.— V. K .

Metal Melting : Application of Thermodynamic Principles 
to Melting Non-Ferrous Metals. R obert I. Moore (Trans. 
Amer. Found. Soc., 1950, 58, 465-469; discussion, 469- 
470).— Elem entary thermodynamic principles are applied to 
the problem o f economic melting of metals.—-V. K .

♦Principles of Gating Design : Factors Influencing Molten 
Steel Flow from Finger-Gating Systems. W . H. Johnson, 
W . 0 . Baker, and W . S. Pellini (Tram. Amer. Found. Soc.,
1950, 58, 661-668).— Cf. Amer. Foundryman, 1950, 17, (4), 
106; Met. Abs., 1949-50, 17, 852.— V. IC.

*A  Study of the Principles of Gating. IC. Grube and L . W . 
Eastwood (Trans. Amer. Found. Soc., 1950, 58, 76-99; 
discussion, 100-107).— The flow o f w ater and W ood’s m etal 
in transparent (Lucite) moulds was studied b y  means of 
cincphotography. Different designs of pouring basins, 
down-runners, wells, runner bars, and ingates were related 
to the appearance o f drossing (turbulent flow) or gas aspira­
tion into the mould. Completely quiescent and non- 
aspirating mould gating systems cannot be obtained for 
practical foundry purposes, but they can bo approached by 
observing certain rules in the design o f the gating system :
(a) a runner well helps in dissipating the kinetic energy at 
the entrance to  the runner b a r ; (6) this energy is furthor 
reduced b y  doubling or trebling tho total area o f runner 
bars to the area o f down-runner a t the e x i t ; (c) total area of 
ingates should be equal to or slightly larger than tho area of 
the runner bars between tho down-runner and the first 
in ga te ; (d) the area of the runner bar should bo progressively 
reduced after the first ingato by  the amount o f tho preceding 
ingato a re a ; and (e) the runner bar should bo in the drag 
and tho ingates in tho cope part o f the mould. B y  applying 
tho above rules a  complete filling o f the gating system is 
possible a t the beginning of pouring. This rule is o f great 
importance in casting dross-sensitive alloj's.— V. IC.

Methods of Gating Sand Moulds. P at D w yer (Foundry,
1951, 79, (1), 124, 126).— D. gives a short account of the 
factors to bo considered when selecting tho gating method 
to be employed w ith a casting and gives diagrams of a number 
o f commonly used gates.— R . W . R .

Casting Tools for Moulding Non-Metallic Materials. 
Thomas A . Dickinson (Foundry, 1951, 79, (3), 190-192).—  
Procedures for casting tho tools used for moulding rubber, 
plastic, and similar articles are described.— R . W . R .

Dimensional Tolerances in Casting. Gabriel Joly  (Usine 
nouvelle, 1951, 7, (3), 25).— Tho French railw ay and marine 
specifications for the dimensional tolerances o f metal castings 
are considered w ith a view  to suggesting a basis for their 
unification. This is not regarded as possible, and a new 
system is detailed.— H. A. H.

Definition and Classification of Foundry Defects of Metal­
lurgical Origin. A lbert Portovin (Fonderie, 1951, (62), 
2345-2357; discussion, 2357-2358).— P . gives a broad
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classification o f foundry defects o f a met. nature from chem. 
and phys. causes, considers controlling the liability o f 
alloys to suffer from defects and tho characteristics o f 
defects and their causes, and gives examples o f different 
explanations o f tho same defect. In discussion, M . Ballay 
briefly described tho work being done in France in identifying 
foundry defects, investigating their causes, and seeking their 
remedies.— J. H. W .

Developments in the Parlanti Casting Process. ------
(Machinery (Land.), 1951, 78, (1990), 3-8).— This is a  gravity 
dio-casting process, using dies mado of anodized A1 alloy 
(L 33). B y  varying tho thickness o f the mould walls, their 
chilling effect can bo altered and tho progress o f solidification 
placed under control. When casting ferrous materials, cores 
can bo made from A1 and m ay be hollow or so proportioned 
as to molt out. Vacuum castings aro made by enclosing 
the mould in an evacuated container sealed by  an unanodized 
A1 plate. Tho metal is poured into a  runner box clamped to 
tho top o f tho p lato ; tho plate melts after a short time and 
allows the metal to flow into the die. Examples o f castings 
made b y  tho process in A1 alloys, cast Fe, and steels aro 
described and illustrated.— J. C. C.

Production of Complex Precision Die-Castings Speeded 
with Less Rejects by Western Plant. Joseph L . Haver 
(Western Metals, 1950, 8, (11), 21-23).— Describes the 
improvement of die-castings by  use o f new and modified 
die-casting machines.— T . G.

The Control of Porosity and Shrinkage Voids : Sound Die- 
Castings. E . N. Field (Metal Ind., 1951, 78, (17), 323- 
326).— F. discusses the factors necessary for the prodn. 
o f  sound die-castings, such as the use of low injection temp., 
the maintenance of a  high average die temp., correct position­
ing of the gate, the disposition of the runners, and the provision 
of a sufficiently high injection pressure. B y  due attention 
to these points tho incidence of porosity, shrinkage voids, 
and surface imperfections is reduced to negligible proportions.

— J. H. W.
Forming Processes for Metals. [III.— ] Die-Casting.

W . M. H alliday (Mass Prod., 1951, 27, (2), 52-63).— Cf. 
ibid., 1950, 26, (11), 54; Met. Abs., 1950-51, 18, 559. The 
advantages and limitations o f the pressure and gravity die- 
casting processes are discussed and compared.— K . W . R.

Economic Moulds for Pressure Casting. Maurice Billing 
(Fonderic, 1951, (62), 2368-2373).— Continuing a discussion 
on the equipment used in pressure die-casting (ibid., 1950, 
(53), 2059; Met. Abs., 1950-51, 18, 128), B . describes moulds 
suitable for the process.— J. H. W .

Mechanized Handling Reduces Die-Casting Production 
Costs. E . F . Ross (Steel, 1950, 126, (15), 82-84).— A  modern 
foundry utilizing conveyors and other handling devices is 
described, for prodn. o f A1 and Zn alloy die-castings.— E . J.

Non-Ferrous Investment Casting. Hiram Brown (Proc. 
Inst. Brit. Found., 1950, 43, A 8 7-A 10 3 ; and Trans. Amer. 
Found. Soc., 1950, 58, 38-51).— Sec Met. Abs., 1950-51, 
18, 554.— V. K .

Glass Solves Delicate Coring Problems [in Investment 
Castings]. D. D. Malcomb (Iron Age, 1951, 167, (15), 107-
109).— Thin fragile cores necessary for the prodn. o f A1 
radar tubc-fcod antenna units b y  investment casting are 
reinforced with Pyrex glass tubes, thereby enabling the 
cores to withstand the turbulence and shock o f the m etal’s 
entering tho cavity .— J. H. W .

Design for Economy Demands Consideration of Quantities 
[Met by Investment and Die-Casting]. W . T . Minech (Machine 
Design, 1951, 23, (3), 139-141).— M. discusses the problem of 
designing components to allow for smooth prodn. The items 
discussed include purchased parts and materials cost, tooling 
and labour costs, and tho relation between total number to 
be produced and the prodn. costs. Examples aro given show­
ing how the adoption of investment and die-casting techniques 
results in very great savings in total prodn. costs.— D . M. L.

Frozen-Mercury Patterns Add Flexibility to Precision 
Casting [Mercast Process]. A . H. Allen (Steel, 1951, 128, 
(12), 66-69).— Cf. Met. Abs., 1950-51, 18, 678. Describes

the use o f frozen H g as a pattern material instead o f the 
conventional w ax, for the precision casting of intricate shapes 
in a  variety o f metals and alloys. A  number o f advantages 
aro claimed, and the article is illustrated.— E. J.

Pattern Materials and Production in Precision Investment 
Casting. E . I. V alyi (Trans. Amer. Found. Soc., 1950, 58, 
429-438; discussion, 438).— The properties o f different 
types of pattern equipment used in precision investment 
founding aro reviewed.— V. K .

Use of Portable Air Tools in Foundry Cleaning Rooms. 
A . G. Ringer (Trans. Amer. Found. Soc., 1950, 58, 510-513 ; 
discussion, 514).— Tho working characteristics o f pneumatic 
chipping hammers and grinders for cleaning castings aro 
briefly described.— V. K .

Bandsawing in Foundries. Geo. H. Sheppard (Trans. 
Amer. Found. Soc., 1950, 58, 621-625).— The working charac­
teristics o f different types o f handsaws used for fottling forrous 
and non-ferrous castings are described.— V. K .

Foundry Grinding Practices. L . I. Smith (Grits and Grinds, 
1950, 41, (10), 1-7).— S. describes the grinding plant and 
technique available for the fottling o f castings.— R. W . R .

Foundry Cleaning-Room Abrasive Operations. B oyd H. 
Work (Trans. Amer. Found. Soc., 1950, 58, 685-691).—  
Characteristics and appn. o f different types o f grinding m ach­
ines for foundry purposes aro described.— V. K .

Material Transport in the Cleaning Room. N . L . Smith and 
R . J . W olf (Trans. Amer. Found. Soc., 1950, 58, 550-556).—  
Mech. devices for use in foundry fettling transport operations 
are described.— V. K .

New Tool Removes Casting Defects Quickly. Robert H. 
Herrmann (Foundry, 1951, 79, (3), 164, 166-167).— H. 
describes tho use o f an O-jet elect, arc torch for gouging out 
defects in castings.— R . W. R .

Cold-Formed Flexible “  Precision ”  Patterns and Core 
Boxes. R . B . Wagner and J. E . Wiss (Trans. Amer. Found. 
Soc., 1950, 58, 675-679).— The manufacture of accurate 
patterns and core boxes in gypsum plaster and in thermo­
plastic polyvinyl chloride is described. 18 ref.— V. K .

Production Patterns and the Matchplate. Robert F . 
Dalton (Trans. Amer. Found. Soc., 1950, 58, 699-704).—  
Different types o f patterns are compared, w ith special ref. to 
tho prodn. o f prcssurc-cast matchplatcs. 18 ref.— V. K .

Pattern Engineering and Foundry Practice. A. Pirrio 
(Canad. Metals, 1950, 13, (3), 24-27, 49).— Tho need for 
co-ordinating tho design and prodn. o f castings is discussed, 
and serious errors in pattern design aro emphasized.

— W. A . M. P.
*A  Study of Factors Affecting Moulding-Sand Density, 

Shrinkage, Expansion, and Workability. 11. P. Schauss, 
R . F . Baley, and E . E . W oodliff (Trans. Amer. Found. Soc., 
1950, 58, 217-225; discussion, 225-228).— Tables showing 
ramming d and hot expansion-contraction characteristics 
o f foundry sands as a  function o f clay type and seacoal addn. 
arc given. The lowest hot shrinkage at 2500° F . (1370° C.) 
is obtained with tho lowest c lay content. The addn. o f seacoal 
(2-7% ) reduces appreciably the shrinkage o f sands o f high 
clay contents.— V. K .

*A  Study of the Effects of Various Binders and Additives on 
Hot Strength of Moulding Sands. Robert E. Morey and 
Carl G. Ackerlind (Trans. Amer. Found. Soc., 1950, 58, d l l -  
421 ; discussion, 421-422).— The effects o f moisture content, 
type o f clay, and organic and inorganic addn. on the hot 
compression strength of moulding sands was determined over 
the temp, range 200°-2500° F . (95°-]370° C.). Clay binders 
produce relatively high hot strength which is further raised 
w ith an increasing moisture content. The presence o f an 
organic bond, together with clay, increases tho hot strength 
in the range 400°-800° F . (200°-425° C .) ; a t still higher temp, 
the effect is dependent on the nature o f the organic bond. 
Si flour or Fe oxide increases the hot strength, while wood 
flour cause its lowering. 59 ref.— V. K .

Flowability of Moulding Sands. William H. Moore (Trans. 
Amer. Found. Soc., 1950, 58, 650-658; discussion, 658-660).—  
I t  is suggested that the flowability, F ,  o f a foundry sand be
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defined as the combined effect o f the ventability, V, and the 
bondability, B , so that F  —  ( 7 +  B)/2. On the basis o f 
this definition, the flowability o f different types and conditions 
of sand was obtained by the measurement o f permeability 
and green compression strength.— V. K .

*Effect of Moisture on Core-Sand Mixtures. 0 . J a y  Myers 
(Trans. Atner. Found. Soc., 1950, 58, 557-562; discussion, 
562-563).— Increasing amounts of H 20  (0-9%) are related to 
the properties of core sands contg. 1 %  core oil and 1 %  cereal 
binder added separately or together. Moisture reduces the 
permeability of the sand. The optimum green compression 
strength is obtained with 0 -5-1%  moisture content with 
cereal or with combined binders, and it  continuously increases 
with the oil binder. Tensile strength in the baked condition 
reaches a m ax. at 1 %  moisture with oil binder, 5 %  moisture 
with cereal binder, and 3 %  moisture with combined binders.

— V. It.
Treatment of Bond Clays for Foundry Sand. A . E . Pavlish 

(Trans. Amer. Found. Soc.,_ 1950, 58, 492-501; discussion,
501-502).— The base-exchange reaction o f a number of 
types o f clay was studied with both inorganic and organic 
reagents. Bonding properties o f clays can be widely modified 
in this w a y ; tables showing the changes in permeability, and 
green and dry  compression strength are given.— V. It.

Controlled Sand Produces Quality Castings. Bradley H. 
Booth (Trans. Atner. Found. Soc., 1950, 58, 52-62).— Basic 
properties o f foundry sands and their relation to moulding 
behaviour, sand selection, and foundry control testing arc 
discussed.— V. K .

Reproducibility of Foundry-Sand Tests. B . H . Booth, 
P . C. Rosenthal, and H. W . Diotert (Trans. Amer. Found. 
Soc., 1950, 58, 6 11-6 19 ; discussion, 619-620).— A  statistical 
analysis was made o f data obtained in a standard procedure 
sand testing o f the same sample by  10 different laboratories. 
The scatter o f results is fairly wide and can be reduced only 
by  careful maintenance of tho equipment, compliance with 
the detailed testing instructions, and special training o f the 
laboratory personnel.— V . K .

Standard Data for Bench Core Making. H . R . W illiams 
(Trans. Atner. Found. Soc., 1950, 58, 503-509; discussion, 
509).— Time operation studies o f core-making process are 
analysed.— V. K .

Phenolic Resin Core Binders : Effects of Core Composition 
on Physical Properties of Cores. J . E . McMillan and J. A . 
W ickett (Trans. Atner. Foutid. Soc., 1950, 58, 439-447; dis­
cussion, 447-449).— The combined effects o f cereal, solid 
phenolic resin, and water on the standard properties o f core 
sands are presented in the form o f tables and graphs. Tho 
results show that the correlation which exists m ay eventually 
allow a general theory of core bonding to bo obtained, but 
considerably more work remains to be done.— V. K .

Electronic Core Baking. B oyd  Hopkins (Foundry, 1951, 
79, (3), 154, 212).— H . describes the use o f H .F . core-baking 
equipment in an American foundry.— R . W . R.

Modern Core Ovens. Charles H. B arnett (Indust. Heating, 
1950, 17, (7), 1231-1236).— The great importance o f correct 
core prepn. is stressed, and it  is shown that the elimination o f 
variables is essential. The prepn. o f sand cores is outlined, 
and their behaviour in the mould during the entry o f tho 
liquid is described. Inefficient baking methods w ill not 
give consistently good cores. The factors affecting the quality

of cores (temp., baking time, the oven atmosphere, and the 
gas circulation in tho oven), are discussed in detail. The use 
of recirculating heating systems in coro ovens is now being 
extended as autom atic firing and temp, control then becomes 
simpler. B . discusses tho use of fuel oils, coal, electricity, 
and gas for the firing o f core ovens.— D. M. L.

Instruments Keep Accurate Records [in the Foundry], 
Maurice E . D egley (Foundry, 1951, 79, (3), 108-111).—  
Stresses the advantages accruing from the use of recording 
instruments for measuring temp., recording tho operation o f 
sand millers, moulding lines, &c.— R . W . R .

Pyrometry in the Non-Ferrous Foundry. [— I.-II]. (Col­
ton). See col. 57.

Modernization Trends in the Small Foundry. Lester B . 
K night (Canad. Metals, 1950, 13, (2), 26-29).— K . shows how 
economies can be effected in small foundries b y  modernizing 
plant layout, materials handling, prodn. equipment, and 
methods. Case histories o f three foundries— two grey Fe 
foundries and a brass foundry— are given to illustrate w hat 
can be done with modest capital expenditures.— W . A . M. P.

The [French] Foundry Industry. ------ (Usine nouvelle,
1951, (Numéro spécial), 21, 23, 24).— A  general survey of the 
French foundry industry (ferrous and non-ferrous), w ith 
special ref. to its development since 1945 and comparison with 
conditions existing in America.— H . A. H.

Formation of Technical Management Groups for French 
Foundry Industry. M. Jean Lain (Trans. Atner. Found. Soc., 
1950, 58, 739-741).— The activities o f the École Supérieure 
do Fonderie (French Foundry School) are outlined.— V . K .

Spanish Foundries. F . R . Morral (Foundry, 1951, 79, (3), 
138,141).— A  short account o f operations a t one or two Spanish 
foundries.— R . W . R .

Foundry Apprentice Training at Caterpillar Tractor Co.
F. W . Shipley and B . L . Bevis (Trans. Atner. Found. Soc., 
1950, 58, 515-524).— The syllabus for foundry apprentice 
training is given.— V. K .

The Engineering Student and Summer Foundry Work. 
N . J. Stickney (Trans. Amer. Found. Soc., 1950, 58, 680-684). 
— A  scheme for preparing vacation courses for engineering 
students in foundries is outlined.— V . K .

[Labour-lFatigue Data Summary : Report No. 1. M. E . 
Annick (Trans. Amer. Fourni. Soc., 1950, 58, 169-172 ; dis­
cussion, 172-173).— Labour-fatiguo allowances in different 
foundry operations are statistically analysed on the basis o f a 
questionnaire o f the American Foundrymen’s Society.— V . K .

Statistical Quality Control [in the Foundry]. H arry A. 
Schwartz (Foundry, 1951, 79, (1 ), 94-95, 223-224).— S. 
briefly discusses the advantages accruing from the use of 
quality-control methods in foundries.— R . W . R .

Wage Incentive Administration. Charles T . Hassell (Trans. 
Amer. Found. Soc., 1950, 58, 604-609 ; discussion, 610).—  
The appn. o f tim e study in foundries as a means o f im ­
proving the output is discussed.— V. K .

Management Views Costs [in the Foundry]. J. A . W agner 
(Trans. Atner. Found. Soc., 1950, 58, 7 JO-71.3 ; discussion, 
713-714).— A  brief review o f foundry costing.— V . K .

Casting of Brass and Bronze: Some Practical Aspects of 
Brass and Bronze Casting in America, 1900-1950. (Hull). 
See col. 94.

Kurs Odlewnictwa. [Foundry Course]. (Giordziejcwski). 
See col. 95.

16 — SECONDARY M E T A L S : SCRAP, R E SID U E S, &c.
Secondary-Aluminium Mission to the U.S.A. ——  (Metal- 

lurgia, 1951, 43, (256), 67-68).— A  sum m ary of the main 
findings of an O .E.E.C. mission to the U .S.A . to study 
secondary A1 plants.— F . M. L.

[Current] Practice in the American Secondary [Aluminium]
Metal Industry.  (Metali, 1951, 4, (23/24), 530-531).— A
brief summary of tho report o f a European working p arty which 
made a  7 weeks’ tour of the U .S.A . Deals with melting, refin-

ing, casting, rolling, and uses of the secondary m etal.— E . N.
The Removal of Zinc from Galvanized Iron and Steel Scrap. 

Edmund R . Thews and Martin Strom eyer (Metalloberfldche, 
1950, [A], 4, (8), 12 1-12 3 ; (1 1 ), 169-172; and (abridged) 
Electroplating, 1951, 4, (4), 133-134).— A fter discussing the 
economic and met. reasons for the removal of Zn from gal­
vanized Fe and steel scrap, T . and S. briefly describe the various 
chem., electrochcm., and thermal methods employed.— E . N.
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17 — FU RN A CES, FU E L S, AND R EFRA CTO RY  M A T ER IA L S
W orld’s Largest Induction Furnace for Aluminium Melting 

at Vanadium Corp. Plant. Manuel Tam a (Indust. Heating, 
1950, 17, (7), 1150-1152, 1154, 1156, 1272).— Tlie 1000-kW. 
A1 melting furnace a t the Vanadium Corp. is described. The 
furnace melts assorted A1 scrap a t the rate o f 5000 lb./hr. 
In  conjunction with the melting equipment there is a 30-kW. 
holding furnace arranged for electromagnetic pumping of the 
liq. metal via a heated launder to the ingot moulds. The 
main furnace, o f the A jax-Scom et drum induction type, is 
powered by four twin-coil inductor units inserted into the lower 
part o f the drum. The special arrangements for temp, 
control o f the equipment are described in detail.— D . M. L.

Induction Furnaces [for Aluminium Melting] Cut Foundry 
Melting Costs. Vernon Swan (Modern Metals, 1951, 7, (1), 
38^t0).— An analysis o f tho advantages and disadvantages of 
L .F . melting as compared with more conventional melting 
methods. S. concludes that where a continuous supply of 
metal is required, i.e. in die-casting, permanent-mould casting, 
or continuous pouring in sand moulds on a conveyor, L .F . 
melting pays. Tho induction furnace can reduce melting 
costs by  up to 40%, in addn. to improving working conditions 
and casting quality and making possible better utilization of 
floor space.— R . J.

Flash-Annealing Furnace for Light-AUoy Sheet. ------
(Light Metals, 1950, 13, (146), 146-147).— A  description is 
given o f a conveyor-typo, air-circulation furnace heated by 
elect, resistance elements. Single sheets up to 5 ft. 6 in. wide 
and circles down to 5 in. in dia. can be annealed a t tho rate 
o f 1 ton/hr. Tho conveyors consist o f tensioncd ropes and 
are designed to avoid damaging the work. Two independent, 
balanced, air-circulating systems are employed, and tho total 
weight o f air circulated is substantially greater than 
usual, with the result that heat transfer is very rapid.

— J. E . T.
New Furnaces Heat Copper Billets and Anneal Strip Con­

tinuously.  (Indust. Heating, 1950, 17, (6), 998, 1000).—
A  brief description of the continuous billet heater and con­
tinuous rollcr-hearth bright-annealing furnace installed at 
the plant of Rovere Copper and Brass, Inc. The former has 
a capacity o f 18,000 lb./hr. and is designed for heating billets 
for extrusion. Tho furnace is gas fired, using over- and under­
firing burners. The bright-annealing furnace is designed for 
the treatm ent o f Cu tubing in coils and straight lengths. 
The conveyor has a 20 : 1 speed range. Heating is b y  gas- 
fired radiant tubes located above and below the working 
hearth. Tho atmosphere generator is specially equipped for 
removal o f S from tho furnace gas.— D. M. L.

Large Melting and Annealing Furnaces Featured in Scovill’s
New Strip Mill. ------ (Indust. Heating, 1950, 17, (3), 404—
408, 410, 412, 414-415, 418, 420^22, 544, 546-548, 550, 
552).— Cf. Met. Ahs., 1949-50, 17, 979; 1950-51, 18, 129, 
307, 632. A  detailed illustrated account o f tho continuous- 
casting and strip-mill equipment installed by  the Seovill 
Manufacturing Co. at W aterbury, Conn. Special three- 
induotor-unit drum-type furnaces o f 1000 kW . capacity are 
arranged to melt 10,000 lb./hr. each. The construction of 
these brass-molting furnaces is described, and details are 
given of the arrangements for feeding the holding furnaces 
and the continuous-casting machines. This machine, of 
the Junghans-Rossi type, has a capacity o f several million 
pounds o f metal/week. Each slab emerging from the machine 
weighs over 2000 lb. The slabs are broken down in a cold- 
rolling mill and the bars passed into a continuous annealing 
furnace having a capacity of 37,000 lb./hr. Tho furnace 
length has been reduced by the use of a now pre-heat chamber. 
Autom atic temp, control is maintained, but there is no full 
atmosphere control. Another large annealing furnace is 
described in some detail. Bars leaving the annealing furnaces

go on a roller tablo, from where they are machined and fed 
to tho cold run-down mill. Details are given o f the coil- 
annoaling equipment, the high-speed continuous spray- 
piclding machines, the cold-finishing mill, and the finishing 
operations.— D . M. L.

The Copper Reverberatory Furnace. W . H. Dennis 
(Melallurgia, 1951, 43, (257), 10 7-111).— Factors affecting 
the design, construction, and operation o f modern high- 
prodn. Cu reverberatory furnaces are reviewed.— F . M. L.

Better Magnesium Melting Method Cuts Die-Casting 
Rejects to 5% . Gerald C. Robechaud (Western Metals, 
1951, 9, (2), 26-27).— Deals with tho preheating and melting 
o f Mg ingots. Preheating is by gas, and melting is carried 
out in an 80-kW., 1000-lb. capacity elect.-resistance type 
breakdown furnace controlled within temp, limits o f ± 2 °  F . 
(± 1 °  C.).— T. G.

Electric-Resistanee Furnaces as a Means for Improving 
Quality [in Heat-Treatment Operations]. H. Friedrich 
(Metall, 1951, 5, (1), 14-16).— A  brief review of the construc­
tion, appn., and advantages of modern typos o f low-, medium-, 
and high-temp. elect, resistance furnaces, with and without 
controlled atmospheres, for the lieat-treatmcnt— annealing, 
hardening, &c.— of various metals and alloys.— E. N.

Vacuum Electric Furnaces for the [Bright] Annealing of 
Blanks. H. Kalpers (Metall, 1950, 4, (21/22), 471).— A  brief 
description of the design and capabilities o f such furnaces, 
winch m ay be vertical or horizontal. T hey operate, normally, 
a t a vacuum o f 10~l mm. Hg, although small furnaces for 
special purposes can be worked a t 10~2 mm. H g when appro­
priate pumps are installed ; temp, up to 1 100° C. are 
attainable. Such furnaces are eminently suitable not trnly 
for the bright annealing of large numbers of small stampings, 
but also for tubes, rods, wire, strip, and foil of Cu and its 
alloys, »Ni and its alloys, and stainless steels ; they have 
the advantage that subsequent pickling is unnecessary, 
thus dispensing w ith the space, equipment, materials, and 
labour required for this operation. They can also be 
adapted to tho sintering o f hard metals and the degassing 
of metals for uso in the radio industry.— E . N.

A  New-Design Vacuum-Melting Furnace. J. M. Taub and
D. T . Doll (U.S. Atomic Energy Commission Unclassified 
Jîep., 1950, (LAMS-1130), 24 pp.).— The furnace described 
can be used for melting and casting 5-50-lb. charges under a 
pressure o f ~ 1  p. Hg. I t  consists o f two stainless-steel water- 
cooled shells, tho upper contg. the melting and pouring 
crucible, and the lower section contg. tho mould, w'hich is 
cither of graphite or a graphite-ceramic combination. The 
lower section is heated by a W  resistance heater, and the 
upper section either bv resistance or induction heating.

— B. W . M.
Reheating Furnaces with a Rotating Floor. A . Bailly 

(Usine nouvelle, 1951, (Numéro spécial), 39-40).— The 
advantages of reheating furnaces with a rotating floor are 
discussed generally, and a short description is included of a 
French furnace capable of dealing with 20 tons/hr. o f steel 
billets or ingots.— H. A . H.

Western Metal-Processing Methods Stepped Up by Gas- 
Equipment Improvements. Ralph W. Marshall (Western 
Metals, 1950, 8, (6), 26-29).— A  survey of tho use o f natural 
gas in California for various appn. in foundry practice, hoat- 
treatment, and joining.— T . G.

Control of Refractory Materials. G. E. Sumpter (J. Metals, 
1950, 188, (12), 1442-1443).— A  brief review' which, although 
dealing with refractories used in the construction and 
maintenance o f elect, furnaces for steel, contains interesting 
details o f the methods o f checking and controlling the quality 
o f such materials, and of the correlation of laboratory and 
servico data.— E. N.



67 M etallurgical A bstracts 68 Vol. 19

18 — H E A T -T R E A T M E N T
Brass Strip : Annealed and Cleaned Continuously. ------

(Steel, 1951, 128, (13), 76-77).— Describes, w ith a  flow 
diagram, a plant for the continuous annealing and pickling 
o f brass strip of thickness from 0-003 to 0 040 in.— E. J.

Electric-Resistance Furnaces as a Means for Improving Qual­
ity [in Heat-Treatment Operations]. (Friedrich). See col. 66.

Vacuum Electric Furnaces for the [Bright] Annealing of 
Blanks. (Kalpcrs). See col. 66 .

Thin Metal Parts Successfully Heated by Induction. 
Joseph F . Libseh and Anthony Vescuso (Wire and Wire 
Products, 1950, 25, (6), 498-499, 519-521).— A  techniquo 
for the induction heating of small wires and metal parts 
using a  standard commercial convertor operating a t 500 
kc./s. or less and providing flexibility for the heat-trcatm ent 
o f both small and largo sections is described.— W . A . M. P.

Safety Procedures for Protection Against Flammable 
Atmosphere Hazards of Special-Atmosphere Furnaces.—
I.-H . J. B . Sm ith (Indust. Heating, 1950, 17, (4), 592-596, 
598, 600. 743; (5), 818, 820, 822, 824).— [I.— ] S. discusses 
the explosion hazards present in heat-treatm ent furnaces 
where the special atmospheres are composed o f inflammable 
gases. The various types o f atmospheres and the manu­
facturing processes involved are discussed, and details are 
given o f the procedures for avoiding explosive mixtures in 
furnaces of different forms. [II.— ] In  cases where explosive 
mixtures cannot always be avoided special arrangements 
must be made to prevent explosions, and safeguards must 
bo arranged against interruption o f the flow of special 
atmosphore gases. Details o f these products are given.

— D. M. L.

19 — W O R K IN G
Aluminium Rolling in Chile. ------- (Light Metals, 1950,

13, (145), 78-79).— D ata are given on a projected now rolling 
mill in Chile. The basic equipment is enumerated, and the 
estimated prodn. costs arc given.— J. E . T.

Processing of Aluminium Alloys with Tungsten-Carbide 
Drawing Dies. C. E . Hughes and E . T. Miller (IFire and 
Wire Products, 1950, 25, (10), 885, 886, 902-904).— A  brief 
review, dealing w ith the cold working and drawing o f A1 
alloys.— W . A . M. P.

Aluminium Aircraft Parts Hot-Formed Successfully. 
Gilbert C. Close (Steel, 1951, 128, (10), 84-86).— The use o f 
oil-immersion and o f elect.-resistance methods o f heating 
is described for the successful hot pressing o f A1 alloy aircraft 
components. B y  careful temp, control a t 300° F . (150° C.) 
ovoragoing is prevented.— E. J.

A luminium Barrel Production. Hugh J . Jarm an (Mech. 
Handling, 1951, 38, (4), 137-139).— Prodn. o f A1 beer barrels 
a t the Benson Manufacturing Co., Kansas City, is described 
and illustrated. The barrels are deep-drawn in tw o sections, 
which, after annealing, &e., aro circumferentially joined 
by means o f autom atically revolving welding jigs. Output 
is a t the rate o f 1200 15^-gal. barrels/day.— J. R .

[Manufacture of) Aluminium Beer Barrels. ------  (Metal
Ind., 1951, 78, (17), 348-349).— Describes the manufacture 
of A1 beer barrels in Canada.— J. H. W .

Aluminium Wire : Its Fabrication and Uses. C. J.
Beneke (Wire and Wire Products, 1950, 25, (7), 571-573).— A  
brief review dealing -with the selection o f A1 alloys for various 
wire appn., fabrication methods and equipment, annealing 
and soln. heat-treatm ent, and indust. uses.— W . A . M. P.

in vestigations to Determine the Suitability of Light Alloys 
and of Alloys of the Zam ak Type for Purposes of Screw- 
Cutting [on the Lathe]. Raym ond Farronq (Mitaux et Ind., 
1950, (5), 107-129).— The characteristics o f 9 alloys, viz. 4 
typos o f  A1 alloy (normal Duralumin D N , leaded Duralumin 
D E , Duralinox H 5, and Almasilium A.S.G.), 3 Zam ak-type 
alloys, an A1 alloy contg. Cu, Mg, Si, Pb, and Zn, and an A l-M g 
alloy, when turned w ith screw-threads on a lathe were studied. 
Threads o f 3 different pitches, viz. 0-1, 0-2, and 0-3 mm., were 
cut on the alloys to a  depth o f 2 mm. The features studied 
included : (1 ) the form of tho turnings produced, (2 ) the wear 
o f the cutting tools, piercing, and screw-cutting, and (3) 
pressure and temp, attained in cutting. The cutting angles 
o f the tools used were 55°, 62°, 72°, and 82°; the front cutting 
edge was set back a t 8°, and the back edge was set a t 0°, 10°, 
20°, or 27°. The principal results were as follows : (i) the 
best form o f turnings are, in general, obtained b y  using a 
wido cutting angle, viz. 82°, cutting a t  high speed and cutting 
screws o f greatest pitch, (ii) Duralumins, either with or 
without Pb, give tho best turnings, when the alloys are either 
quenched or work-hardened without quenching, (iii) The

alloys, so far as concerns the form o f the turnings, are arranged 
in tho following order of merit : brass, leaded Duralumin 
(treated), 2 o f tho Zam ak-type alloys, untreated leaded D ura­
lumin, treated Pb-free Duralumin, (iv) Treatm ent o f Pb-free 
Duralumin has no effect upon tool wear, and tool wear, in the 
case o f all the Duralumins o f this class, is identical, (v) 
Leaded Duralumins on tho other hand, behave quite differ­
ently as regards tool wear, the quenched and cold-worked but 
unquenched Duralumins causing 5 or 6 times the wear pro­
duced by the drawn alloys. This effect is not shown by tho 
other alloys used, although one Zam ak-type alloy caused 
slightly less tool wear when used as-extruded compared with 
the result w ith the drawn alloy, (vi) A  study o f the mode o f 
detachment o f the turnings shows that all the alloys behavo 
in much the same w ay, except in tho case o f the untreated 
Duralumins, which exhibit a m arkedly inferior behaviour in 
this respect, (vii) The general process o f cutting is sensibly 
the same for all the alloys, (viii) The effect o f cutting angle, 
i.e. the decrease o f pressure accompanying a  decrease of 
cutting angle is more marked in the case o f  Duralumin in the 
drawn condition than for treated Duralumins, (ix) Normal 
Duralumins and Almasilium give higher cutting pressures than 
Duralumins contg. 1-5-2%  Pb, while the Zam ak-type alloys 
show the lowest cutting pressures.— J. S. G. T.

Conditions for Working Some Light Alloys Using Cutting 
Tools. — Schweyckart (Usine nouvelle, 1951, 7, (13), 25).—  
The free-cutting properties o f the most im portant light alloys 
are partially determined b y  Si content. Ranges o f cutting 
rates using high-speed steel and carbide tools are given for 
alloys contg. : (a) < 1 %  Si, (b) 9 -13 %  Si, and (c) > 1 8 %  Si. 
The influence o f phys. and meeh. properties o f the alloys on 
cutting conditions is also discussed.— H. A . H.

High-Speed Milling o£ Light Metals.  (Modem Metals,
1951, 7, (1), 36).— As the high m achinability o f light metals 
is rarely fu lly  exploited because o f the speed limitations of 
commercial machines, new milling machines have been de­
signed which oporate a t 3600 or 7200 r.p.m.— R . J.

Correct Machining of Copper-Base Alloys. Malcolm Buell 
and J . J . McGuiness (Steel, 1950, 126, (16), 78-81).— Tho 
classification o f Cu alloys into groups when considering 
m achinability is described, and data are given for turning, 
milling, drilling, boring, tapping, &c., as well as coolants 
recommended.— E . J.

The Production and Applications of Copper-Base Alloy Wire. 
W . D . France, W . L . Wells, and W . E . Johnson (IFire and 
Wire Products, 1950, 25, (10), 836-839, 936).— Some specific 
appn. o f certain typical alloys are discussed and wire prodn. is 
briefly reviewed.— W . A . M. P.

The Production and Applications of “  Doublé ”  [Gold 
Plate]. W . Radecker (Metal!, 1950, 4, (23/24), 516-517).—  
A  brief review.— E. N.
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[Lead] Accumulator Plate Manufacture.  (Metal Ind.,
1951, 78, (18), 364-365).— Briefly describes and illustrates the 
manufacture by  casting and rolling o f a  pure-Pb accumulator 
plato weighing nearly 1 cwt.— J . H. W.

Electrical Wire and Cable Insulation by the Extrusion 
Method. B . H . D avis (Wire and Wire Products, 1950, 25, (8), 
641-644).— An improved method of manufacture o f insulated 
elect, conductors by  the use o f tho screw-type extruding 
machine is described.— W . A . M. P.

^Influence of Structural Inhomogeneities on the Hot- 
Working Properties of Magnesium-Aluminium Alloys. (Lott). 
See col. 20.

*An Analysis of Some Roll-Pass Designs for Round Sections.
D . A . Winton (J. Iron Steel Inst., 1951, 167, (1), 31-41).—  
W . compares a  number of different schedules for reducing 
(steel) billets to round sections. I t  is shown that use o f the 
sq.-diam ond and oval-sq. sequences necessitates fewer passes 
than other sequences, for the reduction o f a given billot to any 
particular size o f round. I t  is shown that tho area A f o f any 
pass p is given by A p =  A tt(l —  r)p whore A 0 is the billet area 
and r is tho fractional reduction in area/pass and equals 
(1 — (A J A ^ j)}. The design o f the leader and finishing passes 
is discussed.— R . W . R .

How To Spin Metals. John W . Lengbridge (Machinist 
(Eur. Edn.), 1951, 95, (16), 569-584).— L . describes a  method 
of estimating costs o f spun versus drawn material and gives 
basic information on the design o f spun products. He 
outlines the actual technique o f spinning low-alloy steels, 
Cu-base, Ni-base, and stainless alloys, the tools and equipment 
required, and the various prodn. methods used.— J. H. W.

W hy Not Spin It ? L . P. Spencer (Iron Age, 1951, 167, (9), 
105-109).— Spinning is an ideal forming operation for small 
prodn. quantities or for larger prodn. runs o f parts that 
would require complex press tooling. Many metals and alloys, 
both ferrous and non-ferrous, can be spun, and the method 
is often used as an operation subsequent to deep drawing. 
The selection o f a suitable lubricant is important. 9 ref.

— J . H. W.
15,000,000 Stampings per Grind on Carbide Dies. John E. 

Spofford, Jr. (Steel, 1951, 128, (10), 80-82).— Describes the use

o f cemented W C for inserts and punches of dies for high-speed 
presses.— E . J.

The Problem of Die Wear, with Special Reference to the 
Performance of Sintered Carbide Dies. I.— General Considera­
tions. J. G. Wistreich (Wire Ind., 1950, 17, (203), 889-892, 
895-896; discussion, 896-897, 899).— W . discusses the econ­
omic importance o f the die problem and gives an account of 
some investigations into the nature o f wear.— W . A . M. P.

Carbide Wire-Drawing Dies— Bearing vs. No Bearing. 
J. O. Tompkins (Wire and Wire Products, 1950, 25, (7), 
576-578).— The performance of six “  no-bearing ”  and six 
“  bearing ”  dies was compared by using the dies on continuous 
drawing machines as finishing dies during the regular prodn. 
o f 0-038-in.-dia. tyro bead wire (0-74-0-80% C, 0-55-0-65% 
Mn). Bakelite castings of the die contours were made beforo 
and after drawing 500,000 ft. o f wire through each die, and 
mech. tests were carried out on all wire produced by 
the two types o f die. Tho “  no-bearing ”  dies started to 
form bearings on one side of the die, and tho scratch linos were 
deeper on the “  no-bearing ”  die surface. These dies produced 
more out-of-round and scratched wire than tho “  bearing ”  dies, 
but mech. test results were virtually the same.— W . A . M. P.

The Development of Wire-Rod Production. I.— From the 
17th Century to the Present Day. H.— Evolution of the Rod 
Mill. HI.— U .K. and U.S.A. Rod Mills Compared. Future 
Trends. Leslie Thomas (Wire Ind., 1950, 17, (201), 736- 
739, 743; (202), 823, 825, 827 ; (203), 903-905, 907-908).—  
[I.— ] An historical review. [II.— ] A  review o f the develop­
ment o f tho rod mill. [III.— ] Statistics are given for U .K . 
and U .S.A . wirc-rod prodn.— W . A . M. P.

Material Handling at the Rod and Wire Mills of the Western 
Electric Company. J. E . W iltrakis and A . A . Bureau (IFire 
and Wire Products, 1950, 25, (10), 870-875, 878, 879, 882, 883). 
— A  description o f tho material-handling methods o f the 
Western Electric Co. a t  their various wire plants.— W . A . M. P .

Application and Use of Lubricant Coatings. Floyd M.. 
Hauger (IFire and IFire Products, 1950, 25, (7), 579-581, 610)- 
— H. reviews the appn. and uses o f lubricant coatings and 
describes a new coating compound wrhich eliminates the use 
of both lime and lubricants in tho die box.— W . A . M. P.

20 — C LE A N IN G  AND F IN IS H IN G
(See also “  Protection ”  and “  Electrodeposition ” .)

Aluminium Bright-Dip Process Gives Low-Cost Reflectivity.
F. H . Hesch and C. A . Rosellen (Western Metals, 1950, 8,
(12), 19-20).— Deals w ith the results obtained by a  method of 
chem. polishing developed by Kaiser Aluminum and Chemical 
Corp. and termed K aiser aluminium bright-dip. No indica­
tion o f the compn. is given.— T. G.

High-Reflection Eloxal Polishing of [Aluminium] Mirrors. 
Otto Niedermcycr (Metalloberflache, 1950, [B], 2, (7), 102).—  
A  brief but detailed outline of the process for producing a 
durable mirror finish on A1 (99-5 and 99-99%) or its alloys with 
0 -5-1%  Mg. I t  consists o f chem. cleaning, preliminary buffing, 
electrolytic degreasing, followed by electrolytic polishing in 
an Eloxal-type bath for 10-20 min., cold H20  rinsing, and a 
final hardening treatm ent in hot (90°-100° C.) distilled H 20 
for 30 min.— E . N.

Photography and Printing on Aluminium. K a rl Voss 
(Australasian Plating and Finishing, 1951, 1 , (2), 4-7).—  
The oxide layers produced on A1 and its alloy's b y  anodizing 
are finely porous, and m ay be impregnated with light-sensitive 
and other materials. F or the prodn. o f “  Seofoto ”  prints 
the oxide layer must comply with requirements for sorption 
capacity, corrosion-rcsistance, hardness, transparency, and 
ductility. The A1 m ay be anodized in oxalic, sulphuric, or 
chromic acid baths. In the “  Seo ”  printing process selected 
areas are sealed b y  printing w ith a fa tty , tough printing paste. 
The uncovered areas are dyed and tho printing ink removed 
w ith solvent, so that a  reproduction representing the reverse 
o f a print is obtained.— T . A . H.

Metal Etching and Anodizing in Colour. R . E . P ettit 
(Products Finishing, 1951, 15, (7), 14-23, 26-28).— The pro­
cesses used by a company' producing metal etchings, in a t .r u -  
ment dials, scales, identification plates, &c., are described in 
detail and illustrated. Tho II2S 0 4 anodizing method is used.

— G . T . C.
The Surface Preparation of Aluminium for Paint Systems.

  (Product Finishing (Lond.), 1951, 4, (1), 56-61).—
Reproduced from a booklet o f the same title issued b y  the 
Northern Aluminium Co., L td.— H . A . H.

Copper as a Finishing Material : Review of 1950. ------
(Indust. Finisliiiig (Lond.), 1951, 3, (33), 664-667).— A  
review. The subjects considered include Cu plating, electro- 
forming, the chem. colouring o f Cu and brass, tho corrosion o f 
Cu water-pipes, and tho use of Cu alloys in marine service. 
21 ref.— H . A . H.

Blanching of Silver. K . Slark (Metalloberflache, 1950,
[B], 2, (10), 155).— A  brief note on blanching— in 10 -15%  
H,SO., a t < 8 5° C.— subsequent washing, drying, and final 
buffing procedures.— E . N.

Approved Proprietary Finishing Materials [for Aircraft).
 (Indust. Finishing (Land.), 1951, 3, (33), 653-654, 656,
658,660).— A  list o f some of the approved proprietary processes 
covered b y  specification D .T .D . 900C. The m aterial, extent 
o f approval, and manufacturer are tabulated, and tho range 
includes cleaners for A l, paints and varnishes for metal surfaces, 
electrodeposition and chem. pretreatment processes for 
ferrous and non-ferrous metals.— H . A . H.
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Metal Finishing Forges Ahead. Adolph Bregman (Iron 
Age, 1951, 167, (8), 78-82).— B . describes the more important 
new processes and improvements to old techniques that have 
occurred during the past five years, and emphasizes the need 
o f developing substitutes to take the place o f materials in 
short supply. 17 ref.— J. H . W .

Refrigerator Finishing : Methods Used by Kelvinator Ltd.
  (Product Finishing (Lond.), 1951, 4, (2), 58-67).— A
description is given o f the pretreatment and painting processes. 
A  combined degreasing-phosphatizing soln. (Granodine 400) 
is used for processing steel and Zn-coated components before 
painting. A1 parts are Pyluminized.— H. A . H.

The Production of Metal Cypher Plates for Watches. G. 
Meyer and W . Philippi (Metalloberfläche, 1950, [B|, 2, (9), 
135-136).— A  brief description, which includes details o f the 
methods used to produco the various surface finishes and the 
designs.— E. N.

New Synthetic Resin Forms Surface Coating for Many
Metals. ------ (Product Finishing (Lond.), 1951, 4, (2), 108,
110 ).— A  short description o f the use, properties, and advant­
ages o f “  Araldite 985 ”  surface coating resin for light alloys, 
tinplate, steel, and cast Fe. Finishes prepared from this resin 
are stated to be particularly suitable for appn. to food cans, 
A1 foil, collapsiblo metal tubes, and light alloy drums.

— H .A . H.
Wire Finishes and Trade Requirements. C. 11. Mehl 

(Wire and Wire Products, 1950, 25, (8), 657-658, 685).— A  
short discussion o f wire finishing and the use o f  borax com­
pounds as compared with lime coating.— W. A . M. P.

Barrel Lacquering of Small Stampings. H. Weise (Metall- 
oberfläche, 1950, [B], 2, (9), 137-138).— A  brief description of 
the plant, materials, and technique employed.— E . N.

Impurities [as a Cause of Defects] in Enamelling. Hans J. 
Karm aus (Metalloberfläche, 1950, [Bj, 2, (9), 132-133).—  
M any faults— blisters, porosity, hair-cracks, &c.— found in 
enamel coatings on m etal surfaces are often caused b y  the 
presence o f impurities introduced into the enamel a t some stage 
in its manufacture. K . discusses the likely sources o f such 
contamination and the preventative measures necessary.

—  LA N.
The Treatment of Metal Surfaces Before Lacquering. ------

(Metalloberfläche, 1950, [A], 4, (7), 108-110).— Although this 
article deals ■with the treatm ent o f steel sheets, it  is o f interest 
to  the non-ferrous metallurgist as it  emphasizos the importance 
not only o f removing visible contamination such as oxide 
films, grease, and dirt, but also the invisible traces o f residual 
acids, alkalies, salts, soaps, and other chemicals or their 
reaction products left behind b y  the cleaning, pickling, and 
degreasing soln.— E. N.

Cleaning and Peening with British Hard-Drawn Steel
Pellets.  (Electroplating, 1951, 4, (2), 56).— The use and
advantages of hard-drawn steel pellets for metal cleaning and 
peening are discussed. A  particular advantage of pellets as 
compared with shot or grit abrasives is that the former can 
bo manufactured in almost all ductile metals and alloys, e.g. 
stainless-steel pellets aro employed for the specialized cleaning 
of bronze and brass castings, where Fo impacted in the surface 
might load to objectionable stains during the finishing 
processes.— H. A . H.

Soak Cleaning Before Alkaline Electrocleaning. ------
(Plating, 1951, 38, (4), 377-378).— The mechanisms o f soil 
rem oval are listed, and the function of individual components 
o f cleaners are described. A  table is presented which shows 
the effect o f cleaner compn. on time o f soil removal b y  soak 
cleaning.— G. T . C.

Etch Pre-Treatment Primers. E . E . Halls (Machinery 
(Lond.), 1951, 78, (1992), 114 -116).— These primers contain 
H 3P O j, which etches the metal to  improve adhesion, and aro 
pigmented w ith ZnCr04 to  provide corrosion-resistance. The 
results o f hum idity tests on cellulose-enamelled panels o f AI, 
brass, Zn- and Cd-plated steel, treated w ith various primers, 
are tabulated.— J. C. C.

*Electrodeposits as Bases for Paints. H. Silman and 
Dorothy W em ick (J. Eleclrodepositors’ Tech. Soc., 1950, 25,

175-188).— Preliminary results are presented o f a study to 
determine the behaviour o f composite coatings of metals and 
paints. This has been made necessary b y  the increased use o f 
pre-plated sheet and strip metals. The results are mainly 
confined to electrotinned and electrogalvanized steel. As these 
coatings aro normally relatively thin, they need to  bo rein­
forced with a  paint coating where any degree o f severe 
service is required. The importance of correct prcpn. o f 
the plate before painting is emphasized. A  comparison was 
made between the behaviour o f paint coatings applied to 
electrotinned steel and to phosphatized steel. H a lf o f each of 
the tinned specimens was given an oxidizing treatm ent, and 
the other h a lf was untreated. Two thicknesses (0-00001 and 
0 00005 in.) o f Sn and two coats of a stoving alkyd paint were 
used. Salt-spray and outdoor exposure tests were made. 
The painted 0-00005-in. tinplate gave the best results. The 
painted 0-00001-in. tinplate was superior to phosphatized steel 
in salt spray, but not m arkedly so in atmospheric exposure. 
The oxidizing treatm ent o f the tinplate has had little effect 
on tho performance so far. The fact th at the time factor 
between plating and painting is not important with tinplate 
as it  is with phosphatizing is an important practical advantage 
of tho former. Sets o f Zn-platcd steel panels with 0-0003 in. 
Zn from a cyanide soln. both untreated and dichromate- 
trcated (Cronak process) were painted w ith one coat o f three 
different paints. Salt-spray and humidity-chamber tests 
were carried out. The results showed that tho Cronak coating 
is satisfactory for air drying and low-tcmp. stoving paints and 
th at w ith a high-temp. stoving paint there was little difference 
between tho treated and untreated Zn. Tho Cronak treat­
ment, however, improves adhesion. Tests were also carried 
out which indicated that tho protection provided by the 
Cronak treatm ent decreased as the temp, to  which the treated 
specimens were exposed was increased, especially a t tomp. in 
excess o f 100° C. This effect is probably less marked when the 
treated metal is coated w ith paint. T v  o-coat paint systems 
were applied to untreated and phosphatized steel, Zn-plated 
steel, phosphatized Zn-plated steel, and passivated Zn-plated 
steel, and salt-spray and outdoor-exposuro tests were carried 
out. Phosphatizing, in each case, gave better results than 
were obtained on untreated specimens, both in salt spray and 
out o f doors. Passivated Zn-plated steel gave better results 
in salt spray than phosphatized Zn-plated steel. Nitrocellulose 
paints have given poor adhesion on Zn-plate exposed out of 
doors, in some cases. Paint adhesion to Ni- or Cr-plated 
steel and brass can be obtained b y  roughening w ith emery- 
coated calico wheel and treatment in hot dil. soln. o f H ,P O ,. 
6 ref.— G. T . C.

Pre-Finishing and Contour Shaping.  (Product F in ish­
ing (Lond.), 1951, 4, (1), 75-82).— A  description o f  Am erican 
techniques for pre-finishing and contour-shaping metal. The 
former, which is performed using a special arrangement of 
2 to 12  or more coated abrasive belt grinding and polishing 
machines arranged in series, is claimed to reduce or entirely 
eliminate expensive hand-polishing operations which are 
otherwise necessary after forming operations. In  contour 
grinding, which is designed to grind and finish the contours 
o f formed articles, a specially contoured back-up roll or 
wheel is employed which allows the abrasive belt to conform 
to the contours o f the component being handled. Although 
the examples quoted all refer to  ferrous metals, both methods 
are stated to be applicable to non-ferrous materials.— H . A . H .

Chemical Polishing [of Metals]. ——  (Metalloberflache, 
1950, [B], 2, (8), 118).— A  brief description o f the three acid 
process— mixtures o f , nitric, phosphoric, and acetic acids 
in various proportions— developed at the Battelle Memorial 
Institute.— E. N.

Liquid Polishing Compounds. Frank Spicer (Product 
Finishing (Lond.), 1951, 4, (3), 68-69).— A  note on American 
practice concerning the use of liq. polishing compounds for 
metal surfaces. T hey are claimed to be particularly successful 
on Zn-base die-castings and A l.— H. A . H.

Brush-Backed Polishing : A  New Method of Metal Surface 
Preparation.  (Electroplating, 1951, 4, (4), 117-119 ).— A
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short description o f the use and advantages o f the brush- 
backed, coated abrasive-loaded polishing mop in metal 
finishing.— H. A . H.

Automatic Polishing Machines : Advanced American
Designs Used on Small Articles Such as Costume Jewellery
and Cigarette Lighters and Particularly on Cutlery. ------
(Electroplating, 1951, 4, (5), 149-151).— Brief descriptions 
o f some of the most modern American polishing machines 
for small articles.— H. A . H.

Selection and Application of Cleaning-Room Equipment. 
Stanley Krzcszewski (Trans. Amer. Found. Soc., 1950, 58, 
450-455).— Cf. Amcr. Foundryman, 1950, 17, (4), 90; Mel. 
Abs., 1949-50, 17, 850.— V . K .

The Neutralization of Waste Acid Liquors. A . Gordot 
(Galvano, 1951, (170), 17-20).— A  review o f methods of 
neutralizing spent pickle soln.— H. A . H.

*Contribution to the Study of Inhibitors in Pickling. G. 
B atta , L . Scheopers, and L. Bousmanno (Rev. Met., 1951, 
48, (2), 10 5-114 ; discussion, 114-115).— The action of a 
number o f organic inhibitors was studied experimentally,

chiefly in the pickling of steel, but also o f Zn, Ni, and Al. 
Theoretical conditions developed from this work indicate 
that there is a  certain relation between the molecular structure 
and the inhibiting action o f the organic compounds used as 
addn. in pickling. In the case of the non-ferrous metals 
there is no sp. qualitative factor depending on the naturo 
o f the metal, but Zn is somewhat subnormal in its oloctro- 
chem. behaviour. Certain o f the organic inhibitors are 
sensitive to the p H ; some, used in low concentrations, 
sometimes cause local corrosion. The pickling of Cr-Ni 
steels by  aqua regia and b y  H N 0 3-H F  remains to be 
investigated.— J. H . W.

Establishing Finishing-Operation Rates with Elemental 
Time Standards. John S. K elly  (Metal Finishing, 1951, 
49, (3), 71-74).— Results obtained from the appn. o f this 
method in a large finishing department arc described.— G. T. C.

Works Organization in the Metal-Finishing Trade. A . W . 
W allbank (J. Electrodepositors' Tech. Soc., 1950, 25, 2 11-  
220).— Presidental Address. Several aspects o f this problem 
arc very briefly considered.— G. T . C.

21 — JO IN IN G
Bonding of Wood to Aluminium and Its Alloys. ------

(Machinery Lloyd, 1950, 22, (22), 97).— Report on a pro­
prietary glue fibre that is supplied in sheet form and is 
placed between the A l and wood sheets to be stuck together. 
The A l alloy is degreased and etched in accordance with
D .T.D . 915A. When dry, the metal should bo bonded as 
soon as possiblo after etching-trcatm cnt, using a suitable 
pressure and temp, in the rango 140°-150i> C. The joints are 
resistant to dry and wet heat and to mould.— II. P l .

Redux Bonding of Aircraft Structures. C. J. Moss (J. 
Roy. Aeronaut. Soc., 1950, 54, (478), 640-646; discussion, 
646-650).— Features o f Redux joints in light alloy sheets 
are described. Results o f comparable panel tests o f riveted 
and Redux-jointed panels under static loading showed the 
latter to be the stronger. Details o f tests under cyclic 
loading of hollow structures subject to fluctuating internal 
pressure and o f repcatcd-loading tests o f a  complete wing 
are given. Techniques o f applying the glueing process in 
aircraft construction are detailed and considered in relation 
to design.— H. S.

Aircraft Riveting. H. Giddings (J. Roy. Aeronaut. Soc., 
1950, 54, (480), 753-778).— In this comprehensive paper,
G. discusses the functions o f riveted joints, rivet materials, 
rivet manufacture, rivet typos and sotting techniques, the 
strength of riveted joints, and joint finish. Results of static 
and fatigue tests o f riveted joints are given. The repeated 
loading problem associated with pressurized fuselages is 
discussed in relation to the ultimate strength o f the structure.

— H. S.
Induction Heating Successfully Solders Aluminium. C. H.

Y etm an  (Iron Age, 1951, 167, (11), 108-109).— Induction 
heating provides the uniform heat diffusion and accurate 
temp, control required for soldering A l, and eliminates 
oxidation problems. A  high-strength bond a t a rate of 320 
pieces/hr. was obtained.— J . II.' W .

Sealing Solder. G. S. Phipps (Bell Lab. Record, 1950, 28, 
(7), 295-297).— P. describes a method of making soldered 
joints gas-tight by  the appn. superficially o f a  film of sealing 
solder o f low m.p.— D . M. D.

History of Soldering Technique. Erich Liider (Technik, 
1950, 5, (3), 144-149).— L . describes the soldering o f A u in 
Babylon, E gyp t, and Troy, soft and hard soldering in ancient 
Rome and in medieval times, and tho development of hot 
flames by  means o f bellows, blow lamps, blow pipes, blow 
torches, and welding torches. The development of soldering 
techniques in connection w ith the introduction o f new 
materials such as tinplate, galvanized sheet, Zn sheet, &c., 
and o f modern solders and fluxes is dealt with. L . concludes 
w ith the soldering o f light metals.— H . K .

Production Brazing. Clinton E . Sw ift (Weld. Eng., 1950, 
35, (4), 36-38).— The advantages of torch-brazing in the 
manufacture o f metal furnituro fabricated from sheet metal 
or thin-walled tubing is described and illustrated. Savings 
of 40-60% are reported.— W . D . B.

Assembly by Brazing. H. R . Brookor (Metal Ind., 1951, 
78, (21), 426).— B. discusses British Standard No. 1723 : 1951, 
dealing with brazing and tabulates tho combinations o f 
parent metal and filler metal for blow pipe (torch) brazing.

— J . H . W .
Copper Furnace Brazing Saves Time, Labour, and Material 

in Formation of Assemblies. Mario R . Glick (Western 
Metals, 1950, 8, (8), 22-23).— T. G.

Is Furnace Brazing Just as Good? Samuel Damon 
(Machinist (Eur. Edn.), 1951, 95, (17), 616-618).— Experi­
ments to determine how furnace brazing compared with 
other methods of brazing were carried out on tough-pitch 
Cu (99-9%), free-cutting brass (Cu 60-63, Pb 2-5-3-7%, 
balance Zn), and SA E 1111 steel, w ith tho following alloys :
(1) Cu 80, Ag 15, P  5 % ; (2) Cu 93, P  7 %  (“  Phos-Coppcr'” ) ;
(3) Cu wire (for the steel o n ly ); (4) Ag 50, Cu 15-5, Zn 16-5, 
Cd 18 % ; and (5) A g 50, Cu 34, Zn 16 % . The results showed 
that furnace brazing, especially with Phos-Copper, will 
produce a  shear strength a t least as high as th at o f other 
brazing methods.— J. H. W.

Brazed Joints for Mine Rails. ------ (Weld. Eng., 1950,
35, (1), 32-33).— Tho advantages o f brazed joints in mine 
rails are discussed, and tho propn. and procedure for making 
them is described and illustrated.— W . D. B.

Silver Brazing Eases Shotgun Welding. Kenneth Ireland 
(Machinist (Eur. Edn.), 1951, 95, (12), 432-433).— B y  paying 
duo attention to good fit and proper clearance, clean metal, 
proper fluxing, assembly and supporting, heating and flowing 
alloy and final cleaning, improved prodn. capacity and a 
pleasing appearance results from the use o f a A g-Cu-Cd-Zn 
brazing alloy for sporting guns.— J. H. W .

Silver Brazing with Induction Heat at Oneida, Ltd. 
Stewart M. Hill and Richard A . Gehr (Imlust. Heating, 1950, 
17, (6), 972-974, 976).— An illustrated description o f the 
prodn. o f table knives. The hollow handles are A g brazed 
to stainless-steel blades b y  means o f an extrem ely small 
quantity o f A g solder. This replaced 12 g. o f soft solder 
in the original assembly. The induction-heating equipment 
consists o f 15-kW. generators fitted with output transformers. 
Heating tim e is reduced from 20 to 4 sec./cycle.— D. M. L.

[Koldweld] Cold Pressure Welding [of Aluminium]. ------
(Light Metal Age, 1950, 8, (1/2), 14-15).— A  short note on 
tho Koldweld process for w'elding A l a t room temp. No 
operational details are given.— H . A . H.
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Farther Developments in the Koldweld [Cold-Pressure
Welding] Process. ------ (Light Metal Age, 1950, 8, (9/10),
10, 19).— Typical appn. for the Koldweld process for the 
oold pressuro welding o f non-ferrous metals (A1 in particular) 
are described. No details o f the process itself are given.

— H . A . H.
The Welding of Aluminium and Its Alloys. E . Barron 

(Machinery Lloyd, 1950, 22, (26), 75-78).— A  general dis­
cussion on welding of A1 and its alloys which includes notes 
on flux characteristics, degreasing, gas welding, and electric- 
arc welding.— H . P l .

The Welding of Aluminium Alloys, Particularly for 
Structural Applications. W . K . B . Marshall (Trans. Inst. 
Weld., 1950, 13, (6), 178-185).— A  survey o f the present 
knowledge. M. deals with the properties o f the weldable 
alloys and the basic m etallurgy o f welded joints in them. 
The welding processes are discussed in some detail, and 
comments are mado on the influence o f welding on design. 
The need for service data is emphasized. 12 ref.

— W . D. B.
Electric Resistance Welding and Its Use in the Construction 

of Aircraft. E . C. Sykes (J. Roy. Aeronaut. Soc., 1950, 54, 
(472), 242-246).— S. describes and discusses spot and seam 
welding of sheet materials, w ith ref. to the general features 
o f the types o f welding machine used, methods o f cleaning 
the material before welding, control o f the process, and 
inspection o f the welds.— H . S.

Strato-Ships Spot Welded. Howard E . Jackson (Weld. 
Eng., 1950, 35, (11), 17-19).— A  description o f the wolding 
methods and plant used by the Boeing Airplane Co.— W . D . B .

Field Welding of Aluminium Tanks. Perry C. Arnold 
(Metal L id ., 1951,78, (21), 427-429).— Head before the Twelfth 
Annual Ohio State Welding Conference. A . describes the 
erection and welding sequence developed for a  new method 
of erecting large A1 storage tanks.— J. H. W .

[Welding] Aluminium Pipe-Lines. W. B . Mooro (Weld. 
Eng., 1950, 35, (7), 27-29).— Some details aro given o f the 
fabrication o f Al-alloy pipe-lines, and the advantages, as 
compared with steel, are outlined.— W . D . B .

[Aluminium] Brackets Welded Inert Arc, Metal Arc. 
George M. Worden (Weld. Eng., 1950,35, (2), 33).— Comparison 
in cost between metal-arc and He-shielded arc welding o f 
A1 and A1 alloys showed a  marked saving in favour o f the 
inert-gas-shiclded method.— W . D . B .

The Atomic-Hydrogen Welding of Light Alloys. Charles 
Guinard (Rev. Aluminium, 1950, (171), 429-435).— G. de­
scribes the principle o f the method, the necessary equipment, 
the prepn. o f the w ork for welding, tho welding technique, 
and suitable appn. o f the process. The mech. properties o f 
joints in various A1 alloys are listed.— J. E . T.

[Inert-Arc] Welded Aluminium Trailer. R . E . Perris 
(Weld. Eng., 1950, 35, (1), 37).— The fabrication o f A1 trailer 
roofs by  inert-arc welding is described.— W . D. B.

Argon-Arc Welding of Aluminium. E . Zurbriigg (Derg- u. 
hutlcnmann. Monalsh. Montan. Ilochschule Leoben, 1950, 
95, (12), 352—356).— A  brief review dealing with the types of 
alloys most suitable for such welding, the effects o f subsequent 
agoing procedures on tho hardness o f the seam, and some 
commercial appn. o f the process.— E. N.

Argon-Arc Welding [of Aluminium], ------ (Light Metal
Age, 1950, 8, (5/6), 14-15).— A  short account o f the A-arc 
welding o f A1 and its alloys, using the Linde FSM -1 A-m etal- 
arc welding machine.— H . A. H.

*The Welding of Thick Aluminium Alloy Plates by the 
Argon-Arc Process. J. E . Chard and N. MacDonald (Weld. 
Research, 1950, 4, (4), 71r-78r).— A -arc welding equipment 
has been designed for welding currents up to 600 amp., and 
m ay be used for the welding o f longitudinal and circumferential 
seams. Welds in A .W .10  plate, up to -f in. thick, using filler 
m etal o f similar compn., gave m ax. stress and P.S. equal to 
those o f tho paront plate, w ith acceptable ductility.

— W . D . B .
*The A.C. Argon-Arc Process for Welding Aluminium : 

The Oscillographic Analysis of the Application of a  Com­
mercial High-Frequency Spark-Injector Unit. L . H. Orton,

J . C. Needham, and J. H. Cole (Weld. Research, 1950, 4, (3), 
47r-68r).— The nature o f tho output o f a  commercial H .F. 
spark-oscillator unit has been studied by the appn. o f electro­
magnetic and cathode-ray oscillograph recording techniques. 
Tho output consists o f a  grouped series o f sparks separated 
by dead periods; the spark groups should be correctly phased 
rolativo to the main welding current. The duration of the 
various phenomena was measured, the optimum relative 
phasing for successful welding was such that the middle of the 
spark group occurred just after the welding current reached 
zero. Correct phasing eliminates half-cycle rectification 'with 
a workpiece of A l-5 %  Mg alloy, change of tho relative position 
causes variation in the time delays to arc re-ignition in h a lf 
cycles o f reverse polarity. The effects o f using commercially 
pure A1 and of surface condition are noted, and operational 
adjustm ents to the spark-injector unit aro outlined. A  
simple switching method is described for obtaining optimum 
phasing o f tho inputs to the H .F . spark-injector unit and the 
welding transformer.— W . D . B .

Aluminium Window Production [by Flash Welding]. ------
(Welding, 1950, 18, (11), 464-471).— Some of the recent 
developments in the flash wolding o f A1 alloy window-frames 
are described. A  low kV A . demand for the machines employed 
results in a  reduction o f flashing losses, and a high rate of 
output can bo obtained. In  AW 9 alloy (Mg 04/0'8, Si 
0-3/0-6, and F e 0-6%) welds a t least equal in strength to tho 
parent material are obtained. Illustrations show some of the 
dies, &c., employed.— W . D. B.

Improved Technique for Flash-Welding Aluminium [Alloy] 
Tubing Eliminates Interior Flash. Charles Bruno (Steel, 
1950, 126, (17), 79-80).— A  general account o f the strength of 
joints and . o f the use of flash welding. Details are given of 
percussive wolding and its advantages and appn.— E . J.

f A  Review o£ Selected Papers on the Flash and Butt Welding 
of Light Alloys. P . M. Teanby (Weld. Research, 1950, 4, (1), 
16r-20r).— A  roviow o f 8 papers on the flash and butt welding 
o f light alloys, dealing w ith machines, timers, dies and clamp­
ing, prepn. for welding, &c. Hardness measurements indicate 
th at the prodn. o f high-strength welds in the hardened tempers 
requires careful control, the effects o f over-ageing must bo 
kept to a  min., while the m ax. effect o f work-hardening must 
be obtained. The final weld strength is dependent upon 
the opposing effects o f these phenomena. The results are 
presented in tabular form.— W . D . B.

Slope Control Aids A.C. Welding of Aluminium. Charles 
Bruno and G. W . Birdsall (Iron Age, 1951,167, (14), 100-101).—  
A  new electronic control makes possible good-quality resistance 
wolds o f A1 w ith conventional single-phase 60-c./s. A .C. 
equipment. A1 pick-up is thereby reduced and electrode 
life is increased 20-30 times.-— J. H . W.

f  A  Review of Recently Published Information on the Spot 
Welding of Light Alloys. P . M. Teanby (Weld. Research, 
1950, 4, (5), 94r-102r).— -A brief summary o f the types of 
spot-welding machines now in use is followed b y  a  review of 
information on such welding variables as current w ave shape, 
striking velocity, electrode scuffing, variations in line voltage 
and pressure, electrode materials, bad fits, and surface prepn. 
Appendices deal w ith kinetic-energy storage, three-phase 
systems, and the measurement o f surface resistance using the 
K elvin  double bridge. 31 ref.— W . D . B .

Design for Spot Welding Aluminium. Gilbert C. Close 
(Light Metal Age, 1950, 8, (1/2), 6-7, 32).— In order to obtain 
the m ax. benefits from spot welding as a  fabrication method, 
certain sp. advantages and limitations must be taken into 
consideration at the design stage. These are discussed with 
particular ref. to the use o f A1 alloys, and tables aro included 
to show the weldability o f different alloy combinations 
(classified as excellent, fair, or not recommended), as well as 
recommended spot spacings for some of the alloys. The 
min. allowable shear loads which a  spot weld m ay carry are 
also given for 16 A1 alloys, together w ith the rosp. min. edge 
distance.— H . A . H .

*The Application of the Resonance-Vibration Method to 
the Fatigue Testing of Spot-Welded Light Alloy Structures. 
(Week). See col. 55.
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Gas Welding Aluminium Awnings. ------(Weld. Eng., 1950,
35, (4), 23).— The gas welding o f and ¿ - in . A1 sheet in the 
manufacture o f venetian-blind-type awnings is described.

— W . D . B .
Copper and Copper Alloys as Fillers in Welding and Brazing.

Benno S ixt (Berg- u. hiillenmann. Monatsli. Montan. Hoch- 
schule Ledben, 1950, 95, (12), 336-340).— A  review o f the pro­
perties and appn., in oxy-acetylene welding and brazing, o f 
filler rods o f Cu, brass, and bronze, o f various compn.

— E. N.
Inert-Arc Welding of Everdur Beer Filter. A . C. Kracklauer 

(Weld. Eng., 1950, 35, (11), 26-28).— The welding of Everdur, 
using the inort-arc process and a filler rod of similar compn., 
is described and illustrated.— W . D. B.

Welding, Brazing, and Soldering Beryllium Copper.—
I .- m . John T. Bichards (Weld. Eng., 1950, 35, (6), 23- 
2 7; (7), 37-39, 56; (8), 35-37).— [I.— ] Met. and mcch. 
properties o f C u -2%  Be alloys, recommended hoat-treat- 
mont, pickling soln., &c., are described. Procedures for 
soft soldering are g iv en ; a 50 : 50 Sn -Pb alloy is most useful, 
but a  number o f  others are also given, together with recom­
mended fluxes. Suggested procedures for pro-tinning aro 
described. [II.— ] A g brazing m ay be carried out a t high 
or low tem p .; in either case a post-ageing heat-treatment 
a t 315° C. must be given. Fluxes and methods are discussed 
and some results tabulated. Recommended techniques for 
resistance welding and some data on the -welding o f dissimilar 
metals aro outlined. [III.— ] C-arc welding precautions 
and procedures for welding the alloy and for overlaying Cu 
or mild steel aro dealt with. Metal-arc welding with A1 
bronze electrodes is frequently used. Inert-are welding 
appears to bo an ideal method, as it prevents oxidation of 
base metal and electrode. A .C. welders aro preferred; 
some current requirements are given.— W . D. B .

Welding [High-Nickel Alloy] Jet Aircraft Engines. 
Frank G. Harkins (Weld. Eng., 1950, 35, (1), 18-21).— The 
welding of some liigh-Ni alloys by  inert-arc, submergod-arc, 
and resistance-welding processes is briefly discussed.

— W. D . B .
Some Extracted Notes on Hastelloy Fabrication and Welding.

  (Weld. Research, 1950, 4, (4), 79r-80r).— The principal
welding features of the Hastelloy (Ni-base high-strength) 
alloys aro given.— W . D . B.

Tantalum Partly Replaces Niobium Content of Electrodes. 
R . D. Thomas, Jr. (Iron Age, 1951, 167, (14), 109-111).— A  
new typo 347 welding electrode, made b y  applying a Nb- 
bearing coating to  a 20 : 10 C r-N i (typo 308) core wire, 
conserves Nb and has about the same tensile and stress 
rupture properties, corrosion-resistance, and crack sensitivity. 
Owing to the shortage o f lib , a 4 0 :2 0 :4 0  N b-T a-F e 
electrode has been developed. Since, however, T a is also 
in short supply, the type 308 electrode can often bo 
substituted for both the old and the now types.

" — J. H. W.
Salvage of Castings by Welding of Defects. G. E . Bellow 

(Trans. Amer. Found. Soc., 1950, 58, 669-674).— Equipment, 
materials, electrodes, and techniques used in tho repair 
wolding of ferrous and non-ferrous castings aro briefly 
described.— V . K .

Automatic, Accurate, Flash-Butt Welding Process for the 
“  Socket Joining ”  of Various Metals [and Alloys]. K . 
Ruppin (Metall, 1950, 4, (23/24), 506-507).— A  brief note 
on the appn. and advantages o f automatic, flash-butt 
resistance welding for forming secure joints o f the rod- 
and-soeket type in similar or dissimilar metals or alloys.

— E . N.
Assembly Time on Terne Plate Tanks Cut by Forty Per 

Cent. R. D. Wasserman (Steel, 1950, 127, (5), 73, 75).—  
Describes a new welding technique which effects a saving 
when making Pb-coated steel tanks.— E. J.

Controlling Welding Distortion. C. G. Bainbridge (Canad. 
Metals, 1950, 13, (2), 41-44).— B . discusses tho main causes 
o f welding distortion and suggests practical methods for 
its control. H eat input, size o f weld, and influence o f design 
aro among the factors considered.— W. A. M. P.

Progress in Welding and Cutting ; A  Literature Review.
J. Rugo (Schweissen u. Schneiden, 1951, 3, (3), 91-96).— A  
brief review with 164 ref.— T. G.

Some Thoughts on Welding. C. L a ville (Usine nouvelle, 
1951, (Numéro spécial), 33).— Suggestions are put forward 
to explain w hy welding has been adopted as a mass-prodn. 
tool b y  some French industries and not by  others. I t  is 
recommended that moro attention should bo given to the 
possibilities o f this method o f joining metals.— H . A . H.

Cold Welding Gets Hot. ------ (Weld. Eng., 1950, 35, (2),
17-19).— A  summary o f the cold-welding process in the 
form o f an interview with an expert in this field.

— W . D. B.
Autogeneous Pressure Welding. L . W olff and O. Renner 

(Berg- u. hiiitenmânn. Monatsh. Monian. Hochschule Leoben, 
1950, 95, (12), 356-361).— A  brief review dealing w ith the 
techniquo, the typos o f equipment, the mcch. properties 
of tho welds produced with various steels and Cu-base alloys, 
and tho commercial appn. and economics of the process. 17 
ref.— E. N.

The Physical Metallurgy of Gas-Metal Reactions in Fusion 
Welding. M. Hathorly (Australasian Eng., 1950, (Nov.), 
81-88 ; discussion, 88-89).— Tho principles o f gas-m otal 
relationships aro reviewed, and their appn. to tho absorption 
of gases during fusion welding discussed. Tho effects o f 
absorbed gases during solidification of tho weld metal aro 
considered, with particular ref. to tho development o f gas 
porosity in steol, Cu, and Al. Porosity is duo to the absorp­
tion o f gas, usually H , O, C 0 2, or CO, in tho molten w eld 
metal and to tho evolution and trapping o f this gas during 
solidification. Somo effects ivhicli the absorbed gases m ay 
have on the parent metal adjacent to the wold aro mentioned 
also. 15 ref.— T. A. H.

Resistance Welding to Replace Soldering. Russell F. 
Smith (Weld. Eng., 1950, 35, (9), 20-22).— Tho relative 
advantages of tho two processes aro tabulated and somo 
examples described and illustrated.— W . D . B.

Are You Up-To-Date on Resistance Welding? W . K . 
Boico (Weld. Eng., 1950, 35, (9), 38-41, 55).— An outline 
o f some recent developments in resistance welding machines, 
e.g. frequency changes, metallic rectifiers, and slope controls.

— W. D. B.
Design Considerations in Resistance Welding.— I.-U .

W allace A . Stanley (Weld. Eng., 1950, 35, (1), 34-36; (2), 
22-26).— [I.— ] Appoaranco, strength considerations, 
tolerances, limits, &e., o f resistance welding aro dealt with. 
[II.— ] The weldability o f a  number o f metals, including 
Al, Mg, brasses, bronzes, Zn-baso die-castmgs, Pb, Cu, &c., 
is discussed, togethor w ith a tabular presentation of dis­
similar metal combinations.— W . D . B.

Cabinets Reinforced by Carbon Arc. William C. Henzlik 
(Weld. Eng., 1950, 35, (5), 32-34).— Tho manufacture of 
steel kitchen furnituro includes torch brazing with brass 
filler and C-arc welding with Cu-Si alloy filler metal.

— W . D. B.
Light-Gauge Arc Welding.  (Welding, 1950, 18, (11),

473^180).— A  description of the “  Carbo-Flux Process ” , in 
which flux-coated filler rods are deposited by C-arc welding. 
The appn. o f the process to the welding o f N i alloys, Cu, &e., 
aro briefly described.— W . D. B .

Argon-Arc Welding. M. Brillié (Berg- u. hiillenmann. 
Monatsh. Montan. Hochschule Ledben, 1950, 95, (12), 348- 
352).— [In French]. B . describes recent work, carried out in 
France, dealing with the effects o f impurities in the A , tho 
dimensions and rate o f feed o f tho W  electrode, and the 
stability o f tho arc.— E . N.

Recent Developments in Fluxes for [Automatic Submerged- 
Arc] Welding. William M. Conn (J. Metals, 1951, 191, (2), 
98-99).— The most important properties o f fluxes for use in 
arc welding are summarized, and details are given o f the 
compn. and methods of prodn. o f the three principal groups 
o f fluxes which have been developed for submerged-aro 
welding and which are based on the use o f raw (natural) 
clay, glass, and mullite. The flux consisting o f raw clay 
and chemicals is used very little to-day. Advantages of the
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ceramic flux in comparison to the glass flux arc : ceramic 
flux permits the use o f higher voltages in w elding; the 
linear footage o f weldirig/lb. flux is increased because o f its 
lower d ; the compn. of the slag and its low viscosity in a 
molten condition permit the passage o f largo amounts o f gas 
and vapour. 4 ref.— E. N.

Hard-Facing. F. W . Weigel (Machine Design, 1950, 22,
(5), 126-128).— -W. describes the appn. o f hard-facing to the 
screw roll o f a  vegetable oil press. The roll is subjected to 
abrasive foreign m atter in addn. to vegetable and animal 
acids. The materials used for hard-facing include Co-base 
alloys, composite alloy rods of Fe and N i alloys or Fe-base 
alloy rods. Great care must be taken after hard-facing to 
avoid serious cracking o f the coating from the base metal.

— D . M. L.
Methods of Repairing Articles in Steel, Cast Iron, Copper 

and Its Alloys, and in Aluminium and Light Alloys, by Metal 
Spraying with an Oxy-Acetylene Pistol. M. Cauchetier 
(Fondcrie, 1951, (63), 2385-2391).— C. describes various types 
of oxy-acetylene pistol and the methods o f using them for

repairing metal parts and explains tho mechanism of the 
process.— J. H . W .

New [Colmonoy] Metal-Spraying Process. H. Reiningor 
(Metalloberjlàchc, 1950, [A], 4, (7), 105-107).— A  description 
o f tho Colmonoy metal-spraying process, and its appn. to 
the fabrication of machinery, and the repair o f worn and 
broken parts. 9 ref.— E . N.

A  Hundred Years of Progress and Development in Metal 
Joining Processes. F . A . F ox and A . J. Hipperson (Sheet 
Metal Ind., 1951, 28, (289), 465-472).— F. and H. trace the 
developments in the art o f joining metals since 1851. Develop­
ments are considered under headings such as resistance 
welding, gas welding, non-ferrous welding, brazing, soldering, 
& c. 38 ref.— R . J.

Welding Hazards : Industrial Health Bulletin. ------
(Canad. Metals, 1950, 13, (1), 45).— B rief notes are given on 
the following health hazards associated with welding : (1 ) 
inhalation of toxic gases, fumes, and dusts ; (2) exposure 
to radiant energy produced by the welding process ; (3)
elect, shock and burns ; and (4) flying particles.— W. A. M. P.

22 —  IN D U S T R IA L  U SES A N D  A PPLIC A T IO N S
A  Review of the Properties and Uses of Super-Purity 

Aluminium. S. M. Lawrence (Sheet Metal Ind., 1951, 28, 
(286), 141-145).— A  review o f the well-known properties of 
supor-puritv (99-99%) A l. Various appn. are enumerated.

— R . J.
Demountable [Aluminium Alloy] Buildings. ------  (Light

Metals, 1950, 13, (146), 156-160).— An illustrated description 
is given o f A l alloy demountable buildings built on the 
Briggs system. The whole assembly is boltless, with the 
exception o f the holding-down bolts used when the buildings 
are erected on concrete foundations, and the framework 
is built up, not o f individual members, but o f a  number of 
frames connected together w ith tie bars and sockets.

— J . E . T.
The O.P.E.C. [Aluminium Alloy] House. Maurice Victor 

(Rev. Aluminium, 1950, (171), 405-413).— A  description is 
given o f a bungalow which is built with a light-alloy fram e­
work, A l roof sheets, interlocking A l alloy sidings, and 
internal plaster-board panelling. The Al alloys used are 
those contg. 3 and 5 %  Mg. Several details o f construction 
are illustrated.— J. E . T.

Aluminium Air-Borne Prefabs : [U.S.] Air Matériel Com­
mand Tests a Prefabricated Structure of Aluminium Panels
Designed to be Flown to Forward Bases. ------ (Light Metal
Age, 1950, 8, (1/2), 11).— H . A . H.

Aluminium Roofing : The Congress of the International 
Union of the Roofing, Plumbing, and Sanitation Industries.
  (Rev. Aluminium, 1950, (171), 417-420).— Summarizes
certain resolutions made a t the congress concerning tho use 
o f A l and A l alloy components. While the use of A l for 
water-pipes and plumbing fittings, w ith tho exception of 
air ducting and gas flues, was rejected, a motion advocating 
its use for roofing was adopted. The necessary precautions 
arc referred to in detailed reports.— J. E . T.

New Roofing Material [Aluminium]. ------ (Sheet Metal
Ind., 1951, 28, (289), 462).— The new A l cork ' sandwich 
insulated panelling used for the Thames-sido Restaurant at 
the [London] South Bank Exhibition is described.— R . J.

A  Review of the History, Theory, and Uses of [Aluminium] 
Metal-Foil Insulation. H . Manley (Sheet Metal Ind., 1951, 
28, (286), 161-166).— Over recent years the use of m etal 
foil for insulation has greatly increased, and M. traces the 
history o f its use. Metal foils have three uses in that they 
insulate from : (a) heat and (6) cold, and they prevent
condensation. Some o f the problems o f insulation are 
considered, and various methods of applying foil for insulation 
purposes are also discussed. Some well-known examples o f 
successful A l insulation projects are briefly mentioned. 
M. concludes that the chief advantages of A l foil for insulation 
are lightness, cheapness, and ease o f appn. 14 ref.— R . J.

Modern Aluminium W all Plates Feature Alumilite
Finishes. ------ (Modern Metals, 1951, 6, (12), 34).— Appn.
o f Alumilited A l to switch plates is described.— R. J.

Roll-Up Aluminium Doors [Are] Easy to Operate; Save
Space. ------- (Modern Metals, 1951, 6 , (12), 36).— The appn.
o f A l to the fabrication o f roll-up doors for closing off 
kitchenettes proved ideal.— R . J.

Light Alloys at the Building Exhibition : Olympia, 1949.
  (Light Metals, 1950, 13, (144), 38-55).— A  description
is given of exhibits utilizing A l and Mg alloys which were 
shown a t tho 1949 Building Exhibition.— J. E . T.

Dramatic Application of Aluminium in British Architecture.
  (Light Metal Age, 1950, 8, (1/2), 12-13).— A  note on
the use of A l for the domed ceiling o f the R o yal A lbert H all, 
London, in railw ay coaches and bookstalls, &c.— H. A . H.

Fifty Years of Light Metal Progress in Architecture. ——  
(Light Metal Age, 1950, 8, (1/2), 8-10, 34).— A  survey o f the 
use o f A l in American architecture over tho past 50 years.

— H. A . H.
Aluminium in Road Transport. —  (Light Metals, 1950, 

13, (146), 160-165; (147), 186-191).— A n account is given 
o f the papers read a t an Aluminium Development Associa­
tion symposium on road transport appn. Goods and 
public-transport vehicles are discussed in some detail, and 
m any examples o f long service life and weight-saving are 
given. A  paper on A l alloys for private cars deals w ith 
the selection of suitable alloys and concludes w ith an estimate 
th at their use in place o f steel in a  10-h.p. unitary-typo car 
would reduce the weight b y  300 lb . Papers on the properties 
of alloys suitable for use in this field and on tho maintenance 
of light alloy vehicles are also summarized.— J. E . T.

Outlook for Aluminium in the Automobile Industry. C. P. 
Bedford (Modern Metals, 1951, 6, (12), 22-25).— A  review 
of the potential m arket for A l in the U .S. automobile 
industry. Uses are sub-divided into : (a) items already in 
prodn., (b) items which appear feasiblo in the future.

— R . J.
Problems of Change-Over from Steel to Aluminium in

Fabricating Truck Bodies. ------ (Light Metal Age, 1950, 8,
(9/10), 8-9).— H. A . H.

Aluminium Alloys for Mining Equipment. J. C. Bailey 
(Iron Coal Trades Rev., 1950, 161, (4314), 923-927 ; (4315), 
977-980).— B. reviews the main characteristics o f A l alloys 
from the standpoint o f the mining engineer, and mentions 
various equipment which successfully incorporates the alloys 
in their construction.— E. J.

Light Alloys in Monotower Crane Construction. ------
(Engineer, 1951, 191, (4969), 519).— Describes a crane fitted 
w ith a 160-ft. jib  constructed m ainly o f A l alloy.

— D . K . W .
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How a Progressive Manufacturer Is Streamlining Aluminium 
Fabrication. Pliilip Brcnton (Light Mêlai Âge, 1950, 8, 
(7/8), 8-9, 24-25).— An account of the manufacture o f Al 
baby “  strollers ”  by  the A . E . Petersen Manufacturing Co.

— H. A . H.
Precision Manufacture of Aluminium [Aircraft Equip­

ment]. Gilbert C. Close (Light Metal Age, 1950, 8, (5/6), 
10- 1 1 , 20- 2 1).— An account o f the precision manufacture 
by  the AiRescarch Manufacturing Company, Los Angeles, 
of A1 and A1 alloy air- and heat-control equipment for fast, 
high-flying aircraft.— H. A . H.

New French Liners [Using Aluminium Alloys]. Pierre 
Vidal (Lev. Aluminium, 1950, (170), 374-376).— A  description 
is given of the construction o f a  hangar on the liner “  Liberté ”  
for the transportation o f passengers’ motor cars. The 
material used was the A l-5 %  Mg alloy, and the hangar has 
a two-section, roller-type MacGregor hatch cover in its roof, 
which is made o f tho same material. In the liner “  Kairouan,”  
which has recently been refitted, the children’s play room is 
constructed from sections and sheets o f A l-5 %  Mg alloy, 
and 330 tourist-class bunks are made o f the same material.

— J. E . T.
Aluminium Survey Vessel “  A in-Al-Bahr.”  ------ (En­

gineering, 1951, 171, (4438), 188-189 ; and also Engineer, 
1951, 191, (4961), 260-262; Metallurgia, 1951, 43, (256), 
68).— Describes a 60-ft. survey vessel built on the “  stressed 
skin ”  principlo. Tho method of construction leads to a 
marked saving in weight, with consequent reduction in 
draught, size o f propelling machinery, fuel tanks, &c. 
Extruded sections and hull plating arc in AW 5 alloy, and 
tho deck is o f A W 10 alloy.— D . K . W.

The Developing Uses of Light Alloys for Boat Building.
G. L . R . W atkins (Light Metals, 1950,13, (147), 206-214).— W . 
recapitulates tho advantages of A1 for marine appn. and 
gives numerous examples of its use in light craft.

— J. E . T.
Aluminium-Sheathed Impregnated Pressure Cable. ------

(Machinery Lloyd, 1950, 22, (10), 99).— Al-sheathed cables 
are now availablo in a  rango o f sizes and types. The 
sheath o f an impregnated pressure cable is required to 
withstand an internal N  pressure o f 200 lb./in.2, A1 
cables, unlike Pb, do not require an external steel reinforce­
ment. Corrosion of A1 in the buried condition is no 
greater hazard than when using Pb and steel reinforce­
ment. The fatigue endurance of A1 is much higher than 
Pb and it is unnecessary to take any special precautions 
for Al-sheathed cables installed in positions where vibration 
is severe.— H. Pr..

Aluminium Tubes for Electrical Conduit. Maurice Victor 
(Rev. Aluminium, 1950, (170), 363-367).— Cf. Met. Abs.,
1950-51, 18, 399 and 558. Notes are given on tho use of 
A1 tubes for elect, conduit, with particular ref. to tho 
installation a t the Northern Aluminium Co.’s plant at 
Rogerstone.— J. E . T.

Connectors [in Aluminium Alloys] for Electrical Conduit. 
Jean Prieux (Rev. Aluminium, 1950, (170), 368-369).— The 
French standards for domestic elect, fittings accept tho use 
o f several types o f light alloys for tho manufacture of con­
nectors for conduit. Such parte, made by gravity  or pressure 
die-casting, are described, and their interesting characteristics, 
which include lightness, strength, ease o f machining, and 
durability, are discussed.— J. E . T.

Uses of Light Metal Castings. A . Buckeloy (Neue Giesserei, 
1950, 37, (10), 190-194).— A  review of tho developments 
of tho light-m etal casting prodn. in the British zone o f 
Germany since the end o f the war. B . gives some examples 
of castings for various appn. and shows ways to increase 
their use. Ho concludes with cost figures.— H. K .

Aluminium Castings Improve Design of Vane-Axial Fans.
F . L. Church (Modern Metals, 1951, 6, (12), 28-30).— The 
use of A1 in vane-axial fans favoured by the U .S. N a vy  is 
described.— R . J.

Magnetic Separator Housed in Aluminium. ------ (Modem
Metals, 1951, 6, (12), 32).— A l, being non-magnetic, is an 
ideal material for housing magnetic separators.— R . J.

[Aluminium Articles] In Hotel and Restaurant. ------
(Light Metals, 1950, (146), 115-119).— A  description is given 
o f equipment utilizing A l and its alloys shown a t tho 1950 
Hotel, Restaurant, and Catering Exhibition, London.

— J . E . T.
Aluminium Grain Bins Will Help Store Surplus Food 

Crops. ------ (Light Metal Age, 1950, 8, (1/2), 15).
— H. A . H.

New Process for Manufacturing Aluminium Foil Tubes.
  (Light Metal Age, 1950, 8, (5/6), 12-13).— A  note on
the introduction of a new machino for the prodn. o f tubes, 
such asnre a t present used for toothpaste and shaving creams, 
from foil, laminated or coated on both sides with plastic. 
Tho advantages o f this process aro outlined.— H. A . II.

The Limits of Working Temperature for Copper Tubes 
Expanded into a Steel Tubeplate. J . G. Burnell (J. Inst. 
Eng. Australia, 1950, 22, (10/11), 229-234).— Cu tubes 
expanded into a mild-steel tubeplate, commonly used in 
heaters and heat-oxchangers, are often subjected to con­
siderable pressures and temp. The stresses in an expanded 
element are briefly examined, and the effect o f differential 
expansion botween tho tube and plato is discussed. Tho 
effects are briefly described o f annealing and cold w ork on 
the properties o f Cu. Teste are reported showing tho holding 
power of Cu tubes expanded into steel tube-platcs following 
various procedures. Temp, up to 320° F . (160° C.) m ay be 
used where every care is taken in expanding the tubes so as 
to secure 3 %  extrusion on the soatmgs. For temp, up to 
500° F. (260° C.) 70 : 30 Cu-N i tubes can safety bo used.

— T. A . H.
Fighter Wing Redesigned for Magnesium. D . H . Black 

(Iron Age, 1951, 167, (13), 90-92).— Experimental wings o f 
thick Mg sheet have been made and successfully applied 
to fighter aircraft. This construction eliminates many 
stiffeners, saves manufacturing time, and enables 30%  more 
fuel to bo carried.-— J. H. W .

Magnesium Dockboard Employs Extruded, Cast, and 
Wrought Parts. Gene Beaudot (Iron Age, 1951, 167, (5), 
107-109).— B. describes the construction of an all-welded 
Mg dockboard that is as strong but only one-quarter as 
heavy as steel. A  ¿-in. plato will carry up to 1000 lb. loads, 
a f-in . plato up to  4000 lb., and a ¿-in. plate up to 12,000 lb. 
with suitable reinforcement.— J. H. W .

Production of Ozone with Refrigerated [Platinum] Anodes.
E . I. Lash, R . D . Hornbeck, G. L . Putnam , and E . D. 
Bocltcr (J. Electrochem. Soc., 1951, 98, (4), 134-137).— The 
use o f P t anodes for this purpose is described.— G. T. C.

♦Service Behaviour of Electrodeposited Silver-Lead Bearings 
in Internal-Combustion Engines. Martin Rossenbock (Z. 
Melallkunde, 1950, 41, (4), 109-114).— An illustrated de­
scription of service tests in single-cylinder I.C. engines, o f 
electrodeposited bearings of A g-P b  alloys contg. 0-4, 1-25, 
and 2-5% P b, with layers o f electrodeposited Ni and Cu 
interposed between the steel back and tho bearing surface, 
resp. Irrespective o f Pb content, such easily manufactured 
composite bearings were found to be : (1) much superior to 
those obtained w ith steel-backed olectrodcposited Cu bearings, 
and (2) a t least as good as those obtained w ith steel-backed 
bearings having cast-on liners o f Pb bronze (Cu 70-85, Pb 
30-15% ), the successful manufacture of which is difficult. 
10 ref.— E . N.

Tantalum Electrolytic Capacitors. M. Whitehead (Bell 
Lab. Record, 1950, 28, (10), 448-452).— The design and 
characteristics o f T a capacitors are described.— D. M. D.

Titanium : Huge Expansion for Defence Paves W ay for 
Civilian Use. F . L. Church (Modern Metals, 1951, 6, (12), 
19-21).— A  summary of the potential uses of Ti. The 
properties which make T i attractive as a  commercial material 
are briefly reviewed, and C. then considers future appn. 
Some possible uses include appn. in the chem. and petroleum 
industries, for marine appn., and in aircraft, &c. Although 
the usefulness o f the material is established, the m ajor 
factor limiting its commercial exploitation is the rate of 
prodn. C. considers that T i will mature a t a much faster 
rate than either Al or Mg.— R . J.
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Uses o! High-Purity Zinc-Alloy Bearings. F. Richter 
(Werkstatt u. Betrieb, 1950, 83, (4), 142-144).— The use o f 
high-purity Zn-alloy bearings for various appn. is described. 
R . quotes practical results obtained w ith such bearings 
covering a  wide field in order to draw conclusions for other 
appn.— H . K .

Lighter and Brighter Metals Find Increasing Application for 
Architectural Metalwork. Charles R . Fleishman (Western 
Metals, 1950, 8, (7), 17-18).— A  short survey on the appn. o f 
Al, bronze, and stainless steel for building purposes.— T. G.

Critical-Metals Usage Slashed in Revised Television Circuits. 
A . H. Allen (Steel, 1951, 128, (14), 78-81).— Describes the use 
o f substitute and alternative metals and alloys for those in 
short supply in components such as those used in television 
sets.— E . J.

Centrifugally-Cast Hard-Metal Alloys Bring Longer Life and 
Improved Design. Charles E . Rogers (Western Metals, 
1951, 9, (1), 22-23).— Deals w ith the appn. o f contrifugally 
oast hard metals, ferrous and non-ferrous. The base material 
o f the non-ferrous hard metals is Co in which hard particles of 
Cr, W , &c., carbides are embedded.— T. G.

Cemented Carbides in Industry. H .W . Greenwood (Machinery 
Lloyd, 1950, 22, (19), 88-93).— The addn. o f TiC to W C 
eliminated the early cratering trouble in comentod-carbide 
cutting tools. The incorporation o f the TiC brought about a 
rise in tomp. a t which there was a  tendency for the tool 
material to wold to the machined part on the turning. TaC 
has been used with Ni as a cutting tool for steel. F t  has 
been used successfully to supply the liq. phase in those cases 
where N i and Co have been prono to  chem. attack. The use 
o f cemented carbides as liners for dies in making powder - 
m etal products has speeded up prodn. and reduced overall 
costs. The small rivets o f brass, A u, and stainless steel are 
made b y  producing the button head in a  cemented carbide 
tool rotating a t high speed. Guides, eyelets, and needles 
made o f cemented carbides have shown something of the 
order o f 100 times the life under high-speed textilo threads 
when compared w ith hardened steel, and very  much more 
when compared w ith porcelain. Cemented carbides are also

being successfully used as horsoshoe studs, studs for shoos 
used by policemen and others having to patrol hard pave­
ments, dirt-track riders’ boot tips, and gramophono needles.

— H . P l .
Working Surfaces for Radiochemical Laboratories : Glass, 

Stainless Steel, and Lead. Paul C. Tompkins and Oscar M. 
Bizzell (Indust, and Eng. Chem., 1950, 42, (8), 1469-1475).—  
T . and B . describe a  system atic attem pt to develop simple 
tests for the comparison o f the susceptibility o f protective 
coatings and structural materials to radioactive contamination 
and their subsequent ease of decontamination. The data are 
reported in terms o f two new ly defined quantities called the 
decontamination index, D I  =  log(activity on surface before 
contamination)/(activity on surface after contamination), and 
tho spill index, S I  =  — log(activity on surface after de­
contaminating spill)/(total activ ity  of sample spilled). Tho 
D I  is proposed as a measure o f the degree o f removal o f air- 
dried radioisotopes as contamination from surfaces, and the 
S I  as a  measure o f the situation created in case o f an accidental 
spill which is cleaned up within an hr. Tho presence of iso­
topic carrier in the decontamination reagent is demonstrated 
to be of little value, and the justification for the use o f complex- 
ing agents is shown to rest on erroneous conceptions of the 
decontamination mechanism. Conclusions regarding tho 
suitability o f glass, stainless steel, and Pb for radiochom. 
laboratory surfaces are drawn, and a schedule for safe opera­
tion a t various levels o f activ ity  is presented. 15 ref.— D. P . M.

Chemical-Engineering Materials of Construction : A  Re­
view of the Literature.  (Indust, and Eng. Chem., 1950,
42, (10), 1951). Aluminium Alloys. E . D. Verink, Jr., and
H. W . Fritts (ibid., 1955-1956). Wrought Copper and Copper- 
Base Alloys. C. L . Bulow (ibid., 1970-1977). Nickel and 
High-Nickel Alloys. H . O. Teeple (ibid., 1990-2001). Tin 
and Its Alloys. Robert J. Nekervis (ibid., 2020-2022). 
Less Common Metals. D. B . Broughton (ibid., 2023-2025). 
Properties of Chemical-Engineering Materials of Construction.
 .(ibid., 2026-2076).— General reviews, including tables of
compn., mech. properties, appn. and uses, together w ith an 
extensive bibliography.— D. P . M.

23 —  M ISC EL LA N EO U S
•¡■Chemical and Metallurgical Equilibria in the Works of 

Henry Le Chatelier and in Present-Day Science. Maurice 
R ey  (Rev. Met., 1951, 48, (3), 161-172).— R . illustrates Le 
Chatelier’s work and its relation to modern theories by  
discussing his investigations into chem. equilibria a t  high 
temp, and into the equilibria o f soln. 14 ref.— J. H. W.

Mining and Metallurgical Meeting at Freiberg, 17-19th
July, 1950. ------ (Metall, 1950, 4, (17/18), 380-381).— A
brief report o f some o f tho papers presented a t the meeting. 
—  Wagemann spoke on R e, its prodn. and utilization. Tech. 
pure R e, contg. >0 -01%  Fo can be recovered from flue 
dusts in Pb smelting. I t  can be used in electrolytic 
apparatus, catalysers, pyrom ctry, jewellery, electroplating, 
and opt. equipment. —  Morawietz discussed the prodn. 
o f pure T i and Z r— by the K roll and van Arkol pro­
cesses, and a modification o f the latter used a t Bitterfeld. 
Tho properties and economic utilization o f the metals 
wcro mentioned. C. F . Althof dealt w ith inter- and trans- 
eryst. corrosion— especially w ith regard to stress corrosion 
and its damaging effects on steels as well as light metals. 
O. Emicke described materials, rolling mills and rolling 
procedures for the prodn. o f A l foil.— E . N.

The Status of the Aluminium Industry. ------  (Light
Metal Age, 1950, 8, (9/10), 10,26).— A  report b y  the Aluminum 
Association o f America.— H. A . H.

Aluminum Company of America Point Comfort Works. 
 (Mines Mag., 1950, 40, (8), 13-16).— N . B . V.

Alcoa Today : Vast Growth Under W ay for W ar or Peace.
 (Modem Metals, 1950, 6, (11), 22-25,28-29, 31, 33-34).—
Describes the expansion o f the Aluminum Company o f

America from 1911 to the present day. Includes a description 
o f the Company’s 31-story skyscraper in which extensive 
use is made of A l.— R . J.

Canada’s Arvida [Aluminium] Works.  (Esso Oilways,
1950, 3, (4), 1-6).— Plant and processes a t the A rvida (Quebec) 
works of tho Aluminum Company of Canada are described and 
illustrated. Ref. are made to the history, properties, and 
appn. o f A l.— J. R .

The Aluminium Industry [in India]. S. K . Ghaswala 
(Sci. and Culture, 1951, 16, (8), 343-347).— A  general survey 
of the A l industry w ith special ref. to A l prodn. in India. 
A lloy developments are traced and their appn. in various 
engineering and indust, fields is outlined from the standpoint 
of methods o f manufacture. G. concludes with statistical 
data on world prodn. o f ferrous and non-ferrous metals.

— S. K . G.
Italian Aluminium Makers. ------ (Esso Oilways, 1950,

3, (4), 12-13).— Prodn. and processing o f A l in Ita ly  are 
illustrated and briefly discussed. Montion is made of Italian 
conditions (i.e. the availability o f hydro-elect, power and tho 
comparative lack o f coal doposits) encouraging the sub­
stitution o f home-produced A l for imported metals. An 
instance of this is the wide use o f A l in place o f Cu in elect, 
appn., an important factor in a country the industry of which 
is largely dependent on elect, power.— J . R .

Norwegian Power and Aluminium.  (Esso Oilways, 1950,
3, (4), 14-16).— The Norwegian A l industry is discussed w ith 
particular ref. to  the utilization o f hydro-elect, power. The 
illustrations include a  view  of one of the pot-houses a t A/S 
A rdal Verk.— J. R .
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Aluminium Technology in Switzerland. — —  (Esso Oil- 
ways, 1950, 3, (4), 17-18).— A  brief outline is given o f the 
devolopmont o f the Swiss A l industry. A  diagram illustrating 
the raw-material and power requirements for the prodn. of 
a  ton of A1 is reproduced.— J. R .

Aluminium and Its Alloys in 1950 : Some Aspects of 
Research and Technical Progress Reported. E. Elliott 
(Metallurgia, 1951, 43, (256), 69-72).— A  review with 42 ref.

— F. M. L .
Aluminium Supply and Demand : Development of New

Applications Likely to be Retarded. ------  (Metallurgia,
1951, 43, (256), 65-66).— A  reviow.— F. M. L.

A  Hundred Years of Aluminium : A  Review of Its Evolution 
and Development. E . G. W est (Sheet Metal Ind., 1951, 28, 
(289), 441—450).— W . follows tho gradual development of 
A1 and discusses p ro d n .; alloy developm ent; gradual 
development in appn., including these in elect., food and 
chem., building, marine, transport, and mining industries.

— R . J.
Cobalt. ------(J. Metals, 1951, 191, (1), 17-24).— A  report

on this strategic metal, discussing : (1) sources— the Belgian 
Congo, N. Rhodesia, U .S.A ., Canada, and French M orocco;
(2) current and future appn., w ith special ref. to  its use in 
magnot steels, Stellite-type alloys, alloys resistant to high 
temp, and erosion, and die and cutting tools, and (3) future 
supply possibilities.— E . N.

Ancient Syrian Coppers and Bronzes. Robort J. Braidwood, 
Joseph E . Burke, and Norman H . Nachtriob (J. Chem. 
Education, 1951, 28, (2), 87-96).— Cast and wrought Cu and 
bronze specimens from two archaeological sites ombracing 
cultural sequences from ~5000 to 2000 B .C .  in Syria are 
illustrated, and chom. analyses and motallographic data aro 
presented and discussed. The first appearance o f Cu tools 
is in the period ~3500-3100 B .C . ,  and by ~3100-2800 B .C .  a 
relatively elaborate m etal industry showing evidences of 
sound casting techniques and intentional addn. o f such 
elements as As and Sn was established; this coincidence of 
a  high standard o f met. art w ith the first appearance o f metal 
objects is an outstanding finding from examination o f the 
specimens. Some corrosion phenomena observed are briefly 
discussed.— J. R .

Greek Bronze Statue. Pierre Hubcrson (Fcmderie, 1951, 
(62), 2366-2367).— H. describes a fifth-century statue of 
Christ, 1-80 m. (70 in.) high, cast in bronze in seven pieces.

— J . H . W.
Gold-Copper Alloys in Ancient America. William C. Root 

(J . Chem. Education, 1951, 28, (2), 76-78).— Casting and 
gilding o f Cu-A u alloys b y  sixteenth-century American 
Indians are discussed.— J. R .

World Production and Consumption of Lead: Economic
Aspects (1938-1949).------ (Metall, 1950, 4, (17/18), 386-
387).— E . N.

Severe Investigation Shows Magnesium Logging Wedges 
Not a Fire Hazard. E . M. Cramer and A. R . Hard (Light 
Metal Age, 1950, 8, (7/8), 10 -11, 21).— A  report on tests by 
tho Division o f Industrial Research o f the State College of 
Washington to determine i f  a  fire hazard exists by  the use 
of Mg alloy wedges in logging operations. I t  is concluded 
th at this use does not constitute a fire hazard.— H. A . H.

The International Nickel Company of Canada.  (Metall,
1950, 4, (17/18), 385).— E . N.

A  Rapid Immersion Silvering Method of High Efficiency. 
P. B . G. Upton and E . F . G. Herington (Research, 1950, 3,
(6), 289-290).— A  method o f deposition o f A g films is described; 
this is by  reduction o f a  soln. o f A g ammonionitrate by 
hydrazine sulphate, in which the deposition o f A g elsewhere 
than on the desired surface is prevented by the presence of 
pyridine. Inhibitors other than pyridine can be used, such

as cyclohexylamine or N H 3, provided that an addn. o f cetyl 
pyridinium bromide is also made to the soln.— F . A . F.

Chemical Deposition of Silver on Non-Conductive Bodies. 
John T. Owen (Plating, 1951, 38, (4), 353-357).— A  summary 
o f the chem. deposition o f A g on non-conducting bodies 
b y  the spray method is presented and in addn. information 
is given on tho prepn. o f objects and soln. for uso in other 
methods also. Details are included for the silvering of 
glass and o f plastics and the lacquering and colouring of the 
deposits and appn. o f electrodeposits ovor them is briefly 
mentioned. Information is presented on the measurement 
of brightness and on the detn. o f film thickness. Q IJ» Q

The Asiatic Tin Industry. ------ (Metall, 1950, 4, (23/24),
531-532).— A  brief outline of its growth during the years 
1930-19.— E. N.

Wood’s Metal Replaces Assembly Fixtures. Ben C. 
Brosheer (Machinist (Eur. Edn.), 1950, 94, (52), 1882- 
1884).— Turbine blades for hydraulic torquo convertors were 
set in place with W ood’s metal instead o f by complicated 
fixtures, resulting in no adjustments, plenty o f speed, and 
reduced costs.— J . H. W .

Virgin Metals in North America. I.— The U.S.A. Richard 
W eyl (Metall, 1950, 4, (23/24), 527-530).— A  statistical 
review o f the annual prodn. and consumption, from 1939 
to 1949, o f : Au, Ag, H g, P t, Cu, Sn, Pb, Zn, A l, Mg, Cr, 
W , V, Mo, Sb, and Ti.— E. N.

* “  Alsithermal ”  Metallurgy. Arturo Paoloni (J. Four 
Elect., 1950, 59, (1), 18-20; (2), 44-46).— Tho uses and 
properties o f A l, C, or Si as a reducing agent in sp. thermal 
met. reactions is briefly discussed. “  Alsithermal ”  m etal­
lurgy employs an alloy contg. A l 50, Si 35, Fe 10, T i 2-5-3, 
and C 1-1-5 %  as tho reducing agent. Experiments on tho 
“  Alsithermal ”  reduction of pyrites and o f a Mn and a Ti 
mineral aro described.— H. A . H.

fRadioactive Isotopes in Industry. I.— Metallurgy. ------
(Atomics, 1951, 2, (2), 39-42).— Radioactive Fe (Fe65 or Fo69) 
has been used to determine the diffusion rates that enter 
into such phenomena as annealing, hardening, rccrystn., 
grain-growth, and high-tomp. behaviour in steel. Tho 
diffusion of C in a-Fe has been studied with radioactive C14 
a t temp, below 725° C. Radioactive Zn and Cu have been 
used to study self-diffusion in stressed metals. Radioactive 
W 185 has been used to locate tho W  in a 70:25 : 5 N i-C r-W  
a llo y ; it  was found in the dendrites. In  a Co-base alloy it 
was shown that the W  is generally associated with the inter- 
metallic compounds and solid soln. between tho dendrites. 
Tho few tenths %  o f A l present in Si rectifiers aro located 
b y irradiation with neutrons; radioactive P  has been used 
to measure and locate P  in alloys. Radioactive Fo and other 
radioactive isotopes have been used to study corrosion prob­
lems, metal-cleaning processes, and in tho study of friction 
between piston-rings and radioactive Cr-plated surfaces; 
a very much smaller amount o f worn metal can bo detected 
than with conventional techniques. Factory-scale investiga­
tions carried out b y  radioactive-tracer technique include a 
study o f gas velocities and times of contact between gases 
and solids in blast furnaces, and a study o f the distribution 
o f pyritic and organic S present in coal for blast-furnace 
coke. Tho ratio of pyritic to organic S in coal does not 
influence the S content of the finished coke. I t  is suggested 
that the flow o f metal during extrusion, casting, or forging 
bo studied by the now tracer technique.— J. S. G. T.

Radioisotopes Aid Studies oi High-Temperature Materials. 
W. E. Jones (Steel, 1951, 128, (13), 78).— Tho uso o f a radio­
active W  isotope for the study of the structure of a  Co-baso 
alloy is described. Health precautions are discussed.

— E . J.
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25 — BOOK REVIEWS
Progress in Metal Physics. Volume II. Edited by  Bruce 

Chalmers. 9J X 6 in. Pp. viii +  213, with 107 illus­
trations. 1951. London : Butterworths Scientific Publica­
tions (45s.); N ew Y o r k : Interscience Publishers, Inc. 
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The contents o f this second volume o f the series confirm 

the impression gained from the first one that the Editor’s 
policy is to emphasize the metallurgical side o f metal physics, 
a  policy with which readers o f this Journal must surely agree. 
The impression comes not so much from the choice of subjects 
fo r  the reviews— although the less practical ones are certainly 
avoided— as from the w ay  in which they are expounded. 
The reader does not have to know much more about metal 
physics than is to bo expected of an average metallurgist, 
and will often find that his scientific pill has been sugared 
w ith a few practical tips.

L ittle specialized knowledge is assumed in the very readable 
essay by Dr. H. Lipson on “  Ordcr-Disorder Changes in 
Alloys ” , with which this volume begins. Avoiding the 
severely m athematical theories o f co-operative phenomena, 
the author has chosen to give instead a descriptive, though 
critical, account of the main experimental facts and their 
interpretations in terms o f intuitive physical models. The 
reader is led skilfully and gently from elementary notions 
about lattices and X -ray diffraction to very recent and 
advanced experiments on short-range order and domain 
structures. More mathematical at first, although becoming 
distinctly practical towards the end, the article on “  Anisotropy 
in M etals”  contributed b y  Dr. W . Boas and Mr. J. K . 
Mackenzie is extrem ely good. Realizing that one cannot 
discuss anisotropy properly without using the mathematics 
o f directional properties, they begin with a  lucid introduction 
to  vector relations, and this places them in a strong position 
for the subsequent discussion of various interesting m etal­
lurgical effects.

The metallurgical aspect is emphasized heavily in Mr. H . G 
W arrington’s article on “  Developments in Magnesium 
A lloys.”  This contains little metal physics, although sections 
are included on such topics as the nucleation theory o f grain

refinement, and magnesium-Iithium alloys. One feels that 
the author’s real interest is in metal economics, and that he 
would have preferred to continue along the line o f thought 
suggested by his interesting theory o f how and w hy the 
number of successful commercial alloys changes w ith time 
(p. 124). A  different view  o f time and change is taken in 
Mr. I. I. Betcherman’s essay on “  R ate Processes in Physical 
Metallurgy.”  In this case activation energy is the root of 
all changes; and these are timed by the Arrhenius equation. 
Although its importance is beyond question, it is less certain 
that this equation is the best starting point for understanding 
such processes as precipitation, creep, and recrystallization. 
So m any subtle and unexpected things happen when atoms 
move about in solids that one could hardly expect to pick 
on the right explanations just by  considering energies and 
entropies o f activation.

A  glimpse into some o f these subtleties is provided in 
three very topical articles on “  Polygonization,”  with which 
this volume concludes. In the first- o f theso, a clearly written 
and well-documented survey b y  Dr. R . W. Cahn, sound 
reasons are given for recognizing that a t least five different 
processes, recover}', polygonization, recrystallization, grain- 
growth, and secondary rccrystallization, m ay take place 
when a worked m etal is heated; the phenomenon o f strain- 
ageing shows that even this list is not exhaustive. In this 
article and those which follow, by  MM. A. Guinier and J. 
Tennevin, and b y  MM. C. Crussard, F. Aubcrt-in, B . Jaoul, 
and G. W yon, winch do justice to the distinguished French 
contributions in this field, there is an exciting feeling that 
here one is actually witnessing the making o f metal physics.

The excellent printing and binding o f the first volume sot 
a high standard, which is fu lly  maintained in the present 
one. And so it should be, since 45s. is a  lot o f money for 
213 pages, even though these carry articles o f very high 
scientific value. I t  is to bo hoped that potential customers 
will not demonstrate the truth o f Mr. W arrington’s thesis 
that, in practice, economic factors always predominate 
over scientific interests.

A . H. C o t t r f .l l .
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Gmelins Handbuch der anorganischen Chemie. 8. Auflage.
Heransgogeben vom Gmelin-Institut in Clausthal-Zellerfold.
System-Nummer 68 : Platin. Toil A-Lieferung 6 : Die
Legierungen der Platinmetalle : Osmium, Iridium, Platin.
25'7 X 17-5 cm. Pp. xxii -j- 719-854, w ith 74 illustrations.
1951. W cinheim/Bcrgstrasse: Vcrlag Chomie G.m.b.H.
(Brosch., DM 36.— .)

Those who are fam iliar w ith Gmelin’s series of handbooks 
w ill know w hat to expect, and they will not be disappointed 
with the volume under review. They should stop reading 
this notico a t  this point.

I t  might, howevor, be useful to say a  little more to new­
comers who m ay not be fully acquainted w ith these excellent 
publications. I t  is worth noting th at although a wide and 
detailed knowledge o f German is probably required to make 
the fullest possiblo use o f  the text, anyone who has dono 
“  Basic Gentian for Science Students ”  and taken it  seriously, 
can use the Handbuch w ith profit.

Liofcrung 6 completes the series devoted to the platinum 
metals. I t  provides summarized information on most o f 
the published work on the alloys o f osmium, iridium, and 
platinum up to December 1949, and thus fills an appreciable 
gap. The H ow e-Baker bibliography is not y et available 
beyond 1940, and Hansen’s “  Der Aufbau der Zweistoff- 
legierungen ”  is getting badly out o f date. Moreover, the 
volume under notice is o f much wider scope; it is far more 
than a  bibliography, and it covers in addition to equilibrium 
diagrams, m echanical properties and heat-treatment, magnetic 
and electrical properties, and some o f the more noteworthy 
chemical properties including reference to catalytic activity. 
The information is not limited to binary alloys, and it  is 
comprehensive. One can learn from the first page, for 
example, that there is no published information about alloys 
o f osmium w ith polonium and its isotopes.

Those who say, w ith regret or otherwise, that there is little 
interesting work to be done on constitutional diagrams o f 
binary alloys, m ight like to note th at there is no diagram 
w orthy o f the name for any of the alloys of osmium or 
iridium.

The collaborating authors have cast their nets very wide, 
as can be seen from the m any references to Russian journals, 
manufacturers’ literature, and other sources which do not 
come to the notice o f metallurgists in tho ordinary way. 
References to “  Metals Handbook ”  seem, strangely enough, 
to be to the 1939 edition only. Perhaps they ’ve got something 
there.

A ll m etallurgists who are interested in  the platinum  
metals should have this volum e handy.

A . G . D o w s o n .

Bibliography of Electron Microscopy. Edited b y  V . E.
Cosslett. 81 X 51 in. Pp. 350. 1950. L on don : Edward
Arnold and Co. (40s. net.)

Electron microscopy has become a well-organized craft 
which has been particularly fortunate in the publication of 
several valuable bibliographies o f its literature.

Much the most elaborate o f these is now becoming availab le; 
this new bibliography covers the literature to the end o f 
1948, and, under the auspices o f the Institute o f Physics, 
quarterly supplements to it  are being prepared and published 
in tho Journal of the Royal Microscopical Society.

The entries in the main bibliography and in each supplement 
aro arranged in alphabetical order o f  the authors’ names. 
Checking against previous bibliographies shows that approxi­
m ately 80% o f tho papers then listed are included in tho 
new effort. Just 40% o f the 2200 references in the present 
volume carry abstracts, but no obvious system seems to have 
been used in choosing a  particular type o f paper for abstraction.

The bibliography is available printed on one side only of 
a  series o f sheets which m ay be cut up b y  each user and filed 
b y  any indexing system . Tho quarterly supplements are 
also to be printed on one side o f the page. In  addition, the

main bibliography has been issued as a bound volume printed 
on both sides o f the paper. In  this volume also, the references 
aro in alphabetical order o f tho authors’ names and are not 
otherwise indexed. The oxact purpose which this volume, 
which is the form submitted for review, is intended to serve 
is obscure, but to anyone who requires a  complete and well- 
printed and bound collection o f abstracts, hero it  is.

G . A .  G e a c u .

N.P.L. : Jubilee Book of the National Physical Laboratory.
B y  John Langdon-Davies. 8}  x  6 in. Pp. 104, with
168 illustrations. 1951. London : H.M. Stationery
Office. (4s. net.)

The National Physical Laboratory completed the first 
59 years o f its existence on 1 January 1950, but, by  order 
o f tho Lord President o f tho Council, the Jubilee is being 
celebrated during the Festival o f Britain. And here, prepared 
for the Departm ent of Scientific and Industrial Research by 
the Central Office o f Information, is part o f that celebration. 
I  can only say that the book disappoints me.

The National Physical Laboratory has a  wonderful tale 
to toll, but it can’t  possibly be told in a  series o f snippets, 
culled apparently from the long list o f the Laboratory’s annual 
roports. I t  is, however, quite typical o f this ago o f smatter- 
knowledge, quizzes, town forums, and “  have-a-go ” , where, 
too often, incomplete knowledge, or even complete ignorance, 
masquerades as almost omniscience, and is correspondingly 
rewarded. I t  says both too little and too much— too little 
to  bo o f any real value to  scientists, and too much that cannot 
be in any w ay intelligible to tho non-sciontific reader. Look 
a t  the outside page o f the back cover, on W’hich is pictured 
“  a  model built to  show changes that take place in a series 
o f alloys on heating or cooling ” — just th at and no more ; 
no reference to the constituent metals nor to the significance 
o f tho three co-ordinato axes. W hat would a lay  reader 
make o f it ? I  showed it  to three of m y friends and all three 
thought it m ight be a  preliminary model o f tho Giant Dipper 
a t the Fun Fair a t  Battersea !

Y e t  the book docs contain some interesting information. 
Thus we learn from p. 34 th at the gross annual expenditure 
rose from £204,507 in 1920 to £751,984 in 1950, exclusive o f 
expenditure on printing, telephones, electricity, and main­
tenance o f buildings ; during the same period, income from 
industry, &c., for testing and research rose from £45,848 
to £236,850. I  am  intrigued to know how and w hy the 
N .P .L . is the custodian, on behalf o f the Ministry o f Transport, 
o f tho electrical standards representing tho ampere, the 
volt, and tho ohm (p. 45). I t  is interesting to read that 
a strain gauge, measuring only 3 x 2  mm. overall, has been 
constructed for determining the loads on teeth during the 
mastication o f food (p. 76). T hey are evidently all sot a t 
the Laboratory for the next arrival o f our m eat supplies. 
Or is it  tho Government’s intention to specify the breaking 
strength to which our National Health dentures must, in 
future, conform ? And w hy, oh w hy, have experiments been 
made on the towing o f ship models upside down (p. 52) ?

O f most interest to metallurgists is the short section 
devoted to materials, including metals and alloys (pp. 59- 
70). Here they will find all too brief reference to system atic 
research on alloys, the effects o f impurities on the properties 
of copper, air-warfare alloys including Y  alloy, impurities 
in iron, fatigue, strength o f gas cylinders, stresses in metals, 
tools for metal research, and heat-resistanco o f metals, from 
which it  is certainly very  interesting to learn th at the 
Engineering and Metallurgical Divisions o f the Laboratory 
are, a t  present, concentrating on preparing for the demands 
o f the gas-turbine ago, and that the element titanium is now 
being as system atically studied as aluminium was examined 
a  generation ago. Altogether, this paper-bound book has 
given me a very pleasant couple o f hours’ reading, but has 
left me hungering for very, very  much more. Still, all 
interested in science will find it  very good value for 4s.

J . S. G. T h o m a s .
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Treatise on Powder Metallurgy. Volume II .— Applied and
Physical Powder Metallurgy. B y  Claus G. Goetzol. 9 x 6
in. Pp. xviii +  910, with 628 illustrations. 1950. New
Y o r k : Interscicnce Publishers, Inc. ($18.00); London:
Interscience Publishers, L td . (144s.)

This second volume, which well maintains the high standard 
o f the first volume o f Dr. Goetzel’s monumental compilation 
(see Met. Abs., 1949-50, 17, 410), m ay conveniently bo con­
sidered as divided into three sections. The first, and by far 
the longest, describes in considerable detail tho methods 
employed in tho production by powder metallurgy o f an 
astonishingly wide range o f industrial materials, and lists 
their characteristics. Tho second is an encyclopaedic survey 
o f the properties and possible usos o f “  tho metals and alloys 
which, if  produced by the powder method, have potential 
uses in industry or science ” . The third presents a masterly 
review o f all the theories o f bonding and sintering which have 
so far been proposed.

Tho ten chapters comprising tho first section deal, respect­
ively, with refractory metals and alloys, hard metals, electrical 
materials, magnetic materials, ferrous and non-ferrous struc­
tural parts, porous products, friction materials, dental 
alloys, and miscellaneous metal-powder applications. In  
all, they present a rem arkably complete account o f the achieve­
ments o f powder m etallurgy; and in particular they provide 
a most comprehensive summary o f all that has been published 
up to tho end of 1949. Inevitably, they differ to some extent 
in their weight and authority. The accounts of tho production 
o f sintered iron parts, copper-infiltrated iron pressings (called 
“  cemented steels ” ), and sintered copper and copper alloys, 
bear tho stamp o f first-hand experience. Tho. chapters on 
tungsten and “  hard metals ”  are adequate, but in the refer­
ences to some of tho more unusual applications it  is possible 
to detect signs of faltering. Thus, the requirements o f the 
user have not been fully appreciated in tho discussions on 
insulated magnetic cores and on dental amalgams, and there 
are some rather facile generalizations. The reviewer has 
noted also a  few  omissions : for instance, there is no reference 
to Swangor’s work on ductile rhodium, or to tho platinum - 
tungsten-thoria wires made in this country from sintered 
compacts during tho last w ar for sparking-plug electrodes. 
This, however, is only to say  that, as in all human endeavour, 
the survey is not p erfect; it is, nevertheless, first-class.

The second section, on materials “  for potential industrial 
use ”  is less successful. In  his attem pts to bo all-ombracing, 
the author has swept together all the odd tit-bits o f information 
on unusual alloys ho has been able to find— often tho uncon­
firmed results o f a few preliminary tests— w ith the consequence 
that this section is “  b itty  ” , repetitive, uneven in quality, and 
often unreliable and oven misleading. I t  should bo regarded 
as an annotated guide to the literature rather than as a source 
of inspiration.

The last part o f the volume, however, can be unreservedly 
recommended. Here Dr. Goetzel passes in review, very fully 
and without bias, all the theories that have been advanced 
to explain tho changes in volume and structure which go on in 
the operations of pressing and sintering. He has, as he says, 
resisted the temptation to add to the number with a theory 
o f his o w n ; but in the final summary of established facts 
and proposed explanations the truth must surely lie not far 
beneath tho surface.

W ith this volume Dr. Goctzel’s main task has been com­
pleted, for tho third volume is to bo essentially a bibliography. 
Viewed as a whole, it compels admiration for tho thoroughness 
w ith  which every aspect o f the subject has been treated and 
with which nearly every published word has received some 
mention. Its faults stem from this urge to be all-inclusive. 
There is some lack o f unity and too much avoidable repetition in 
the two volumes. Dr. Goetzel has adm irably supplied the facts 
and the documentation— it is to be hoped once and for all. Per­
haps, after a  period o f rest and assimilation, he will now' pro­
vide the understanding, and will give us a single-minded and 
authoritative account o f the subject; for it is quite certain 
that the ideal tex t on powder metallurgy has y e t to be written.

J. C. C h a s t o n .

Symposium on the Role of Non-Destructive Testing in the 
Economics of Production. Presented a t the 53rd Annual 
Meeting, American Society for Testing Materials, A tlantic 
City, N .J., June 27, 1950. (Special Technical Publication 
Number 112.) 9 x 6  in. Pp. [v] +  157, illustrated.
1951. Philadelphia (3), Pa. : American Society for
Testing Materials, 1916 Race Street. ($2.50.)
This symposium, sponsored by tho A.S.T.M . Committee 

E-7 on Non-Destructive Testing, consists o f six papers, with 
individual discussions, and a short general discussion. The 
papers are : (1) “  A  Basie Guide for Management’s Choice of 
Non-Destructive Te3ts,”  by  R . C. McMastor and S. A . Wonk 
(79 p p .); (2) “  Discontinuities in Cast and Wrought Products 
that Can bo Revealed by Non-Destructive Testing,”  by 
K . It. Van Horn (18 pp.); (3) “ The Role o f Non-Destructive 
Testing in the Economics of Castings,”  by J . W . Juppenlatz 
(6 p p .); (4) “  Tho Economics and Practical Application of 
Cobalt 60 in the Radiographic Inspection of Steel Wcld- 
ments,”  by  W . L . Schwinn (19 p p .); (5) “  Tho Economics of 
W rought Steel Inspection,”  by  C. D. Moriarty (8 p p .); (6) 
“  Management’s Responsibility for Insistence on Non- 
Destructive Testing in the Development o f New Engineering 
Products and Processes,”  by  L. W . Ball (4 pp.).

In  an introduction to these papers, the Chairman of the 
Symposium Committee, H. H. Lester, states that their main 
object is to draw the attention o f those concerned with 
management to the value of non-destructive testing in the 
maintenance o f quality and economy in production. The 
first paper comprises approximately half the symposium, 
and is essentially a  survey of the literature of non-destructive 
testing classified in twelve sections. Each section is intro­
duced by a  short description of a principle o f operation which 
is later illustrated by references to particular methods of 
testing. In  addition to a bibliography appropriate to each 
section, information relating to United States patents is 
tabulated. Tho value o f this collection of references to tho 
literature as a guide would have been greatly enhanced by 
a  critical consideration o f the material to which reference 
is made.

Van Horn’s paper refers particularly to discontinuities 
detectable by  radiography, fluorescent penetrants, magnetic 
particles, and ultrasonic reflection. Tho value o f theso 
methods is generally established, and the present paper is a 
useful record o f their fields o f application and their limitations. 
I t  contains an interesting series o f photographs showing 
classified types o f defects.

The relative costs o f visual inspection and non-destructive 
tests are compared in the third paper, which, although short, 
comments usefully on the extent to which non-destructive 
testing is justifiable economically. Schwinn’s is a  technical 
paper comparing cobalt 60 as a source of gamma-rays with 
radium and X -ray generators o f 250-2000 kV. and seems 
rather out of place in this symposium. Tho fifth paper is 
directly relevant to the title o f the symposium, and deals 
with the importance o f applying non-destructive tests at 
the correct stage in a manufacturing cycle to obtain economic 
advantages. Finally, B all comments briefly on the economic 
advantages to bo obtained by the use o f non-destructive 
testing in the development o f new products.

Considering tho symposium as a whole, the reviewer is of 
the opinion that tho emphasis on economics and management 
in tho general title and in some o f the titles o f the papers is 
not entirely justified.

R . F . H a n s t o c k .

Casting of Brass and Bronze : Some Practical Aspects of 
Brass and Bronze Casting in America, 1900-1950. B y 
Daniel R . Hull. Med. 8vo. Pp. [vi] +  186, illustrated. 
1950. Cleveland (3), O . : American Society for Metals. 
(S3.50.)
This book, as its author points out, does not constitute 

a review of the literature of the subject, but is an account 
based on his own experience. Although the sub-title 
indicates that the volume is concerned w ith some practical
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aspects of brass and bronze casting in America from 1900 to 
1950, it is none the less of interest and value to British 
readers. This book is no mere compilation o f the technical 
details involved in casting brasses and bronzes, but is a  very 
readable treatment o f the subject enriched by the author’s 
own informed views and opinions.

In the 177 pages o f usefully illustrated text, divided into 
nine chaptors, the author has succeeded in this relatively 
sm all compass not only in covering the developments which 
have taken place in techniques over the years, but also in deal­
ing critically and constructively with the many issues involved. 
A fter an interesting first chapter on “  Things as T hey Were ” , 
two following chaptors aro devoted to melting and pouring. 
T in bronze is given a chapter to itself, and oxygen, hydrogen, 
and deoxidizers are considered in another. As might be 
expected in dealing w ith such a subject, a  proportionately 
lengthy space is given over in two chapters to moulds and 
mould dressings, and the author concludes with some random 
observations and an expression of opinion on futuro trends. 
To any one interested in or concerned with the casting of 
brasses and bronzes this book can bo unhesitatingly recom­
mended as a most readable and instructive account of this 
branch of metallurgy.

M a u r i c e  C o o k .

Kurs Odlewnictwa [Foundry Course]. B y  Kazim ierz Gierdzie- 
jewski. 2nd edition. (Biblioteka Podręczników A kade­
mickich). 24 x  17 cm. Pp. x x x v i +  640, w ith 325 
illustrations and 87 tables. 1950. Warsaw : Spółdzielnia 
Wydawniczo-Oświatowa “  Czytelnik ” . (1200 złoty.)

This is a text-book on metal-melting procedures and melting 
furnaces, essentially for the university student and the 
industrial technician or technologist.

The present edition is a considerably enlarged and revised 
version o f the original book published in 1930, and should bo 
regarded as the first volume of. a much larger work covering 
all aspects o f foundry practico. -It opens with an intro­
ductory chapter in  which the author outlines the puipose 
and the principal theme o f his work and briefly surveys the 
history of metal founding. I t  is further divided into two 
principal parts : the first (108 pp.) deals with raw  materials, 
fuels, and rofractories used in iron, steel, and non-ferrous 
foundries, with omphasis on the iron fo u n d ry; the second 
(over 500 pp.) describes the melting o f alloys and the furnaces 
employed, again with emphasis on iron-melting processes 
and furnaces.

The section on metallic raw materials gives the charac­
teristics and properties o f various kinds o f pig iron, copper, 
aluminium, tin, lead, zinc, nickel, magnesium, and ferro­
alloys. Scrap for iron and steel and non-ferrous foundries 
is also described and classified.

A  separate chapter is devoted to the proper preparation

and calculation of the cupola charge. The fuel section deals 
chiefly w ith foundry co k e ; and other fuels such as pulverized 
coal and liquid and gas fuols arc discussed only briefly. The 
chapter devoted to rofractories is very short and gives only 
the principal characteristics and classification of the bost- 
known materials.

The principal subject o f the second part o f the book is 
cupola practice and iron-melting processes, which are described 
and explained a(. considerable length, with not only the 
theoretical background and physical chemistry of the pro­
cesses involved, but also w ith a critical roview of cupola 
design, charging methods, air-blast equipment, &c.

The succeeding chapters arc devoted to crucibles, rever­
berator}’-, rotary, rocking, electric, arc, high- and low- 
frequency furnaces, and convertors, and aro written from the 
point o f view  o f the needs o f the small and medium-size 
foundry. The advantages and disadvantages of the various 
types of crucible furnaces are described, including the Morgan 
melting furnaces. Among the rovcrberatory and rotary 
furnaces the Brackelsborg and Sesci rotary furnaces are dealt 
with a t some length, and their application to the iron- 
founding industry is outlined and discussed.

A  special chapter is given to Professor Grum -Grzymajlo’s 
“  Hydraulic Theory of Gas Flow ”  and to the application 
of this theory to the design of melting furnaces.

The last section of the book gives a brief survey of electric 
furnaces (arc and high- and low-frequency) commonly used 
for melting in foundries. A t  the end of this chapter there 
are examples of heat balances, and a  comparison o f the melting 
costs for different types o f foundry furnaces.

Each chapter o f the book has a comprehensive bibliography, 
but this unfortunately covers only the period up to 1940.

T. B .

Konstrukteur und Giesser. Sonderausgabe der Zeitschrift
Giesserei. 29-5 X 21 cm. Pp. 88, illustrated. 1951.
D üsseldorf: Giesserei-Verlag, August-Thyssen-Strasso 1.
(DM 7.20.) [For contents see 24— Bibliography, col. 87.]
The statem ent that “  the success o f a  casting is decided 

on the drawing-board ” — if  one deducts the usual percentage 
allowance on broad generalizations— is certainly a  good 
guiding principle in the manufacture o f shaped castings. 
The great difficulty lies, however, in presenting the problem 
of relation of the designer to that o f the foundryman in a 
scientific manner. Although the present series of papers in 
Giesserei just falls short in this respect, nevertheless, the 
treatm ent is very stimulating and interesting. No distinctly 
new material is included, but the subject is brought reasonably 
up-to-date and presented in a conciso and logical manner. 
Designers o f castings, foundrymcn, and users o f cast products 
■gpll find the reading o f the papers both useful and refreshing.

V. K o n d i c .
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r o l l i n g  mi l l  e q u i p m e n t
at the Abbey W o rks of the

27,600

systems. ‘ E n g l i s h  E l e c t r i c ’ air blast switchgear 
and transformers are used throughout the main 
supply substation, and ‘ E n g l i s h  E l e c t r i c ’ 
switchboards and fusegear are used for general 
services and lighting distribution in the works. 
These large ‘ E n g l i s h  E l e c t r i c ’ drives repre­
sent a notable achievement in this field o f 
engineering, and are based on world-wide 
experience and technical enterprise.

Much o f the power for this great steelworks is 
supplied by ‘ E n g l is h  E l e c t r i c ’ equipment. The 
main drive for the 45 inch slabbing mill has twin 
motors devel oping27,600 peak horsepower, and is 
the largest unit ever built in Britain. For the 13,000 
h.p. drives on the 80 inch 3-stand cold reduction 
mill there are four motors, each with its own gener­
ators. Both these large drives are equipped with 
specially developed rapid response control


