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And  all A .E .R . PRO CESS finishes give 

tie maximum protection against corrosion. E F F E C T I V E L Y  E L E C T R O P L A T E S  A L U M I N I U M

A .E.R. (1938) L IO . •  120 GREEN LANES •  LO N D O N  •  N .13 TELE: BOW ES PARK 2246

LEAD * IRON • TIN • CADMIUM 

ZINC-ZINC PASSIVATE

These lustrous and beautiful finishes get your 

present product **,all dressed up a/ul every

where to go ” , or provide neat help for new 

products ready to take their first step:

H AH  SILVER • POLISHED SILVER 

MATT CHROME • POLISHED  

CHROME • GOLD • COPPER 

RHODIUM • NICKEL • OXIDISED 

FINISHES

And these ufitness for purpose ” finishes 

now allow the use of Aluminium in situations 

and circumstances where once only the heavier 

and solid metal would suffice :

At last, Aluminium can take its rightful place in industry and commerce, for it 

can now be given all those superb metallic finishes that get such a rousing sales 

response, offer real protection against corrosion, and allow the use of this im

portant metal in circumstances and situations where hitherto it has not for 

chemical reasons for example, been possible ; and to take advantage o f its 

inherent qualities o f strength combined with light weight. So when it’s a case 

o f getting the eye to say “  buy ” . . .  when you need lightness and strength in 

any metal . . . when circumstances demand full protection . . . investigate 

Aluminium—PLATED BY TH E A.E.R. PROCESS.

W  Per,,

* ¿7 ■W /,• * “or/fyi

COMMANDS ROUSING RESPONSE
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IL F O R D
I N D U S T R I A L  X - R A Y

PRODUCTS
Trial and error is sometimes the quickest way of solving a  technical 
problem, but in the matter o f  finding the right sensitive material for 
any subject in Industrial Radiography, the hard work has already 
been done by Ilford Limited. As a guide to the comprehensive range 
offered for this work, the booklet ‘ Ilford Products for Industrial 
Applications of X-Rays and G am m a Rays ’ will be found of great 
assistance. A copy o f  it will be gladly sent on request.

I L F O R D  
X - R A Y  F I L M S

Industrial X-ray 
Film A

A general purpose film for 
use with or without screens.

Industrial X-ray 
Film B

A high contrast non-screen film 
for direct exposures (or with 
metal screens) for maximum 
flaw-discrimination.

I L F O R D  L I M I T E D  • I L F O R D  • L O N D O N

I L F O R D
Industrial X-ray 

Film C
A slow fine-grain non-screen 
film for high resolution in 
crystallography or in the radio
graphy of light alloys.

iii



One in a 100,0 0 0 ..
One pare In one hundred thousand is a pro

portion which represents less than 2 grains 

out of the 189,000 (27 lbs.) which make up the 

weight of an average ingot of Mazak Zinc Alloy. 

This Is the maximum proportion of tin permitted 

In zinc alloy for pressure die casting by British 

Standard Specification No. 1004. Neither 

Cadmium nor Lead must exceed three parts in 

a hundred thousand. The most elaborate pre

cautions In the production of the basic high 

purity zinc are not in themselves sufficient to 

assure that such infinitesimal proportions of 

lead, cadmium and tin are not exceeded in the

alloy— with disastrous results to the castings. 

Only the most exacting analysis of every alloy 

melt Is adequate to satisfy us that Mazak Is 

always up to the very high standard of purity 

which is vital to the die caster and to his 

customers.

M A Z A K  A L L O Y
F O R  P R E S SU R E  D IE  C A S T IN G

K.  M .  A L L O Y
F O R  F O R M IN G  A N D  B L A N K IN G  D IE S

I M P E R I A L  S M E L T I N G  C O R P O R A T I O N
Z inc  Z inc Alloys Z inc  Pigments

9 5  G R E S H A M  S T R E E T  • L O N D O N  • E C 2
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B
r i g h t  a n n e a l i n g  c o i l s  o f w i r e ,

strip or tubing, in BIRLEC bell-type furnaces, can 

drastically cut pickling costs. T he protective a tm o 

sphere surrounding the charge is supplied from a 

special generator to suit either ferrous or non-ferrous 

materials and is fan-circulated to ensure uniform 

annealing with m inimum heating and cooling times.

" \

B IR L E C  L IM IT E D
T Y B U R N  R O A D . E R O IN C T O N  

B IR M IN G H A M . 24



THE ALUMINIUM DEVELOPMENT ASSOCIATION

6 7  B R O O K  S T R E E T ,  L O N D O N ,  W . l

ta n t  th a n  des ign  o r  
a r t ic u la t io n  in  tr a in s?  I t  is -weight . . . 
an d  ev en  m o re  im p o rtan t,-  d e a d -w e ig h t.

D e a d -w c ig h t . . . th e  m o st p e rs is te n t 
p ro b le m  p osed  by  th e  tw in  re q u ire m e n ts  
o f  h ig h e r , safe speeds a t  lo w e r  costs p e r  
m ile  . . . c an  b e  so lv e d  by  a n  in c re a s in g  
use o f  a lu m in iu m  a lloys.

In  m an y  d if fe re n t w ays a lu m in iu m

is m ak in g  b e t te r ,  m o re  effic ien t tra n s 
p o r ta t io n  p o ss ib le . G ird e r  se c tio n s , l ig h t  
p an e llin g , c o m p lic a te d  e x tru d e d  shapes, 
h ig h -s tr e n g th  fo rg in g s  a n d  c as tin g s  a ll 
p lay  th e ir  p a r t .

A lu m in iu m  c o s ts  less to  m o v e ; its  
ru s t- fre e , a n t i - c o r ro s iv e  p ro p e r t ie s  co s t 
less to  m a in ta in . C o n s id e r  n o w  th e  
a d v a n ta g e s  o f  a lu m in iu m  in  y o u r  b u s i
ness. In v e s tig a te  y o u r  o w n  m a n u fa c tu rin g  
m e th o d s , y o u r  o w n  p ro d u c ts ,  y o u r  
p la n t, y o u r  m ark e ts .

T h e  A l u m i n i u m  D e v e l o p m e n t  
A sso c ia tio n  is re a d y  w ith  p ro v e n  facts, 

a n d  w ith  fu ll d a ta  free ly  a v a ila b le .



For constructional engineers and designers
The physical properties and applications of “ K yna l”  and “ K ynalcore”

light alloys manufactured by the Metals Division of

Imperial Chemical Industries Limited are given in this booklet.

A  copy will be sent on request to :

IMPERIAL CHEMICAL INDUSTRIES LTD, LONDON, S.W .If I C I

M.85



ANSWERED ALREADY
It often happens that our advice is sought on questions that 

have been answered in advance, and wc have only to send 
our enquirer one of the numerous technical publications which 

we have issued during the past fifteen years. Of course, many 

other problems never reach us because our publications are 

already at hand. You too can have the answer on your shelves.

THE MOND NICKEL COMPANY LTD
G R O S V E N O R  H O U S E  PA R K  L A N E  L O N D O N  W1

M.S.3 c lR
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E F C O  A J A X - H U L T G R E N  E L E C T R O D E  T Y P E  S A L T  BATH
M ID G E T  TYPE

M ax. Tem perature  1350° C.

ELECTRIC RESISTANCE FURNACE CO. LTD.

Th is equipm ent is designed as an inexpensive, compact and self-contained unit to occupy a 
m inim um  of floor space. The  operating principle and advantages of the larger E F C O  
A J A X -H U L T G R E N  Electrode Type Salt Bath apply also to this design.

The bath is rated at 6 Kws. and is suitable for connection th rough  a stepdow n transform er 
to  a 200/250 volt single phase supply. The w ork in g  d im ensions are 4 inches diam eter by 6 
inches depth of salt. Cu tte rs up to  31 inches diam eter and tools up to 41 Inches In length 
can be treated.

If a variety of heat treatm ent processes is to be done it may be necessary to have a spare 
pot. For example fo r H.S.S. hardening and neutral hardening a refractory lined pot is 
used. For carburising, tempering, nitrid ing, etc., a metal lined pot is used. W ith  a 
spare pot available a quick change-over can be made.

It is recomm ended that E F C O -P A R K  S A L T S  be used in this bath. A  complete range of 
suitable salts is available for : Neutra l Heating, H igh  Speed Steel Heat Treatment, Tempering, 
Annealing, C arbu rising  and N itrid ing.

NETHERBY, QUEENS RD.

Telephone: W eybridge 3816

W EYBRIDGE, SURREY.

Telegram s: Resiscafur, W eybridge.



THE B.T.L. “ U N IT Y ”

ELECTROLYTIC ANALYSIS
APPARATUS

The illustration depicts a "  bank ”  of one m otor unit and 
three slave units, complete w ith m o to r contro lling rheostat.

Distinctive Features :

ADAPTABILITY UNIT CONSTRUCTION 
PROTECTION FROM CORROSION

The B.T.L. Electrolytic Analysis Apparatus is built on m odern lines and embodies all 
recent im provem ents which make for ease and convenience in w ork ing. It is designed 
for use w ith a central revo lv ing electrode and an external stationary electrode.

Full particulars sent on request

BAIRD & TATLO CK ( L O N D O N )  LTD.
All communications to be addressed to :

“ H A L ID O N , ” C L A R E M O N T  L A N E ,  ESHER, S U R R E Y  
R e g . O f f ic e s :  14-17 ST . C R O S S  S T R E E T ,  L O N D O N ,  E . C . I

xi
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Pyromaster
POTENTIOMETER

N o moving parts except 
when a change in tem perature 
calls for movement when re
sponse is immediate—there
fore no constantly weaving 
chopper and scissors linkages 
and no lubrication. The 
maintenance o f  a Pyrom aster 
is reduced to a minimum, 
being restricted to changing 
charts and occasionally re
placing a battery. The Pyro
master design saves you 
having to invest in stocks of 
sparesinorderto  keep 
it in commission.

BRISÎÜ01S

Another feature 
contributing to 
fine Pyromaster 
Performance.

A sk  for 

Pyromaster 

Publication 

106 for 

full details.

B R I S T O L ’ S
INSTRUMENT CO., LTD.
N O R T H  C I R C U L A R  R O A D  
L O N D O N  N . W . 1 0

P h o n e  : E L G a r  6 6 S 6-7 -S

I I O T  B R A S S  
S T A M P I N G S
There are distinct advantages in the 
use of hot brass stam pings compared 
with rough sand castings.
Sometimes m achining is eliminated 
entirely by the em ploym ent of 
M cKechnie stam ped parts.
This m ay be a reason why 44 the 
o ther people ”  som etim es seem to be 
producing quicker, cheaper and even 
better than  you had thought possible.

M C K e e h i i ie
BROS. LTD.

ROTTON PARK ST., BIRMINGHAM, 16

' Phone:  Edgbaslon 3581 (7 lines)

Branches : L o n d o n  — 62, B rook S tree t, 
W .l .  ’P hone: M ayfair 6182/3/4. L e ed s  
—  P ru d en tia l B uildings, P ark  Row. 
’P h o n e : Le,cds 23044. M a n c h e s te r  — 
509-513, Corn Exchange B uild ings, 4. 
’Phone : B lackfriars 5094. N e w c a s t le -  
o n -T y n e —90, P ilgrim  S tree t. ’Phone : 
N ew castle 227IS.

xii



G O O D  H U S B A N D R Y : a K entish hop-tender at w ork

G O O D  C A S T I N G S

T e le p h o n e »  S t r o o d  7674 -  5 - 6 - 7 - 8

H E A D  O F F I C E  . . . R O C H E S T E R  . . . K E N T

KENT ALLOYS LTD.
SPECIALISTS IN LIGHT METAL C A S T IN G S



SPECIAL FLUXES
These solders are ideal for jo inting m ost ferrous and non- 
ferrous m etals and alloys, Including steel. They are quick  
flowing and produce joints of extrem e strength and w ith great 
resistance to vibration. The “ Thessco ” fluxes are specially  

compounded to sim plify  and Im prove the jo inting process

W Jiats the A n sw er?
THINK

THINK

OF I RON AMD STEEL
OF THE DAMP AMD ACID LADEN 

ATMOSPHERE - OF SALT WATER 

ACTIOM AMD OF THE CORROSION 

AMD WASTAGE CAUSED THEREBY

OF THEIR EXPOSURE TO SUCH 

ATTACK. AND OF THEIR

P R O T E C T I O N  aga in st it

i f  CORROSION IS YOUR PROBLEM

M E L L O Z IN G  IS THE ANSWER
<ME TAL S PRAYING PROCESS>

m E l l O U U E S s C o  M P A  N Y  I
SH EFFIELD - • LONDON

’ - ALSO DEPOTS IN ALL PARTS

.1 M I T E D
OLDHAM

xiv



S P U N C A S T
cast to ensure

B R O N Z E  is specially 
unique characteristics...

The special m ethods 

em ployed In the produc
tion of cored and solid  

bars by the Spuncast 

process are the result of m any years 

of ceaseless research and experim ent. 

T he object underlying this research  

w as the production of cored bars 

which should avoid the defects asssoc- 

iated w ith those produced by the chill 

cast process. The results fully justified 

the t im e  spent on their achievement.

Briefly stated, the outstanding charac
teristics o f Spuncast H o lfc s  Bronze are: 
Freedom from blowholes, uniform ity and density 
o f stru ctu re , dimensional accuracy and con
cen tric ity  o f the cored hole, freedom from hard  
spots and the troubles so frequently met when 
using sand cores.

SPUNCAST HOLFOS BRO N ZE E L IM IN A T ES  

W A S T E R S  I N  T H E  M A C H I N E  S H O P

W rit e  fo r you r copy of the H O L F O S  book; 
it fully explains the production, properties 
and applications of 
H O L F O S  Bronzes.

R .P .IO 4IC



Q U I Z  no  i

M \\0 'P  I

W

1 6
a,\jO

'• W h a t ’s the A r m y  got to  d o  w ith  the M a rk  16 ? ”  asked 
Tom  Sp ray itt, w ith  a chuckle. “ A r m y  w eapons are for 
’ kn o ck in g  d o w n ’— M a rk  16 is fo r 'B u i ld in g  u p .’ ’’ T o  
e ve rvo n e ’s am azem ent M r. Sp ray itt  p roduced  the p istol 
itself from  beh ind  his back. “ Stra igh t  off the j o b ’’ he 
explained. “ Been bu ild ing  up  w o rn  gear b o x  shafts 
all m o rn in g .’’
“ It m ust be ve ry  tr ic ky  to  o p e r a t e "  rem arked  the 
Q u iz  M aster.
M r. Sp ray itt  sh o o k  h is head. “ Pull the t r ig ge r and d irect 
the nozzle. N o  t ro u b le  at all and it 's  beautifully 
balanced."
'A m a z in g , "  said the  Q u iz  M aster.

“ It is t h a t , "  agreed Tom , “ A n d  w h ile  I ’m at it this 
m icroph one  stand cou ld  do  w ith  a b it of repa ir w o r k . "  
A n d  before anyone  cou ld  stop  him, M r. Sp ray itt  had the 
stand in h is g ra sp  and had m arched off in the d ire ction  

o f Pear T ree  Lane.

Symbolic of
COPPER
The old Egyptian “ ankh s ig n ” stands for 
copper. So, too, does the familiar 
B O L T O N  triangle. Behind that sym bol 
stands over 160 years of experim ent 
and success in the production  of copper 
and copper base alloys. In quality of 
material and in technical refinements, 
B O L T O N ’S meet all the requirem ents 

of this exacting mechanical age.

C O P P E R  & C O P P E R -B A S E  A L L O Y S  F O R  

E L E C T R IC A L  & G E N E R A L  E N G IN E E R IN G

In all form s 

W IR E ,  S T R A N D ,  SH EETS, STR IP, T U B E S , 

R O D S ,  C O M M U T A T O R  BA R S, F O R G E D  

& M A C H IN E D  C O M P O N E N T S ,  Etc.

E S T A B L IS H E D  I7SJ

Thomas Sons Ltd

W r ite  to  M eta llisa tion  L im ited  fo r b ook le ts and 
in form ation .

Contracting : Pear Tree Lane, Dudley. 
M etal Spraying Plant :

Sales Office : Barclays Bank Chambers, Dudley.

MW. 6 7

H E A D  O F F IC E :  W ID N E S ,  L A N C S .  
Telephone : W idnes 2022  

L on d on  Office : 168, Regent Street, W . I  

’Phone : Regent 6427 ,8  9

X V I



Besides rapid heating, the ideal plant for modern 
requirements should provide absolute uniformity of 
temperature with precise control of treatment in 
respect of both temperature and time. In addition, 
simplicity of operation, low running costs, inex
pensive maintenance, and safe and cleanly working 
conditions are obviously desirable. These features 
are inherent in Wild-Barfield Electric Furnaces. 
Especially suitable for tempering, secondary harden
ing of High-Speed Steels, the heat-treatment of 
aluminium alloys and other non-ferrous materials.

: U R N  A C  E S  F O R  A L L  H E A T - T R E A T M E N T  O P E R A T I O N S

Diagram m atical representation 
illustrating the principles o f  

t h e  V e r t i c a l  F o r c e d  A i r  
Circulation Furnace.

f /  ELECTRIC  »

BaW lD
FURNACES

FORCED AIR 
CIRCULATION 

FURNACES

M-W.93A

X V  ii

WILD-BARFIELD ELECTRIC FURNACES LTD.
E L E C F U R N  W O R K S ,  W A T F O R D  B Y - P A S S ,  W A T F O R D ,  H E R T S ,

Telephone: W A T F O R D  6094  (4  lines). Telegram s : E L E C F U R N ,  W A T F O R D



T H E  B R IT IS H  R O T O T H E R M  C O .. L T D .. L O N D O N  ft PR O V IN CES- 
Showroom t : 7«. Low er Belgravc S t .. V ¡c tttria . S .W .I . T e l. :  Sloan« ’ fO»

The Rototherm  principle of tempera
ture measurement allows of a more 
robust design w ithout sacrificing sen
sitivity or. accuracy. Elements and 
scale readings to  suit almost every 
industrial and commercial require
ment can be supplied.

Piichfords 3323

THE S IR  JOHN CASS 
TECHNICAL INSTITUTE
JE W R Y  STREET, ALD G A TE, E.C.3

DAY and EVENING COURSES
in

M E T A L L U R G Y
in p repara tion  fo r B .Sc.Eng.(M e ta llu rgy) ex
am ination  o f the  U n iv e rs ity  of L on d on  u nd e r 
recognised  teachers of the  U n iv e rs ity  ; the  
Fe llow sh ip  e xam ination  of the  In stitu te  of 
C he m istry ,  the  e xam inations o f  the  C it y  and 
G u ild s o f L o n d o n  Institute, In st itu te  of. M eta l
lu rg ists, and H ig h e r  N at ion a l C ertificate  in 
M eta llu rgy .

These  course s are also available to  graduates 
in  Sc ience  o r  E ng in ee rin g  w h o  w ish  to  stu d y  a 
particu lar branch  of intere st to  them .

Postgraduate  cou rse s and research  for M.Sc., 
and Ph.D. degrees.

New Session opens— 23rd September, 
1946.

Full pa rticu lars and copy o f Prospectus 
on application to the Principal.

THE 
BRI TI SH METAL 
C O R P O R A T I O N  

LIMITED

P R IN C E S  H O U S E ,  
93 G R E S H A M  ST R E E T , 

L O N D O N ,  E.C .2 
Te l. N o .  M o n a rch  8055

47, W I N D  ST R E E T ,
S W A N S E A
Tel. N o .  Sw ansea  3 166

17 S U M M E R  R O W ,  
B IR M IN G H A M  

Tel. N o .  C en tra l 644!

ieaSft
I

V S o S S ä S & S ,

E S T A B L I S H E D  l» 7 1  
A .I .D  A N D  W A R  O F F IC E  L I S T S ;

p a u k  a  p a ie rso n  om
M etof Merchants. Smelters, and Alloy Manufacturers



JL. O J i K l  JL1JNG, JL T U ., 
n o ,  G L O U C E ST E R  PLA C E, 
L O N D O N , W .i
(N e a r  B a k e r  S tree t S ta tio n )
’Phone: W ELbcck 2 27 3

THOS. FIRTH 0 J OHN B R O WN  LTD..

T h e  advance of m icro -chem ical 
techn ique  has been facilitated  
by  the re liab ility  and  hand iness 
of O crtling  m icro  and  sem i
m icro  balances.

F o r  exam ple: The No. 63 P/PB 
micro chemical balance gives direct 
readings in thousandths o f a 
milligram up to 0.1 mg, plus or 
minus, w ithout the use o f riders or 
fractional weights.

TAS/Or 242

SHEFFIELD

OUT OF YOUR 
CALCULATIONS

,( a d v a n t a g e

UNCERTAINTY is the designer's bugbear. 

F IR T H -B R O W N  h igh -g rad e  A L L O Y  ST E ELS  b rin g  to  

Engineering Design, materials which, by their endurance 

and reliability, eliminate UNCERTAINTY.



FLUXES
FOR LOW TEMPERATURE BRAZING

Unsuitable fluxes give indifferent results with 
low tem perature brazing. O ur recommended 
fluxes are the result of applied research and are 
especially suitable for work at the brazing 
tem peratures involved.

EASY-FLO SIL-FOS SIBRODS
FLUX FLUX FLUX

JOHNSON. MATTHEY& C° LIMITED
HEAD OFFICE

73/83 HATTON GARDEN, LONDON. E.C.I
71-73. VITTORIA STREET.' ‘ '  OAKES' TURNER & CO.. LTD.
BIRMINGHAM 1 * . 75-79, EYRE STREET. SHEFFIELD, I

$K,-—
W.  W A T S O N  & S O N S ,  L T D .

Established 1837

3 1 3 ,  H I G H  H O L B O R N ,  L O N D O N ,  W . C . l  
M anufacturers o f  M IC R O SC O PE S & ALL A LLIED  A PPA R A TU S

P H O T O G R A P H IC  L EN SE S, CAM ERA S, etc.
O PTIC A L  E LE M E N T S for all purposes

W atson’s output is controlled at present, many new and interesting 
designs arc being developed. Send your enquiries for your require
ments. an indication o f delivery date and price will be quoted.

Temporary A ddress :  14, Hadley Grove, B am et, H erts. Telegrams: o p t i c s ,  b a r n e t .

FOSTER— »
Specialists in the m anufacture  

of Pyrometers for over 30  years.

FO STER  IN S T R U M E N T  CO., LTD., L E T C H W O R T H ,  H ERTS
’ Phone : Letchworth 984 (3 lines). Grams : “  R é s ilia ,"  Letchworth.
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NORTHAMPTON 
POLYTECHNIC
ST. JO H N  STR EET, L O N D O N , 

E .C .l

Department of Applied Chemistry 
Session 1946-47.

PART-TIME (Day and Evening) 
C O U R S E S  in G E N E R A L  
CHEMISTRY, METALLURGY, 
( i nc l ud i ng  E N G I N E E R I N G  
METALLURGY), ELECTRO
D E P O S IT IO N , F U E L S  and 
GLASSWORKING will be pro
vided during the coming session.

E N R O L M E N T  W EEK : 
M onday, 16th to Friday 20th, 
Septem ber, 1946 inclusive, 

6.30 to 9.30 p.m.

^ ^ U R  specialised know 
ledge is offered to you in 
castings of P H O S P H O R  
B R O N Z E ,  G U N M E T A L ,  
A L U M I N I U M ,  M A N 
G A N E S E -B R O N Z E ,  and 
in A L U M I N I U M -  
B R O N Z E ,  which pos
sesses a Tensile strength 
of 45 tons per sq. in.

‘ B IR S O ’ Ch ill Cast Rods and Tubes, 

Centrifugally Cast W o rm -W h e e l Blanks, 

Finished Propellers and Precision 

Machined Parts, Ingot Metals, etc.

NON-FERROUS

CASTINGS
Fully approved by Adm iralty and A .I.D .

T.M.BIRKETT &S0NS LT.P Hanley,STAFFS.
■PHONE: STO K E-O N -TR EN T  2184 -5 -6 . 'GRAMS: BIRKETTrHANLE-Y
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T H E  IN S T IT U T E  O F M ETALS
Secretary :

K. HEADLAM-MORLEY
President :

Col. P . G. J . GUETEHBOCK, C.B.,
D .S .O m M .C., T .D ., J .P ., M .A .

Secretary Em eritus : Editor 0/  Publications :
G. SHAW SCO TT, M .Sc., F .C .I.S . Licut.-Colonel S . C. GUILLAN, T.D.

Adm inistrative and Editorial Offices: Telephone:
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Autumn Meeting, London.
September 10 and  11, 1946.

A de ta iled  program m e of 
A u tu m n  M eeting o f th e  In s t i tu te  
been  despatched  b y  p o s t to  
m em bers.

Council.
Tho underm entioned  officers wilt 

re tire  from  th e  Council in  M arch, 
1947, and , w ith  th e  exception  of th e  
P resid en t, a re  n o t  a t  th a t  tim e 
eligible for re-election in  th e ir  p resen t 
capacities :

President.
Colonel P : G. J .  G u e t e r h o c k , C.B., 

D .S.O ., M.C., T JX , J .P . ,  M.A.

Vice-President.
G. L . B a i l e y , M.Sc.

M embers o f Council.
Sir C l i v e  B a i l l i e b ,  K .B .E ., 

C.M.G., O .B .E ., M.A.
J .  C a r t l a n d , M.C., M.Sc.

A. G . C. G w y e r , B.Sc., Ph .D .
C. S y k e s , D.Sc., P h .D ., F .R .S .

T o fill th e  vacancies caused b y  
these  re tirem en ts , th e  Council m akes 
th e  following n o m inations; previous 
service on th e  Council is ind icated  
against each nam e (P. =  Presiden t, 
V .P . =  V ice-President, M.C. =  M em 
ber o f Council).

A s  President :
Colonel P . G . J .  G u e t e r h o c k , C.B., 

D .S.O ., M.C., T .D ., J .P . ,  M.A. 
(M.C., 1940-43; V .P ., 1943-46; 
P ., 1946-47).

A s  Vice-President :
Mr. J o h n  C a r t l a n d , M.C., M.Sc., 

D irector, F ry ’s M etal Foundries, 
L td ., and  E y re  Sm elting Co., 
L td ., L ondon (M.C., 1943-47).

of C o u n c il:
L e s l i e  A i t c h i s o n , 

f, B .Sc., D ep artm en t of 
t r ia l  M etallurgy, U niver- 
'  B irm ingham .

: J o h n  A r n o t t ,  Chief M etallu r
gist, G. & J .  W eir, L td ., Glasgow.

D r. M a u r i c e  C o o k , D elegate D irec
to r  an d  R esearch  M anager, 
M etals D ivision, Im p eria l Chem i
cal In d u stries , L td ., B irm ing
ham  (M.C., 1939-43; V .P .,
1943-46).

Mr. A. J .  M u r p h y , M.Sc., Chief 
M etallurg ist, J .  S tone & Co., 
L td ., L ondon (M.C., 1939-43; 
V .P ., 1943-46).'

In  accordance w ith  A rticle  o f 
Association No. 22, an y  ten  m em bers 
o f th e  In s t i tu te  a re  e n titled  to  n o m i
n a te  a  can d id a te  fo r election to  th e  
Council, such nom inations to  be 
m ade in w riting , to  b e  received  b y  
th e  Secretary  o f th e  In s t i tu te  a t  o r 
before th e  A u tu m n  M eeting, w hich is 
to  be  held  in  L ondon  on  S eptem ber 
10 and  11, 1946. I n  tho  e v en t o f  such 
nom inations being  received, a  b a llo t 
p ap er will be  c ircu la ted  to  m em bers 
in  due course.

Local Sections.
T he u nderm en tioned  C hairm en of 

Local Sections o f th e  In s t i tu te  have 
been elected  for th e  session 1946-7. 
T he C hairm en o f Local Sections are 
ex officio M em bers o f  Council o f  th e  
In s ti tu te .

Birm ingham .
M r. E . A. B o l t o n , M.Sc.

London.
Mr. S. V . W i l l i a m s , B.Sc.

Scottish.
Mr. A. B . G r a h a m .

Sheffield.
M r. F r a n k  M a s o n .

Swansea.
M r. H a r r y  D a v i e s .
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News and Announcements
Staff Changes.

Lieut.-C olonel S. C. G d t l l a n ,  who 
h as  been on service w ith  H .M . Forces 
since A ugust 24, 1939, re tu rn ed  to 
d u ty  on th e  In s t i tu te ’s s ta ff 011 J u ly  
24, 1946, an d  re-assum ed h is du ties 
as E d ito r  o f  tlio In s t i tu te ’s pub lica
tions. H e  also took over from  Mr.
A. E . C h a ttin  th e  functions o f Assis
ta n t  Secretary  of th e  In s ti tu te  o f 
M etals.

Mr. A. E .  C h a t t i n  is now  A ssistan t 
Secretary  o f tho  Iro n  a n d  Steel 
In s ti tu te  an d  Technical E d ito r  o f its 
publications.

Mr. N. B. V a u g h a n , M .Sc., has 
resigned his p o st o f  A ssistan t E d ito r  
o f th e  In s t i tu te ’s pub lications to  tak e  
up  tho position o f In fo rm ation  Officer 
a n d  L ibrarian , A lum inium  D evelop
m en t Association.

M ajor W . G. A s k e w , M.C., was 
appoin ted  A ssistan t E d ito r  w ith 
effect from  Ju n e  12, 1946.

T he Council h as recorded its  w arm  
apprec ia tion  o f th e  services which 
Mr. C h a ttin  has rendered  to  th e  
In s t i tu te  as Jo in t  A ssistan t S ecretary  
and  Mr. V aughan  has rendered  to  
th e  In s t i tu te  as A cting  E d ito r  o f  its  
pub lica tions du ring  th e  w ar years.

Atomic Theory for Students of 
Metallurgy.

By Dr. W. Hume-Rothery, F.R.S.
T he In s ti tu te  will sho rtly  have 

read y  fo r issue th e  th ird  o f  the  
M onograph an d  R ep o rt S e r ie s : 
“  A tom ic T heory  for S tu d en ts  o f 
M etallurgy,”  by  D r. W . H um e- 
R o th ery , M.A., D .Sc., F .R .S . T his 
is a  book o f 286 pages, bound in 
stiff boards. T he price is 7s. 6d ., 
p o st free, b u t an y  m em ber o r s tu d e n t 
m em ber m ay  receive one copy free 
on app lication  to  th e  Secretary .

Object and Scope o f the M onograph.
In  recen t y ears th e  influence of 

physics a n d  chem istry  o f a  fu n d a 
m en ta l ty p e  on th e  developm ent o f 
th e  science o f  m eta ls h a s  been p ro 
nounced . As m ore d a ta  h av e  accu 
m u la ted  on th e  ch aracteris tics o f 
in te rm etallic  system s, i t  h as becom e 
increasingly p la in  th a t  these  c h a r
acteristics m ay  be traced  b ack  to  th e  
a tom ic  s tru c tu re s  o f th e  m eta ls con
cerned, an d  to  th e  pecu liar n a tu re  of

th e  m eta ls them selves. W hile i t  is 
possible for an y  m eta llu rg is t who 
seeks to  u n d e rstan d  tho physics o f 
m eta ls to  re fer to  original papers and 
physical tex t-books, i t  is n o t  alw ays 
possible to  read  such w orks w ith  p ro 
fit unless an  able in te rp re te r  is av a il
able to  p o in t o u t th e  m eaning of 
conclusions w hich aro p robab ly  e x 
pressed m ath em atica lly , and  to  in d i
cate  th e  princip les upon  w hich th e  
conclusions a re  based. In  th e  p re 
sen t m onograph, D r. H um o-R othery  
has com bined th e  roles o f teach er an d  
in te rp re te r. Tho m onograph  is no t 
a  po p u lar exposition, b u t  is w ritten  
p rim arily  for serious s tu d y  b y  s tu 
d en ts  o f m eta llu rg y  who are  growing 
to  m a tu r ity  in  th e  un iversities and  
colleges o f to -day , an d  who hav e  th e  
necessary  background  in  physics a n d  
m ath em atics  an d  wish to  becom e 
thorough ly  acq u a in ted  w ith  th is 
a spect o f tho  fu n d am en ta l b ack 
g round  o f th e ir  science. T he book, 
though  so fa r as possible non-m athc- 
m atica l, involves m ate ria l an d  con
ceptions w ith  w hich th e  s tu d e n t m ay  
n o t be com fortable u n til he has 
reached  an  advanced  stage. M uch of 
tho book should bo o f valuo to 
stu d en ts  o f physics, chem istry  and  
engineering, an d  thero  is, o f  course, 
m uch  to  rep ay  th e  o lder m eta llu rg is t 
w ho is sufficiently in te rested  to 
w restle  honestly  w ith  a  sub ject 
w hich h a d  developed since his own 
s tu d e n t days.

P a r ts  I ,  I I ,  a n d  I I I  o f th e  m ono
g rap h  are o f general in te res t. T he 
success o f th e  m odern  th eo ry  of 
m eta ls has been largely duo to  tho 
app lication  o f w ave-m eclianics to 
th e  p roblem  o f tho m etallic  s ta te , and 
th e  s tu d e n t will find th e  difficulties 
squarely  m et, a n d  puzzling p o in ts 
fu lly  discussed. W ith  th is  m ate ria l 
as a  basis, th e  a u th o r deals w ith tho 
s tru c tu res o f free a tom s and  describes 
th e  “  p ro b ab ility  p a tte rn s  ”  o r “  elec
tro n  c louds ”  o f th e  electrons. A tte n 
tion  is th en  given to  th e  problem  
o f assem blies o f sim ilar a n d  d is
sim ilar a tom s, an d  tho  w ave-m echani
cal in te rp re ta tio n  o f cohesive forces 
in  solids a tta ck ed . T he norm al 
m etallic  link, ionic and  covalen t 
linkages, v a n  dor W aals forces an d  
exchange forces a ll form  p a r t  o f  th e  
p ic tu re , an d  th e  general re la tionships 
betw een these  a re  b ro u g h t ou t, an d
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News and Announcements
illu stra ted  b y  a  review  o f m eta l and  
alloy stru c tu res .

P a r ts  IV  a n d  V  a re  m ore specialized 
an d  are d evo ted  to  tho  electron 
th eo ry  o f m eta ls  a n d  alloys. F irs t  
th e  “ free e le c tro n ”  m odel is d is
cussed from  tho  p o in t o f view  o f th e  
F erm i-D irac  s ta tistics , an d  it  is 
show n how several o f th e  ty p ica l 
m etallic  p roperties {e .g ., electronic 
conduction  a n d  em ission; p a ram ag 
netism ) aro in te rp re te d  in  term s of 
th is theo ry . I t  is a  good ap p ro x i
m ation  only for th e  alkali m etals, 
b u t  serves to  illu stra te  th e  wave- 
m eclianical p rincip les involved, and 
th e  m an n er in  w hich these  princip les 
a re  m ade to  “ give resu lts .”  The 
influence of th e  periodic n a tu re  o f 
tho fields o f force in w hich electrons 
m ove in  rea l c ry sta ls is th en  fully  
developed, and  th e  so-called “  Bril- 
louin  zone ”  th eo ry  an d  its  im plica
tions a re  d e a lt  w ith  in  d e ta il. T he 
m ore recen t developm ents o f the  
th eo ry , a n d  th e  assum ptions involved 
in  th e  m ath em atica l procedures 
ad o p ted  in  th e  a tte m p t to  calcu
la te  ex ac t w ave-functions, a re  fully  
described.

P a r t  VT describes som e applica
tions o f th e  theories to  selected  m etals 
an d  alloys. T he exam ples illu stra te  
th e  th eo re tical w ork a n d  give p ra c 
tica l p o in t to  m uch  w hich a t  first 
sig h t m ig h t seem  to  be  p u re ly  
academ ic.

T h is w ork m ay  be regarded  as com 
p lem en ta ry  to  D r. H u m o -R o th ery ’s 
p revious m onograph, “ Tho S tru c 
tu re  o f M etals an d  A lloys,”  and  p ro 
v ides in  adm irab le  d e ta il a lm ost all 
t h a t  is necessary  to  allow  th e  s tu d e n t 
to  ap p rec ia te  th e  fun d am en ta l basis 
o f m eta l theory , an d  to  acqu ire  a  
sufficient know ledge of th e  m odern 
approach  to  follow subsequen t d e 
velopm ents in th e  sub ject.

Membership Additions.
T here  w ere elected  on Ju ly  25 :

A s  M em b ers .

A a l , W illem , A m sterdam , H o lland . 
B a l l , C apt. George R ay m ond , 

B arrackpore , In d ia .
B o a g , D avid  Ja m e s  W ilson, B .Se., 

Chaldon, Surrey.
B r a n d t , D avid  Ju liu s  Oscar, B .Sc.,

A .R .S.M ., London.

C a n n ,  H arold , Solihull, W arw ick
shire.

D u n n , Francis, L iverpool.
F o s t e r ,  (Miss) Sybil P ritch a rd , S toke 

Poges, B ucks.
G l i n k o v , Professor M ark, D .Sc., 

Moscow, U .S .S .R .
G r e a v e s , F ra n k  W ., B irm ingham . 
G r o n w a l l , Olof R ickard  Alexis, 

S tockholm , Sweden.
H a r t , E d m u n d  S., B .Sc., A .R.S.M ., 

N ew castle-under-L ym e, Staffs. 
H a t j g h t o n , M alcolm  A., M.A.Sc.,

A .R.S.M ., B ristol.
J e n I C e k ,  Professor L adislav , S .D . ,  

Prague , Czechoslovakia.
M i s r a , H . N ., B .Sc.(E ng.), B om bay, 

In d ia .
P a r k s , P hilip  B arry , K ow loon, 

H ong  K ong.
P a y n e ,  Charles A rnold, B .Sc., D erby. 
P o u v r e a t j , Je a n  M arie, P a ris, F ranco. 
R a c e , R ussell E d g ar, Stonehouso, 

Glos.
R a m a n u j a m , S., M.A., K h argpur, 

In d ia .
S a k s e n a ,  Jw a la  P rasad , B .Sc., 

K h arg p u r, In d ia .
S a l a h - u d - D j n , B .A ., M.Sc., L ahore, 

Ind ia.
S a s t r i , H ebbalam  Srin ivasa, B .A .,

B .E ., Sheffield.
T o u r n a l r e , M arcel, P a ris, F rance. 
W a t e r s , A lexander Ja m es G arland,

B .Sc., W raysbury , B ucks.
W h i t e , G erald L angdale , B.A.Sc., 

T oronto , C anada.
W h i t f i e l d , T hom as A., G ateshead, 

Co. D urham .
W r i g h t , E dw in  W illiam s, Cape 

Tow n, Sou th  Africa.
W r i g h t , N orm an  Percy , B .Sc., 

B ristol.
A s  S tu d en t M em b ers .

A s h t o n , S tan ley  Jam es , B ebington, 
W irral, Cheshire.

D a v i e s , Jo h n  K en n eth , B .M et., 
Sw inton, M anchester.

D a y , (Miss) M argaret K a th arin e  
B ricknell, M.A., G errards Cross, 
Bucks.

H a r d i n g , A lan R ., B irm ingham . 
H e d g e r , H a rry  Jo h n , L iverpool. 
H e l l i w e l l , R alp h , L iverpool. 
H i l l i a r d , J o h n  E velyn , London. 
H u t t o n , W illiam  Geoffrey, H aw ley, 

n r. Cam berley, Surrey.
J a y ,  R ussell, B .Sc.(E ng.)M ct., B ir

m ingham .
x x v



News and Announcements
N i c e , W alte r R o y  E ric, B.Sc.

A .R .S.M ., London.
P r e s t o n ,  M aurice Joseph , M an 

C h e s t e r .
R o b e r t s , Jo sep h  E d w ard , W hite  

field, n r. M anchester. 
S o b r a m a n i a m , V., B .Sc., B .M et.

Jam sh ed p u r, In d ia .
S u t c l i f f e , D a v i d  A l a n ,  B .S c . ,  F a m  

borough, H u n ts.
T o t t l e , Charles R onald , B .M et.

N ew castle-upon-Tyne.
W h y t e , M atthew , B .Sc., G errards 

Cross, Bucks.

P E R S O N A L  N O T E S
D r . E d w i n  G r e g o r y , Chief M etal

lu rg is t o f E d g ar Allen an d  Co., L td ., 
has been elected  P resid en t o f th e  
In s ti tu tio n  o f Engineering  Inspection .

S i r  F r e d e r i c k  R e b b e c k , D .L ., 
J .P . , C hairm an an d  M anagingD irector 
o f H a rlan d  an d  W olff, L td ., B elfast,

received th e  H o n o ra ry  D egree of 
D o cto r o f Science o f Q ueen’s U n i
v e rsity , B elfast, on 10 Ju ly , 1946.

M r . F r a n k  T w y m a n , F .R .S ., has 
resigned his position as M anaging 
D irecto r o f A dam  H ilger, L td ., to 
becom e Technical A dvisor to  th e  firm  
and  to  its  associates E . R . W a tts  
an d  Son, L td . Mr. T w ym an  re 
m ains C hairm an of A dam  H ilger, 
L td .

D r . S. W e r n i c k  has been elected, 
P resid en t o f th e  E lectrodeposito rs 
T echnical Society for th e  y e a r 1946- 
47.

D e a t h .

T he E d ito r  reg re ts  to  announce 
th e  d ea th , suddenly , on  7 A ugust, 
o f  Mr. S. V . W i l l i a m s , B.Sc., 
C hairm an, an d  form erly  H o norary  
Local Secretary , o f th e  L ondon  Local 
Section. Mr. W illiam s was Chief 
M etallurg ist o f th e  G eneral E lectric  
Co., L td ., W em bley.

A P PO IN T M E N T S VACANT AN D  R E Q U IR E D .
E l e c t r ic  F u r n a c e  m e l t in o  Sh o p  M a n a g e r . 
H ighly qualified m anager, n o t exceeding 40 yeam 
of age, w ith  souDd practical experience of arc 
and  high-frequency furnace melting of high- 
grade non-ferrous alloys required in  Birmingham. 
A pplicants should s ta te  full details of education, 
experience, and salary required to  Box No. 017, 
L .P .E ., 110, S t. M artin’s Lone, London, W .0.2.

Me t a l l u r g is t , B.Sc., A.I.M ., G years’ Industrial 
experience in  responsible position, seeks new 
post, e ither production or research. Age 30. 
Box No. 173, In s titu te  of Metals, 4 Grosvenor 
G ardens, London, S .W .l.

Me t a l l u r g ic a l  e n g in e e r  a n d  T e c h n ic a l  
Sa l e s  Ma n a g e r  oilers his services in  London, 
e x p o rt o r overseas travelling, and  is fully experi

enced in  non-ferrous alloys from  raw  m aterials 
to  finished articles. 15 years’ workB experience, 
12  years’ sales experience home and abroad. 
Box No. 174, In s titu te  of Metals, 4 Grosvenor 
Gardens, London, S .lV .l.

L e a d  Sh e e t  a n d  p i p e  M a n u f a c t u r e r s—  
W o r k s  Ma n a g e r  required London a rea ; know
ledge of im proving and  refining an  advantage. 
W rite fully sta ting  age, experience, and  salary 
required. Box No. 175, In s titu te  of Metals, 
4 G rosvenor G ardens, London, S.W .1.

E x p e r im e n t a l  P h y s ic is t  required, preferably 
w ith  some chemical or m etallurgical knowledge, 
for research and  developm ent of new equipm ent 
w ith London m etal spraying com pany. Salary 
£500-£700. Box No. 176, In s titu te  of Metals, 
4 Grosvenor Gardens, London, S.W . 1.
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THE COLD WORKING OF A IIIGH-PURITY 1 0 3 1  
ALUMINIUM ALLOY CONTAINING 4% 
OF COPPER AND ITS RELATION TO 
AGE-HARDENING.*

By M ARIE L. V. GAYLER.f D.Sc., Member. 

S y n o p s i s .

By means of microscopical analysis and hardness measurements, the 
effect of cold work on a  high-purity aluminium alloy containing 4%  of 
copper has been studied in relation to  its age-hardening properties.

The da ta  obtained allow the following conclusions to be drawn :
(1) Cold work accelerates the  rate  of ageing by an am ount determined 

by the  degree of cold work given.
(2) M icrostructural changes have shown th a t the effect of cold work 

on a  quenched specimen is to  bring it into th e  fully aged sta te  normally 
produced by ageing a t  room tem perature; the effect of further ageing 
a t room or higher tem peratures has been related to  conditions determined 
by the normal tim e-bardness curves.

(3) Lattice strain  caused by cold work has been shown to be relieved 
by the  form ation of sub-microscopic (or microscopic, depending on the 
previous condition of the alloy and its ageing tem perature) “  crystallites ” 
and, simultaneously, sub-microscopic precipitates of copper-rich particles.

(4) The course of ageing curves of cold-worked and aged m aterial has 
been considered in  relation to  the  am ount of lattice strain  the m aterial 
is capable of w ithstanding. The inference has been drawn th a t  measure
m ent of lattice strain, resulting from the cold rolling ę f  a  soft-annealed 
specimen, m ay bo associated w ith Brinell hardness.

(5) The mechanism of tho relief of a  strain  caused b j' cold work is 
similar to th a t which occurs in relief of strains set up during age-harden
ing, i .e . , by the form ation of “ crystallites.”

I n t r o d u c t io n .

I n  a recent paper1 on the age-hardening of high-purity aluminium- 
4 % copper alloy, the present author published new data regarding the 
changes in microstructure occurring during the process of age-hardening 
a t room and higher temperatures.

Briefly, the age-hardening of the alloy is considered to be due to the 
precipitation of copper-rich particles from solid solution, and to  the 
simultaneous formation of “ crystallites ” of the solid solution of 
aluminium, stable a t the temperature of ageing, and not  to the pre
cipitation of either a- or p-CuAl2.2

Furthermore, it  has been shown t h a t :
(a) The first increase in hardness on time-hardness curves is due to 

the segregation of copper atoms to form plates on (100) planes.

* This paper was w ritten in the  first years of the  w ar; m anuscript received 
February 18, 1946.

t  L ate Metallurgy Division, N ational Physical Laboratory, Teddington.
VOL. LXXII. P p
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(b) The “ flat ” on time-hardncss curves is associated with the 
formation of copper-rich aggregates of a critical size depending 011 the 
temperature of ageing, which, by their precipitation, relieve the strains 
set up in localized areas in the surrounding matrix. The precipitate is 
sub-microscopic; simultaneously, sub-microscopic “ crystallites” of 
the new solid solution are formed.

(c) The second increase in hardness is due to two processes occurring 
simultaneously :

(i) the growth of sub-microscopic, copper-rich particles to  visible 
size;

(ii) the formation of fresh aggregates of copper-rich particles in 
strain-free areas by further diffusion of copper atoms.

(d) After the maximum of the second increase in hardness has been 
reached, and when softening has set in, particles of a-CuAl2 are observed 
in strain-free areas.

(e) The polymorphic transformation of a-CuAl2 to p-CuAl2 2 takes 
place in the softened alloy with no increase in hardness.

The above facts help to throw light on the effect of cold work on the 
age-hardening of high-purity aluminium-4% copper alloy and on the 
relationship between the two processes.

E x p e r i m e n t a l .

I t  has already been shown th a t the use of high-purity aluminium 
could introduce anomalous results during the ageing of an aluminium- 
4% copper alloy, which could be associated with the presence of rounded 
particles of CuA12 in the forged 1-in. chill castings, and it  has been found 
tha t the best method of ensuring complete solid solution of this phase 
in the aluminium is to cold forge using a light blow on alternate faces.22 
This “ standard ” method of forging has been used throughout for the 
breaking-down of the 1-in. chill castings, before the required solution 
heat-treatments. In  Table I  are given data regarding the material used.

Cold working is well known to accelerate the age-hardening of alloys 
capable of being age-hardened and to be accompanied by visible changes 
in microstructure, such ;\s change in shape of individual crystals and in 
the appearance of slip-bands, and also by changes in the X-ray spectra.3-11 
So far as the author is aware, no record has been published which gives 
information regarding any microstructural changes which can be 
specifically related to the age-hardening of the alloy in its relation 
to  cold working.

The data described in this paper are based 011 the cold working of a 
high-purity aluminium-4% copper alloy previously subjected to specific
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T a b l e  I .— Material Used in  Experiments.

E xperi
m ental 

Series (see 
below).

Fig. No. M aterial.

n

h i

IV

32, 33

35

Bara cold forged to  a  thickness of 0-19 in .; solution heat- 
treated  for 4 days a t 540° C., quenched as indicated in I 
(p. 546), and cold rolled, 50%  reduction, before ageing a t 
room tem perature.

Bars cold forged to  a  thickness of 0-3 in., solution heat- 
trea ted  for 2 hr. a t  630° C., quenched in w ater a t  room 
tem perature, and imm ediately cold rolled and aged as 
indicated in I I  (p. 547).

Bars cold forged to  a  thickness of 0-19 in., solution heat- 
treated  for 4 days a t  540° C., quenched in w ater a t  room 
tem perature, aged various amounts, and then  cold 
rolled and aged a3 indicated in I I I  (p. 552).

Bars heat-treated for 4 hr. a t  450° C., cold forged to  a  th ick
ness of 0-3 in., solution heat-treated  for 2 hr. a t  530° C., 
quenched in w ater a t room tem perature, and immediately 
cold rolled to  give the required reduction as indicated 
in IV (p. 557). The final thicknesses were as follows: 
50% reduction, 0-15 in .; 75%, 0-074 in .; 87% , 0-038 in . ; 
96% , 0-012 in. After initial reduction to  a thickness of 
0-176 in. and heat-treatm ent for 1 hr. a t  540° C., the 
specimen reduced 10%  was cold rolled to  a  final 
thickness of 0-159 in.

ageing heat-treatments. Correlation between the observed changes in 
hardness and the microstructure has led to further information regarding 
the effect of cold work on the age-hardening process.

In  order to obtain as complete a picture as possible experiments 
were carried out in five series, in each of which all factors were constant 
save one, which was varied. The five series are :

I. The effect of rate of cooling from the solution-heat-treatment 
temperature before cold working, when the degree of cold working and 
temperature of ageing are fixed.

II. The effect of the temperature of ageing when both the condition 
of the alloy before cold working and the degree of cold working are 
fixed.

III . The effect of a definite amount of cold work applied to an alloy 
previously aged to a fixed degree (as determined by time-hardness 
curves), on subsequent ageing a t two specified temperatures.

IV. The effect of varying the degree of cold work, given immediately 
after quenching from the solution-heat-treatment temperature, on the 
subsequent ageing of the alloy a t a specified temperature.

V. The effect of the degree of cold work before, and of the time 
exposed to, the solution-heat-treatment temperature, on subsequent 
ageing a t a fixed temperature.
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The properties of the alloy after each of these specific treatments, 
respectively, have been determined by microscopical analysis and 
Brinell hardness measurements.

I.—Alloy Cooled at Different Rates from the Solution-Heat-Treatment 
Temperature ; Cold Rolled, 50% Reduction ; and Aged at Room 

Temperature (15° C.).
The alloy was cooled a t one of the following rates from the solution- 

heat-treatm ent temperature :

(1) Quenched in water a t room temperature.
(2) Quenched in water a t 30° C.
(3) Quenched in water a t 50° C.
(4) Air-cooled.
(5) Air-cooled in a 2-in. dia. aluminium block, thickness of 

specimen 0-19 in.
(6) Furnace-cooled.

The Brinell hardness numbers obtained on ageing a t room temper
ature, after cooling the alloy a t each of the above rates, are plotted 
in Fig. 1. In each case a considerable increase in hardness occurs
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F i g . 1.—Effect of Cold Rolling, 50% Reduction, on the Ageing n t Room .Tem
perature (15° C.) of Alum inium -4%  Copper Alloy, Cooled a t Different R ates 

from the Solution-H eat-Treatm ent Temperature.

K e y .

•  Quenched in water a t  room tem perature (15° C.)
O ,, „  » 30° C.
x   50° C.

A Air-cooled

A Air-cooled in aluminium block 
V Furnace-cooled

Cold rolled, 50%  re
duction. Aged at 
room tem pera
ture.
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immediately on cold rolling, but no further change in hardness takes 
place on ageing a t room temperature up to a period of a t least 10 days.

Furthermore, those specimens cooled a t slower rates from the solution- 
heat-treatm ent temperature show the same increase in hardness, but a 
lower final hardness. The latter is probably due to the fact th a t sub- 
microscopic and/or microscopic precipitation of copper-rich aggregates 
has already taken place during the slow rates of cooling before cold 
working.1 In  all cases, the hardness is higher than th a t observed in 
specimens not cold worked before ageing.12 The microstructure of the 
alloy cold worked immediately after quenching in water a t 15° C. and 
aged over 2 months a t room temperature is shown in Figs. 4-5 (Plate 
XLIX) under magnifications of 1000 and 2750 din., respectively. The 
specimen has been etched with 25% nitric acid in water a t 70° C., which 
has developed minute “ pits ” within the grains and in the grain 
boundaries. This phenomenon indicates th a t the alloy is in an advanced 
state of ageing,12 i.e., th a t corresponding with a stage approaching the 
end of the “ flat ” on time-hardness curves. These “ pits ” have been 
shown to be indications of the presence of sub-microscopic, copper-rich 
aggregates and of “ crystallites ” of the new solid solution, stable a t the 
temperature of ageing.1

II.—Alloy Quenched in  Water at Room Temperature, Immediately 
Cold Rolled, 40% Reduction, and Subsequently Aged at Different

T  emperatures.

The alloy was aged a t each of the following temperatures :
(1) Room temperature (15° C.).
(2) 130? C.
(3) 149° C.
(4) 187° C.

The results of the Brinell hardness measurements are plotted in 
Figs. 2 and 3, and typical microstructures are given in Figs. 6-31 (Plates 
X LIX-LV). In  comparison with material aged normally,12 it i3 
apparent th a t cold working has accelerated the rate of ageing.

(a) Room Temperature Ageing.
The acceleration of ageing a t room temperature (15° C.) is indicated 

by the presence of etching “ pits ” in the planes of slip and in the grain 
boundaries, as seen in the microstructure of the cold-rolled and aged 
specimens shown in Figs. 6- 8 , under magnifications of 150 and 1000 
and 2500 dia., respectively. Deformation bands crossed with slip- 
bands, characteristic of cold working, are seen in Fig. 6, while the 
presence of “ pits,” developed by the etching reagent in planes of slip
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and in the boundaries, is shown in Fig. 7. In  Fig. 8, “ pits ” in a 
grain boundary are seen under a still higher magnification.
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Although no increase in hardness is observed on ageing cold-worked 
material a t room temperature, the development of etching “ pits,”



which increase in number with time of ageing, indicates th a t the first 
stage of the ageing process is proceeding a t room temperature and is 
initially in a comparatively advanced sta te .12

The presence of these “ pits,” indicating precipitation of sub- 
microscopic, copper-rich particles, and of the formation of “ crys
tallites ” of a new solid solution, is associated with the relief of 
strain 1 a t localized areas in the lattice, hence, their occurrence in cold- 
worked material indicates a similar relief of strain by a sub-microscopic 
precipitate and “ crystallites,” in regions where maximum stress has 
been present, i.e., in planes of slip and in the boundaries of the grains.

(b) The Effect of Higher Ageing Temperatures.
The age-hardening curves of cold-rolled specimens, aged a t higher 

temperatures, show only one increase to  a maximum value on tim e- 
hardness curves, followed by a decrease (Fig. 2). This is contrary 
to what occurs during normal ageing a t high temperatures, when two 
increases are observed up to a certain temperature of ageing.12 The 
increases in hardness shown on the curves in Fig. 2 correspond with the 
second increase on normal time-hardness curves. Cold working alone, 
as already mentioned, brings the alloy into the first stage of ageing.

Examination of the microstructures of the cold-rolled and aged 
specimens supplies the evidence on which the above deduction 
has been made.

Specimens have, therefore, been examined after the following 
ageing times, i.e., before and after the maxima on the curves in Fig. 2 
have been reached:

(i) Ageing temperature, 130° C .: 1, 10, 121 days.
(ii) Ageing temperature, 187° C .: 1, 4 hr., 1, 10, 30 days.

Figs. 9, 12, and 13 give the microstructures of the specimens aged 
a t 130° C. for 1, 10, and 121 days, respectively. These have been 
etched with 25% nitric acid a t 70° C. In  the case of the specimen aged 
1 day a t 130° C. (Fig. 9), “ pits ” appear in the grain boundaries and 
along the planes of slip, as shown under a magnification of 2750 dia. 
in Figs. 10 and 11; “ pits ” also appear similarly in the alloy aged for 
10 days (Fig. 12). A longer period of ageing, however, i.e., 121 days, 
causes a further change in structure to take place and be developed by 
the hot nitric acid etch, as seen in Fig. 13, viz., the appearance of a white 
material associated with a precipitate in the grain boundaries and also 
within the grains, particularly along the planes of slip, as shown under 
a magnification of 2750 dia. in Figs. 14-15. This light phase must be
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the new solid solution, stable a t the temperature of ageing, which only 
appears when the second stage of ageing has begun.1 The presence of 
this phase is more easily detected in its early stages by etching with 
1%  hydrofluoric acid only, when minute “ crystallites ” appear; their 
presence is, however, masked when the alloy has previously been etched 
with hot nitric acid. The series heat-treated a t 187° C. has been more 
completely examined, since the changes taking place on ageing occur 
more rapidly. Kgs. 16, 19, 21, 22, 23, and 25 show the changes* in 
microstructure, under a magnification of 300 dia., of the alloy aged J , 1, 
and 4 hr., and 1 ,10 , and 30 days a t 187° C., etched with 25% nitric acid 
a t 70° C. Comparing these structures with reference to the ageing 

• curve (Fig. 2), it can be seen th a t the presence of “ pits ”  alone is 
observed (with the specific reagent used) in the specimens aged \  and 
1 hr. (Figs. 16, 19), viz., before the maximum on the time-hardness 
curve is reached. On ageing 4 hr. or more (Figs. 21, 22, 23, and 25), 
viz., after the maximum increase has been passed, the character of the 
structure changes, however, and, instead of a predominance of “ pits ” 
in the boundaries and slip planes, the white material appears in increasing 
amount as ageing proceeds. ,

After 10 days’ ageing, a visible precipitate can be detected in the 
specimen under a higher magnification of 2750 dia. (Fig. 24) and this 
precipitate grows in amount as time of ageing increases. Figs. 25-26 
show the precipitate in the white substance in the alloy aged 30 days a t 
187° C., under magnifications of 300 and 2500 dia., respectively.

Further evidence th a t the maxima on the curves shown in Fig. 2 
may be attributed to the second stage of ageing is obtained by etching 
specimens for 2-3 sec. in 1% hydrofluoric acid. The alloy aged \  hr. 
a t 187° C., etched with 25% nitric acid a t 70° C., is seen under a magni
fication of 2000 dia. in Fig. 17; in Fig. 18 the same specimen is shown 
etched with 1% hydrofluoric acid. In  the former case, “ pits ” have been 
developed by the reagent on the slip planes and on the boundaries, 
while in the latter, minute “ crystallites ” of the new solid solution have 
appeared in the grain boundaries and in the slip planes. These two facts 
together prove th a t microscopic copper-rich particles and microscopic 
“ crystallites ” of the new solid solution, stable a t the temperature of 
ageing, have been formed, and since these can only be associated with 
the second stage of ageing,1 the first stage must have been accelerated. 
Similarly, the alloy aged for 1 hr. a t 187° C., when etched with |%  hydro
fluoric acid, shows, under a magnification of 2000 dia., the presence of 
“ crystallites ” in the slip planes (Fig. 20). These “ crystallites ” are 
the precursors of the white substance developed to a greater extent 
by prolonged ageing (Figs. 21-26).
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H igh-Purity  Alum inium  Alloy Containing 4% of Copper.
F i g . 4.— Cold rolled, 50% reduction, im m ediately after quenching in w ater a t  15° C. Aged

2 m onths a t  15° C. x 1000. E tch  : H  min. 25% H N O , a t  70° C.
F ig . 5.— As Fig. 4. x 2750.
F i g . 6 .— Cold rolled, 40% reduction, im m ediately afte r quenching in w ater a t  15° C. Aged

4 m onths a t  15° C. x 150. E tch  : 1 min. 25% H N 0 3 a t  70s C. and then 3 min. K eller’s
reagent.

F ig . 7.— Cold rolled and quenched as Fig. 6. Aged 2 vears, 2 m onths a t  15° C. x  1000. 
E tch  : 1i  m in. 25% H N 0 3 a t  70° C.

[To face p. 550.
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H igh-Purity  A luminium Alloy Containing 4%  of Copper.
F i g . 8 .— Cold rolled, 4 0 %  reduction, im m ediately after quenching in w ater a t  1 5 °  C. Aged 

2 years, 2 m onths a t 15° C. x 2500. E tch  : 1J min. 25%  H X O j a t  70° C.
Fic.. 9.-—Cold rolled. 40% reduction. Aged 1 dav  a t  130° C. x 300. E tc h : 1 m in. 25%  

H N 0 3 a t  70s C.
F i g s . 10 and 11.— As Fig. 9. x  2750.
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H igh-Purity  A lum inium  Alloy Containing 4%  of Copper.
F ig . 12.— Cold rolled, 40%  reduction. Aged 10 davs a t  130°. C. x 300. E tch  : 45 sec. 

25% H X 0 3 a t 70° C. '
F ig . 13.— Cold rolled, 40% reduction. Aged 121 davs a t  130° C. x 300. E tch  : 45 sec.

25% H N 0 3 a t 70° C.
F i g s . 14 and 15.— As Fig. 13. x 2750.
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H igh-Purity  A lum inium  Alloy Containing 4%  of Copper.
F ic . 16.— Cold rolled, 40% reduction. Aged J h r. a t 187° C. x 300. E tch  : 1 min. 25% 

H N O a a t  70° C.
F ig . 17.— As Fig. 16. x 2000.
F i g . 18.— Same specimen as Fig. 16. x 2000. E tch  : 4 sec. J%  H F .
F ig . 19.— Cold rolled, 40% reduction . Aged 1 h r. a t 187° C. x 300. E tch  : 1 m in. 25%

H N O j a t 70° C.
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H igh-Purity  Alum inium  Alloy Containing 4%  of Copper.
F ig . 20.— Cold rolled, 40% reduction. Aged 1 hr. a t  187° C. x 2000. E tch  : Swabbed 

è%  H F.
F i g . 21.— Cold rolled, 40% reduction. Aged 4 hr. a t  187° C. x 300. E tch  : 1 min. 25%  

H N 0 3 a t  70° C.
F ig . 22.— Cold rolled, 40% reduction. Aged 1 day  a t  187° C. x 300. E tch  : J  min. 25%  

U N O , a t 70° C.
F ig . 23.— Cold rolled, 40% reduction. Aged 10 days a t  187° C. x 300. E tc h  : i  min. 25%

H XOs a t  70° C.
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H igh-Purity  A lum inium  Alloy C ontaining 4%  of Copper.
F i g . 24.— Cold rolled, 40% reduction. Aged 10 days a t  187° C. x 2750. E tch  : i  min. 

25%  H N O j a t  70° C.
F i g . 25.— Cold rolled. 40% reduction . Aged 30 davs a t  187° C. x 300. E tc h  : 1 m in.

25%  U N O , a t  70° C.
F ig . 26.— A s Fig. 25. x 2500.
F ig . 27.— Cold rolled, 75% reduction . Aged i  hr. a t  290° C. x 200. E tch  : 1 m in. 25% 

H N O j a t  70° C.
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H igh-P urity  A luminium Alloy Containing 4% of Copper.
I 'lG . 28.— Cold rolled, 75% reduction. Aged J hr. a t  290° C. x 2000. E tch  : 1 min. 25%

HXOj a t 70° C.
Fsc. 29.— Cold rolled, 75% reduction. Aged J hr. a t 290° C. x 150. E tch  : 1% H F.
F ig . 30.— Cold rolled, 40%  reduction. Aged 1 hr. a t  187° C. (Same specim en as Fig. 20.)

Oblique lighting, x 60. E t c h :  2--3 sec. J%  H F.
F ig . 31.— Same place as Fig. 30, b u t angle of light a ltered , x 60.
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(c) Ageing after 75% Reduction.
An alloy more heavily cold rolled, i.e., reduced 75%, was aged for 

15 min. a t 290° C. and etched in 25% nitric acid a t 70° C .; the micro- 
structure is given in Fig. 27 under a magnification of 200 dia. Here the 
presence of the light phase is clearly to  be seen in bands associated with 
the direction of rolling. Under a magnification of 2000 dia., particles 
of precipitate appear which are, most probably, p-CuAl2 13 (Fig. 28). 
If, however, the specimen is etched with i%  hydrofluoric acid, “ crystal
lites ” are seen (Fig. 29) in deformed grains along the planes of slip.

T hat the structures shown in Figs. 18, 20, and 29 are genuinely due 
to the formation of “ crystallites ” of the new solid solution, stable a t the 
temperature of ageing, and not to  a “ flowed ” surface, is shown 
on examining a specimen under oblique lighting. The structure of the 
specimen in Fig. 20 was viewed under dark-background, oblique 
illum ination; Figs. 30-31 show the same place in the specimen, under a 
magnification of 60 dia., under two angles of lighting. Two important 
facts stand o u t : first, the “ crystallites ” observed on slip planes (Fig. 
20) reflect light while the m atrix remains dark and, second, the reflec
tion of light by the “ crystallites ” depends on the orientation of the slip 
planes, cf. Fig. 30 with Fig. 31. I t  may be concluded, therefore, that,
(i) the small “ crystallites ” seen in Figs. 18, 20, and 29 are real, (ii) they 
are similarly oriented (or very nearly) with respect to  each other along 
slip planes, (iii) their orientation depends upon the orientation of the 
slip plane, and (iv) their orientation differs from th a t of the matrix.

This microscopical examination demonstrates the reason why no 
grain boundaries can be etched up in aged D uralum in: the formation 
of “ crystallites ” replaces the original grains.

The above data show th a t the maxima on the ageing curves seen 
in Fig. 2 are associated with the second stage of ageing, the first stage 
having been brought about by the cold work immediately after 
quenching from the solution-heat-treatment temperature.

In  Fig. 3 is plotted the log of the time taken to attain.the maximum 
of the second increase in hardness accompanying ageing against the 
reciprocal of the absolute temperature of ageing of alloys cold rolled, 
or not cold rolled, immediately after quenching and before ageing. 
I t  may be seen th a t the points obtained lie respectively on two lines 
which are parallel, showing th a t the acceleration of the second stage 
of ageing is related to the degree of cold work and not to the temperature 
of ageing.
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III.— Alloys Aged Specified Amounts Before Cold Rolling, 50%  
Reduction, and Subsequently Aged a t . (a) Room Temperature (15° C.),

(b) 130°C.
The question arises, what is the effect of cold work on the subsequent 

ageing of a specimen which has previously been aged to various stages, 
as shown by time-hardness curves? Since cold work accelerates 
ageing, it  would be expected th a t any increase in hardness caused by 
cold rolling a specimen previously in a state corresponding with a 
completely softened alloy would be due to the imposed strains on the 
lattice and not to any ageing process. On the other hand, specimens 
aged to  stages intermediate between the as-quenched and the fully 
softened conditions would probably show increases in hardness, due to 
accelerated ageing of those parts of the alloy in which the ageing process 
had not been completed. Fig. 32 shows the results obtained when
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Fio. 32.—Effect of Ageing before Cold W orking, 50% Reduction, on the 
Subsequent Ageing a t  Room Tem perature (15° C.).

previously heat-treated alloys are cold rolled, 50% reduction, and aged 
a t room tem perature; while those from specimens similarly treated, 
but aged a t 130° C., are plotted in Fig. 33. The conditions of the alloys 
before cold rolling were as follows :

B .--Quenched in water a t 15° C. aged 6 hr., 150° C.
C. )) J> ,, 3 days, 150° C
D. >> »> „ |  hr., 250° C.
E. >9 99 „  i  hr., 350° C.
F. 99 99 „ 4 hr., 350° C.
R. 99 99 ,, 8 days, 15° C.
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From time-hardness curves,12 the degree to which these alloys should 
have been age-hardened is deduced as follows :

B.—Aged just to the maximum of the first increase in hardness.
C.—Aged to rise to the second increase in hardness.
D.—Aged to the maximum of the second increase in hardness.
E .—Aged well past the maximum of the second increase in 

hardness.
F .—Fully softened.
R .—Aged just to the maximum of the first increase in hardness.

Cold rolling causes, in all cases, an immediate increase in hardness, 
which does not change during prolonged ageing at room temperature.

140
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60

0-001 0-01 0-1 I 10 100
TIME. OATS

F i g .  33.—Effect of Ageing Before Cold W orking, 50% Reduction, on the  
Subsequent Ageing a t  130° C.

The effect of cold work on the fully softened specimen F  is important, 
since any change in hardness can be attributed to strain-hardening of 
the lattice alone, and not to  any ageing process. In  order to determine 
the maximum increase in hardness which could be imposed on such a 
fully softened alloy by cold work, a specimen was soft-annealed for 
1 hr. a t 370° C., air-cooled, and then cold rolled to give thicknesses 
corresponding with 10, 40, 60, and 80% reduction, respectively. The 
increase in Brinell hardness obtained is plotted in Fig. 34 against the 
percentage reduction. I t  was not possible, using the same specimen, 
to obtain by further rolling material of suitable thickness for accurate

p
Brinell measurements with the sam e-^  ra tio ; the higher portion of the

curve in Fig. 34 has not, therefore, been determined experimentally. 
By extrapolation, it  appears th a t the maximum lattice strain caused by 
cold work is of the order 40 Brinell; after this, further cold working will



result either in a breakdown (locally) of the lattice, or else in relief of 
strain by some “ recrystallization ” process.

Since cold working and age-hardening both produce lattice strain,
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Fia . 34.—L attice Strain Induced in a Fully  Softened Alloy by Cold W ork, as 
Measured by the Increaso in Brinell Hardness.

the data plotted in Figs. 32-33 can be interpreted qualitatively in 
terms of those plotted in Fig. 34.

In  Table II  are summed up the relative increases in hardness due to 
ageing and cold working.

T a b l e  I I .— Relative Increases in Brinell Hardness, due to Ageing and
Cold Working.
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c GO 3 days, 150° C. 100 40 134 74 103 43 - 3 1
B 0 hr., 150° C. 87 27 120 66 92 32 - 3 4
R 8 days, 15° C. 90 30 114 54 108 48 -  6
D i  hr., 250° C. SO 20 94 34 102 42 +  8
E i  hr., 350° C. 60 0 92 32 107 47 +  15
F

L _
J» 4 hr., 350° C. 45 - 1 5 68 23 78 33 +  10

Examination of Table I I  and Fig. 32 shows th a t the greatest increase 
in hardness caused by cold rolling, 50% reduction,-occurs in the alloy C,
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which had been aged previously to a stage about half-way between the 
“ flat ” on the time-hardness curve and the maximum hardness value 
associated with the second ageing process.12 Alloys 13 and R, both 
aged previously to the stage corresponding wdth the beginning of the 
“ flat ” on time-hardness curves, show the next greatest increase due 
to 50% reduction by cold work, while alloys D, E, and F, whose 
conditions before cold working corresponded with further progressive 
stages of ageing, are increasingly less affected by the same amount of 
cold work.

I f  the amount of cold work given is increased to 90% reduction, two 
most interesting facts appear, viz., th a t (a) in the case of the first three 
alloys mentioned above, C, B, and R, no further hardening occurs a t 
room temperature, indeed, a definite reduction of hardness takes place 
(Table II, columns 6, 8, and 10); and (b) the last three alloys, D, E, and 
F, show a slight increase in hardness.

On ageing the alloys cold rolled, 50% reduction, a t 130° C., tim e- 
hardness curves are'obtained (Fig. 33). Briefly, alloy C and alloy F 
show a gradually increasing softening and no increase in hardness, while 
alloys B and R both show a small initial softening followed by an 
increase in hardness to a maximum value which is only slightly higher 
than th a t of the cold-rolled alloy. These increases in hardness reach 
their maxima after about 1-2 days’ ageing, respectively, after which 
softening gradually sets in.*

On ageing specimens D and E a t 130° C., no change in hardness 
occurs until after |  hr., when an increase takes place. The hardness 
rises to a maximum value which is greater than the hardness of the 
material in its original, cold-rolled state.

The following explanations of the changes in hardness, given in Table 
I I  and seen in Figs. 32-33, are pu t forward :

(1) Specimen C.—Ageing this specimen for 3 days a t 150° C. 
produces an increase in hardness of 40 Brinell (measured a t room temper
ature). In  term s of lattice strain (Fig. 34), this increase corresponds 
with th a t percentage caused by the maximum reduction by cold work ; 
hence, an additional strain imposed on the lattice by still further cold 
work must cause either localized “ cracking ” or a localized “ re
crystallization ” in relief of this strain.

I t  has been shown in P art I I  (p. 547) tha t relief of strain set up 
by cold working is brought about by the formation of sub-microscopic,

* There is evidence in the literature th a t, after a definite am ount o f cold work 
has been applied to certain m aterials, further cold work causes a  decrease, ra ther 
than  an increase, in hardness. I t  is suggested th a t  this m ay be due to  the  fact 
th a t the  maximum lattice strain  has been exceeded and relief o f strain  is brought 
about by a localized “  recrystallization ”  process in the matrix.
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copper-rich particles and “ crystallites ” of the solid solution, stable at 
the temperature of ageing; hence, if an aged alloy be cold worked, it  is 
likely th a t the stresses set up will again be relieved by a similar process. 
The condition of the present alloy before cold rolling corresponds with 
a state intermediate between th a t on the “ flat ” on time-hardness 
curves and the maximum of the second increase in hardness. I t  is most 
probable, therefore, th a t the ageing process will be so greatly accelerated 
th a t the second stage of ageing will a t least be attained, together with 
the accompanying increase in hardness to a maximum value. I f  this 
be so, the formation of a visible precipitate of copper-rich particles, 
together with visible “ crystallites ” of the new, stable aluminium solid 
solution, will take place during cold rolling, thereby relieving stresses 
in those areas where the strain is greatest.

The Brinell hardness will also be affected by the number, size, and 
growth of precipitated, copper-rich particles which have been formed.

That this deduction is correct is shown by the facts th a t (a) further 
cold working (90% reduction) produces no increase, bu t a decrease, in 
hardness; (6) ageing a t 130° C. the alloy previously cold worked, 50% 
reduction, causes no increase in hardness but a gradual softening 
(Fig. 33).

(2) Specimens B  and R .—These have both been aged to the stage 
when the “ flat ” on the time-hardness curve is reached, though possibly 
to slightly different degrees, the former by ageing for 6 hr. a t 150° C., and 
the latter by ageing for 8 days a t room temperature. From Table II , 
column 5, it is seen, by comparison with specimen C, th a t the increase in 
hardness due to ageing is not so great, and tha t 50% reduction by cold 
work also increases the hardness of both to a lesser extent. The total 
growth in hardness of both specimens B and ft (Table II, column 7) corre
sponds with about the increase to maximum lattice s tra in ; hence, any 
additional cold work would be expected to produce no further increase 
in hardness, but to' promote still further the ageing process which 
relieves strain, i.e., increase the rate of precipitation of the copper-rich 
particles and the formation of “ crystallites ” of the new solid solution. 
That this probably occurs is seen from Table II , columns 8-10, and from 
the results of ageing the 50%-reduction cold-worked specimens a t 130° C. 
(Fig. 33).

In  contrast with specimen C, specimens B and B show a small decrease 
in hardness as the first effect of ageing a t 130° C .; this decrease must be 
associated with the relief of strain by the formation of visible copper-rich 
particles and visible “ crystallites ” of the new solid solution. This is 
followed, in both cases, by an increase in hardness to maximum values 
in about 1 day and I I  days, respectively, after which softening sets in
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progressively. This increase in hardness can only be attributed to the 
second stage of ageing.

(3) Specimens D mid E .—These specimens have been aged to a 
stage in which the second maximum increase in hardness should have 
been first attained, or passed, respectively. Consequently, the effect 
of cold working would be expected to  be considerably less than th a t 
observed in specimens C, B, and R, since the amount of hardening 
attributable to a.geing has been considerably reduced by the ageing 
treatm ents. From Table II,' column 7, it  is seen th a t the  increase in 
hardness due to 50% reduction by cold work is about half th a t attained 
in the specimens B and R. Hence, if the specimens D and E be cold 
worked, 90% reduction, the lattice could be further strained to the 
maximum value, giving a total increase in Brinell hardness of 50 or 
more. From  Table II , column 9, it  is seen th a t the hardnesses of 
both specimens D and E have been raised to approximately the maxi
mum value and from column 10 i t  is seen th a t this increase is greater 
in the case of the alloy which was originally in the less hard condition.

I t  is difficult to offer any explanation for the increase in hardness 
which occurs on heat-treating the cold-worked specimens D and E a t 
130° C. (Fig. 33). I t  is possible th a t re-solution and re-precipitation of 
copper-rich particles is responsible for the change.

(4) Specimen F .—From Table II , column 7, it is seen th a t the total 
increase in hardness is 23 Brinell, which is due entirely to  lattice 
strain, cf. Fig. 34. Accordingly, by further cold working, it should be 
possible to increase the hardness to the total maximum increase of 
about 40-50 Brinell. The effect of 90% reduction by cold rolling is 
seen in columns 9 and 10; the total increase in hardness shows th a t the 
lattice has not yet been strained to the utterm ost, cf. Fig. 34, and that, 
unlike the previous specimens, there are no “ residual ” ageing effects 
to  cause any additional increase or decrease in hardness. The softening 
on heat-treating at 130° C. specimen F  when cold rolled, 50% reduction, 
is probably due solely to relief of lattice strain caused by the cold 
rolling, brought about by a crystallization process.

IV.—The Effect of Varying the Degree of Cold Work Applied
Immediately after Quenching on the subsequent Ageing at 100° C.
The alloy was given 10, 50, 75, 87, and 96% reduction by cold 

roiling (Table I) and specimens were cut from the bar after each of the 
respective stages of cold work and aged a t 100° C. This ageing 
temperature was chosen so tha t the initial effects could be studied. 
The changes in hardness observed are plotted in Fig. 35 and summarized 
in Table III .
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From previous experiments (Part I, p. 546), it is known th a t 50% 
reduction by cold work on a quenched alloy accelerates the rate of 
ageing to such an extent tha t the formation of sub-microscopic, copper-

TIME OF AGEING AT 100°C .DAYS 
F ig . 35.—Effect of Cold W orking, Im m ediately after Quenching in W ater a t 

Room Tem perature, and then Ageing a t 100° C.
(Brinell hardness num bers plo tted  are the  means of 3 impressions across the

specimens.)

T a b l e  I I I .—Changes in  Brinell Hardness with Varying Degrees of 
Cold Work Given Immediately after Quenching.

1 2 3 4 5 G

B.H ., Before 
Cold Work.

Reduction,
%•

B .H ., A fter 
Cold W ork.

Increase in 
B.H .

Maximum 
IS.H. on 

Ageing a t  
100° C.

M aximum 
Increase due 

to  Ageing.

(a) 00 10 N ot measured. 
(Probably 
about 70.)

C a . 10 C a. 115 C a. 45.

(6) 60 50 100 40 124 24
(c) 60 75 120 60 124 4
(d) 60 87 122 62 Softening 

set in.
Nil.

(e) 60 96 114 54 Softening 
set in.

Nil.

rich particles and sub-microscopic “ crystallites ” of the new solid 
solution takes place, which indicates th a t the stage corresponding with 
the “ flat ” on ageing curves has been reached. Hence, the increases 
in hardness caused by ageing a t 100° C. specimens reduced by 50%
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and over (Fig. 35 and Table III) must be attributed to the second 
ageing process.

The effect of the first 10 hr. of short times of ageing is of great 
interest. The specimen reduced 10% by cold work shows no change in 
hardness, within experimental error, over a period of 10-20 hr., after 
which an increase in hardness sets in which appears to  be reaching a 
maximum value of 115 Brinell after 203 days. The alloy cold worked, 
50% reduction, possibly decreases in hardness very slightly, but this is 
not certain since the change is within experimental error, as shown by 
the dotted line in Fig. 35. A maximum value of 124 Brinell is, however, 
attained after about 10 days a t 100° C., this being replaced by a gradual 
softening on prolonged ageing. No change in hardness, followed by a 
very small increase to approximately 124 Brinell in about 3 days, accom
panies the ageing a t 100° C. of the alloy cold worked, 75% reduction.

~~ ̂
'•'v. ''v .

k T c/ , J
. . .v ^ ---

F ig . 36.—Relationship between the  Percentage Reduction by Cold W ork Im m edi
a tely  after Quenching, and the Timo Taken to A ttain Second Maximum

Hardness (or Beginning of Softening), on Ageing a t Various Tem peratures.

As in the previous case, this increase is followed later by a decrease in 
hardness.

The specimens cold rolled, 87 and 96% reduction, show no change 
in hardness over a period of ageing of 1 |  days and 1 day, respectively, 
after which progressive softening sets in.

The explanation of these ageing curves is similar to th a t already 
set out in P art I I I  (p. 552), the degree of cold work given causing 
the  lattice of the matrix to be strained either up to, or beyond, its 
fullest extent (Table I I I  and Fig. 34) and relief of strain setting in on 
heat-treatment.

The relation between the log-time to  attain  the second hardness on 
ageing a t 100° C. and the degree of cold work is shown to be a straight 
line (Fig. 36) up to  between 75 and 87% reduction by cold work, after 
which the curve probably approaches the time axis asymptotically. 
From Fig. 36 it can be seen th a t the rate of ageing a t any temperature is 
determined by the amount of cold work given.

v o l .  l x x i i .  Q Q
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V.—The Effect of the Degree of Cold Work before the Solution Heat- 
Treatment and the Time Exposed at the Heat-Treatment Temperature 

on Subsequent Ageing at Room and Higher Temperatures.
Preliminary experiments indicated th a t, in the case of the high- 

purity alloy, the degree of cold work before the solution heat-treatm ent 
and the time of exposure a t the heat-treatm ent temperature had little 
or no effect on the subsequent ageing a t room or higher temperatures. 
Further experiments to  check this were not carried out owing to  the 
intervention of the war.

After this paper was written, Harrington and Jester 14 published 
data on aged, cold-rolled brasses, the general conclusions of which 
support the results of the present research. While these investigators 
associate the observed changes in physical properties with a precipitation 
process, they have not correlated ageing temperature with, for example, 
the degree of cold work and maximum hardness. Also, the relief 
of elastic strain, i.e., “ lattice distortion relieved by restoration 
diffusion,” has not been associated with a process of “ crystallite ” 
formation, though with one of precipitation.

Hansen and Moritz15 have studied the relation of cold working to the 
recovery, recrystallization, and softening of Duralumin sheet, and have 
found th a t an annealing treatm ent of up to  25 hr. a t temperatures 
below the beginning of recrystallization already effects appreciable 
softening, bu t th a t complete softening occurs only a t temperatures 
above the beginning of recrystallization. The softening is said to be 
due partly  to recovery and partly to recrystallization. The results 
of the present investigation show, however, th a t softening occurs 
progressively a t temperatures of heat-treatm ent below th a t of 
recrystallization.

To sum u p :
(1) Cold work accelerates the rate of ageing a t room and a t higher 

temperatures by an amount determined by the degree of cold work given.
(2) Microstructural changes have shown th a t the effect of cold 

work on a quenched specimen is to  bring it  into the condition of the 
fully hardened alloy normally aged a t room temperature. Subsequent 
ageing a t room temperature discloses th a t the condition of the alloy 
must correspond with th a t some way along the “ flat ” of the room- 
temperature time-hardness curve of the alloy; ageing a t higher tem 
peratures shows th a t the second stage of the ageing process sets in 
immediately.

(3) The lattice strain caused by cold work has been shown to be 
relieved by the formation (depending on the temperature of ageing
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and condition of the alloy before cold working) of a sub-microscopic, 
or microscopic, precipitate of copper-rich particles and of “ crystallites ” 
of the aluminium solid solution, stable a t the temperature of ageing. 
Both of these are formed simultaneously during the ageing process. 
This relief of strain occurs, first, in those regions which have been most 
heavily stressed by the cold work, i.e., in planes of slip and in the grain 
boundaries, and is dependent on the degree of cold work and on the 
tem perature of heat-treatm ent.

(4) The course of the ageing curves of cold-worked and aged 
material has been considered in relation to the amount of lattice strain 
the material is capable of withstanding. The inference has been drawn 
th a t measurement of lattice strain produced by cold rolling a soft- 
annealed specimen may be associated with Brinell hardness.

D is c u s s io n .

Adcock,18 investigating the effect of cold work on cupro-nickel, 
found tha t, after annealing, recrystallization took place along lines of 
slip and th a t new grains were always associated with (i) etch bands, 
which represented the traces on the surface of the specimen of the 
sloping “ slip ” planes; (ii) striations running parallel to the direction 
of rolling; or (iii) boundaries of deformed crystal grains and mechanical 
inclusions. He observed th a t samples annealed a t  temperatures just 
too low to bring about visible recrystallization showed both the usual 
etch bands and horizontal striations, the latter becoming very pronounced 
and, after deep etching, resembling ordinary crystal grain boundaries. 
Adcock also made the following im portant observation : “ On the other 
hand, the deep etching of areas of the partially annealed specimen where 
the * slip ’ planes came to  the surface merely resulted in  the formation 
of chains of rather irregular etch-pits.” Unfortunately, he did not 
study the changes a t constant temperatures for various time intervals.

Crampton, Burghoff, and Stacy 17 found, during the cold drawing 
of copper alloys, “ . . . in the age-hardened state, the decrease of con
ductivity was roughly proportional to the degree of draw. . . .  The 
magnitude of the effect was also dependent upon the degree of pre
cipitation, for the change became less as ageing time increased and, 
also, as ageing temperature increased.”

Andrade,18 examining plastic deformation of single crystals of 
sodium by means of X-ray analysis, found th a t a severely strained 
crystal is no longer a single crystal, and tha t, in the case of sodium, 
recrystallization has occurred. Bragg 19 has suggested th a t if a metal 
is thrown into an amorphous state by distortion, it will rapidly self
anneal up to  a certain coarseness of crystallite size, but beyond th a t
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point the process will become so slow th a t the metal remains in an 
approximately constant condition, though not in true equilibrium. 
W ood20 has shown by X-ray analysis th a t the breakdown of the 
lattice of certain metals on cold working increases with the amount of 
cold work and leads to the formation of “ crystallites ” whose size is 
characteristic of each specific metal, and whose first appearance depends 
upon the degree of cold work given.

The present author has previously suggested tha t, during the age- 
hardening of a high-purity aluminium-4 %  copper alloy 1 a t room 
temperature, the lattice becomes locally strained by the segregation of 
copper-rich particles and tha t, ultimately, when the lattice has been 
strained a critical amount, relief of this strain takes place by the pre
cipitation of sub-microscopic, copper-rich particles and by the simul
taneous formation of sub-microscopic “ crystallites ” of a new aluminium 
solid solution.

The present data have shown th a t when such an alloy is cold 
worked, either as-quenched or as previously age-hardened, and then 
aged a t room or higher temperatures relief of strains set up by the cold 
work occurs in the most highly stressed regions, i.e., in the planes of 
slip and in the boundaries.

These facts, together with the observations of other investigators 
mentioned above, can be explained on the assumption, which is now put 
forward, th a t the mechanism of the relief of strain caused by cold working 
is similar to that which occurs in  relief of strain set up during age-hardening, 
i.e., by the -formation o f “ crystallites.” If  the alloy age-hardens, this 
formation of “ crystallites ” takes place more rapidly when the alloy is 
cold worked since the already strained m atrix can only withstand a 
limited amount of further strain. Hence, the imposition of cold work 
on such localized, highly strained areas increases the degree of strain, 
relief of which then takes place in a shorter time than would have 
occurred in the absence of added cold work.

In  an alloy undergoing age-hardening, the localized, highly strained 
areas (due * to copper-rich aggregates) exist within the m atrix of the 
grains and in the grain boundaries; in a cold-worked material the 
localized, highly strained regions are in planes of slip as well as in the 
boundaries. Hence, “ crystallite ” formation, in an alloy which age- 
hardens, will s tart within the grains and on the boundaries, while in 
cold-worked material it will s tart in the planes of slip and in the 
boundaries. In  both,cases, their initial appearance is indicated by the 
presence of “ pits ” developed on etching. This relief of strain occurs

* During ageing, the strain is caused by copper-rich aggregates and during 
cold working the strain is caused by an applied pressure.
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a t temperatures below the recrystallization tem perature of the material, 
as the present data show. Smith and Wood,21 in their examination of 
the atomic lattice of iron under stress, remark th a t “ recovery of the 
lattice can be produced by mild heat-treatm ent a t a temperature much 
lower than th a t required to renew the properties of the metal by 
recrystallization.” This recovery is probably due to the formation 
of the “ crystallites ” which Wood 20 observed appearing on the X-ray 
spectra of heavily cold-worked material and which the present author 
now shows to be formed during the cold working of an age- 
hardenable alloy.
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INVERSE SEGREGATION IN CAST 
MAGNESIUM ALLOYS.*
By R. J. M . PAYNE,f  B.Sc., M e m b e r .

S y n o p s i s .

Inverse-segregation effects have been observed in magnesium alloy 
castings (ingots, sand- and die-castings) of the compositions ordinarily 
used in the foundry (essentially magnésium-aluminium alloys containing 
8-10% of aluminium).

The resulting enrichment of the surface layer of cast parts with alloying 
elements and impurities raises difficulties o f a practical nature by inter
fering with the development of chromato films of normal colour. Using 
the R.A.E. J-lir. hot chromate bath the effects are particularly marked, 
segregated castings acquiring an unattractive, piebald appearance.

I t  is shown that the grain-size of the material, the rate o f cooling in 
the mould, and the presence of thermal gradients are the main factors 
governing the appearance of these segregation effects. The use of coarse
grained metal, low casting temperatures, and severe chilling are all con
ducive to the occurrence of inverse segregation. With sand castings, 
and using the very fine-grained metal such as is obtained with the normal 
melting, superheating, and casting practice, no significant inverse segre
gation is encountered. With increasing grain-size the tendency to segre
gate becomes more marked, and with very coarse-grained material, such 
as may be obtained by the addition to the alloy of small proportions of 
beryllium, exudations of eutectic occur at the surface of unchilled sand 
castings. With gravity die-castings the effects are similar, but the 
speedier cooling brought about by the use of the metal mould makes 
slight segregation difficult to avoid, even w-ith fine-grained material.

I t  is shown that, in segregating, the aluminium is generally accom- ■ 
panied by other elements present as minor alloying additions or as 
impurities; silicon in particular, which is present in the alloy as mag
nesium silicide, may be strongly segregated at the surface of the casting 
and make its presence manifest by its bright blue colour.

The fact that a magnesium alloy cast under controlled conditions can 
behave in two ways, exhibiting or failing to exhibit inverse-segregation 
effects according to its grain-size, is of some theoretical interest; the 
significance of the observation is briefly discussed.

I n t r o d u c t io n .

T h e  alloys most widely used in magnesium foundries in this country 
and elsewhere are essentially magnésium-aluminium alloys containing 
8-10%  of aluminium ; small proportions of zinc and manganese appear 
as the only other intentional additions. In the course of the production 
of sand- and die-castings in these materials over a period of years it had 
been observed, from time to  time, th a t certain castings exhibited a 
patchy appearance after chromating in the R.A.E. 30-min. hot chromate

* Manuscript received March 22, 1946. 
f  Metallurgist, J. Stone & Company, Ltd., London.
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bath.* This non-uniformity of colour was seen on castings in the 
as-cast and solution-treated conditions; the colour contrast was, 
however, more marked with the parts which had been solution heat- 
treated (Specifications D.T.D. 281 and 289). Instead of acquiring the 
uniform, black colour which is normal for materials to these specifica
tions, the castings referred to took on a piebald appearance, due to the 
apparent inability of certain areas to accept a chromate film. Improper 
preparation or inadequate cleaning of the castings had played no part in 
the occurrence of these features, which were reproduced exactly when the 
parts were rechromated. The effects were seen most often in gravity 
die-castings and photographs of two types of casting illustrating 
the feature mentioned are given in Figs. 2 and 3 (Plate LVI). With 
components of a given design, the light patches appeared with great 
regularity on particular parts of the casting. W ith sand castings the 
effects were small and much less frequently observed and occurred 
only on, or close to, those parts of the casting which had been 
chilled.

Examination under the microscope of sections taken from areas 
yielding light and dark chromate films had shown th a t this inability 
of certain parts of the casting to develop a chromate film of normal 
colour was to  be attributed to  a localized enrichment of the surface with 
aluminium. The segregated layer was in some cases as much as in. 
in depth. As a remedial measure, some attem pts had been made to  dis
perse the excess aluminium by repeated solution trea tm en t: these had 
been rejected as impracticable in view of the long time required to 
effect solution of the magnesium-aluminium compound.

While inverse-segregation effects had thus been recognized as 
operative in magnesium alloy castings, early attem pts to  reproduce 
the phenomena in the laboratory had repeatedly failed. Beyond 
the realization th a t chilling played some part therein, no clear under
standing of the conditions causing inverse segregation was gained, 
and for some time no effective control over its appearance was possible. 
At this period, however, castings showing these segregation effects 
appeared comparatively infrequently and as their only apparent 
shortcoming was their somewhat unattractive appearance no really 
serious attention was directed towards finding a cure.

The re-appearance of the phenomena a t a later date in an acute 
form in sand castings led to a further investigation of the problem 
being made with the results described below. For clarity the subject 
m atter is divided into two p a r ts : P a rt I  records how difficulties 
encountered in the production foundry were studied and overcome;

* Bath No. iii, Process Specification D.T.D. 911.



P la te  L V I.

F ig . 2.— Small Tail L anding W heel. 
W eight approxim ately  3 lb. A p

proxim ately x

F i g . 3.— Flange 
for Larger Air
c raft L anding 
W heel. W eight 
ap p ro x im a te ly  
4 lb. A pproxi

m ately  x

Figs. 2 and 3 are m agnesium alloy g rav ity  die-castings in E lcktron  alloy AZ91, 
having a  nom inal com position o f: alum inium  9*5, zinc 0-5, manganese 0-3%, 
m agnesium  rem ainder, solution h eat-trea ted  to conform to specification D .T .D . 
281. The photographs represent castings after chrom ate trea tm en t in  the R .A .E . 
alkaline b a th . The norm al colour of the film resulting  from such trea tm en t is b lack ; 
the light areas are caused by  inverse segregation.

F i g . 4.— B racket Casting. 
W eight 3 lb. 9 oz. A pproxi

m ately  x •£.
M agnesium alloy sand cas t

ing in  E lck tron  alloy A8, 
solution h eat-trea ted  to com
ply w ith specification D .T .D . 
289. Nom inal com position : 
alum inium  8, zinc 0-5, 
m anganese 0-3%, m agnes
ium  rem ainder. Chrom ate 
trea ted  and showing m arked 
inverse-segrcgation effects.

[To face p. 506.



P la te  L V II .

F ic . 5.—T ail W heel Fork Casting. W eight 7£ lb. A pproxim ately

F ig . 6 .— T ail W heel Leg Casing Casting. W eight 
12 lb . 8 oz. A pprox im ately  x J.

F igs. 5 and  6 are m agnesium  alloy sand  c as t
ings in  E lck tron  alloy A8, solution h eat-trea ted  
to  com ply w ith  specification D .T .D . 289. 
N om inal com position, alum inium  8, zinc 0-5, 
m anganese 0-3%, m agnesium  rem ainder. 
C hrom ate trea ted  and show ing m arked inverse- 
scgregation effects.



P la te  L V III .

F ig . 7 .— M icrograph T hrough a Segregated Area in a Magnesium Alloy Sand Casting.
x 150.

M aterial.— Solution h eat-trea ted  E lek tron  A8 alloy (D .T.D . 289). Showing 
m arked concentration  of Mg4Al3 in the surface of the casting. Some of the free 
com pound originally present has been dissolved by hcat-trea tm en t, w ith consequent 
rounding of the m asses; precip ita tion  has occurred on cooling in some super
sa tu ra ted  areas.

F ig .' 8.— M icrograph of Section through E xudation  from Castings shown in Fig. 13.
x 100.



P late  L IX .

F ig . 9 .— M icrograph of Magnesium Alloy B racket C asting Showing Inverse Segre
gation Produced D eliberately, x 100.

M aterial.— E lcktron A8 alloy as cast. T he configuration of the Mg,Al3 suggests 
th a t  solidification s ta rted  w ith the grow th of colum nar a  crystals. The p a rt of the 
surface of the casting  depicted  above was no t itself chilled, b u t was in the neighbour
hood of one of the chills used.

, **• f  . t 0 °
y

* ( lV

f 'o *

' V » o

& J '  o

F i g . 1 0 .— Same Area as in Fig. 9 , b u t w ith H igher M agnification, x 4 0 0 . 
Showing presence of m agnesium  silicide a t  the cast surface. U netchcd.



Plate LX.

F ig . 11 .— 6 in. x 2 in. d ia. Blocks Cast in  Sand Moulds with Chills 
1 in . Thick on B ottom . Photograph shows Castings afte r H eat- 

T reatm cn t and Chrom ating.
Casting tem peratures, left to  r i g h t : 800°, 750°, 700°, 650’ C.
Top row.— Melt 77F— Coarse-grained E lektron  A8 alloy, un- 

supcrheated .
Middle row.— Melt 78F— Coarse-grained E lek tron  A8 alloy 

from  the sam e original m elt as above, b u t superheated.
B ottom  row.— M elt 79F— Fine-grained foundry scrap, super

heated .



P la te  L X I .

F ig . 13.—Chilled and  Unchilled Cylindrical Sand-Cast Blocks, Showing In tense Inverse- 
Segregation Effects. A pproxim ately x 

M aterial.— E lektron  AS alloy +  0-1% of beryllium . Left to r i g h t : 1, 2, and  3 in . u n 
chilled; 3, 2, and 1 in. chilled, blocks.

F ig . 12.— Showing Influence of Cast Section upon Occurrence of Inverse Segregation.
A pproxim ately x J.

M aterial— E lek tron  A8 alloy, unsuperheated. Left to r i g h t : 1, 2, and 3 in . unch illed ; 
3, 2, and 1 in. chilled, blocks.

F ig . 14— Same T est Castings as in Fig. 13 above, Showing Chill Face.



P late LXII.

F ig . 15.— Same T est Castings as Shown in Fig. 13. A pproxim ately x J. 
C ondition.— As cast, show ing m arked silicon segregation in chilled sam ples on 

left.

F ig . 16.— E lek tron  A8 Alloy Ingots D .T .D . 59A. A pproxim ately X £. 
Top.— Fine-grained ingot.
B ottom .— Coarse-grained ingot, show ing silicon segregation.

F ig . 1 7 .— Showing F ractu res through Fine- and Coarse-grained E lek tron  AS Alloy 
Ingots. A pproxim ately x $.

T he fine-grained ingots (left) were white in  colour, those of coarse s truc tu re  (right) 
were very  blue (see Fig. 16 above).



P la te  L X I I I .

F ig . 1 8 .— Micrograph Showing S tructu re of 2-in.-dia. Block Casting, x  50 . 
M aterial.— M agnesium -8%  alum inium  alloy, containing a nom inal 0 -1 %  of bery l

lium. Section taken  through the chilled face, show ing strong colum nar growth. 
Grain boundaries indicated by  arrows.

F ig . 1 9 .— M icrograph Showing S truc ture  of 2-in.-dia. Sand-Cast Block, x  50 . 
M aterial.— M agnesium -8%  alum inium  alloy, containing a  nom inal 0 -1 %  

of beryllium . Section through the (unchilled) bottom  face.
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P art I I  contains a more detailed description of the observed phenomena 
and a record of further work of an experimental character.

The effects with which the present paper is concerned appear to 
have attracted very little attention and only two references to inverse 
segregation in magnesium alloys have been found in the literature. 
In  1931 Bauer and V ogel1 reported th a t Elektron alloys showed very 
little tendency to segregate. The other reference occurs in “ Metal
lography of Magnesium and i t i  Alloys,” by Bulian and Fahrenhorst.2 
A macrograph of a magnesium alloy slab is given therein, together 
with the bald statem ent th a t it  represents an example of inverse segrega
tion due to “ unfavourable solidification conditions.” No further 
information is given.

P a r t  I.—E x a m in a t io n  o f  S a n d  Ca s t in g s .

As has been stated, it was the occurrence of inverse segregation in 
sand castings (previously considered relatively immune from such 
troubles) which concentrated attention on the segregation phenomena. 
I t  is, therefore, appropriate to  begin by describing and illustrating 
some typical examples of segregation in such castings.

Three photographs of sand castings showing inverse-segregation 
effects, all in Elektron A8 alloy, heat-treated to  comply with specifica
tion D.T.D. 289, are given in Figs. 4, 5, and 6 (Plates LVI-LV II). The 
photographs show the castings after subjection to the normal process
ing schedule involving solution heat-treatm ent, shot-blasting, and 
chromate treatm ent in the R.A.E. -|-hr. alkaline chromate bath. In 
examining these parts it  was observed tha t, with the bracket casting 
(Fig. 4), the segregation occurred only around those parts (the lugs) 
which had been chilled; the base of the casting, the cooling of which 
had been retarded by the heavy feeding head attached, showed no 
signs of segregation. The method of production used in the foundry 
for this casting is given in Fig. 1. Evidence th a t the rate of cooling of 
the metal had a bearing upon the occurrence and distribution of segrega
tion was similarly seen in the tail wheel fork casting (Fig. 5) : here, 
however, the segregation was more general in character and appeared 
upon the limbs of the fork which had not been chilled; the effects were 
seen to become less intense as the heavy, central mass was approached. 
W ith the tail wheel leg casing casting, shown in Fig. 6, the segregation 
was again general in character and was seen on all parts of the cast 
surface (chilled or unchilled) where this had not been disturbed in 
fettling. I t  should be mentioned a t this stage th a t the castings 
concerned had shown, in routine fracture tests (carried out for purposes
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of production control), normal soundness, strength, and ductility. 
Four miniature tensile test-pieces, cut from the side members of a tail 
wheel fork casting (Fig. 5), had, for example, shown values for ultim ate 
stress and elongation exceeding those specified for a separately cast 
test bar.

To confirm th a t the effects observed were similar in character to 
those seen earlier in die-castings, sections through affected areas were 
prepared for microscopic examination. I t  was a t once seen th a t a 
high concentration of the magnésium-aluminium compound Mg4Al3 
existed a t the surface of the castings. A typical microstructure is

Fig. 1.— Method Used in Foundry for Production of Bracket Casting.

X Specimen for micrographie examination taken here (see Figs. 9 and 10).

shown in Fig. 7 (Plate LV III). Millings for analysis were taken from 
the surface of the casting to which Fig. 7 relates and their aluminium 
content compared with th a t of a sample taken from the body of the 
casting. Values for aluminium content of 10-28% a t the surface 
and 7-51% in the body of the casting were obtained. (A more detailed 
description of the segregation is given in a later section of the present 
paper. In  so far as interference with the formation of chromate films 
is concerned, it is not proposed, for the moment, to take account of the 
segregation of elements other than  aluminium.) No abnormalities 
were observed when complete analyses of the material were made on a 
number of castings, e.g., the sample from the body of the casting 
of Fig. 7 gave the following values : aluminium 7-51, zinc 0-45,

I
'  r i s e r  I
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manganese 0-19, copper 0-07, silicon 0-04, iron 0-02%, and magnesium 
remainder.

A careful search for unusual impurities {e.g., alkali metals), using the 
spectrograph, yielded no clue to  the reason for the segregation. When 
studying certain castings which were in quantity production a t the 
time, however, it was observed th a t all the castings originating from 
a single crucible of metal behaved similarly in their response to chromate 
trea tm en t: one melt gave castings showing no segregation whatever, 
while another yielded castings which all showed the effect. I t  was thus 
established tha t, although the average alloy composition was in all 
cases apparently normal, the occurrence of the segregation effects was 
connected in some way with the metal used. Further attem pts were 
carried out a t this stage to  reproduce the effects in the laboratory; 
these are described below.

Attempts to Produce Inverse Segregation Deliberately.
{a) W ith other materials, the presence of gas has been recognized 

as an im portant, if not decisive, factor in the production of inverse 
segregation. A test was, therefore, made to discover whether inverse 
segregation could be induced in magnesium alloy castings (Elektron A8) 
by gassing the metal.

A 15-lb. charge of the alloy was melted and coal gas bubbled 
through it for 10 min. a t 800° C. The metal was then superheated to 
900° C. and cast into sand moulds after cooling to 760° C. No evidence 
of gas evolution was observed on solidification. As a test for segrega
tion, the test castings (chilled and unchilled pieces of various forms) 
were subjected to  the same finishing scheme as is applied to  production 
castings, viz., solution heat-treatm ent (16 hr. a t 415° C., air-cooled), 
shot-blasting, and R.A.E. chromate treatm ent. No evidence of 
segregation was obtained, the  test castings being of a uniform, black 
colour.

The test reported above was considered unsatisfactory, in th a t no 
indications were obtained th a t the metal used actually held any hydrogen 
in solution. The experiment was therefore repeated, a sample of the 
metal being tested for gas by solidification under reduced pressure, 
using an apparatus of the type described by Baker.3 The test castings 
(chilled and unchilled 2-in. dia. sand-cast blocks) were this time cast a t 
800° C. The gas test showed th a t very large quantities of gas had been 
introduced into the metal, but, as in the experiment described above, 
no evidence of inverse segregation was seen in the final castings.

(b) Test (a) above was made using ingot metal of standard composi
tion drawn from laboratory stocks and not, therefore, of precisely
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the same composition as the alloy in current use in the foundries. For 
the next test it  was decided to utilize castings which themselves 
exhibited marked segregation effects. These were melted, fluxed, and 
superheated to 900° C. in the ordinary way under close control and 
made into bracket castings of the type shown in Fig. 4. The method 
of manufacture was identical with tha t used in the production foundry. 
The casting tem perature was 760° C. No evidence of segregation was 
detected in the castings produced.

(c) At this stage it was observed tha t, with all the castings exhibiting 
segregation effects thus far examined, the grain-size of the material, 
while seldom really coarse, was, nevertheless, less fine than is obtained 
with the best melting, superheating, and casting practice. I t  was, 
therefore, decided to make a further set of test castings under conditions 
conducive to the production of coarse-grained material. A charge of 
segregated castings was melted and cast into bracket moulds as in 
test (b) above, but this time without raising the tem perature of the 
metal any higher than was required for making the castings; in other 
words, the usual superheating was omitted. The casting temperature 
(and, therefore, the maximum temperature) was, as in test (b) above, 
760° C. The test castings were heat-treated, shot-blasted, and 
chromated as before and, this time, were seen to produce exactly the 
segregation phenomena illustrated in Fig. 4 (Plate LVI).

Experiments (b) and (c) above (afterwards confirmed by many 
repeat experiments) showed th a t grain-size could be a controlling 
factor in the occurrence of inverse segregation in magnesium alloy 
castings and pointed the way in which the chromating difficulties 
could be overcome. Finally, it  may be mentioned th a t an examination 
of ingot stocks, made immediately following the discovery th a t the 
chromating troubles were related to  the grain-size of the castings, 
showed th a t certain batches of ingot possessed an extremely coarse 
structure (a photograph of a fractured ingot is given in Fig. 17, Plate 
LX II). The use of this very coarse-grained ingot, together with 
inadequate superheating in the foundry, had yielded castings showing 
the severe segregation effects. In  justice to the foundrymen, it must 
be recorded th a t the chromating difficulties occurred a t a particular 
stage in the war when conditions caused some disorganization in the 
foundry. With the return of more ordered working, and with a stricter 
observance of superheating and pouring temperatures, the chromating 
difficulties disappeared.

This completed the investigation so far as it was concerned with 
overcoming production troubles. The opportunity was, however, 
taken to continue the study of inverse-segregation phenomena in



magnesium alloy castings with the object of gaining a better under
standing of the controlling factors; the results of this further work are 
recorded below.

P a r t  II .—F u r t h e r  O b s e r v a t io n s  a n d  T e s t s .

A .— Fuller description of Laboratory Test (c) Above.

I t  has been briefly recorded in the report on test (c) in P art I 
how inverse-segregation effects were deliberately produced in the 
laboratory. A fuller description of the observations made in connection 
with this experiment is, however, merited, and is given below.

The bracket casting upon which the test was made was carefully 
examined by eye after stripping from the mould. Two features were 
a t once noted : (1) the texture of the cast skin of the lugs was different 
from th a t of the  base, being rough in the former and smooth in the 
latter case; and (2) the lugs of the casting were of a clear blue colour 
while the remainder of the casting was white. After this examination, 
the test casting was sawn longitudinally into two equal pieces, one of 
which was subjected to the heat-treatm ent/shot-blasting/chrom ating 
process, the other being retained for reference purposes in the as-cast 
condition. A comparison made after the processing had been com
pleted showed th a t the rough surface and the blue colour had been 
accurate indicators of the extent and degree of segregation, this being 
confirmed by microscopic examination of sections taken from the 
casting in the as-cast condition. The micrographs given in Figs. 9 
and 10 (Plate LIX ) were obtained. Fig. 9, which represents a section 
through the casting a t a point which was close to, but not in actual 
contact with, a chill (point X, Fig. 1) suggests th a t freezing started 
with the growth of columnar a crystals away from the mould face, the 
Mg4Al3 visible in the micrograph having a t some later stage in the 
freezing process taken up its position in the spaces between the crystals. 
A zone relatively deficient in Mg4Al3 is also to be observed between 
the enriched surface layer and the more normal structure of the interior 
of the casting. No evidence of the segregation of elements other than 
aluminium is to be seen in Fig. 9. The micrograph given in Figure 10, 
however, representing the same area under 'a higher magnification, 
shows quite clearly the presence of an abnormal amount of Mg2Si in the 
surface layer. I t  is to the concentration of this constituent in the 
surface th a t the blue colour of the casting is to  be attributed. I t  can 
be deduced from the micrograph th a t the enrichment of the surface 
with Mg2Si extends to a depth of approximately -4oVo in - *̂ s has been
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stated, Fig. 9 represents the structure of the material a t a point where 
the metal had been cast against sand. At the chill face no evidence of 
enrichment with aluminium was observed; on the contrary, there 
seemed, in this particular case, to be indications of a localized impoverish
ment of Mg4Al3. This observation is in keeping with others made 
subsequently: the segregating element does not invariably appear in 
excess, or even in its normal proportions, a t the chilled face.

B.—jFactors Influencing the Occurrence of Inverse Segregation.

In  the investigations already described, it  was seen th a t the grain- 
size of the metal and the rate of cooling of the castings were factors 
influencing the occurrence of inverse segregation. W ith the object of 
gaining a better insight into the influence of these and other variables 
a number of further experiments was m ade; these are described in the 
following paragraphs.

Test castings of simple form were used in order th a t the casting 
conditions might be strictly controlled and the segregation phenomena 
studied to the best advantage. Simple cylindrical bars 1, 2, and 3 in. 
in dia. and 6 in. long were employed, these being cast vertically in sand 
moulds, with and without chills on the bottom face. Where used, the 
chills were 1 in. thick and of the same diameter as the bar to which 
they were applied : they were made of mild steel.

The test cylinders were made by pouring the metal directly into the 
tops of the open moulds, the latter being tilted a t the beginning of the 
operation to  ensure quiet filling. For convenience in pouring, the
1-in. dia. bars were made in the form of D.T.D.-pattern test bars; the
2- and 3-in. bars were cast without feeder heads. Once again, the 
appearance of the heat-treated and chromated castings was taken as 
indicative of the degree and extent of segregation. The material used 
for the tests was basically the same throughout—a magnesium-8% 
aluminium alloy—but, as will be seen, certain modifications of alloy 
composition were made for some of the experiments. In  general, the 
standard alloy Elektron A8 was employed.

The significant tests are described below.

(1) Influence o f Casting Temperature and Grain-Size of Metal.
A 20-lb. melt of Elektron A8 was taken and its temperature adjusted 

to 800° C. A pair of 2-in. dia. x  6 in. test blocks was cast and the 
temperature allowed to  fall to 750° C. Another pair of test blocks was 
cast a t th a t temperature and, after further cooling, other test blocks 
were poured a t 700° and 650° C.
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Sets of blocks were obtained in this way from metal whose origin 
and treatm ent is given below :

Melt 77F. Coarse-grained A8 ingot—melted, fluxed, and heated 
to 810° C. (only) before casting.

Melt 78F. Coarse-grained A8 ingot from the same original melt 
as in Melt 77F—melted, fluxed, superheated to 900° C., and cooled 
to 800° C. for casting.

Melt 79F. Fine-grained AS foundry scrap—melted and super
heated as in Melt 78F.

The object in using the above treatm ents was to  obtain castings 
with coarse, fine, and very fine structures, respectively. That this was 
achieved was confirmed by preparing sections of the test castings for 
microscopic examination. Mean grain-size values, as measured on the 
chilled blocks a t a point £ in. above the chill face and 1 in. from the 
cylindrical surface, are given in Table I.

T a b l e  I .— Mean Grain-Size Values of Test Castings.

Melt No. History of Melt. v

Mean Grain Dla., 
mm.

Measured on 
Block Cast 
a t 800° C.

Measured on 
Block Cast 
a t 650° C.

77F.
78F.
79F.

Coarse-grained ingot, not superheated. 
Coarse-grained ingot, superheated. 
Fine-grained scrap, melted and superheated.

0-218
0087
0-076

0-224
0-135
0-129

The test castings were given the homogenizing and chromating 
treatm ents and then examined by eye. None of the unchilled blocks 
showed evidence of segregation; the chilled blocks are depicted in 
Fig. 11 (Plate LX).

I t  will be seen th a t with the coarse-grained castings Melt 77F 
(Fig. 11, top row) the samples poured a t all temperatures on to chills 
showed evidence of marked segregation. The effect of superheating 
this material (Fig. 11, middle row) is to prevent any segregation in the 
casting poured a t 800° C. and to  permit only a trace with the sample 
cast a t 750° C .; with the lower temperatures the effects are more 
severe and a t 650° C. they are little less intense than those obtained 
with the coarse-grained metal. The castings prepared from foundry 
scrap (which, writh repeated melting of the metal, had become very 
fine-grained) show noteworthy segregation only in the block cast a t 
650° C. (Fig. 11, bottom row).
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Reference to Table I  will show tha t -with the superheated melts 
(Nos. 78F and 79F) the grain-size of the blocks cast a t 650° C. was 
distinctly less fine than  th a t of those cast a t 800° C. I t  is plain, there
fore, th a t on cooling to  the lower casting tem perature a partial 
reversion to the coarse-grained condition resulted and it  is to this th a t 
the re-appearance of segregation with falling temperature is due.

I t  was thus demonstrated th a t coarse-grained metal is liable to 
yield segregated castings, whatever the temperature used (within the 
range 800°-650° C.). The refinement of grain th a t results from super
heating and repeated melting is effective in preventing segregation in 
test-pieces made under the same conditions but fails, through the 
reversion of the melts to the coarse-grained condition, with very low 
pouring temperatures. I t  may be remarked here th a t the casting 
temperatures ordinarily used in the production foundry lie between 
700° and 800° C .; segregation effects are, therefore, for practical 
purposes, avoided by superheating.

(2) Influence o f the Cast Section.
I t  will have been observed tha t, with the tests described above, 

the rate of cooling and presence of thermal gradients had a marked 
influence upon the occurrence of inverse segregation. The effects were 
not noticed in any of the unchilled castings and in the chilled castings 
were concentrated around those parts in the immediate neighbourhood 
of the chill.

The effects of varying the cast section are apparent in Fig. 12 
* (Plate LX I), which represents chilled and unchilled test castings, 1 ,2 , 

and 3 in. in dia., cast from unsuperheated and consequently coarse
grained A8 alloy; the casting temperature was 680° C. I t  will be 
observed th a t the effects are no longer confined to  the chilled samples, 
but appear to  some slight degree upon the 1-in. dia. unchilled bar as well. 
W ith the chilled bars the effects are more pronounced, particularly in 
the 1-in. dia. bar, where the rate of cooling is greatest.

(3) Tests with Very Coarse-Grained Material.
All the tests so far described have been made using, the standard 

A8 alloy, the most marked segregation effects being seen with unsuper
heated melts made from coarse-grained ingot. While castings produced 
in this way may be considered far from fine grained when judged by 
the standards ordinarily applied to production castings, they still do 
not approach the extremely coarse structures which may be obtained 
by the use of certain alloying additions. Zirconium and beryllium are 
known as elements which possess grain-coarsening powers in magnesium
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alloys containing aluminium and small additions of each of these 
metals were made (separately) to the basic alloy for experimental 
purposes. Chilled and unchilled blocks 1-3 in. in dia. were made, the 
casting tem perature being 680° C. The addition of a nominal 0-05% 
of zirconium to the A8 alloy yielded castings showing only slightly more 
intense segregation than is depicted in Fig. 12. The addition of 0-1% 
of beryllium, however, produced some very striking results. As will 
be seen from the photographs (Figs. 13 and 14, Plate LX I), representing 
the test castings in the chromated condition, marked segregation has 
occurred in all the samples, chilled and unchilled. In this instance, 
the effects have p r o g r e s s e d  far beyond the slight enrichment of the 
surface layer previously seen and liquid constituents have been forced 
out of the casting and into the interstices in the moulding sand. These 
exudations projected in. from the surface of the sample and were 
found on all parts of the test casting, not excluding the top free surface 
of the as-cast metal. While the intensity of the effects is again some
what more marked in the chilled samples, the difference in behaviour 
between chilled and unchilled pieces is, with this very coarse material, 
less sharp than before. The intensity of segregation cannot always be 
satisfactorily expressed by quoting the results of analyses or in any 
other quantitative manner, by reason of the 11011-uniform way in 
which the effects appear; comparison must, in such cases, be based 
mainly upon the visual appearance of the samples. In  this particular 
case the effects, as judged by the amount of exudations, appear to be 
most marked in the 3-in. dia. bars, a result in conflict with the effects 
previously encountered and illustrated in Fig. 12. The effects are still 
concentrated in the neighbourhood of the chills (where used) but, as 
will be seen from Fig. 14 showing the undersides of the bars, segregation 
a t the chilled face itself is by no means uniform.

Fig. 8 (Plate LV III) shows a micrograph of a section through a piece 
i of exuded material detached from the main casting. The structure of 

the sample is obviously not very different from th a t of the Mg-Mg4Al3 
eutectic which contains 32-2% of aluminium; analysis indicated an 
aluminium content of 28-6% in the exuded sample. A spectrographic 
examination of the limited quantity of material available showed th a t 
the elements zinc, manganese, silicon, and copper were present in 
roughly the same proportions, relative to  the aluminium, as in material 
of normal composition; the beryllium content appeared to  be very low.

The test blocks were examined microscopically and the grain-size 
estimated. These points are referred to later in the discussion of 
results.

I t  must be recorded th a t some of the test castings showed evidence 
v o l . l x x u . R R
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of silicon segregation to a very marked degree in the as-cast condition, 
the surface of the lower halves of the chilled castings being of an intense 
blue colour. The effects are reproduced in Fig. 15 (Plate LX II).

(4) The Effects of Gas.
The experiments with gassed melts described in P a rt I  had shown 

th a t the presence of gas could not of itself lead to  inverse segregation. 
The metal used for these tests had been superheated and cast 
a t  relatively high temperatures (760°-800° C.) and for this reason 
yielded fine-grained castings. In  these circumstances, the presence of 
large quantities of gas did not bring about any inverse segregation.

I t  remained to be shown whether gas played any part in the segrega
tion effects observed with coarse-grained material and a number of 
tests were carried out with the object of settling this point. The evidence 
obtained did not lead to a firm conclusion, mainly owing to  the difficulty 
of ascertaining whether the last traces of gas had been removed by a 
given treatm ent. I t  may, however, be recorded th a t coarse-grained 
metal which had been twice “ pre-solidified ” with the object of 
expelling dissolved gases gave castings showing marked inverse- 
segregation effects. In  the same way, melts treated with volatile 
chlorides for the purpose of gas removal yielded segregated castings. 
On the other hand, the deliberate introduction of large amounts of gas 
into metal which was subsequently held for a prolonged period a t a low 
temperature (650° C.) so as to yield coarse-grained castings did not 
lead to  any particularly severe segregation; the effects were far less 
intense than those observed with the alloy containing beryllium.

C.— Silicon Segregation in Ingots.
Keference has been made to the segregation of silicon in sand 

castings, such segregation usually accompanying the segregation of 
aluminium. A micrograph showing a section through a sand-cast 
surface which had been enriched in this way with Mg2Si has been 
given in Fig. 10.

While examining ingot stocks of Elektron A8 alloy in the course 
of the investigation, an interesting correlation between the appearance 
of the ingots and their internal structure was observed. I t  was seen 
th a t the ingots derived from certain melts were quite white, while 
those from other melts were blue. The effect seen, which was recognized 
as evidence of silicon (and aluminium) segregation, was not usually of 
a general character and occurred in patches on the centre portion of 
the ingots and on the two ends. Photographs of a “ white ” and a 
“ blue ” ingot are given in Fig. 16 (Plate LX II).
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On fracturing the ingots showing these differences in colour, it was 
found tha t all the “ white ” ingots were fine-grained and all the “ blue ” 
ingots coarse-grained. A photograph of fractures of the two ingots 
shown in Fig. 16 is given in Fig. 17 (Plate LX II). The relatively 
smooth, fine fracture of the “ white ” ingot may be compared with the 
rough, broken surface of the “ blue ” ingot.

A number of analytical tests was made on sample ingots taken from 
the two batches, with the following objects :

(1) To confirm th a t the blue patches seen on the ingots were due 
to  silicon segregation and to establish, if possible, the concentrations 
of silicon and possibly other elements a t the surface.

(2) To establish th a t the mean compositions of the “ white ” 
and the “ blue ” ingots were sufficiently similar to  justify the 
conclusion th a t the differences in colour were solely attributable to 
differences in structure.

The surface tests were made mainly by means of the spectroscope, 
as th a t instrum ent was thought to  be particularly well suited to  the 
determination of the composition of very thin surface layers. To 
determine quantitatively the concentrations of all the elements present 
would, however, have necessitated establishing several new spectro- 
graphic standards and the development of new or modified techniques. 
In  view of the large amount of work involved this was not attem pted, 
save in the case of silicon. The results of the tests may be summarized 
as follows:

(i) W ith both “ b lu e” and “ w hite” ingots the chill-cast surface 
was found to contain a greater proportion of the elements aluminium, 
zinc, copper, and silicon than  the in terior; the degree of segregation 
was, however, much higher in the “ blue ” than in the “ white ” ingot. 
An enrichment of the chill-cast surface with manganese was re
ported only in the case of the “ w hite” ingot, the surface value 
for the “ b lue” ingot being found to be normal. This observation 
is contrary to earlier experience with the sand-cast’ blocks where 
exuded material had been shown by analysis to contain a high pro
portion of manganese.

(ii) The concentration of silicon in the surface layer appeared to  
be of the order of 4'0 and 2-4% in the “ blue ” and “ white ” ingots, 
respectively.

(iii) A complete bulk-analysis of the materials comprising the 
two ingots was made, with these results :
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"  Blue ”  Ingot, “ White ” Ingot,
Melt No. 7461. Melt No. 7465.

Aluminium, % . . . . 7-87 7*48
Zinc, % .......................................................0-51 0-51
Manganese, % . • . • 0-20 026
Iron, % .................................................  0-03 0 03
Silicon, % . . . . 0-11 0 09
Copper, % . . . . 0-11 0 05

The compositions of the two batches of ingots will be seen to be so 
nearly identical as to justify the statem ent th a t the only significant 
difference between the two ingot samples lies in their internal structure.

I t  will be seen from the foregoing th a t the colour of an ingot can act 
as a guide to  its internal structure, a marked blue colour being indicative 
of silicon (and aluminium) segregation and thus of a coarse grain. 
While it  cannot be claimed th a t the point has been tested in an exhaus
tive manner, it nevertheless appears to hold good so far as material of 
normal silicon content is concerned (OT-0-2%). I t  can be seen 
th a t with alloys containing considerably higher proportions of silicon 
a very slight amount of inverse segregation might yield castings blue in 
colour, in spite of a reasonably fine grain-size.

As a further point of interest, it may be recorded th a t abnormal 
amounts of Mg2Si in the surface of a casting (resulting from inverse 
segregation) make their presence known in a very clear-cut manner 
should the casting be pickled in acid—a widely used method of preparing 
the surface for chromate treatm ent. The magnesium silicide reacts 
with the dilute acids employed for this purpose, with the generation of 
spontaneously inflammable silicon hydride. By contrast with unsegre
gated castings, which dissolve quietly in the acid used (generally 10% 
nitric acid in water), a sequence of mild explosions results from the 
immersion of a segregated casting in the same reagent.

S u m m a r y  a n d  D is c u s s io n .

I t  has been shown th a t marked inverse segregation may be 
encountered in the magnesium alloys ordinarily used in the foundry. 
Pronounced effects may be met in castings made in sand, as well as in 
chill, moulds. The conditions which favour the development of the 
effects appear to be :

(1) Coarse-grained metal.
(2) Low casting temperatures.
(3) Rapid cooling and steep temperature gradients.

The effects may be produced in an exaggerated form by the addition 
of grain-coarsening agents, such as zirconium and beryllium.

In  production castings, inverse segregation raises difficulties of a 
practical nature by affecting the response of cast parts to chromate
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treatm ent. By avoiding the conditions set out above, the tendency 
to segregate is greatly reduced, if not entirely eliminated; in these 
circumstances, castings are obtained in which the segregated skin is so 
thin as to  be removed in the cleaning processes ordinarily applied to 
production castings.

The constituents which may concentrate a t the surface of the casting 
are aluminium, zinc, manganese, copper, and silicon. The first-named 
constituent (and probably the second also) is responsible for the 
ohromating difficulties; the last-named (when present) gives the parts 
a marked blue colour and makes them  particularly reactive in a pickling 
bath.

The earliest attem pts to reproduce segregation effects in the labora
tory failed for the reason th a t the test castings were, in all cases, 
prepared from superheated (and consequently fine-grained) melts.

Apart from the foregoing statements, all of which have a practical 
significance, it is of interest to examine whether the work now reported 
presents any new features for consideration so far as the theoretical 
aspect of inverse segregation is concerned.

The influence of the rate of cooling and of strong thermal gradients 
(resulting from heavy chilling) in aggravating a tendency to  segregate 
is common experience with other materials and a sensitivity to  casting 
temperatures (interlinked, of course, w ith the rate of cooling and with 
thermal gradients) is not unknown.4 W ith the magnesium-base alloys, 
the influence of casting tem perature upon the degree of segregation in 
the casting is not, however, a simple one. Cooling to  low casting 
temperatures necessarily takes place slowly with large melts and in the 
process the beneficial effects of superheating are largely or wholly lost. 
I t  is probable th a t the changes in the grain-size of the castings which 
result are of more account in promoting inverse segregation than is 
the direct influence of low casting temperatures upon the rate of cooling 
and magnitude of temperature gradients during solidification. The 
simultaneous segregation of a number of elements (particularly those 
forming low melting-point constituents) in a given alloy is common 4 
and would be expected on theoretical grounds. The only new feature 
which emerges from the present work is the demonstration th a t a given 
material can behave in two distinct ways under certain casting con
ditions, its response being governed by its grain-size. I f  fine-grained, 
the material will furnish castings in which inverse segregation, if not 
entirely absent, will be of negligible proportions; if coarse-grained, the 
castings may be segregated severely.

An explanation of this behaviour is thought to  He in the essential 
difference between the structures of castings made from unsuperheated
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and superheated melts of magnesium-aluminium alloy. The charac
teristics of the two types of structure have been well brought out and 
illustrated by Fox and Lardner,5 who showed th a t unsuperheated 
melts yield large grains with a marked dendritic growth of the a-phase, 
the (5-constituent (Mg4Al3) being partly  held within the branches of 
the dendrites and partly a t the grain boundaries. By contrast, melts 
refined by superheating yield very small crystals with little evidence of 
dendritic growth, the (¡-constituent being largely confined to  the grain 
boundaries. Under the influence of unidirectional chilling, unsuper
heated melts crystallize with a columnar structure a t the chill face ; 
this tendency is almost completely suppressed with grain-refined 
material. Magnesium-aluminium alloys containing small proportions 
of beryllium or zirconium possess microstructures which are essentially 
the same as those of unsuperheated melts containing no such additions; 
the grain-size is, however, even coarser and the tendency to  a strong 
columnar growth even more pronounced. These features are illustrated 
in the micrographs given in Figs. 18 and 19 (Plate L X III), which 
represent sections taken through the undersurfaee of chilled and 
unchilled 2-in. dia. blocks in the beryllium-containing alloy; the long, 
columnar crystals growing from the chill face (Fig. 18) are particularly to 
be noted. The grain-size of these castings was measured a t the same 
point in the casting as were the values given in Table I. A mean grain 
diameter of about 1-5 mm. was obtained. The grain-size a t points 
well removed from the chill face was about 3 mm.

I t  seems, therefore, tha t the difference in the casting behaviour of 
coarse- and fine-grained material lies simply in the fact tha t, in the one 
case, comparatively large dendrites are formed on cooling, with inter
spaces providing a relatively free passage for the counter-flow of low 
melting-point constituents; in the other case, the opportunities for such 
movements are considerably restricted, due to the small size of the 
primary crystals. I t  will, of course, be appreciated th a t the magnesium 
alloys used in industry for castings are, by reason of their long freezing 
range (600°-435° C.), inherently liable to the exhibition of inverse- 
segregation effects.

The part th a t dissolved gases play in the segregation phenomena 
has not been firmly established. I t  has, however, been clearly shown 
in P a rt I  th a t gas cannot cause segregation in melts which have been 
handled in such a way as to yield fine-grained castings. W hether the 
presence of gas is essential to the exhibition of inverse-segregation 
effects with coarse-grained castings, or whether the movement of low 
melting-point constituents takes place for entirely different reasons 
remains to be determined. I f  (as is believed to be the case with tin-
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bronzes) gas is the governing factor with magnesium alloys, then the 
critical amount required to cause inverse segregation is extremely small.

I t  is not proposed to examine here the many theories which have 
been advanced to account for inverse-segregation phenomena; to be 
generally acceptable such theories will, however, need to explain 
satisfactorily the effects observed with magnesium alloy castings, as 
reported in the present paper.
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ANTIMONIAL 70:30 BRASS.*
By D. McLEAN.f B.Se., M e m b e r , a n d  L. NORTHCOTT.t D.Sc., Ph.D.,

M e m b e r .

S y n o p s i s .

A study has been made of the effect on 70 : 30 brass of antimony, lead, 
nnd sulphur. The results reported in the literature were found to be 
inconsistent, suggesting that the eSect of antimony depends on the 
operative conditions.

Part I of the present work deals with the hot- and cold-rolling 
behaviour and some mechanical properties of three series of 70 : 30 brass 
containing antimony, antimony plus lead, and antimony plus sulphur, 
respectively. Antimony severely impairs cold-rolling behaviour and 
impact strength in the cast condition but an annealing treatment at 
the ingot stage, by promoting homogenization, reduces these deleterious 
effects of antimony considerably. Hot-rolling behaviour is affected to a 
lesser extent. The simultaneous presence, with antimony, of lead or 
sulphur, within reasonable limits, did not influence greatly the effect of 
antimony. Conclusions are also reached about the individual effects of 
lead and sulphur.

In Part II the microstructure of the three series Is studied and the 
influence of heat-treatment described. Slowly cooling antimonial brass 
or maintaining it within a certain temperature range induces inter- 
granular brittleness; this is associated with reduced solid solubility of 
antimony at low temperatures but may not bo duo to precipitation. 
Comparison with previous work shows that the effect of antimony on 
brass is intensified by increase in zinc content. " A portion of the copper— 
zinc-antimony equilibrium diagram has been determined.

Part III deals with the removal of antimonial embrittlement by 
treatment of the melt. Phosphorus and lithium additions produce the 
desired result, probably by forming innocuous compounds with antim ony; 
lithium, however, embrittles on its own account. Certain other elements 
may also be effective.

The results are discussed'in Part IV. The inconsistency of previous 
work is asc[ibed to the influence of three factors : heat-treatment, zinc 
content, and casting segregation. Attention is directed to the similarity 
between antimonial embrittlement of brass and temper-brittleness of 
steels. The technique of electrolytic polishing of samples for micro- 
examination is described in the Appendix.

I n t r o d u c t io n .

The availability of brass scrap in the form of fired cartridge cases had 
raised the questions of (a) possible contamination of the melt when such 
scrap was used as part of the charge and (6) the effect of any impurities 
so introduced upon the properties and working behaviour of the brass. 
The principal impurity is known to be antimony, but small quantities

* Manuscript received December 21, 1945. 
f  Armament Research Department.
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of lead and sulphur may also be present. The literature on the subject 
shows considerable diversity of opinion as to the permissible contents 
of these impurities and a study has therefore been made of the properties 
of three series of 70 : 30 brass alloys containing, respectively, antimony, 
antimony plus lead, and antimony plus sulphur. Following this work, 
the possibility was examined of counteracting the effect of antimony by 
treatm ent of the melt.

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

Effect of Antitnony.
Many references to the effect of antimony on brass are to be found 

in the literature, covering the effect on working, mechanical properties, 
and structure. Widely varying limits of antimony content are sug
gested, the lowest being derived from a study of the working behaviour 
of -the brass. B ra n n t1 early specified a limit of 0-001 to 0-006% of 
antimony and is supported by some later writers. Thus, Severgin 2 
found, in an industrial investigation, th a t in lead-free brass of 62% 
copper content 0-009% of antimony caused cracking on cold rolling. 
S tJo h n 3 infers th a t 0-009% of antimony makes brass practically 
unworkable. According to  Jevons,'4 experience during and after the 
1914-18 war with brass made from charges incorporating ammunition 
fuses proved th a t 0-004% of antimony was sufficient to cause splitting 
during rolling or subsequent deep-drawing or pressing; he considers, 
however, tha t this low limit may be due to  the simultaneous presence 
of sulphur. These low limits are qualitatively supported by Gibbs,5 
who states th a t antimony has always been of ill repute in brass mills.

Two groups of workers reached less-restrictive conclusions. Amster- 
damskiy, Gagen-Torn, and Grashtschenko,6 in an investigation carried 
out under industrial conditions, found th a t 70: 30 brass behaved 
satisfactorily on hot or cold rolling with up to 0-055% of antim ony; 
and Hull, Silliman, and Palmer,7 in laboratory tests on 70: 30 brass, 
also found th a t 0-05% of antimony did not interfere much with cold 
rolling although the limit was being reached, bu t concluded th a t only 
0-01-0-02% could be tolerated for hot rolling. In  works tests, ap
parently employing cold rolling, 0-02% of antimony caused slight split
ting, but the results are rather erratic. Both these groups of workers 
give clues to the divergent opinions existing by showing the influence of 
other factors. Amsterdamskiy, Gagen-Torn, and Grashtschenko 8 found 
th a t the antimony limit for cold rolling was decreased to 0-01% when the 
zinc content was increased to 40%. Hull, Silliman, and P a lm er7 
found the effect of antimony on cold rolling to be reduced by phosphorus,
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although silicon, magnesium, and manganese were without effect; 
in their works tests, they record, splitting occurred with only 0-007% 
of antimony when 0-07% of lead was also present. In  connection with 
the influence of zinc content on the effect of antimony it is interesting 
to note th a t Archbutt and Prytherch 8 found th a t copper containing as 
much as 0-47% of antimony could be hot rolled and th a t for cold rolling 
even 0-85% caused no difficulty.

The effect of antimony on the mechanical properties of 70 : 30 brass 
is subject to  the same uncertainty as th a t on working behaviour. On 
the one hand, K eese9 reported th a t the tensile properties of 70 :30 
brass were very seriously affected by antim ony; for example, 0-11% 
of antimony reduced the ultim ate tensile strength to  12-8 tons/sq. in., 
the percentage reduction of area to  zero, and elongation to 8%. Hull, 
Silliman, and Palmer 7 similarly found th a t the impact-resistance of 
cast material was seriously impaired by antimony and th a t other 
factors were also involved, since the impact strength was increased by 
annealing almost to the pure brass value unless lead were present, in 
which case annealing had no effect. On the other hand, Lynes 10 
showed th a t 0-1% of antimony reduced the elongation of 70 : 30 brass 
only from 80 to 77% for the same ultimate tensile strength figure as 
pure brass. The effect on resistance to  impact was, however, more 
serious: specimens of 70 :30  brass with no antimony and with 0-03% of 
antimony were both unbroken in the impact test, whereas with 0-1% 
of antimony fracture occurred. Lynes is supported by Amsterdamskiy, 
Gagen-Torn, and Grashtschenko,6 who found the ultimate tensile 
strength to be slightly decreased and the elongation slightly increased 
to a maximum a t 0-03-0-05% antimony content.

There is evidence th a t the harmful effect of antimony on the mechani
cal properties of brass is greater, the higher the zinc content. Thus, the 
last-named workers found th a t 0-01% of antimony had a noticeable 
adverse influence on 60 : 40 brass and are supported by the work of 
Rae 11 and Robertson.12 Rae found th a t the detrimental effect of the 
small quantities of antimony he tried (up to about 0-02%) was practi
cally confined to  the impact values and to  the bending and cold-riveting 
properties. Robertson concluded th a t 0-01% of antimony reduced the 
properties of manganese bronze below the specification limit. Con
versely, with low zinc contents more antimony seems permissible. 
Gardner and Saeger 13 found th a t additions of 0-10-0-25% of antimony 
to red brass (nominal composition : copper 85, zinc 5, tin  5, and 
lead 5%) had little effect on tensile properties and hardness and 
Archbutt and Prytherch 8 decided th a t the tensile and impact properties 
of copper were slightly improved with up to 0-22% of antimony. Work
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on the effect of antimony on bronzes may be mentioned here 14-18 
and leads to the conclusion tha t 0-5-1-0% of antimony is without 
harmful effect.

As to constitution, Keese 9 reported tha t the solubility of anti
mony in brass varies from zero a t 37% zinc to 8% in pure copper. 
This is supported by the fact tha t Amsterdamskiy, Gagen-Torn, and 
Grashtschenko 6 placed the solubility of antimony in 70 : 30 brass a t 
about 0-5%, while other workers report much higher values for the 
solubility in copper.8- 19’ 20 The results of Mertz and Mathewson 20 are 
probably the most reliable. They report th a t the solid solubility of 
antimony in copper diminishes gradually from 11-3% a t 630° C. to 10% 
at 450° C., a t which latter temperature a phase change occurs in the 
separating constituent,21-25 the solubility then decreasing more rapidly 
to 2-1% a t 200° C.

There is thus a wide diversity of results on the effect of antimony 
on brass. In  general, industrial experience sets a limit of not more than 
0-01% antimony whereas, in -controlled experiments, 0-05% has been 
found to have little effect. This discrepancy is doubtless partly to be 
explained by (i) an increasing tolerance for antimony as the copper 
content increases, (ii) the influence of other impurities, and (iii) differ
ences in processing technique, but the degree of responsibility of these 
factors is unknown.

Effect of Lead.
General experience is tha t lead in brass is considerably more harmful 

during hot rolling than during cold rolling and three workers 2-26- 27 
indicate a limit of about 0-01% of lead in 70 : 30 brass intended for hot 
rolling. Two investigators 2- 28 report th a t the permissible amount of 
lead increases with zinc content.

Ductility of 70 : 30 brass was found by C roft28 to be decreased by 
lead rather more than tensile strength was increased and he states 
th a t deep-drawing properties are somewhat reduced. Jev o n s29 
introduces a qualification with the statem ent th a t the effect of lead on 
the deep-drawing properties of brass depends, within limits, more on 
particle size and distribution than on actual content. Jevons also 
states th a t good-quality brass sheet usually contains from 0-01 to 
0-05% of lead.

Effect of Sulphur.
No quantitative results on the effect of sulphur in 70 :30  brass 

have been found in the literature. However, Gardner and Saeger 30 
observed a 10% reduction in the tensile strength of cast red brass
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(copper 85, zinc 5, tin 5, and lead 5%) after adding 0-1% of sulphur; 
while Smith and Bolton 17 found no deterioration in-the properties of 
leaded bronze with 0-3% of sulphur alone, or with both sulphur and 
antimony together, if the contents were kept below 0-15 and 0-3%, 
respectively.

P r e s e n t  W o r k .

The main interest of the present work has been the harmful influence 
of antimony on 70 : 30 cartridge brass and the removal of this influence. 
The work on lead and sulphur has been chiefly concerned with the 
manner in which these elements modify the effect of antimony.

The paper is divided into four parts. P a rt I covers the examination 
of rolling behaviour and mechanical properties of 70 : 30 brass contain
ing 0-0-22% antimony and 0-0-12% each of lead and sulphur. P art I I  
deals with physical tests performed on the plain antimonial series and 
with the constitution of the alloys with up to  2-3% of antimony. P art 
I I I  is concerned with the elimination of the harmful effects of antimony 
by means of additions to  the melt. Finally, the experimental results are 
discussed in P art IV.

P a r t  I .—A n t im o n ia l  B k a ss  Co n t a in in g  L e a d  o e  S u l p h u r .

The alloys comprised three series viz., those containing (a) antimony 
only, (6) antimony with lead, and (c) antimony with sulphur.

Preparation of Ingots.
The raw materials were: electrolytic copper; 99-99 + %  zinc; 

antimony containing lead 0-095, iron 0-14, and sulphur 0-19%; lead 
containing antimony 0-12, tin 0-37, and copper 0-05%; and rock 
sulphur. Copper-antimony and copper-lead alloys, containing 1% of 
antimony or lead respectively, were prepared for the additions to  series 
(a) and (6).

The charges were melted under a glass cover in a gas furnace, cast 
into notched-bar moulds under burning coal gas, remelted, and cast a t 
1090°-1110° C., again under coal gas, into soot-coated, cast-iron moulds, 
12 x  7 X  1 in., fitted with hot tops. The ingots were sectioned trans
versely into two or three slabs, depending on rolling requirements, 
and a transverse slice for macro- and micro-examination. Antimony 
and sulphur were added as the elements to series (c) which was not 
remelted but cast direct into 12 X 5 X f-in. moulds.
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Chemical Composition.
Samples for analysis were obtained by machining the full transverse 

section of the ingot or rolled sheet. The compositions are given in 
Table I. In  general, the copper-zinc ratio was within the limits 
69 :31 to 71 : 29. A few castings were completely analysed for im
purities : in series (a) and (£>) the only impurities present in more than 
traces were iron, not more than 0-001%, and sulphur in the range 
0-001-0-006%, but in series (c) one sulphur-free ingot was contaminated 
with sulphur.

Rolling of Antimony [Series (a)] and Antimony plus Lead [Series (6)]
Alloys.

Cold rolling was carried out in two stages, with an intermediate 
anneal of 1 hr. a t 650° C. followed by air-cooling. The first stage 
consisted of a 57% reduction and the second of a 54% reduction, both 
in 7-11 passes. The total reduction was, therefore, 80% and the final 
thickness 0-20 in. Although small reductions per pass were necessitated 
by the equipment available, they probably have the advantage of 
proving more sensitive in revealing rolling defects than would the normal 
commercial rolling schedule. Heavier reductions were, in fact, tried on 
one ingot as described later. A cross-flattening pass was given a t the 
end of each stage.

In  Table II, the (a) results show the surface cracking revealed by 
visual examination; longitudinal cracks a t the ends also appeared 
occasionally. In  view of antimony micro-segregation in the as-cast 
material, portions of several ingots were pre-annealed for 1 hr. a t 
750° C. followed by air-cooling and then processed in the usual way. 
In  Table I I , the (ii) results refer to  this material. Edge and surface 
cracking were much reduced by pre-annealing.

The as-cast ingots containing 0-11 or 0-12% of antimony cracked 
badly, and the pre-annealed ingots slightly. The as-cast ingots con
taining 0-15-0-22% of antimony cracked so badly after 10-15% 
reduction as to be useless; the 0-20% of antimony pre-annealed ingot 
was comparable with the 0-10% of antimony as-cast ingot.

I t  is clear th a t antimony alone has a more serious eSect than  lead 
on cold-rolling behaviour, bu t small amounts of lead considerably reduce 
the permissible antimony content e.g., in the absence of lead, 0-05% of 
antimony is on the border-line for satisfactory cold rolling, bu t if 0-01% 
of lead is present, antimony must be restricted to  0-03%.

The bottom half of the ingot containing 0-05% each of antimony 
and lead was reduced cold by 43% in two passes. No visible surface
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T a b l e  I .— Chemical Compositions of Alloys.
Series (b)— Antimony plus Lead. Series (c)—Antimony plus Sulphur.

Calcu
lated Com- 
position. 
Sb, %.

Composition by 
Analysis on Full 

Section.

Cu, % . Sb, %.

0 70-09 Nil
0-01 09-57 0-009
0-015 70-15 0-015
0020 71-14 0-021
0-025 70-27 0-024
0-05 69-38 0-05
0 0 7 5 69-67 0-075
0-10 69-25 0-10
0-10 70-19 0-11
0-10 70-08 0-12
0-15 70-27 0-15
0-20 68-47 0-20
0-25 69-83 0-22
0-40 69-59 0-35
0-80 69-01 0-75
2-5 68-39 2-31

Calculated
Composition.

Composition by Analysis on Full 
Section. '

Sb, %. Pb, %. Cu, %. Sb, %. Pb, %.

0-035 0-005 69-45 0-035 0-005
0-035 0-005 69-65 0-06 0-005

0-01 0-01 69-78 0-012 0-009
0-015 0-01 69-88 0-012 0-009
0-02 0-01 69-46 0-021 0-009
0-025 0-01 69-80 0-031 0-010
0-035 0-01 69-30 0-03 0-010
0-05 0-01 71-49 0-06 0-010

0-035 0-015 69-22 0-03 0-015
0-075 0-015 69-41 0-075 0-015

0 0-02 69-42 0-02
0-01 0-02 69-59 0-009 0-019
0-015 0-02 69-42 0-015 0-019
0-02 0-02 70-36 0-02 0-02
0-025 0-02 69-35 0-027 0-019
0-05 0-02 70-60 0-06 0-02
0-075 0-02 70-63 0-075 0-02

0 0-05 70-81 0-05
0-01 0-05 69-41 o-öi 0-05
0-02 0-05 71-08 0-02 0-05
0-035 0-05 69-63 0-03 0-05
0-05 0-05 70-50 0-05 0-05
0-075 0-05 70-51 0-08 0-05

0 0-10 69-87 0-09
0-02 0-10 70-55 0 0 3 0-12
0-035 0-10 69-23 0-03 0-10

.0-05 0-10 71-89 0-06 0-12

Calculated
Composition.

Composition by Analysis on Full 
Section.

Sb, %. S, %. Cu, %. Sb, %. S, %.

0 0 69-84 0-004 0-004

0-05 0 69-44 0-06 0-002
0-10 0 70-05 0-10 0-002
0-25 0 70-82 0-23 0-014

0 0-01 70-19 0-005 0-006
0 0-02 70-48 0-004 0-015
0 0-03 70-67 0-004 0-026
0 0-05 70-50 0-005 0-032

0-02 0-02 69-43 0-02 0-011
0-05 0-05 68-64 0-04 0-024
0-10 0-10 71-04 0-06 0-054
0-25 0-25 71-32 0-18 0-12

Antim
onial 

70 
: 30 

Brass 
589
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cracks developed and edge cracks were -fe in. deep. The duplicate 
ingot after being cold reduced 57% in seven passes exhibited general 
surface cracking and had edge cracks in. deep. This supports the 
view th a t heavier passes than those normally given in this work reduce 
cracking and consequently a commercial rolling schedule should tolerate 
a higher antimony content than the limit indicated above.

After annealing, the pure brass slabs and those containing up to 
0-05% of lead, antimony nil, or 0-01% of antimony, lead nil, were 
free from cracks. The other slabs showed fine, longitudinal cracks 
which were ascribed to fire-cracking and occasioned some concern. The

T a b l e  I I .— Surface Cracking During Cold Rolling [Series (a) and (6)].

(i) As-cast; (ii) Pre-aimealed 1 hr. a t 750° O.

l ’b, %.
Sb, %.

0 0-01 0-015 0-02 0-025 0-035 0-05 0-075 0-10

0 (i) None.
(ii) ...

None.
None.

None.
None.

None.
None.

None.
None.

None. Bad.
SUght.

Bad.
Slight.

0-005 (i) ...
(ii) ...

Slight. Bad.

0-01 0 ) ... 
(ii) ...

None.
None.

None.
None.

None.
None.

None.
None.

Slight. Slight.

0-015 (0 ... 
(ii) ...

Slight- Bad.

0-02 (i) None.
(b) . -

None.
None.

None.
None.

None.
None.

None.
None.

Slight. Bad.

0-05 (i) None.
(ii) ...

None. Slight. Bad.
Slight.

Bad.
Slight.

Bad.

0-1 (i) None, 
(ii) None.

Slight. Bad.
Slight.

Bad.

incidence of these cracks was not reduced by decreasing the rate of 
heating to the annealing temperature but, if anything, was increased. 
These cracks were not taken into account in the assessment given in 
Table II .

H ot rolling was also carried out in two stages, both beginning with 
the metal a t 750° C. The first stage consisted of a 57% reduction in 
three passes and the second of a 54% reduction in four passes. The 
final thickness was again 0-20 in.

The extent of visible surface cracking is given in Table I I I , together 
with the results of bend tests in which 4-in. strips of the annealed 
material, cut transversely, were bent to and fro through 180° over rollers 
of radius three times the thickness of the strip in the machine shown
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in Fig. 1. The bend test is evidently more sensitive than visual ex
amination. Subsequent tests showed that, except for the alloys 
containing 0-15% of antimony or more, the bend value was a measure 
of surface-rolling cracks.

I t  is clear th a t in hot rolling, lead is the more detrimental element

Fid. 1.—Bend-Test Machine.

and its influence is increased by the presence of antimony. In  the 
absence of antimony the maximum permissible lead content for hot 
rolling was shown by interpolation to be 0-011%; this limit is halved 
by the addition of 0-04% of antimony. In  the absence of lead the 
maximum permissible antimony content is about 0-075%.

Rolling of Antimony plus Sulphur [Series (e)] Alloys.
One of the duplicate ingots of each composition was cold rolled to 

0-14 in. in three stages, with two intermediate anneals of -J- hr. a t 650° C. 
The reduction per stage ranged from 35 to 47%. The other ingots were 
heated to 700° C. and hot rolled to about 0-15 in., some in two stages 
with an intermediate reheat to 700° C. As the bend-test machine was 
not available while the work on series (c) was in progress, transverse 
tensile tests were performed; in Table IV elongation figures are given 
as a measure of surface cracking during rolling.

Antimony is more injurious on cold rolling than on hot rolling. 
Sulphur is harmful on hot and cold rolling and in both cases the limit 
is 0-01-0-02%. Antimony up to 0-04% does not intensify the effect of 
sulphur on hot rolling but does so on cold rolling; sulphur increases 

v o l . l x x i i . s s
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T a b l e  I I I .— Surface Cracking During Hot Rolling of Series (a) and (b).
Gauged (i) visually and (ii) by number of bend reversals of specimens unnealcd 1 hr. a t 650° 0.

Pb,
Sb, % .

°//O'
0 0-01 0-015 0-02 0-025 0-035 0-05 0-075 0-11 0-15 0-22

0 (0

00

None.

25

None.

29

None.

23

Moder
ate.

14

Bad.

0

Bad.

0

0-005 (i)
(ii)

None.
26

None.
17

0-01 <5
(ii)

None.
231

None. 
23 °

None. 
21 *

None. 
23 0

None. 
15 °

Slight.
91

0-015 (i)
(ii)

Slight.
15

Bad.
3

0-02 (i)
(ii)

Slight.
H

Bad.
11

Bad.
101

Bad.
61

0-05
&

Bad.
8*

Bad.
9

Bad.
7

Bad.
7

Bad.
4

0-1
$

Bad.
6*

Bad.
8

Bad.
61

® Cracks revealed during the bend test.

T a b l e  IV .— Surface Cracking During Rolling of Series (c).

Gauged visually and by transverse elongations of tensile specimens annealed
I  hr. at 650° C.

Composition. Cold Boiled. Hot Rolled.

Ql, or Q o/ Surface Elongation, Surface Elongation,fcD, %. o, /q. Cracking. %■ Cracking. %•

0 004 0-004 None. 74 None. 59

0 0 0 0-002 Slight. 59 None. 74
0 1 0 0-002 Bad. 49 Slight. 65
0-23 0-014 Bad. 16 Bad. 44

0 005 0-006 None. 67 None. 66
0 004 0-015 None. 74 Slight. 45
0 0 0 4 0-026 Slight. 50 Slight. 58
0-005 0-032 Slight. 44 Bad. 32

0-02 0-011 None. 61 Slight. 56
0-04 0-024 Slight. 62 Slight. 48
0-00 0-054 Slight. 29 Slight. 27
0-18 0-12 Bad. 6 Bad. 25
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the effect of antimony. The sulphur contents of commercial alloys 
are, however, insufficient to account for the divergent results reported 
in the literature on the effect of antimony.

Mechanical Properties.
Izod impact tests were performed on some of the alloys of series (a) 

and (b) in the cast state and also after pre-annealing for 1 hr. a t 750° C. 
followed by water-quenching. The results are given in Table V.

T a b l e  Y.—Results of Izod Impact Tests on Cast and Pre-Annealed 
70 :30  Brass.

Antimony Series (o).

Sb, %. 0 0-01 0-015 0-02 0-025 0-05 0-075 0-10 0-12 0-16 0-20

As-cast . 
Pre-annealcd .

As-cast 0, 
Pro-annealed’/0

36(u) 
35<n)

102

3 m
3<Ku)

96

32(u)
3*00
94

3500
36<u)

98

3400
3600

96

15</) 
32<«)

47

10O) 
3200

31

CO)
3100

19

H  (/)  
3300
33

3O) 
140)
23

50) 
16O)

32

Antimony plus lead series (6).

Sb, % . 
Pb, %.

0
0

0
0-02

0
0-05

0
0-10

0-025
0

0-03
0-02

0-03
0-05

0-03
0-12

0-075
0

0-075
0-02

0-06
0-12

As-cast . 
Pre-annealed .

As-cast n, 
Pre-annealcd,

36(u)
3500

103

31 0 0  
3100

110

3500
3400 

103

3200
3400

94
$3
94

im
77

190)
3400 

56

21(P)
3300

64

10O)
3200

31

90)
3400 

27

16/)
3000

53

(«) Unbroken.
(p) Partial fracture. 
( /)  Complete fracture.

Many of the specimens, including pure 7 0 :3 0  brass, absorbed 
32-34 ft. lb. of energy without fracturing. Presumably the test does 
not discriminate until embrittlement reaches a certain level. I t  is clear, 
however, th a t antimony much in excess of <>025% embrittles cast brass 
very markedly, th a t this embrittlement is reduced by pre-annealing, and 
th a t lead has a much smaller effect than antimony. These results 
accord with the cold-rolling behaviour.

In  order to determine the effect of antimony and lead on the tensile 
and bend properties of rolled but crack-free brass, tests were carried out 
on samples from which the surface layers containing cracks had been 
removed by machining. Duplicate transverse specimens wrere prepared 
from annealed sheet; 0-06 in. was removed by machining from each side, 
leaving a specimen 0-08 in. thick originally the middle zone of the ingot. 
Analyses made on the parallel portion of some of these specimens 
showed the antimony content to be 20-30% higher than the correspond
ing values for the full thickness in Tables I  and VI but the lead content
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was unaffected. The gauge length of the tensile specimens was 2 in. 
and the width \  in. Since the tensile tests showed the surface machining 
to have decreased the ductility slightly, the bend specimens were 
machined before annealing. The results are given in Table VI.

T a b l e  V I.— Transverse Tensile and Bend Properties. 
A nnealed  1 h r . a t  650° C. a n d  air-cooled.

Composition. Cold Boiled. H ot Boiled.

Sb, %. Pb, %.
U.T.S.,
tons/sq.

in.

Elong., 
% on 
2 in.

Kodn.
in

Area,
%‘

Bend.*
U.T.S.,
tons/sq.

in.

Elong., 
% on 
2 in.

Beda.
in

Area,
%•

Bend.*

n il. n il. 20-7 61 66 24 19-1 72 68 ’ 26-3

0-05 n il. 19-6 69 67 26-7 18-3 74 67 30

0-06 0-01 19-9 67 59 22 18-4 69 68

nil. 0-02 20-7 61 66 23-5 20-1 68 64 27
0-02 0-02 19-8 63 63 19-6 4 8 1 60
0-00 0-02 19-4 70 58 22-7 19-0 69 68 25-3
0-075 0-02 19-4 67 58 16-3 19-0 70 66 14

n il. 0-05 20-4 59 64 20-1 66 65
0 0 1 0-05 20-0 60 66 2 Ï '' 19-6 65 64
0-03 0-05 19-9 66 65 18-6 19-4 70 68 19-3
0-05 0-05 20-0 66 66 19 21
o-os 0-05 11-5 19-5 73 68 15-7

n il. 0-09 20-7 60 64
0 0 3 0-12 20-1 61 f 60 19-3 19-7 6 8 1 6Ï 2Ö-7
0-06 0-12 20-1 46 f 61 17-3 19-4 74 62 18-7

* N u m b er o f com plete reversals in  bend  te s t, 
f  B roke ou tside  th e  gauge leng th .

Thus, antimony alone reduces strength and increases ductility and 
bend value, while lead alone has the opposite tendency, but to  a smaller 
extent. When present together the two elements tend to nullify each 
other’s effect on tensile properties over the range of compositions tried. 
The combined effect on bend value is more adverse, 0-02% of lead 
eliminating the improvement in bend value brought about by 0-05% of 
antimony.

Vickers diamond pyramid hardness tests were made on the rolled 
surface of sheet which had been annealed for 1 hr. a t 650° C. The results 
for cold- and hot-rolled sheet were almost identical. Antimony slightly 
reduced and lead slightly increased the hardness and, together, the 
elements tended to cancel each other’s effects.

Average grain-sizes were determined on the transverse cross-section
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of the same specimens. Antimony tended to increase and lead to 
decrease the grain-size. Grain-sizes of hot-rolled sheet were 10-20% 
larger than those of cold-rolled material. The reduction in grain-size 
due to sulphur was noticed to  be quite considerable but no quantitative 
measurements were made.

P a r t  I I .—B r a ss  C o n t a in in g  A n t im o n y .

Influence of Heat-Trecdment on the Effect of Antimony on the 
Mechanical Properties of 70 : 30 Brass.

To determine the influence of the rate of cooling from the annealing 
temperature, bend, tensile (both on “ thinned ” specimens), and Izod 
impact tests were carried out on samples which had been water- 
quenched or furnace-cooled after heating for 1 hr. a t 650° C. The 
furnace required 6 hr. to cool through the range 450°-200° C., the rate 
of cooling a t 450° C. being 1J° C./min. and a t 200° C., C./min. The

F io . 2.— Influence o f  R a te  o f  Cooling an d  A n tim ony  C on ten t on E m b rittlem en t, 
as Show n b y  B end T ests .

results of all tests are given in Table V II and the bend values (average 
of three tests) are plotted in Fig. 2.

I t  is clear th a t the rate of cooling has a pronounced influence on the 
effect of antimony, particularly in the bend test. Deterioration in 
properties of slowly cooled specimens was first noticeable with the 
tensile or impact tests a t  0-075% of antimony and with the bend test 
a t 0-05% of antimony. Quenching- from the annealing temperature 
gave good results with all tests up to  about 0-12% of antimony. The bend 
value of both water-quenched and furnace-cooled material is actually 
mproved by the presence of small quantities of antimony, say 0-01 to 

0-02%. Micro-examination of transverse sections through the fracture



T a b l e  V II .— Influence of Rate of Cooling on Embrittlement.

Treatment.
Antimony, %.

Nil. 0-01 0-02 0-05 0-075 o-io O il 0-12 0-15 0-20 0-22

(A) W ater-quenched  from
650° C. .

(B) F urnace-coo led  from
650° C. .

R a tio  j ,  %  .

25-3

25-3

100

B<

26-7

2 6 0  

97 i

3nd te s t, 

29-3

27-0

92

iverage  n 

2 9 0 *

2 0 0

69

u m b e r  o f 

28-0

9-3

33

reversals

24-7

2-0

8

22-0

3-0

131

23-3

2-7

m

19-3

0

0

t-** 
© 

©

3-7

0

0

U ltim a te  Tensile S tre n g th , to n s/sq . in.
(A) W ater-quenched

650° C. .
(B) Furnace-cooled

650° C. - .

R a tio  %  .

from

from

E lo n g a tio n , %  on 2 in .

20-1 20-0 20-2 ... 20-0 19-7 ... 14-5

19-7 19-9 19-9 ... 19-4 18-3 ... ... 8-4

98 991 981 97 93 ... 58

{4) W ater-quenched  
650° C. .

from
70 71 70 721 73 28

(B) Furnace-coo led  
650° C. .

from
70 70 66 61 50 11

R a tio  j ,  %  • • 100 981 941 ... 841 681 ... 391

4 ) W ater-quenched  
650° C. .

from
41-5(6) 41-1(6)

Izo

43-0(6)

1 Im p a c t 

41-6(6)

V alue, f t  

41-9(6)

lb.

44-0(6) 43-1(6) 35-2(p)
IB) Furnace-cooled  

650° C. .
from

41-9(6) 42-0(6) 42-2(5) 42-1(6) 40-9(6) ... 27-0 (/) 22-5 (/) 3-9 (f)

R a tio  2 ’ % • 101 102 98 101 98 ... 61 52 ... 11

(6) B en t. (p) P a r tia l  frac tu re . ( /)  C om plete frao tu re . * A ir-cooled : 26-7 =  92%  o f (A).

596 
M
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showed th a t grain-boundary cracking and fracture had occurred in the 
embrittled specimens. Figs. 7, 8, and 9 (Plate LXIV) illustrate the 
transcrystalline fracture in the water-quenched, and the intercrystalline 
fracture and cracking in the furnace-cooled, specimens, both containing 
0-11% of antimony.

One series of “ thinned ” specimens, containing 0-11% of antimony, 
was annealed a t 650° C. for 1 hr., water-quenched, and tempered for 
1 hr. a t various temperatures, while another series was furnace-cooled 
from 650° 0. and tempered. The bend values are plotted in Fig. 3.

Fia. 3.—Influence of Tempering Tcmporaturo on Antimonial Embrittlement, as 
Shown by Bend Tests. Antimony content, 0-11%. X :  Hot-rolled sheet.

7 : Pre-annealed and cold-rolled sheet.

I t  is clear th a t tempering induces marked embrittlement in water- 
quenched material and for 1-hr. treatm ents the most harmful tempera
ture is in the neighbourhood of 350° C. At temperatures above this, 
ductility is gradually restored in both water-quenched and furnace- 
cooled specimens, demonstrating the reversibility of the embrittlement 
process.

I t  was expected th a t embrittlement a t low tempering temperatures 
would be accentuated by prior straining, so cold-worked samples in 
the form of Izod notched bars were tested, with the results given in 
Table V III.

Antimony induces marked embrittlement, which is manifest at 
lower tempering temperatures than for the unstrained bend specimens 
of Fig. 2. The specimens tempered a t 350° 0. recrystallized to  a fine 
grain-size and consequently the resistance to  impact of those of lower 
antimony content was increased by this treatm ent.

Information relating to the onset of brittleness as a function of 
temperature and antimony content was provided by the various results 
of mechanical tests performed a t room temperature on heat-treated
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samples. A curve showing the onset of brittleness is drawn in Fig. 4. 
At high temperatures it was fixed approximately by the results of bend

T a b l e  V III.—Resistance to Impact (ft.  lb.) of Quenched and Gold-Worked 
Antimonial Brass after Tempering.

I -

Tempering T reatm ent.
Antim ony, %.

Nil 0-025 0-05 0-075 0-11 0-20

None . . . . 4 7 45 4 6 4 3 3 0 6
1 hr. at 15 0 °  C. . 47 4 2 4 4 41 26 5
1 hr. at 2 5 0 °  C. . 4 7 45 3 8 3 5 21 5
1 hr.  at  3 5 0 °  C. . 65 63 6 0 4 6 23 3

Vickers diamond pyramid 
hardness before temper
ing . . .  . 178 182 1 80 1 79 182 1 86

Vickers diamond pyramid 
hardness after tempering
at 350° C. 8 5 8 9 8 7

tests made to  locate the solidus (Table X). The influence of antimony 
on the actual high-temperature properties has not been examined, apart 
from the hot-rolling behaviour described earlier.

Stress-Strain Behaviour.
The stress-strain relationships of four alloys were examined to 

obtain an indication of their deep-drawing behaviour. The alloys were 
pure 70 :30  brass and brass containing, respectively, 0-04% of anti
mony, 0-04% of lead, and 0-04% each of antimony and lead. The test 
specimens were annealed to  the same grain-size and tested in the water- 
quenched condition.

When plotted on the same graph, the stress-strain curves overlapped 
almost up to the maximum-load stages: beyond this point the lead- 
bearing brass showed slightly lower elongation. Judging from these 
tests, therefore, 0-05% of antimony in solid solution should have a 
negligible effect on deep-drawing behaviour.

Structure.
Lead decreased the crystal size of as-cast brass, but antimony and 

sulphur had little effect.
Under the microscope, a pale-blue constituent shown in Fig. 11 

(Plate LXV) was found in the antimonial brasses; it  first appeared a t an 
antimony content of 0-02-0-05% in the cast ingots, th e  limiting content
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Fractu re  in Bend-Test Specimens C ontaining 0-11% of A ntim ony.
F ig . 7.— W ater-quenched from  650° C. T ranscrystalline (bend value 22). x 250.
F ig . 8.— Furnace-cooled from  650° C. In tercrysta lline (bend value 3). x 250.

In tercrvsta lline Cracking.
F ig . 9.— Intercrysta lline cracking near frac tu re  of Fig. 8 specimen, x 500.
F i g .  10.— Intercrysta lline cracking in cold-rolled ingot containing 0-22% of antim ony, x 20.

[To face p. 59S.



P late  L X V .

F ig . 11 .— Pale-Blue C opper-A ntim ony Com pound in Cast B rass C ontaining 0 -1 0 %  of Anti- 
mony. x 2000.

F i g . 12.— G rain-B oundary-Film  Appearance in Same Specimen as Fig. 11. x 500.
F ig . 13 .— Sulphide Particles in Rolled Brass C ontaining 0*12%  of Sulphur, x 2000 .
F i g . 14.— Phosphorus-A ntim onv Compound (dark) in C opper-A ntim onv Com pound. Cast 

brass containing 0 1 1 %  of antim ony  and 0 041% of phosphorus, x 2000.
B rass C ontaining 0-15% of A ntim ony, W ater-Q uenched from 650° C., and  H eated  1 week a t 

200° C. B oth etched in am m onium  persulphate.
F ig . 15.— H and-polished, x 500. F i g . 16.— E lectro ly ticallv  polished, x 500.



P la te  LXVI.

D iscontinuous P recip ita te  in A ntim onial B rass Free from  Lead and Sulphur. 
E lectro ly ticallv  polished and  etched. All x 2000.

Rolled and A nnealed.
F i g .  17.— 0-10% of antim ony, furnace-cooled 

from  650° C.
F i g .  18.— 0*10% of antim ony, w ater-quenched 

from  650° C., heated  1 hr. a t  250° C.
F i g .  19.— 0-024% of antim ony, furnace-cooled 

from  650° C.

Water-Quenched from 650° C .; Cold Rolled, 40%  
Reduction; Heated 1 hr. at 250° C.

F ig . 20.— A ntim ony n il. No precipitate.
F ig . 21.— 0-024% of antim ony.
F i g . 22.— 0-11%  of antim ony.



P la te  L X V II .

Effect of R a te  of Cooling on G raln-B oundarv E tc h ; B rass containing 0-11% of A ntim ony 
(Lead and su lphur n o t present).

F i g .  23.— Furnace-cooled from 65CPC. (Izod im pact, 27 ft. lb ., com plete fracture.) x 1000. 
F i g .  24.— W ater-quenched from  650° C. Sam e etch  as Fig. 23. (Izod im pact, 44 f t .  lb., no 

fracture.) x 1000.
C ontinuous G rain-B oundary-F ilm  A ppearance in  Furnace-Cooled B rass C ontaining A ntim ony 

(Lead and Sulphur n o t present).
F i g .  25.— 0-10% of an tim ony , x 1000. F i g .  26.— 0-22% of antim ony, x 1250.
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not being regularly affected by lead or sulphur. I t  was not, however, 
present in the rolled or annealed sheet having the maximum content of 
0-22% of antimony. The pale-blue constituent was similar in appear
ance to the 6- and e-phases of the copper-antimony system.21- 25 Ther
mal analysis confirmed th a t it  is based on these phases, since cast 70 : 30

A N T I M O N Y .  P E R  C E N T .

Fig. 4.—Precipitation on Reheating for 1 hr. after Quenching from 650" 0. and 
Onset of Brittleness. (Key as for Fig. 5.) A  : Annealed. B  : Cold rolled, 40%

reduction.

brass containing 2-3% of antimony showed arrests on heating a t 463° 
and 597° C., corresponding to the p ^  e transformation and melting of 
the a-p-eutcctic, respectively, found to occur in a copper-18% antimony 
alloy a t 466° and 635° C. The eutectic temperature in the copper- 
antimony system a t about 32% of antimony is thus lowered by addition 
of zinc, bu t the transformation tem perature of the compound is hardly 
affected.

Lead occurred as globules and could be detected when 0-005% was 
present. Sulphur occurred as a dark-grey, angular constituent (Pig. 13, 
Plate LXV) in all samples containing not less than 0-004% of sulphur.



Compared to lead, a small amount of sulphur produced a large number 
of particles, the quantity and appearance being unaffected by rolling 
and annealing.

The evidence so far presented suggests th a t the solubility of antimony 
diminishes with temperature, causing grain-boundary precipitation of a 
brittle constituent. Careful micro-examination, using an electrolytic 
polishing and etching technique, revealed a fine, discontinuous pre
cipitate (Figs. 17-22, P late LXVI) too small to  be identified directly. As 
the amount and limits of precipitation varied in a regular manner with 
antimony content and heat-treatm ent, the precipitate was assumed to 
be based on the s-phase of the copper-antimony system. The behaviour 
of the precipitate on electrolytic polishing was different from th a t of 
the comparatively massive pale-blue constituent, as indicated below, 
perhaps on account of the considerable difference in particle size involved. 
This precipitate was not the chief cause of embrittlement, however, for 
it  occurred mainly in specimens tempered a t temperatures too low to 
cause much embrittlement.

Brittleness was associated with a different grain-boundary appear
ance. In  brittle furnace-cooled specimens there was a tendency
(i) for the grain boundaries to  etch in greater relief than in the corre
sponding ductile water-quenched specimens, as shown in Figs. 23 and 
24 (Plate LXVII), resulting in more distinct delineation under low-power 
examination and (ii) for the formation of the continuous grain- 
boundary-film appearance shown in Figs. 25 and 26 (Plate LXVII). 
This latter effect was also seen in the cast antimonial brass (Fig. 12, 
Plate LXV) on re-examination after polishing electrolytically, but was 
not originally detected when the normal hand-polishing methods were 
employed. The etching and polishing behaviour of the films differed 
from th a t of the discontinuous precipitate and of the pale-blue 
constituent. The differences are summarized as follows :

Treatment. Nodular Pale-Blue. Discontinuous. Film.
(i) H and-polish; Pale-bluo. N ot detectable. N ot detectable.

no etch.
(ii) E lectrolytic polish. Dissolved out. N ot detectable. N ot detectable.

(iii) E lectrolytic etch. Dissolved out. Blackened (Figs. N ot detectable
17-22). w ith certainty.

(iv) Ammonium persul- Darkened. Obscured by the Detectable with
phate etch. general etching more certainty

which occurs. (Figs. 25 and
26).

600 McLean and Northcott :

Further, the discontinuous precipitate could be consistently detected 
in an appropriately treated specimen containing as little as 0-02% of 
antimony, whereas films were not consistently revealed, even with
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0-2% antimony content. These observations raise doubts about the 
nature of the films.

Copper-Zinc-Antimony Constitution.
The sobd solubibty of the discontinuous precipitate has been deter

mined up to  350° C. and the results are given in Figs. 5 and 6 as the 
solid solubility of antimony in 70 :30 brass. Three series of heat-

A N T I M O N Y .  P E R  C E N T .

Fio. 5.—Vertical Section of Copper-Zinc-Antim ony Diagram a t  Copper : Zino
R atio of 70 : 30.

K e y .

x therm al a r re s t  a  a • »liq u id  
E a  so lid  s o lu t io n  b  a « p 
©  a ♦ liq u id  0 a ► 0  * (
(B a .  f

treatm ents were performed : (1) specimens were heated for 1 hr. a t 
different temperatures after a preliminary homogenization of 1 hr. 
a t 650° C. and then water-quenched, (2) cold-worked specimens were 
heated for 1 hr. a t different temperatures (comparison with series (1) 
shows the effect of prior straining—see lines A  and B  in Fig. 4),
(3) specimens were homogenized a t 600°-700° C. for 1-2 hr., furnace- 
cooled to temperature, and held for one week.
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The solubility a t 200° C. does not exceed 0-015% of antimony. 
Below 250° C. precipitation is accelerated by prior cold work. The 
discontinuous precipitate occurred only a t grain boundaries except 
possibly in the strained specimens, where a suggestion of it  was present 
along strain lines. The specimens treated for one week a t the lower 
temperatures contained approximately the same amount of precipitate 
as the corresponding specimens treated for 1 hr., but one week a t the 
higher temperatures resulted in less discontinuous precipitate. Where a

A N T I M O N Y ,  P E R  C E N T .

Fid. 6.—Enlarged Version of the Low-Antimony Portion of Fig. 5. (Key as
for Fig. 5.)

specimen treated for 1 hr. contained a precipitate and the corresponding 
specimen treated for one week did not, the point concerned on the 
equilibrium diagram is considered to be in the two-phase region, in 
accordance with the hypothesis advanced in the discussion.

To locate the solid-solubility curve above 350° C., heat-treatments 
were carried out on the alloy containing 0-35% of antimony. Specimens 
were cold reduced approximately 20% and heated for 14 or 28 days 
a t various temperatures. A layer ¿f in. in thickness was removed 
from the surface to be micro-examined. Precipitate, when present, was 
in the form of fine dots fairly uniformly distributed. The specimens
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were then analysed. The results of the examination are plotted in 
Fig. 6.

The temperature ranges of the p-e transformation * and the eutectic 
were determined by thermal curves and micro-examination of samples 
of the alloys containing 0-7 and 2-3% of antimony, quenched after a
1-hr. anneal. The results are given in Table IX. The small amount 
of the blue compound in the lower antimony alloy when quenched from 
near the eutectic tem perature located the solid-solubility limit a t about 
0-6% of antimony.

The liquidus in brass containing up to 2-3% of antimony was 
determined by thermal analysis and the solidus mainly by micro-

T a b l e  IX .— Thermal Arrests and Constitution of Quenched Specimens.

Eutectic. Transform ation.

Tem p., ° O. 0-7% Sb. 2-3% Sb. Tem p., ° 0 . 0-7% Sb. 2-3% Sb.

620 ii - f  L 480 a +  P
600 a  -j- Ij a  -f- Ij 470 « +  j3
590 a  -f- L 450 a T  P “ +  P
580 a  + ¡9 a  +  /5 +  L 445 a +  P + c
570 a  +  P a  +  p  +  L 440 *  +  P +  <r a +  P +  «
560 a +  P a +  P 435 a  +  e
550 u +  0 430 a +  e a  +  P  +  c
540 a +  'p 410

400
a  +  «

a +  e
576-602 Heating

arrest.
446-474 Heating

arrest.
556-592 Cooling

arrest.
447-400 Cooling

arrest.

examination, giving the curves shown in Figs. 5 and 6. Corrections 
for deviations from the 70 :30 copper-zinc ratio were applied from 
Hansen’s 21 diagram for the copper-zinc system; for 1% excess zinc 
1° C. was added to the liquidus and 6° 0. to  the solidus. A few bend 
tests were performed on quenched specimens, giving the results shown 
in Table X. The results are in agreement with the microscopic work.

Comparison of the present work on 70 : 30 brass with th a t reported 
in the literature on pure copper shows th a t 30% of zinc reduces both 
the antimony solubility and the antimony content required to  cause a 
given deterioration in properties of the a-phase, by a factor of 10-100. 
As mentioned in the review of literature, there is evidence th a t higher 
zinc contents operate still further in the same direction. Comparison 
of previous work 6- n >12 with the present investigation indicates th a t the

* This refers to  the  phase based on the /¡-constituent in the copper-antim ony 
system and no t to /¡-brass.
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amount of antimony required to cause a given effect in 60: 40 brass 
is of the order of | t h  of th a t which would be required in 70 : 30 brass; 
the solubility of antimony in 60 : 40 brass is, therefore, considered to be 
about ¿ th  of tha t in 70 : 30 brass.

Electrical-conductivity measurements were made on annealed 
samples, water-quenched or furnace-cooled from the annealing tempera-

T a blf . X .— Results o f Bend Tests on Quenched Specimens to Determine
the Solidus.

Average num ber of reversals.

Quenching Tem perature, ° O.

too 050 750 800 850 900

0-025 29-3 25-3 25-7
0-12 23-3 22-7 21-7 18-0 17-8
0-20 6-2 8-7 11-7 11-7 8-2 0

ture. The electrical conductivity was reduced progressively by increases 
in antimony content (6% by an addition of 0-2% of antimony) and was 
slightly higher in the furnace-cooled samples, but the difference did not 
increase with antimony content between the two treatm ents. This 
indicates either a high resistance of the continuous intercrystalline film, 
or th a t the la tter is not a true precipitate.

P a r t  III .—A d d it io n s  to  O v e r c o m e  t h e  H a r m f u l  E f f e c t  
o f  A n t im o n y .

Influence of Phosphorus, Lithium, and Mould Dressing.
I t  was thought th a t the harmful effects of antimony could be avoided 

by addition elements which formed with it  innocuous stable com
pounds. Elements forming antimonial compounds of higher melting 
point than Cu2Sb (681° C.) seemed promising ones to consider. Refer
ence to Hansen 21 showed the following to be in this category : Li, Na, 
K, Mg, Al, Ni, Co, Fe, Mn, and P t. Since antimony is weakly electro
negative, the strongly electropositive members of this list seemed 
particularly promising. A rough test confirmed this for lithium but 
not for sodium as none could be introduced into a melt, probably owing 
to  the low boiling point of sodium (880° C.). There are disadvantages 
in the use of some of the other elements, none of which was tried.* I t

* After th is work had been completed a p a ten t specification 21 was received, 
claiming th a t nickel or cobalt added to /3 or a  +  copper-zinc-base alloys offsets 
th e  adverse effects of antim ony and arsenic.
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has been reported th a t phosphorus is beneficial in this and similar 
applications 7> 32> 33 and its beneficial effect on antimouial 70 : 30 
brass vras confirmed by a rough test. Lithium and phosphorus were, 
therefore, selected for more extensive trials.

I t  had also been suggested * th a t a finer grain-size and greater 
dispersal of any second phase might result from casting into a mould 
coated with a flaming dressing. Two series of castings were, therefore,

T a b l e  X I.— Chemical Composition of Ingots in  Phosphorus and 
Lithium Series.

Made up : P or I .i: Sb 
Ratio 

(atomic).

Analysed :

Sb, %. P, %• Li ,%. Cu, %. Sb, %. 1’, %• Li-t

0 0 2 5 nil. nil. Sb only. 
P : Sb.

69-93 0-025 nil.

0 0 2 5 00031 nil. 1 : 2 69-6 0-03 0-0024
0-025 0 0 062 nil. 1 : 1 70-2 0-02 0-006
0 0 2 5 0 0 125 nil. 2 : 1 

Li : Sb.
70-0 0-02 0-011

0 0 2 5 nil. 0-0021 3 : 2 69-5 0-025
0-025 nil. 0 0043 3 : 1 70-4 0-02
0 0 2 5 nil. 0-0086 6 : 1 70-02 0-03

0-10 nil. nil. Sb only. 
P : Sb.

70-19 0-11 nil.

0-10 0 0 1 2 5 nil. 1 : 2 69-4 0-11 0-010
0 1 0 0 0 2 5 nil. 1 : 1 69-3 0-12 0-025
0-10 0 0 5 nil. 2 : 1 68-9 0-11 0-041

nil. 0-05 nil. P only. 
Li : Sb.

70-9 nil. 0-040

0 1 0 nil. 0 0086 3 : 2 69-5 0-12 - §
0 1 0 nil. 0-017 3 : 1 70-08 0-10 - §

0 1 0 Flam ing  
used in

dressing
mould.

Sb only. 70-2 0-11 nil.

■f I t  was no t found possible to  determine the lithium  contents accurately. 
Spectrographic analysis gave possible lim its of 0 005 and 0 01% lithium  for 
those m arked §, although the order was uncertain. This suggests considerably 
greater loss on melting than  the 30% anticipated, bu t for sim plicity the intended 
L i : Sb atomic ratios are used.

prepared, of constant antimony content of 0-1%, but of varying phos
phorus and lithium contents; and a further single casting of 0-1% 
antimony content was made in a mould coated with a flaming dressing. 
The compositions by weight and the approximate atomic compositions 
are given in Table X I, which includes phosphorus and lithium series, 
based on 0-025% of antimony, for Izod tests described later.

* Thanks are due to  Mr. G. L. Bailey, B ritish Non-Ferrous Metals Research 
Association, for this suggestion.
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The grain-sizes of the antimony-free phosphorus composition and 
the ingot cast with a flaming dressing were about one-half and one-third, 
respectively, th a t of the other alloys.

Rolling Behaviour.
The rolling schedules were similar to those employed for series (a) 

and (6) (see P art I, p. 588), except th a t the cross-flattening pass 
was omitted. Probably for this reason no fire-cracks occurred.

Phosphorus considerably reduced surface- and edge-cracking during 
cold rolling of as-cast ingots, but increased it during hot rolling and also 
slightly increased it  during cold rolling of pre-annealed ingots. The 
improvement on cold rolling was most marked up to  the phosphorus- 
antimony ratio of 1 :1 .  Lithium considerably reduced surface- and 
edge-cracking during both hot and cold rolling, in the la tter case whether

m
T a b l e  X II.—Influence of Phosphorus, Lithium, and Mould Dressing on 
Cracking during Rolling, as Indicated by Bend Tests on Unmachined 

Annealed Specimens.
Antimony content 0-1%.

N um ber of Reversals in  Beud Test.

Phosphorus Series. L ith ium  Series.

Treatm ent. P  and 
Li 
nil.

P Sb .R atio  (atom ic). L i : Sb R atio  (atomic). F lam 
ing

1 : 2 . 1 : 1 . 2  : 1 . Sb nil. 3 : 2 . 3 : 1.

3 : 1 ,  
an 

nealed 
a t  

800° C.

Dress
ing.

Cold rolled . 
Pre-annealed 

and cold

n 13 114 14 G 44 74 6

rolled 13 13 13 104 164 9 6 6 14
H ot rolled . 14 114 15 13 18 11 5 11 144

pre-annealed or not. The improvement on cold rolling with the lithium - 
antimony ratio of 3 :1 was similar to  th a t with the phosphorus-antimony 
ratio of 1 :1 . The casting prepared with a flaming dressing contained 
more, but finer, cracks after all three treatm ents than did its soot- 
dressing counterpart.

To obtain a quantitative measure of surface cracking, transverse 
bend-test specimens were tested after annealing followed by rapid cool
ing. The results are given in Table X II.

The results for the phosphorus series and for the alloy cast with a
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flaming dressing agree with the observed rolling behaviour. The results 
for the lithium series, however, 'do not. The worse results in each pair 
are given by the higher lithium-content material, which rolled with least 
apparent cracking. Only part of this discrepancy may be accounted for 
by the small grain-size of this material, since tests on further bend 
specimens of normal grain-size produced by annealing a t 800° C. still 
gave poor results as shown in Table X II.

Influence o f Heat-Treatment.
Two further sets of bend-test specimens were prepared, with surfaces 

machined free from cracks as described earlier: one set was water- 
quenched from the annealing temperature of 650° C. and the other

T a b l e  X III.—Influence of Phosphorus, Lithium, and Mould Dressing 
on Embrittlement During Slow Cooling.

A ntim ony content 0-1%.

N um ber of Reversals in Bend T est.

P hosphorus Series. L ith ium  Series.

T reatm ent.
P  and  

LI 
nil.

P Sb R atio  (atom ic). Li : Sb R atio  (atom ic). F lam 
ing

Dress
ing.

1 : 2 . 1 : 1 . 2 : 1 . Sb n il. 3 :2 . 3 :1 .

3 : 1 ,  
an 

nealed 
a t 

800* C.

W atcr-
quenched. 24-7 21-8 23-3 21-6 22-6 25-0 11-9 13-1 22-3

Furnace-
cooled 3-4 12-4 16-5 18-6 22-2 2-5 1 0 - 6 9-2 5

furnace-cooled. As the results and particularly their trend were nearly 
independent of the type of rolling, mean values are given in Table X III  
for each composition and heat-treatment.

Increasing phosphorus content progressively eliminates the embrittle
ment occurring on furnace-cooling a t the expense of only a slight 
reduction in the bend value of the water-quenched material. Lithium 
above 0-01% also eliminates this embrittlement, but apparently only 
a t the expense of a big reduction in the bend values of the water- 
quenched alloy. The figures in the penultimate column show th a t small 
grain-size is not responsible for the poor value of the water-quenched 
material.

Quenched, strained, and tempered Izod specimens were prepared in 
the same way as those already described in order to determine the 

V O L . L X X I I .  T  T
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influence of the addition elements on embrittlement occurring on 
tempering strained material. A phosphorus and lithium series, based 
on 0-025% of antimony, was included. The results are given in 
Table XIV.

In  the 0-025%-antimony series, the only low results are those for 
the maximum lithium ratio. W ith 0-11% of antimony, the results are 
complicated by the strain-embrittlement introduced by phosphorus, 
but the antimonial embrittlement is progressively reduced with increase 
in phosphorus content in specimens tempered a t 350° C. In  the 
annealed and furnace-cooled condition, the lowest phosphorus ratio of 
1 : 2 has a considerably beneficial effect. Lithium introduces serious 
embrittlement of its own, although from the furnace-cooled specimens 
and those tempered a t 350° G. it  appears to reduce antimonial embrittle
ment. The specimens prepared with a flaming dressing are not 
significantly different from their soot-dressing counterparts.

M  icro-E xamination.
Three types of particle were found in the as-cast phosphorus brasses :

(1) the pale-blue copper-antimony compound, possibly containing zinc,
(2) a darker bine particle which increased in amount with increase in 
phosphorus and antimony and is probably a phosphorus-antimony 
compound, and (3) a still darker blue particle which occurs in the 
antimony-free alloy and in the others only a t high phosphorus- 
antimony ratios and is, therefore, probably the copper-phosphide 
compound. Particles of types (1) and (2) frequently occurred together, 
as shown in Fig. 14 (Plate LXV). The compositions of the alloys 
examined and the occurrence of these three particles in them are shown 
in Table XV.

In  the rolled and annealed condition, no particles were found other 
than a few inclusions of the angular dark-grey impurity observed in 
every alloy previously examined.

Two types of particle were observed, besides the im purity inclusions, 
in the as-cast lithium brasses: (1) the copper-antimony compound and
(4) a rounded blue-grey type which, since i t  increases in quantity with 
increasing lithium and antimony content, is probably a lithium-anti- 
mony compound. The two types of particle frequently occurred to 
gether, much as in Fig. 14 (Plate LXV). The particles (4) readily 
blackened and tended to  dissolve out during a polish attack  with mag
nesium oxide and copper ammonium chloride and, in some cases, could 
then be confused with the impurity inclusions. Doubt was removed 
by examination between crossed polaroids, as the particles (4) then 
appeared blacker than the ground-mass. The alloys examined and



T a b l e  X IV .— Influence of Phosphorus, Lithium, and Mould Dressing on Embrittlement of Samples Quenched, Cold 
Worked, and Tempered.

Izod im pact test results in ft. lb.

A ntim ony, %
Phosphorus, %
Lithium , %
P o r L i : Sb A tom ic Ratio .

0-025
nil.
nil.

0-03
0-002-1

nil.
1 : 2.

0-02
0-006
nil.

1 :1.

0-02 
0-11 
nil. 

2 : 1.

0-025 
. n il.

3 : 2.

0-021
nil.

3 : 1.

0-030
nil.

6 :1.

0-11
nil.
nil.

0-11
0-01
nil.

1 : 2.

0-12
0-025
nil.

1:1.

0-11
0-011

nil.
2 :1.

nil.
0-04
nil.

0-12
nil.

3 : 2.

0-11
nil.

3 :1 .

0-11
nil.
nil.

F lam ing
Dressing.

Tempering trea t
m ent :

Room tem pera
ture (a) 45 41 37 44 43 42 24 30 33 29 22 32 29 12 34

1 hr., 150° C. 42 37 34 38 30 41 22 26 32 20 19 25 26 11 31
1 hr., 250° C. 45 37 35 33 36 39 22 21 22 23 19 25 14 9 17
1 hr., 350° C. 63 04 05 09 03 67 59 23 49 59 63 06 18 34 25
1 hr., 650° C. and 

furnace-cooled . 41 4G 47 48 44 47 46 27 46 48 52 53 19 44 26

Vickers diamond py 
ram id hardness 
num bers for (a) . 182 180 178 179 187 192 191 182 182 188 193 200 187 190 180

0 3
O
CO

A
ntim

onial 
70 

: 30 
B

rass
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the occurrence of particles in them in the as-cast state are given in 
Table XV.

In  the rolled and annealed condition only the type (4) particles were 
observed. The impurity inclusions are, presumably, dissolved or 
decomposed by the lithium compound. The alloys examined in the 
rolled and annealed state and the occurrence of particles in them were

T a b l e  XV .— Occurrence of Compounds in As-Cast Phosphorus and 
Lithium Alloys.

A nti
m ony
Con
ten t,

% .

Atomic % R atio  P  : Sb and particles seen. A tom ic %  R atio  L i : Sb and 
particles seen.

P  nil. 1 : 2 . 1 :1. 2  : 1 . Sb nil. Li nil. 3 : 2. 3 :1 . C : 1 .

0-025

0-11

None.

(1)

N one.

<D +  
(2)

(1) or
(2)
(2)

(2)

(2} +  
(3)

(3)

N one.

( i)

G )

(D  +  
G )

(4)

(1) +  
{4}

(4)

K ey .

(1) =  co p p er-an tim o n y  com pound.
(2) =  p h o sp h o ru s-an tim o n y  com pound.
(3) =  co p p er-phosphorus com pound.
(4) =  lith iu m -a n tim o n y  com pound.

as for the as-cast specimens referred to in Table XV, except tha t 
none of type (1) was seen.

Grain-size and hardness measurements made on annealed specimens 
showed th a t phosphorus and lithium reduced grain-size and increased 
hardness.

P a r t  IV.—D is c u s s io n  o f  R e s u l t s .

The effect of a given amount of antimony on the mechanical proper
ties of brass depends on three factors: heat-treatm ent, casting 
segregation, and zinc content. With homogeneous 70 : 30 brass, the 
chief precaution in practice, so far as heat-treatm ent is concerned, is to 
heat and cool rapidly through the dangerous range of temperature 
200°-450° C. With 0-05% of antimony, uniformly distributed, air-cool
ing of single thin strips should be rapid enough, as the following results 
on 0-08-in.-thick bend specimens show :

Method, o f  Cooling.

W ater-Q uenched. Air-Cooled. Furnace-Cooled.

N u m b er o f  reversals . . . . 29-0 26*7 20 0
P ercen tag e  o f  w ater-quenched  value  . 1 0 0  92 69

The second factor, namely, the segregation present in chill-cast 
ingots, is sufficient to render chill-cast material more brittle than
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furnace-cooled m aterial of the same antimony content, despite the more 
rapid cooling of the form er; this can be seen from the Izod test results 
for cast material in Table V and for rolled, annealed, and furnace-cooled 
material in Table VII. I t  is probable tha t, if antimonial brass ingots 
can be satisfactorily broken down without the aid of pre-annealing, the 
antimony content is low enough to  cause no' trouble in subsequent 
operations. Turning to the third factor, the influence of zinc content is 
such as to suggest a reversal of previous policy on the disposal of anti
monial brass scrap. This has been to use antimonial scrap in 60 : 40 
melts, but with such a high zinc content antimony is extremely harmful. 
I t  seems preferable to use the scrap in high-copper melts, where the 
antimony contents involved would be well within the solid-solubility 
range and much less harmful.

The mechanism of antimonial embrittlement is not quite clear. 
The grain-boundary character of the cracking occurring in, and the 
fracture of, embrittled material show th a t an abnormal grain-boundary 
condition is responsible for brittleness. The discontinuous precipitate 
clearly plays only a minor role. Although a grain-boundary-film 
appearance has been detected in embrittled material, it is not considered 
certain th a t an ordinary precipitation mechanism is a t work. There is 
some doubt as to  whether the film appearance is a true precipitate or 
some other condition which cannot always be revealed under the micro
scope, such as a narrow zone of transformed lattice, or a pre-precipitation 
phenomenon. To summarize the evidence : on the one hand, facts which 
fit in with a precipitation hypothesis are the shape of the solid-solubility 
curve, the effect of heat-treatm ent on mechanical properties, and 
microscopical evidence. On the other hand, doubt is raised about the 
nature of the film by the peculiarities of etching behaviour and difficulty 
of detection described on p. 600, and also by the fact th a t the electrical- 
conductivity results do not show the increase in conductivity usually 
found when precipitation occurs. Despite this uncertainty, however, 
the assumption tha t the films are a brittle precipitate, identical in 
nature with the discontinuous precipitate but for some reason in
frequently detected, provides a working hypothesis, namely, tha t in 
specimens slowly cooled or tempered above about 250° C. the precipi
ta te  becomes more continuous and naturally has an embrittling effect 
in proportion to its continuity.

There is an interesting comparison between this grain-boundary 
effect in brass and temper-brittleness in steels, where slow cooling 
through, or heating in, a dangerous range of temperature produces 
embrittlement of a type shown by the notched-bar impact test, the 
tensile properties being unaffected, whereas rapid cooling causes no



embrittlement. I t  is also of interest th a t the types of fracture in brass 
are similar to  those in steel, namely, intercrystalline in the temper- 
brittle condition and transcrystalline in the non-temper-brittle con
dition. Further, a grain-boundary constituent has not been reliably 
detected in steel in the temper-brittle state. Similarity also exists with 
the embrittlement of copper by bismuth and possibly by selenium and 
tellurium.34» 35

The brittleness of antimonial brass in the cast state, as shown, for 
example, by the Izod test results in Table V, or by the intercrystalline 
cracking in Fig. 10 (Plate LXIV), is probably due to  the same mechanism 
as grain-boundary embrittlement in recrystallized material. The 
rounded blue particles are unlikely to cause much harm, owing to their 
rounded shape and fairly uniform distribution. Antimony is so highly 
segregated in cast brass tha t, with an average antimony content of 
0-02%, the blue constituent could often be seen and, therefore, the maxi
mum segregated content in solution must have been, from Fig. 5, about 
0-6%. In  regions of such high antimony content the tendency to grain- 
boundary embrittlement must be very marked. Pre-annealing restores 
ductility by assisting homogenization and thus reducing the number and 
intensity of such regions.

The fire-cracking which occurred in the earlier cold-rolled ingots is 
assumed to be due to  (i) embrittlement on heating through the dangerous 
temperature range, intensified by casting segregation and cold work 
combined with (ii) the transverse-tensile surface stress resulting from 
the final cross-rolling pass. Slow heating might be more harmful than 
rapid heating. Thus, Price and Bailey,32 during their work on the 
effect of bismuth in brass, found fire-cracking to  occur after a light 
break-down and not to be entirely avoided by slow heating. In  the 
discussion on their paper Smith 36 stated th a t “ Castings (of 70 : 30 
brass) rolled 30% reduction and then annealed a t 600° C. always fire- 
cracked if they contained bismuth (0-009-l-0%), even though they were 
slowly heated with the furnace.”

Co n c l u s io n s .

(1) The divergent opinions held on the effect of antimony on brass 
can be largely accounted for by variations in heat-treatm ent, zinc 
content, and casting segregation.

(2) The solid solubility of antimony in 70 : 30 brass decreases from 
0 '6%  a t 550° C. to about 0-01% at 200° C. The corresponding values 
for antimony in pure copper are 11 and 2% ; thus, the solubility of 
antimony a t 200° C. is reduced from 2 to  0-01% by 30% of zinc and it is 
fairly certain th a t higher zinc contents cause a further reduction.

612 McLean and Northcott:
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(3) Decreased solubility is accompanied by an increased tendency to 
grain-boundary embrittlement. The effect of antimony in unsegregated 
brass is, therefore, determined largely by heat-treatm ent and zinc 
content owing to  the influence of these two factors on antimony 
solubility. Antimonial 70 : 30 brass is embrittled by furnace cooling 
or holding in the temperature range 200°-450° C.

(4) In  cast brass the effect of antimony is intensified by the segrega
tion to  which this element is prone and a pre-annealing treatm ent 
improves ductility by assisting homogenization. Under the conditions 
stated in the present work, 0-05% of antimony is about the maximum 
for satisfactory cold rolling of 70 : 30 brass ingots, but within the limit 
for hot rolling.

(5) A working hypothesis th a t accounts for the effect of antimony on 
mechanical properties is based on the assumption of a brittle inter- 
crystalline precipitate. Em brittlem ent increases with the continuity 
of this intercrystalline precipitate and the continuity, in turn, depends 
on heat-treatm ent. The continuous form has not been consistently 
revealed under the microscope, although the discontinuous form can 
be regularly detected.

(6) Lead and sulphur both impair ductility and intensify somew;hat 
the effect of antimony and, on the whole, antimony intensifies the 
effects of these elements.

(7) Antimonial embrittlement can be overcome by the addition of 
elements which form innocuous compounds with antimony. Phos
phorus forms such a compound and eliminates antimonial embrittle
ment bu t slightly impairs hot-rolling behaviour. Lithium also forms 
a compound with antimony, improves hot- and cold-rolling behaviour, 
and eliminates antimonial embrittlement, but apparently only a t the 
expense of a big reduction in general mechanical properties.
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A p p e n d i x .— Electrolytic Polishing of Brass.
A very simple apparatus was found to give a polish considerably 

better for most purposes than the best obtainable by hand polishing and
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in a much shorter time. The actual conditions were not found to  be 
a t all critical.

The polishing solution was a 1 :1  mixture of orthophosphoric acid and 
water. The container was an etching dish, about 10 cm. in. dia. The 
cathode was a piece of copper strip, the portion in the solution being 
surrounded by a selvyt bag to prevent the bubbles formed from floating 
to the anode (the specimen) and interfering with the polish. The 
specimen was held in a pair of brass tongs and the electrical circuit was 
the usual potentiometric one. The anode-cathode distance was 5 cm., 
the time was usually 3 min., and the polishing voltage 2 -2 | V. Too low a 
voltage results in etching and too high a voltage causes gas evolution on 
the specimen; bubbles of gas adhering to  the specimen prevent solution, 
leaving “ hills ” underneath them. Where long polishing or etching 
times were required, more uniform results were obtained when the 
solution was stirred. The current density is the controlling factor but, 
in practice, with specimens of different sizes in circulation, voltage 
regulation was found to be reliable and more convenient.

After polishing and washing, the specimen can be etched in the usual 
way. I t  can also be electrolytically etched without removal from the 
polishing solution. The la tter technique gives a grain-boundary etch 
which was found particularly suitable for revealing discontinuous grain- 
boundary precipitation; the former technique, using ammonium 
persulphate as the etching reagent, was found useful for revealing the 
continuous grain-boundary films. About 7 sec. a t 0-8 V. sufficed for 
electrolytic etching.

Washing of the specimen after removal from the solution presented 
some difficulties. Jacquet 37 recommends immersion in a dilute solution 
of orthophosphoric acid. This is satisfactory for copper bu t results in a 
pitting type of etch with 70 :30  brass, since the film of polishing solution 
removed with the specimen tends to etch and also to form a white, 
tenacious precipitate immediately it  is brought into contact with water. 
However, it  can be removed before it has time to  etch, either by means 
of a powerful je t of water or by shaking the specimen vigorously in very 
hot water for not more than 5 sec. Pure brass if left in the hot water 
for more than 5 sec. will begin to etch, a tendency which is reduced by 
antimony to such an extent th a t brass containing 0-1% antimony 
may remain in the water for 20 sec. without etching. After removal 
from the hot water it  is preferable to  cool the specimen by momentarily 
immersing it in cold water and placing it  in acetone for about I  min., 
during which time residual fragments of the film of polishing solution 
appear to  be dissolved without causing any etching, presumably owing 
to the low ionizing capacity of acetone.



Antimonial 70 : 30 Brass 615

In  addition to the complete removal of the fine scratches usually 
observed after polishing a soft material like copper or brass, electrolytic 
polishing has the advantage th a t the structures are developed in much 
greater detail on etching, no doubt owing to  the less distorted state of 
the surface. Not only do the grain boundaries and twin boundaries show 
more detail, such as minute serrations, bu t a criss-cross hatching, 
probably associated with the mosaic structure, has frequently been 
observed inside the grains after suitable etching (Figs. 15 and 16, Plate 
LXV). The time taken to polish brass electrolytically is less than 
5 min. from the cloth polish stage and about 15 min. from the 0000 
paper stage.

The method may be unsatisfactory when more than one phase is
present (e.g., 60 : 40 brass), although Jacq u e t37 has obtained satisfactory 
results using pyrophosphoric acid solution. Difficulties have also been 
experienced in cast single-phase alloys, where coring tends to be revealed 
during the polishing operation. Cast 70 : 30 brass can be polished fairly 
satisfactorily a t a sufficiently high current density, however, although 
cavities are enlarged. The im purity inclusions found in nearly all 
specimens during the present work were obscured by a small mound of 
reaction products; the size of the mound was diminished by adding 5% 
by volume of glacial acetic acid to the polishing solution.
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I.— PROPERTIES OF METALS

*On the B rittleness oi A lum inium  A lter Casting. H enri Jo liv e t a n d  M arcel 
A rm an d  (C om p t. re n d ., 1916, 222, (16), 946-948).— E x p erim en ts  w ere carried  
o u t to  determ ine  th e  considerable b rittlen ess suspected  to  ex is t in  a lum inium  
im m edia tely  a f te r  solidification dow n to  m uch lower tem p era tu res . T he 
liqu id  m eta l w as poured  a t  800° C. in to  a  sm all m eta l m ould  h e a ted  to  650° C. 
T he brittleness o f th e  specim en was d em o n stra ted  by  its  appearance  a fte r  
bending th rough  90° a t  d ifferent tem p era tu res  du ring  cooling. The m eta l 
consisted o f :  (a ) iro n  a n d  silicon traces, alum inium  99-99% ; (6) iron  0-17, 
silicon 0-31, a lum in ium  99-52% ; (c) iron  0-46, silicon 0-35, a lum inium  
99-19% . I f  /[ is th e  tem p era tu re  above w hich th e  specim ens cracked  in 
bending an d  broke, an d  t2 th e  tem p era tu re  above w hich th e  b rittlen ess p ro 
gressively d isappeared  a n d  th e  specim ens b e n t w ith o u t c rack in g : for m eta l (a ) , 
t j a n d  f2 are  in d ep en d en t o f th e  r a te  o f  cooling an d  lie a ro u n d  630° C., fo r (6) a n d  
(c) th e y  a re  580° an d  570° C., respectively , fo r ra p id  cooling a n d  630° an d  620° C. 
for slow cooling. A fte r ra p id  cooling followed by reh ea tin g , b rittlen ess does 
n o t recu r below  620° C. M icro-exam ination  supplied  th e  exp lan atio n  o f th e  
phenom enon. T he m eta l contain ing  appreciab le  silicon shows th e  a lu m in iu m - 
iron  eu tectic  (A l-A ljFe) a f te r  slow cooling, and  tho  a lum m ium -iron -silicon  
eu tectic  (A l-A ljFeSi) a f te r  rap id  cooling. Tho m eltin g  p o in t o f  th e  la t te r  
is 575° C. T he d isappearance o f b rittlen ess on reh ea tin g  is bound  up  w ith  
th e  diffusion a n d  th e  so lu tion  o f tho  silicon, w hich is accom panied b y  a  
coalescence o f th e  eu tectic .— J .  H . W.

Metals as Getters. J .  I) . F a s t  ( P h i l ip s '  techn . R u n d sc h a u , 1940, 5, 22 1 -2 2 6 ; 
C hem . Z e n tr ., 1941, 112, (I), 1451; C. /16s., 1943, 37, 1659).— In  order to  
o b ta in  th e  desired  h igh vacuum  in  rad io  tubes, X -ray  tu bes, &c. an d  to  m ain 
ta in  i t  a f te r  sealing, m eta ls  w hich absorb  a n d  fix gases are  used , such  as barium  
a n d  zirconium . T he properties on w hich th e  action  o f  these g e tte rs  depends 
are  discussed. B arium  a n d  o th e r m eta ls u sed  are  a tta c k e d  w ith  th e  form ation  
o f a  new  phase. I n  th is  case, in  co n tra s t to  th e  process involved in  corrosion- 
re s is ta n t m etals, i t  is essential th a t  th e  chem ical process be able to  proceed 
continuously  w ith o u t th e  fo rm ation  o f a  closed surface layer o f th e  reac tion  
products . T he action  of zirconium  depends on tho  rem ark ab ly  h igh solu
b ility  in  th is  m eta l o f m ost o f  th e  gases concerned in  such  evacuation  o f  tubes. 
D etails  o f  th e  use o f such  m etals a re  discussed.

*On Solutions oi M etals [Cadmium] in  Fused Salts. (K arpachev) See p. 301.
*The Question of M agnetic Hysteresis in  Iron  and Nickel. F ritz  F o rs te r  and  

H an s W etzel (Z . M e ta llk u n d e , 1941, 33, 115-123; G . A b s ., 1943, 37, 329).—  
Iron, a n d  nickel w ires will show  some size increase owing to  m agnetic  hysteresis. 
W ith  increasing tem p era tu re , th e  size o f cold-draw n iron w ire increases m ore 
rap id ly . E v idence o f  th is  phenom enon decreases i f  th e  w ire has been p re 
viously annealed . M agnetization  increases w ith  stress on e ith e r iron  o r nickel 
w ires. H ysteresis curves a re  g iven for th e  tw o m etals.

»D isintegration and L iquation of H ard  Lead [and L ead-A ntim ony Alloys]. 
W ilhelm  S tockm eyer a n d  H einrich  H an em an n  ( Z . M e ta llk u n d e , 1941, 33, 
6 7 -6 8 ; 0 .  A b s . ,  1943, 37, 329).— M elting p o in ts a n d  re la tive  tim es for m elting

* Denotes a paper describing th e  results o f original research, 
f  Denotes a  first-class critical reviow.

Y
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various lead -an tim o n y  alloys, con ta in ing  u p  to  ab o u t 13%  o f a n tim ony , have 
been de term ined , as v e il as h e a t capacities an d  pouring  tem p era tu res  fo r th e  
d ifferent com positions. I n  se ttin g  u p  a  s ta n d a rd  p rac tice  fo r d isin teg ra tion  
a n d  liqua tion  o f lead -an tim o n y  alloys i t  is im p o rta n t to  consider th e  h e a t 
cap acity  o f tho m ould an d  ladle.

The Problem  of Pure  M anganese. The Chemical B alance Sheet of the 
E lectro therm al Refining of Ferro-M anganese. M. D 6rib ir6  (C h im . et h id ,. , 
1945, 54, (3), 172-176).— D etailed  charge sheets a re  given show ing th e  progress 
o f refining ferro-m anganese contain ing  78%  o f  m anganese (w ith  carbon  6, 
silicon 1-5, an d  phosphorus 0-5% ) w hen tre a te d  in  a n  electric  furnace, u n d e r an  
oxidizing slag, to  y ield  a  p ro d u c t con tain ing  86-5%  o f m anganese, less th a n  
0-5%  o f carbon, an d  only traces o f silicon a n d  phosphorus.— J . C. C.

♦Production and Properties of Nickel [F ilam ents for] B olom eters. F ra n k  G. 
B rockm an ( J .  O pt. S o c . A m e r ., 1946, 36, (1), 32-35).— N ickel bo lom eter fila
m en ts as th in  as 0-1 p. have been m ade, a n d  th e ir  p roperties investiga ted . 
Tho filam ents, w hich were m ade by  e lectrodeposition  o f nickel on to  copper 
foil an d  subsequen t electrochem ical so lu tion  o f th e  copper u n d e r s ta te d  
conditions, app eared  to  possess th e  p roperties o f bu lk  nickel.— H . J .  A.

♦Diffusion of Nickel in  R ock Salt. K . N . Pogodaev  (T r u d y  V o s to ch .-S ib ir . 
G osu da rst. U n iv . ,  1940, 2, (1), 6 5 -8 6 ; K h im . J ie fe ra t . Z h u r . , 1941, 4, (4), 12 ; 
C . A b s . ,  1943, 37, 4608).— [In  R ussian .] Cf. Z h u r . E k s p c r .  T e o re t . 
F i z i k i ,  1938, 8, 992-997. A  n u m b er o f  problem s connected  w ith  th e  
s tru c tu re  o f a  solid body  can  be solved by  stu d y in g  diffusion in  solid  m edia. 
T he diffusion velocity  in  th e  c ry sta l la ttic e  p e rm its th e  d e te rm in a tio n  o f th e  
possible energy levels occupied by  th e  diffusing particles, a n d  characterizes th e  
behav iour o f foreign ions in  th e  la ttic e  u n d e r th e  influence o f th erm al m otion. 
T h e  fu n d am en ta l physical law s o f d iffusion can  be s tu d ied  u n d e r th e  sim plest 
conditions w hen th e  diffusion tak es place n o t in  th e  po lycrysta lline  m eta ls , b u t  
in  alkaline e a r th  m ono-crystals. T he diffusion o f  nickel in  rock  sa lt w as used  
fo r th is  purpose. T he tem p era tu re  dependence o f nickel ions was s tu d ied  in  
th e  in te rv a l 627°-780° C. T he re la tio n  betw een th e  coeff. o f d iffusion a n d  th e  
tem p era tu re  is g iven b y  D  — 0-42e“13220,J’ sq . cm ./sec. Thero  w as sa tisfac to ry  
ag reem en t o f  th e  experim en tal resu lts  w ith  th e  resu lts  ob ta in ed  from  th e  
E in s te in  equation . T he diffusion o f nickel a n d  o f copper ions in  rock sa lt 
can n o t be exp lained  sa tisfac to rily  by  th e  D u sh m an -L an g m u ir a n d  B rauno  
equations. B y  m eans o f th e  B orn  cycle i t  w as show n, on th e  exam ple o f nickel 
an d  copper ions in rock sa lt, th a t  th e  possib ility  o f th e  occurrence o f diffusion 
can be d e term ined  by  th e  energy  ra tio . T he experim en tal a n d  m ath em atica l 
p a r ts  o f th e  stud ies a re  described in detail.

♦A New M ethod of Producing Spectral-Pure P la tinum . I .  I .  C em jaiev  an d  
A. M. R u b in ste in  (C om p t. ren d . (D o k la d y )  A c a d . S c i .  U .R . S . S . ,  1945, 48, (5), 
332-333).— [In  E nglish .] Spongy p la tin u m  is dissolved in  aqua reg ia , a n d  th e  
so lu tion  ev ap o ra ted  tw ice w ith  HC1 a n d  once w ith  h o t  w ater. Tho resu lting  
solu tion  o f H 2PtC )8 is d ilu ted  a n d  tre a te d  w ith  KC1 to  p rec ip ita te  K 2P tC l8, 
w hich is w ashed a n d  dried , a n d  th en  tre a te d  w ith  h o t K N 0 2 solution . R ed u c 
tio n  an d  n itrifica tion  occur, giving rise to  a  so lu tion  o f  K 2P t(N 0 2)4, w hich is 
tre a te d  w ith  am m onia  to  p rec ip ita te  (N H 2N 0 2)2P t ,  a  sa lt w hich h as negligible 
adso rp tio n  characteristics. F u r th e r  purification  is effected by  oxidizing w ith  
gaseous chlorine to  give (N H 3N 0 2)2Cl2P t ,  w hich is recrysta llizcd  several tim es 
a n d  h e a ted  to  produce p u re  m etallic  p la tin u m , free from  irid ium , p a llad ium , 
a n d  iro n .— G. V. R .

♦H eat-T reatm ent of Semi-Conductors and Contact Rectification. B. Serin  
( P h y s . R e v . , 1946, [ii], 69, (7/8), 357-362).— I n  m aking  s ilicon -tungsten  p o in t 
c o n tac t rectifiers i t  is usual to  h e a t th e  silicon a t  approx . 1000° C. fo r 
1 lir. S. suggests th a t  th is trea tm e n t causes evap o ra tio n  o f im purities (e .g ., 
a lum in ium  a n d  boron) from  th e  surface o f th e  silicon m ore rap id ly  th a n  th ey
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are  supplied  b y  diffusion from  th e  in te rio r. T his produces a  surface layer 
w hich changes th e  electrical characte ris tics o f th e  m eta l-sem i-eonducto r 
con tact. T he conditions fo r th e  fo rm ation  o f th is  surface  layer a re  discussed 
an d  a  theo re tica l expression  is developed. T he surface lay er increases the  
back-resistance an d  decreases th e  cap acity  o f th e  co n tac t, w ith  im provem ent 
in  th e  rectification  efficiency.— W . H .-R .

*On the  Grow th o î a  G rain oî Z inc. Léon G uillet, J r . ,  a n d  (Mme.) R . L au re n t 
(Com.pt. re n d ., 1946, 222, (13), 735-736).— I t  h as been show n ( ib id . , 1943, 210, 
(19), 642 ; M e t . A b s . ,  1944,11, 323) th a t  a  g ra in  o f p u re  zinc grows considerably 
a t  e lev ated  tem p era tu res , w ith o u t previous cold w ork. As th e  ra te  o f g row th  
d im inishes rap id ly  iso therm ally , i t  is n o t possible to  o b ta in  a  single crysta l 
by  th is  m eans. This, how ever, can  bo easily  effected if  th e  m eta l is sub jected  
to  a  sm all p e rm an en t deform ation  before annealing. Sm all b a rs o f zinc, 
99-99%  p ure , h o t rolled a n d  cold draw n, co n ta in ing  320 grains/sq . m m ., 
w ere sub jected  to  1%  p las tic  elongation, b ro u g h t to  300° C. a t  a  ra te  o f 25° C. 
pe r d a y  in  a n  electric  furnace, a n d  held  th e re  fo r 96 h r. I n  general, th e  resu lt 
was th a t  th e  b a rs con ta ined  4 -6  c ry sta ls several cm. long. In  a  large  num ber 
o f te s ts  th e  m ax . leng th  was 86 cm. a n d  th e  m ean  30 cm . T he crystallo- 
g raph ic  o rien ta tio n  w as generally  random  a n d  th e  b a rs w ere o ften  covered 
w ith  a  surface lay er o f  five crysta ls 0-1 m m . th ick , w hich d isappeared  on an n ea l
ing fo r 2 h r. a t  400° C. T h is m eth o d  o f m aking single crysta ls is analogous to  
those  described b y  o th e r w orkers fo r alum in ium , m agnesium , iron, an d  
tu n g sten .— J .  H . W .

tS urvey  of L ite ratu re  on the  M etallurgy of Z irconium . W . J .  R ro ll an d  
A. W . Seh lech ten  ( U .S .  B u r .  M in e s , In fo rm . C ir c . No. 7341, 1946, 50 p p .).—  
K . a n d  S. c ritica lly  review  th e  lite ra tu re  dealing w ith  th e  p rep ara tio n  o f 
zirconium -bearing  ores, th e  p ro d u c tio n  o f zirconium  m eta l, a n d  th e  production , 
p roperties, an d  uses o f zirconium  alloys, halides, sulphides, a n d  phosphides. 
A  b ib lio g ra p h y  o f 218 references is g iven.— H . J .  A.

*The Fusing Time of Fuses.— III . J .  A. M. v a n  L iem p t an d  J .  A. do V riend 
, ( Z .  P h y s ik , 1940, 117, 18 -1 9 ; C h a n . Z e n lr . , 1941, 112, (I) , 1713; C . A b s .,  

1943, 37, 2315).— Cf. M e t . A b s ., 1935, 2 , 644 ; 1936, 3, 37. T he fusing tim e 
co n stan t O  was d e term ined  b y  th e  m ethod  o f G . J .  M eyer for various m etals an d  
alloys. T he following values are  rep o rted  fo r th e  m etals (as G  x  10"9) : 
gold 5 7 5 + 1 7 , a lum in ium  3 6 0 + 1 0 , pa llad ium  2 3 6 ¿ 2 ,  cobalt 2104; 10, zinc 
2 0 0 + 1 7 , m agnesium  1 9 9 + 9 , ta n ta lu m  1 6 7 ± 0 , iron  1474-2, steel 1 0 5 + 2 , 
cadm ium  9 8 + 4 , zirconium  0 3 + 2 , a n d  lead  32 +  1. T he following va lues arc- 
rep o rted  for th e  alloys ind ica ted  : K onel (nickel 73, cobalt 17, iro n  7, titan iu m
2-5, m anganese 0-5% ) 145 dr6, 8 0 :2 0  copper-n ickel a lloy  2 6 2 + 1 , 7 0 :3 0  
copper-n ickel alloy 2 2 I d ;4, 55 : 45 copper-n ickel alloy 1 3 5 + 3 , 90 : 10 co p p er- 
nickel alloy 2 9 4 + 1 2 , 70 : 30 n icke l-copper alloy 1 5 0 + 4 , 75 : 25 t in - le a d  alloy 
3 2 + 1 , 6 3 :3 7  tin--lead alloy  31 +  1, 7 8 : 2 0 : 2  n ick e l-ch ro m iu m -iro n  alloy 
1 0 9 + 2 , 58 :4 2  iron -n ickel a lloy  7 9 + 3 . C om parative  m easurem ents m ade 
on  ro u n d  wires an d  w ires w ith  edges show ed th a t  th e  form  o f th e  cross-section 
h as no  effect on  th e  value  found.

The Im portance of U ltim ate E xtension as a n  E ngineering Property  of 
M aterials. A. F ish e r (M e la llu rg ia , 1946, 34, (200), 77-84).— One o f th e  p ro 
perties in  th e  d u c tility  group, percen tage  u ltim a te  extension , is discussed. I t  
is considered t h a t  a  condition  o f specific s tra in  is fa r m ore com m on in  engineer
ing  s tru c tu re s  th a n  isg e n era lly  supposed. I t  is s ta te d  th a t ,  un d er a  condition  
o f specific s tra in , i t  is qu ite  useless to  use a  m ate ria l w ith  a  h igher m odulus o f 
e lastic ity , a  h igher p ro o f s tren g th , o r  a n y  h igher p ro p e rty  w hich m oves th e  
s tre ss -s tra in  curve to  th e  left in  th e  hope th a t  h igher s tre n g th  will resu lt, 
because such  a  m ove m erely resu lts  in  h igher stress being generated . U nder 
conditions o f  specific s tra in , a  com ponent will frac tu re  i f  its  availab le  percen
tage  ex tension  is below th a t  req u ired  un d er th<- im posed s tra in , irrespective  o f
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i ts  stren g th . H ence, percen tage u ltim a te  ex tension  ind icates a  valuab le  
p ro p e rty  in  a n y  m ateria l to  be  used  w here stress concen tra tions ex ist.— J .  W . D.

Comparisons Betw een Values of H ardness and M echanical S treng th . W . 
S p ä th  (M e ta llw irtsch a ft , 1941, 20, (49/50), 1185-1187 ; Chum . Z e n lr . , 1942,113,
(1), 2322 ; C . A b s . ,  1943, 37 ,3379).—-A discussion o f th e  re la tio n  betw een stress 
an d  deform ation  an d  o f th e  p resen t s ta te  o f th e  developm ent o f these two 
research  fields leads to  th e  conclusion th a t ,  in  fu tu re , th e  recen tly  gained 
knowledge o f th e  m echanical p roperties will be app lied  also to  th e  th eo ry  o f 
hardness. T his will influence th e  m easurem ent o f hardness, w hich will be 
m ade un d er consideration  o f th e  effect o f  deform ation , harden ing , a n d  tim e o f 
loading.

On the H ardening of M etals. G. V. A kim ov (C om pt. ren d . (D o k la d y ) A c a d . 
S e i .  U . J l . S . S . ,  1945, 47, (8), 546-549).— [In  E nglish .] T he d is tr ib u tio n  o f 
e lectron  d en sity  in crysta ls w ith  d ifferent ty p es o f bond (ionic, a tom ic, m ole
cu lar, an d  m etallic) is briefly considered an d  correlations betw een th e  m etallic  
bond  a n d  m etallic  p roperties a re  discussed. I t  is suggested  th a t  th e  deform a
tion-harden ing  of m etals is due to  localized tran s itio n  from  th e  m etallic typo  
o f bond  to  th e  atom ic typ e , so th a t  rig id  “  e lectron  bridges ”  a re  form ed be
tw een  atom s. The a tom ic  bond corresponds to  a  h igher energy level th a n  th e  
m etallic  bond  an d  th is  is responsible for th e  considerable abso rp tio n  o f energy  
du ring  deform ation . T he regions in  w hich th e  tran sfo rm atio n  has occurred 
a re  regarded  as hav ing  a  continuous, rigid skeleton  o f a tom s, w ith  high 
s tren g th  an d  hardness, an d  low p lastic ity . W hen these regions a re  sufficiently 
con tinuous th ro u g h o u t th e  m etal to  iso late  unchanged  ductile  regions, th e  
p las tic ity  is ex h au sted  a n d  th e  s tru c tu re  breaks on fu rth e r deform ation . The 
im plications o f  th is  th eo ry  are_ discussed.— G. V. R .

* W ear in N on-Ferrous M etals by Dry F riction . VV. R äd ek er (M e ta llw ir ts c h a fl , 
1944, 23, (22/26), 202-215).—A n a p p a ra tu s  is described in w hich a  revolving 
disc o f m etal w ears a n  im pression in th e  fla t surface o f a  p la te  o f th e  sam e or 
dissim ilar m eta l un d er contro lled  conditions o f load, tim e, &c. T he load was 
k e p t co n stan t a t  7-9 kg ./sq . m m . ; th e  lub rican ts consisted o f liqu id  a ir, a ir, 
w ater, a n d  oil ; th e  tem p era tu re  v aried  from  — 190° to  700° C. ; tw o disc speeds 
were used , 1-8 a n d  9-5 m ./sec., a n d  th e  d u ra tio n  o f th e  te s t  w as th e  tim e d u rin g  
w hich a  d istance o f 10,000 m . was trav e rsed  peripherally  by  th e  disc. T he 
m ateria ls te s te d  were : lead, zinc, D uralum in , E lek tro n , a lum in ium  bronze, 
copper, nickel, a n d  a  few steels. T he specim ens w ere weighed before a n d  a f te r  
te s t  a n d  th e  resu lting  surfaces w ere exam ined  b y  m acro  a n d  m icro m eth o d s 
fo r th e  effects o f  flow, grinding, &c. I t  is show n th a t  : (1) w ear was h igh  a t  
low tem p era tu res , decreasing to  a  m in. betw een 0° a n d  200° C. a n d  th en  in 
creasing  again  w ith  increase o f  tem p era tu re  ; (2) lu b ricatio n  gave  re su lts  w hich 
varied , depending on th e  e x te n t o f  chem ical reac tion  betw een th e  lu b rican t 
an d  th e  m etal surfaces, b u t, in  general, w ear w as g re a te r  in w a te r th a n  in  a ir  ;
(3) v a ria tio n  o f peripheral speed gave resu lts  depending  on  th e  n a tu re  o f  th e  
surfaces in co n tac t. I t  is concluded th a t  welding processes p lay  a n  im p o rta n t 
p a r t  in w ear ; such  facto rs as th e  use o f  sim ilar m etals, especially w hen th ey  
h av e  low m elting  p o in ts , d irec t co n tac t o f surfaces, a n d  h igh  tem p era tu res , 
a ll o f w hich fav o u r w elding, ten d  to  increase th e  ra te  o f w ear ; facto rs w hich 
p rev en t welding, such as th e  use o f  non-alloying m etals, th e  fo rm ation  o f 
oxide films, a n d  polishing due  to  flow, te n d  to  decrease th e  effect o f 
w ear.— E . H .

Friction  o£ Pure  M etals and the Influence of Adsorbed Gases. The Tem pera
tu re  Coefficient o£ Friction. 31. L . G oldovsky ( U sp c k h i F i z .  N a u k , 1941, 25, 
373-376).— [In  R ussian .] A  review .

♦Researches on the Im purities in Volatile M etals, by D istillation in  vacuo.
M arcel ViUat ( T h e s is  :  É c o le  P o ly techn iqu e  F é d é ra le , Z ü r ic h , 1942, 57 p p .).— 
T he general principles o f  th e  vacuum  d istillation  o f vo latile  m eta ls a re  dis-
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cussed, a n d  th e  app lication  o f th e  m eth o d  to  th e  analysis o f such  m etals is 
described in  deta il. T he a p p a ra tu s  requ ired , th e  experim en tal techn ique, and  
th e  course o f typ ica l experim ents are  fully  described. T he m etal is vo latilized  
from  an  ex te rn a lly -h ea ted  crucible in a  high v a c u u m ; th e  v apour, a fte r  
passing th ro u g h  a  steel-w ool filter plug, is condensed on a  w ater-cooled 
tu be. T he non-volatile  residue rem ain ing  in  th e  crucible m ay  be a n a ly se d ; 
in  certa in  cases, analysis o f  th e  gas lib e ra ted  before d istilla tion  begins is possible. 
The analysis o f calcium , m agnesium , zinc, cadm ium , a n d  th e  a lkali m eta ls is 
described an d  ty p ica l figures fo r th e  com position o f th e  non-volatile  residues 
are  given. T he sep ara tio n  o f zinc from  brass by  d istilla tion  is e x a m in e d ; 
for th is to  give sa tis fac to ry  q u a n tita tiv e  resu lts  th e  sam ple m u st bo very  finely 
d iv ided. A n analogous analysis o f  alum in ium , in  w hich th e  m eta l is volatilized 
as A1C13 in  a  hydrochloric  acid  a tm osphere, is described a n d  discussed and  
typ ica l resu lts  a re  given. T he m eth o d  is convenien t for th e  d e te rm in a tio n  
an d  iden tification  o f sm all q u a n titie s  o f  non-volatile  im purities.— G. V. R .

M echanics of P lastic  W orking. E rich  Siebel (A r c h . E isen h u tten w esen , 
1944, 18, (1/2), 13-22).— T he basic eq uations o f  th e  p las tic  flow o f po ly
crystalline  m ateria ls a re  ou tlined  a n d  th e  app lication  o f these  equ atio n s in  the  
problem s dealing w ith  th e  s tre n g th  o f th e  m ateria l a n d  w ith  p las tic  working 
o f m etals a re  discussed.—V . K .

*Graphical Methods of R epresenting Some Conditions of P lasticity . W illiam  
M arsh B aldw in, J r .  (M e ta ls  T e ch n o l., 1946, 13, (3 ); a n d  A . I . M . M . E .  T e ch . 
P u b l. N o. 1980, 11 pp .).— T he H u b e r-v o n  M ises-H eneky  eq u atio n  defines th e  
conditions u n d e r w hich p lastic  flow occurs in  a  m etal su b jected  to  m ulti-ax ial 
stress. T he eq u ation , w hen  tran sferred  to  co-ordinates o f  a  C artesian  system , 
describes a  cylinder a n d  th e  in te rp re ta tio n  o f th is  is discussed. T he 
eq u atio n  m ay be rep resen ted  as a  circle on  an  isom etric  p lo t an d  a  ra p id  
g raphical m eth o d  is given fo r determ in ing  re la tiv e  s tra in  ra tes , w hen th e  
stresses a re  know n, for a  m eta l in  th e  p lastic  s t a t e ; conversely, th e  re la tive  
stresses m ay  be d e term ined  if  th e  s tra in  ra te s  a rc  know n.— W . H .-R .

♦The R elation  Betw een Adsorption and the  Catalytic Activity of M etals. 
A. v an  I tte rb e e k  (M e d e d . K o n . V laam sche A c a d . W eten sch ., L e tte ren  Schoone  
K u n s te n  B e lg ie , K la s s e  W ettensch ., 1941, 3, (10), 3 -2 0 ;  C h ein . Z e n lr . , 1942,113,
( II ) ,  7 4 2 ; C . A b s ., 1943, 37, 4958).— On a  v e ry  p u re  nickel film, th e  ad so rp tion  
o f hydrogen a n d  carbon  m onoxide a t  tem p era tu res  up  to  500° C. a n d  pressures 
below 1 m m . was s tu d ied  w ith th e  a id  o f  a  th e rm al-co n d u ctiv ity  gauge. A t 
o rd in ary  tem p era tu res  a c tiv a ted  ad so rp tion  o f hydrogen o c cu rs ; a t  h igher 
tem p era tu res th is  increases an d  is ap p aren tly  n o t to  be a ttr ib u te d  to  diffusion 
adso rp tion . C om parison o f th e  hydrogen a n d  carbon  m onoxide isobars shows 
th a t  a t  167° a n d  329° C. th e  ra tio  o f hydrogen  : carbon  m onoxide is 3 : 1 an d  
a t  tw o  o th e r tem p era tu res th e  ra tio  is 2 : 1, corresponding, respectively , to  th e  
syn thesis o f  m eth an e  an d  benzene. I t  is concluded th a t  th e  occurrence o f  th is  
sto ichiom etric  surface ra tio  is re la ted  to  th e  surface reactions. On a  copper 
film n e ith e r hydrogen  no r carbon  m onoxide is adsorbed  u n til a  sm all q u a n tity  
o f  tho rium  is e lectrodeposited . In  th is  in stance  also, tem p era tu res  ex is t a t  
w hich th e  ra tio  o f  hydrogen to  carbon  m onoxide is 3 : 1 a n d  2 : 1 .

M odern Developm ents of the Theory of the Liquid State. Y a. I .  E renkel 
( Iz v e s l . A k a d . N a u k  S . S . S . R . ,  1941, [F iz.], 5, (1), 10-11).— [In  R ussian .] A 
b rie f resum e o f a  revierv p ap er.—N . A.

♦Surface Contacts U nder H igh Pressure. D ie trich  M uller-H illebrand ( W is s . 
V ero ff. S iem en s- W erken , 1941, 20, 8 5 -1 0 3 ; C hem . Z e rd r ., 1942, 113, (I) , 1033 ; 
C . A b s . ,  1943, 37, 2632).— T he co n tac t resistance o f  oxidized a n d  oxide-free 
surfaces was de term ined  by  cu rre n t an d  vo ltage m easurem ents. R ectilinear 
crossed b a rs whose overlapp ing  surfaces wrere re la tiv e ly  heavily  loaded were 
used. O xide layers o f copper, alum in ium , m agnesium , silver, zinc, a n d  tin  
w ere tes ted . A fte r d ry  sto rage in  a n  oven a t  125° C. for a  period  of 10-100 h r.,
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th e  first th ree  m etals show ed a  m ark ed  increase in  co n tac t resistance, b u t  th e  
las t th ree  only a  sligh t increase. C o n tac t resistance is significant only i f  th e  
oxide surfaces arc  co m p le te ; num erous fine cracks a rc  sufficient to  fu rn ish  
p a th s  for th e  cu rren t. W ith  h igh co n tac t pressures these cracks becom e m ore 
num erous. W ith  co n stan t hardness o f th e  co n tac t m ate ria l th e  co n tac t re s is t
ance is inversely  p roportiona l to  th e  co n tac t p ressure, b u t  d irec tly  p roportiona l 
to  th e  average rad iu s o f th e  p a th s  o f cu rren t flow. E xp erim en ts  on  oxide-free 
surface con tacts (various form s o f carbon, silver, copper, an d  zinc) show  th a t  
th e  co n tac t resistance is a b o u t inversely  p ro p o rtio n a l to  th e  0-7 pow er o f  th e  
com pressive force. Tho roughness o f th e  co n tac t surfaces has a  sm all, b u t  still 
m easurable, effect, in  th e  sense th a t  th e  rougher tho  surface  th e  g rea te r is th e  
co n tac t resistance. W ith  alum inium  a n d  m agnesium  a  to u g h  oxide sk in  is 
form ed even du ring  th e  cleansing, w hich, in  sp ite  o f h igh pressure, reduces th e  
conducting  surface. F ine ly -g round  copper co n tac ts  show sim ilar behaviour. 
On th e  average, th e  conducting  p o in ts o f co n tac t were only a b o u t -ooVfr ~ lV^h 
of th e  co n tac t surface. W ith  g re a t pressures tho  co n tac t resistance g rea tly  
decreases. F rom  th e  e q uation  R k =  cP~" (in which R k is th e  c o n tac t resistance, 
P  is th e  com pressive force, n  — 0-7 to  2 depending on th e  o x idation  o f  th e  
surfaces) th e  re la tion  betw een  n  a n d  th e  nu m b er o f conducting  po in ts , th e  
ra tio  o f bearing  to  conducting  surfaces, a n d  th e  v a ria tio n  in  th e  average rad ius 
o f conducting  bridges can  be derived.

♦Theory of the Contact Po ten tia l Between Conductors in  E quilibrium . I I .—  
Contact E quilibria in  W hich Only the  E lectron Gas E nters. I I I .— M athem atical 
and Physical Laws for E quilibrium  of Electrolytes. IV.— Contact E quilibrium  
Between a  M etal o r Alloy and a Solution of I ts  Ions. D . C astelluccio (N uo vo  
C im ento , 1941, 18, 209-222, 289-297, 34 6 -3 5 7 ; C hem . Z e n tr ., 1942, 113, (I), 
722, 1107 ; C. ribs., 1943, 37, 2248).— [II .]— T he differential eq u atio n  fo r th e  
equ ilib rium  o f  a n  e lectron  gas in  e m p ty  space, o r  w ith in  a  m eta l in  iso therm al 
equilibrium , is derived  by therm odynam ic  m eans. I t  is app lied  to  th e  cal
cu la tion  o f th e  th erm al e lectron  em ission from  m etals an d  to  th e  evaluation  
o f  th e  p.d . betw een tw o e lectro ly tic  conductors. F o r th erm al em ission th e  
resu lt has th e  form  o f th e  R ichardson  re la tion . T he e lectrons follow th e  F erm i 
ra th e r  th a n  th e  B oltzm ann  sta tis tics . T he p o ten tia l calcu la ted  from  th e  V olta  
effect is som ew hat lower th a n  th e  observed value . A general th eo ry  o f  the  
P e ltie r effect leads to  resu lts  in  q u a lita tiv e  ag reem en t w ith  experim ent. 
[ I I I .]— T he d ifferential eq u atio n  fo r equ ilib rium  in  a n  isom eric liq u id  e lectro 
ly te  is derived  a n d  a n  analogy  betw een th e  s ta te  o f  a  m etallic  ion in  a  gas an d  
in a  so lu tion  o f a n  e lectro ly te  is p o in ted  ou t. [IV .]— T he co n tac t po ten tia l 
betw een th e  electron  “  a tm osphere  ”  o f  a  m eta l an d  th e  ion  a tm osphere  o f  a  
so lu tion  o f sa lt o f th e  m eta l is c a lcu la te d ; th is  is o f  im p ortance  in  d e te rm in 
ing th e  so lu tion  tension  o f th e  m etal. T he case o f a  m eta l th a t  is soluble or 
insoluble in  th e  solid  s ta te  is considered.

The Theory of Contact Potentia ls Between M etals and Sem i-Conductors or 
Insu la to rs. J .  H . Gisolf {N e d . T i jd s c h r . N a lu u rk u n d e , 1942, 9, 49-65  ; C hem . 
Z e n tr ., 1942,113, ( I I) , 865 ; C . A b s ., 1943, 37, 5309).— A  review  o f th e  work of 
D avydov , M ott, a n d  S ch o ttk y  on th e  therm odynam ic  equ ilib rium  betw een 
electrons in  m eta ls an d  sem i-conductors.

N em st’s Therm om agnetic Effect in  Sem i-Conductors and M etals. N . L. 
P isarenko  ( Iz v e s t . A k a d . N a u k  S . S . S . R . ,  1941, [F iz .], 5, (4/5), 417—121).—  
[In  R ussian .] I t  is show n th a t  th e  m ag n itu d e  a n d  th e  sign  o f N e m st’s effect 
in  sem i-conductors a n d  m etals can  be exp lained  by  th e  dependence o f tho  tim e 
o f  free trave lling  o f  electrons on  th e  speed an d  b y  th e  occurrence o f tw o types 
o f  tran sfe r o f  c u rre n t in  sem i-conductors.— hi. A.

♦Contact of Sem i-Conductors w ith M etals and E lectrode Poten tia l Differences.
S. I .  P e k a r  ( Iz v e s t . A k a d . N a u k  S . S . S . R . ,  1941, [F iz.], 5, (4/5), 422—433).— 
[In  R ussian .] T he problem  w as considered theo re tically  in  a  d ifferent w ay
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from  th a t  carried  o u t earlier by  M ott, so th a t  th e  co n tac t p .d .’s an d  th e ir  
dependence on cu rren t den sity  could bo calcu la ted .— N . A.

♦Experim ental Investigation  of the Contact of Sem i-Conductors W ith  M etals.
V. I .  L yashcnko, G. A. Felorus, a n d  Z. I .  F e l’vashn ikova  ( Iz v e s t . A k a d . N au lc  
S . S . S . l i . ,  1941, [F iz.], 5, (4/5), 434-441).— [In  R ussian .] T he th eo ry  sug
gested  by  P e k a r (cf. p revious a b s trac t)  w as experim entally  ex am ined  and  
confirm ed.— N . A.

♦Contact of Semi-Conductors W ith  M etals. A. V. Joffe a n d  A. F . Joffo 
( Iz v e s t . A k a d . N a u k  S . S . S . l i . ,  1941, [F iz.], 5, (4/5), 550).— [R esum e o f th e  
pap er in  R ussian  an d  E nglish .] T he resistance  o f sem i-conductors was stu d ied  
as a  function  o f th e  co n tac t p .d . betw een sem i-conductors a n d  m eta l electrodes. 
T he H ole sem i-conductors (Cu20 ,  Cu2S, an d  V20 5) possess a n  e x tra  resistance 
w ith  electrodes hav ing  a  sm all w ork-function  of em ission (Al, Zn, Mg), while 
th e  electronic sem i-conductors (W 0 3, T i0 2) possess an  e x tra  resistance w ith  
electrodes hav ing  a  large w ork-function  o f em ission (Au, g rap h ite ).—-N. A.

On the In term ediate  State of Supraconductors. L. D . L an d au  ( Iz v e s t . A k a d . 
N a u k  S . S . S . l i ., 1942, [F iz.], 6, (1/2), 79).— [In  R ussian .] A  b rief resum e of 
a  p ap er including a  th eo re tical consideration  show ing th e  possib ility  o f an  
experim ental confirm ation  o f L .’s th eo ry  o f  an  in te rm ed ia te  s ta te  o f su p ra 
conductors.—N . A.

♦An Investigation  of the  In term ed ia te  S tate of a  Supraconducting Sphere. 
A. I .  S hal’n ikov  ( Iz v e s t . A k a d . N a u k  S . S . S . l i . ,  1942, [F iz.], 6, (1/2), 80-81).—  
[In  R ussian .] A  b rie f resum e o f  a  p ap er describing experim ents w hich 
show  th a t  an  in te rm ed ia te  s ta te  ex ists in  a  supraconducting  sphere  o f tin . 
T h is was achieved by m easuring  th e  long itud inal inhom ogeneity  o f  th e  
m agnetic  field in a  12-18-u-th ick  c u t m ade in  th e  sphere.— N . A.

Supraconductivity  and M agnetic Energy Between Currents. W illiam  B an d  
( P h y s . R e v . , 1946, [ii], 69, (5/6), 241).— A theore tical no te.—W . H .-R .

D iam agnetism  and Supraconductivity. W illiam  B an d  (P h y s . R e v . ,  1946,
[ii], 69, (5/6), 241).— A  theore tical no te .— W . H .-R .

♦Electrodynam ic In teraction  of Two E lectrons and W elker’s Theory of Supra
conductivity. V itto rio  Som enzi (N u o vo  C im en io , 1941, 8, 2 2 3 -2 3 4 ; C hem . 
Z e n tr ., 1942, 113, (I) , 168 ; C . A b s . ,  1943, 37, 2259).— T he exchange forces an d  
in te rac tio n  o f tw o electrons a re  derived  from  th e  re la tiv istio  H am ilton ian  
function . T he m agn itude  o f th e  energy o f in te rac tio n  is considered for bound  
electrons, fo r quasi-free e lectrons, a n d  for those b ound  to  a  single a to m  (alkaline 
earth s). T he resu lts  confirm  th e  speculations o f W elker ( Z .  P h y s ik , 1939,114, 
(9/10), 5 2 5 -5 5 1 ; M e t . A b s . ,  1940, 7, 246), w ho calcu la ted  th e  d iam agnetic  
m om ent o f  an  electron  gas on  th e  basis o f  a  void in  th e  first B rillouin zone.

The Theoretical M eaning of the  Ju s ti-Z ick n er Investigation  of Branched 
(Parallel) Currents in Supraconductors. M. v . L aue ( Z .  P h y s ik ,  1941, 118, 
455-460).— Cf. P h y s ik a l . Z . ,  1941, 42, 257-272. T he experim ents o f  J .  a n d  Z. 
on  c u rre n t d is tr ib u tio n  in  coils in  th e  su p raco n d u c tiv e  s ta te  a re  considered 
m ath em atica lly . I t  is concluded t h a t  tho  J . - Z .  m eth o d  offers no  ad v an tag es 
over o ld er m ethods as a  m eans o f  d e tec tin g  resid u al resistance  in  sup ra- 
conduction . Tho co rre lation  betw een th e  law  o f d is tr ib u tio n  a n d  th e  extrem e 
sk in  effect is d iscussed .— L . H .

A dvantages of the Proposed Substitution of a  Conventional [“  True E lastic ” ] 
L im it. P . R ossi (M e t . H a l . ,  1941, 33, 7 7 -8 1 ; Chem . Z e n tr ., 1942, 113, (I), 
923 ; C . A b s .,  1943, 37 ,2316).— R . is in  favour o f  th e  new  e lastic  lim it proposed 
b y  E sser a n d  A rend  (A r c h . E isen h iiiten w esen , 1940, 13, (10), 4 2 5 -4 2 8 ; M e t . 
A b s . ,  1940, 7, 341), w hich uses a  logarithm ic rep resen ta tio n  o f th e  function  of 
various s tre ss -s tra in  ch aracteris tics o f m ateria ls . T he m eth o d  is said  to  
describe th e  p roperties o f  m eta ls above or below  th e  0-2%  proof-stress lim it in 
a  re la tiv e ly  sim ple m anner. T he prob lem  is discussed by  m eans o f equations 
a n d  curves an d  corre lated  to  H ooke’s law.
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II.— PROPERTIES OF ALLOYS

H igh-T em perature Oxidation in  A lum inium  Alloy Forgings. L aw rence J .  
B ark er ( I r o n  A g e , 1946, 157, (19), 60-64).— H ig h -tem pera tu re  ox idation  was 
p robab ly  th e  g rea tes t cause o f  re jection  o f a lum in ium  alloy a irc ra ft forgings 
du rin g  th e  w ar. The m echanism , causes, p reven tion , app lications, a n d  effect o f 
th is  phenom enon are  described, an d  a  m ethod  of classifying i t  in  term s o f its  
effect on physical p roperties is discussed.— J .  H . W.

*The Casting Properties of [A lum inium ] Alloys. A. A. B ochvar (S b o rn ik . 
N a u ch . D ok la do v  S e k t s i i  M etaU oveden iya  i  T e rm ic h . O brabo lki V N I T O  M e ta l-  
lu rg , 1940, 3 5 -5 9 ; K h im . R e fe ra t. Z h u r . , 1941, 4, (2), 7 6 ; C . A b s ., 1943, 37, 
3384).— [In  R ussian .] A  d e ta iled  s tu d y  o f tw o casting  p roperties (solidifica
tio n  an d  form ation  o f cracks) o f eu tectic  alloys (a lum in ium -silicon  an d  
a lum in ium -copper) du rin g  casting  u n d e r pressure  a n d  w ith o u t pressure  has 
revealed  a  close re la tion  betw een th e  casting  b eh av io u r an d  th e  equilibrium  
d iagram . T he crack-form ing p ro p e rty  in alloys o f th e  system s investiga ted  
decreases inversely  w ith  th e  co n ten t o f th e  alloying add ition .

♦On the Q uantitative Spectrographic Analysis of Solutions, w ith  an  Appendix 
on the Solubility of Silicon in A lum inium . (W alti) See p. 303.

Bronze and Phosphor-B ronze. C. Fougner ( T e k n . U keb lad , 1941, 88, 213— 
2 1 4 ; Ghem . Z e n lr . , 1942, 113, (I), 102 ; C . A b s ., 1943, 37, 2325).— F . describes 
th e  constitu tiona l d iagram s o f c o p p er-tin  a n d  copper-phosphorus alloys and  
discusses th e  te rn a ry  alloys o f  copper, tin , a n d  phosphorus w ith  reference to  th e  
effect o f phosphorus on th e  p roperties o f bronzes.

♦Properties of Silicon Brasses and Bronzes Made by Using Ferro-Silicon. 
T . K . R y azh sk ay a  (Su d o stro cn ie , 1945, (2), 15-19).— [In  R ussian .] A  s tu d y  
was m ade o f th e  effects o f silicon (using fcrro-silicon tem p er alloys) on the  
m echanical an d  casting  properties o f (a )  brasses con tain ing  silicon 1-5—4-5, 
copper 79-81, iron  0-6, lead 1-0, t in  0-3, a lum in ium  0-1, m anganese 0-5, 
an tim ony  0-1% , a n d  zinc th e  rem ainder, an d  (b ) bronzes con tain ing  silicon
2-75-3-5, m anganese 1-1-5, iron  0-3, lead  0-03, t in  0-25, nickel 0 -1% , an d  
copper th e  rem ainder. I t  was found  th a t  th e  m echanical p roperties o f these 
alloys are  m ain ly  affected by  th e ir  silicon co n ten t a n d  th a t  iro n  in tro d u ced  b y  
th e  tem p er alloy slightly  reduces th e  d u c tility . L inear sh rinkage o f th e  alloys 
is reduced  b y  increasing th e ir  silicon con ten t, while th e ir  flu id ity  is increased.

— V. K .
♦Changes in  the  Volume and E lectrical Resistance of Copper-Beryllium  Alloys 

D uring H eat-T rea tm en t. H an s T hom as ( Z . M e ta llk u n d e , 1944, 36, (6), 136- 
140).— The volum e a n d  electrical-rcsistance changes occurring  in  a  series o f 
quenched  an d  age-hardened  alloys o f  copper w ith  0-9-3-6%  beryllium  a n d  a 
few alloys contain ing  u p  to  12%  beryllium  were investiga ted . F ro m  th e  d a ta  
o b tained  i t  is concluded t h a t : (1) a t  170° C. there  is a  co n traction  in volum e 
an d  increase in  resistance due to  low -tem peratu re  tem per-harden ing , (2) a t  
280° C. som e reversion phenom ena occur, (3) a t  300°-375° C. th e  volum e con
tra c ts  and  th e  resistance decreases qu iek ly as a  re su lto f  p recip ita tion -harden ing , 
(4) a t  400°-600° C. reversion phenom ena again  occur, accom panied  by  a  slow 
increase in  volum e an d  resistance. T he eu tecto id  tran sfo rm atio n  a  +  y  — [3 
tak es  place betw een  601° an d  618° C., causing a n  increase in  volum e a n d  resist
ance, a n d  th e  anom alous changes w hich occur in  alloys co n ta in ing  m ore th a n
3-6%  o f beryllium  a re  a tt r ib u te d  to  th is  tran sfo rm atio n .— E . N .

Properties of Some Cast Copper-Base Alloys a t  E levated Tem peratures.
H . E . M ontgom ery ( T r a n s . A m e r . In s t .  A l in .  M e t . E n g . ,  1945, 161, 455—463; 
discussion, 463—465).— M. review s existing  lite ra tu re  on th e  h ig h -tem pera tu re  
creep p roperties o f cas t coppcr-basc alloys.— H . J .  A.
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*Effect of Copper and Some Other M etals on the G old-G erm anium  Eutectic.
R o b e rt I. Ja ffee  an d  B ruce W . Gonser (M e ta ls  T c c h n o l. , 1946, 13, (3 ); an d  
A . l . M . M . E .  T e ch . P u b l . No. 1998, 8 pp .).— I n  th e  go ld-germ anium  system , 
the  eu tectic  alloy a t  12%  o f  germ anium  m elts a t  356° C. a n d  has an  unusually  
fine eu tectic  s tru c tu re . T he corresponding eu tec tic  valley  in  th e  te rn a ry  
system  g o ld -copper-germ an ium  has been traced  u p  to  30%  o f copper. U p  to  
10%  o f  copper th e  phases p resen t in  th e  eu tectic  line a re  th e  face-centred  cubic 
go ld -copper solid so lu tion  an d  free germ anium . A t 20%  of copper a  new  
phase replaces th e  go ld -copper solid solution. T he effect o f copper is to  
coarsen th e  eu tectic  s tru c tu re . H ardness te s ts  were m ade on th e  alloys, an d  
also tensile te s ts  o f gold s tr ip  soldered w ith  th e  te rn a ry  g o ld -copper-germ an ium  
alloys. M icrostru ctu rcs a re  rep roduced  o f  these  alloys a n d  also o f g o ld - 
germ anium  alloys con tain ing  add itions o f silver, zinc, p la tin u m , a n d  nickel.

— W . H .-R .
♦The A m photeric B ehaviour of PbSe as a  Sem i-Conductor. P . E c k a r t  an d  

K . R a ith e l (N a tu rv jis s ., 1941, 29, 57 2 -5 7 3 ; C hem . Z e n tr ., 1942, 113, (I), 847 ; 
C . A b s . ,  1943, 37, 5296).— T he co n d u ctiv ity  o f  th in  PbSe films w as stu d ied  
(1 m il th ickness p rec ip ita ted  on  glass) a n d  com pared w ith  th e  resu lts  o f  B auer 
(A n n . P h y s ik , 1940, [v], 38, 84). C on trary  to  B au er’s observation , i t  was 
found  th a t  betw een 170° an d  300° K . th e  co n d u ctiv ity  d id  n o t decrease w ith  
increasing tem p era tu re , excep t a t  low selenium  con ten t. A t low lead  co n ten t 
th e  co n d u ctiv ity  increases sligh tly  w ith  tem p era tu re .

♦Properties of C erium -Containing M agnesium  Alloys a t Room  and Elevated 
T em peratures. T . E . L eontis an d  J .  P . M urphy  (M e ta ls  T e c h n o l., 1946, 13,
(3 ); a n d  A . l . M . M . E .  T e ch . P u b l. No. 1995, 32 pp .).— T he p roperties o f 
m agnesium -cerium  alloys con tain ing  up to  10%  cerium  were exam ined  a t  
tem p era tu res up  to  700° P . (371° C .) ; th e  cerium  w as ad ded  in  th e  form  of 
“  m isch m etal ”  an d  th u s  con ta ined  a  large percen tage o f lan th an u m  an d  o th er 
ra re  e a rth s  w hich were included in  th e  te rm  cerium  con ten t. I n  general, th e  
m agnesium -cerium  alloys re ta in  m uch  o f th e ir  s tre n g th  a t  e lev ated  tem p era 
tu res (400° F ., 204° C.), an d  ex h ib it high resistance to  creep over a  wide range 
o f tem p era tu res . These p roperties a re  som ew hat im proved by  ad d itio n s o f 
m anganese a n d  if  th e  m anganese c o n ten t exceeds 1-1% th e  corrosion-resist- 
ance (in 3 %  aqueous sodium  chloride) is g rea tly  increased. A dditions of 
a lum in ium  ten d  to  decrease th e  s tre n g th  a t  high tem pera tu res , b u t  increase th e  
d u c tility  a n d  electrical conductiv ity . M icrostructures a re  reproduced  an d  
de ta ils  given o f creep te s ts , tensile tes ts , hardness tests , a n d  m easurem ents o f 
th e  electrical an d  th erm al conductiv ities.— W . H .-R .

♦W ater-Q uenching of Some Typical M agnesium  Casting Alloys. (B usk  and  
A nderson) See p. 310.

f  M odem  H ard M agnetic M aterials. K . H oselitz  (./. S c i .  In s t ru m e n ts , 1946, 
23, (4), 65-71).— A general review  o f  th e  m agnetic  ch aracteris tics o f m odern  
p e rm an en t-m ag n e t alloys including Alni, A lnico, A lcom ax, Comol, V icalloy, 
an d  o th e r alloys including copper-n icke l-iron , co p p er-cobalt-n ickcl, c o b a lt-  
p la tin u m , an d  v arious steels. T he question  o f m ag n e t design and  ageing s ta b il
i ty  are  discussed. F o r  purposes such as for e lectric ity  m eters a n d  electrical 
in stru m en ts , s ta b ility  o f  th e  m ag n e t system  is o f  th e  g rea tes t im portance. 
W ith  all m ag n e t m ateria ls th ere  is m easurable change in  a  period o f 30 m in. 
a f te r  m agnetization . I n  quench-hardened  steels s tru c tu ra l changes m ay  ta k e  
p lace slowly an d  affect th e  m agnetization  by  20% , b u t  n ickel-a lum in ium  alloys 
show no s tru c tu ra l changes. T he m ost favourab le  stabilizing  trea tm e n ts  an d  
conditions o f sto rage a re  discussed.— W . H .-R .

♦ Iron-N ickel-C obalt Alloy for Sealing to  Glass. G. D. R ed sto n  an d  J .  E . 
S tan w o rth  ( J .  S c i .  Im tru n ie n is , 1946, 23, (3), 53-57).— T he differential ex p an 
sion betw een a  s ta n d a rd  m olybdenum  ro d  an d  various iro n -n ick e l-co b a lt 
a lloys was m easured  an d  th e  resu lts  a re  show n g rap h ica lly ; th e  tran s itio n
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tem p era tu res  o f th e  alloys w ere also de term ined . F o r  sealing to  borosilicate 
glasses, a n  alloy o f  th e  following com position is recom m ended : nickel 29 
(± 0 -5 ) , cobalt 17, m anganese 0-3, silicon 0-15, carbon  > 0 -0 5 , phosphorus 
> 0 -0 1 , a n d  su lp h u r > 0 -0 1 % . T he to ta l  percen tage o f nickel +  cobalt 
should  equal 46%  ± 0 -5 . Glasses can  be  m ade w ith  coeffs. o f expansion  w hich 
m atch  th is  alloy. M easurem ents were m ade  o f stresses in  g lass-a lloy  seals.

— W . H .-R .
♦Creep Tests a t 620° C. on a Special M aterial for H igh-T em perature Service.

E b e rh a rd  B oth  (Z . M e la llk u n d e , 1944, 36, (6), 149-152).— T he m ateria l tes ted  
w as D V L 42 (PM W C +  Ti), consisting o f nickel 37, cobalt 24-5, chrom ium  
15, tu n g sten  5, m olybdenum  5, a n d  titan iu m  1-3%, w ith  sm all am oun ts o f 
m anganese, silicon, iron, a n d  carbon. M elting was done in a  high-frequency 
vacuum  furnace a n d  th e  te s t  specim ens were cold-draw n w ires 1-5 m . long an d  
4 m m . in d ia. T he specim ens were loaded a t  20 kg ./sq . m m . for 300 h r. and  
th e re a fte r  given increm ental loads o f 5 k g ./sq . m m . every  300 hr. u n til 35 
k g ./sq . m m . w as reached , a t  w hich load  one specim en was te s te d  to  f r a c tu re ; 
th e  o th e r specim ens were te s ted  sim ilarly  a t  loads o f  40, 45, 50, a n d  55 kg ./sq . 
m m . T he resu lts o f long-tim e a n d  e x trap o la ted  sh ort-tim e te s ts  a re  given in 
th e  form  o f  g raphs of creep s tre n g th  a n d  tim e-ex ten sio n  for 0-5 a n d  1%  
p e rm an en t extension  a t  620° C. I t  w as found  th a t  th e  elongation  a t  frac tu re , 
w hich averaged  8-3% , was indep en d en t o f  th e  final load  an d  d u ra tio n  o f te s t, 
b u t  figures o b ta ined  for reduction  o f a rea  were n o t so consisten t, while no 
appreciab le  change in  hardness took  place. M echanical te s ts  on th e  frac tu red  
m ate ria l show ed th a t  a lth o u g h  th e  tensile  s tren g th  a n d  elongation  were slightly  
less th a n  for th e  original alloy, no serious em b rittlem en t h ad  occurred  as a  
re su lt o f th e  loading a t  h igh  tem p era tu re .— E . N.

♦Perm eability M easurem ents on Strip 0-1 to 0 01 m m . Thick. G u n th er 
R assm an (Z . M e la llk u n d e , 1944, 36, (6), 131-135).— T he influence o f shee t 
th ickness, cold w ork, a n d  h e a t- tre a tm e n t on  th e  m agnetic  pe rm eab ility  o f 
50 : 50 n ick e l-iro n  alloy, M um etal, a n d  silicon-iron  (3-5%  silicon) was in 
v estiga ted . A fter cold reductions o f 7 0 -96%  th e  m ax. p erm eab ility  o f  n icke l- 
iron  alloys was p roportiona l to  th e  th ickness a n d  degree o f co ld  w ork, b u t  th e  
influence o f these  facto rs was lessened by  annealing  a n d  van ished  on heating  
a t  1100° C. fo r 300 m in. S im ilar resu lts  were o b tained  w ith  th e  o th e r tw o 
alloys.— E . N .

♦The Influence of Sm all Additions of Thorium  on the Life of Alloys for H eating 
E lem ents. W ern er H essenbruch  an d  L ore H o rn  (Z . M e la llk u n d e , 1944, 36, (6), 
145-146).— T he influence o f th e  ad d itio n  o f th o rium , 0 -0 1 5 -2 T %  (by  analysis), 
on  th e  life o f  80 : 20 n ickel-chrom ium  alloy con tain ing  sm all am o u n ts  o f 
m anganese, silicon, a n d  m agnesium  was investiga ted . Sp ira l w ires 0-4 m m . 
in d ia . wore su b jected  to  in te rm itte n t heating  o f 2-m in. cycles a t  1050° C. u n til 
final b u m -th ro u g h . W ith  increase in tho rium  c o n ten t th ere  was a  stead y  
im provem en t in  th e  o i id a t io n  p roperties, a  corresponding decrease in  th e  
m echanical p roperties , a n d  no  evidence o f d isco n tin u ity  a t  2-1%  tho rium . 
T he so lub ility  o f  tho rium  in nickel was found  to  be less th a n  0-01%  a t  room  
tem p era tu re  a n d  less th a n  0-05%  a t  1000° C . ; ad d itio n  o f  chrom ium  causes a  
red u ctio n  in  these  values.— E . N .

Sym posium  on Creep of N on-Ferrous M etals and Alloys. ------- ( T r a n s .
A m e r . In s t .  M in .  M e t . E n g . ,  1945, 161, 401—4-77).—T he ind iv idua l pap ers  a re  
ab s trac te d  below .— H . J .  A.

A pplication of N on-Ferrous M etals and Alloys in  Stress Design. J .  J .  
Iv an te r ( T r a n s . A m e r . In s t .  M in .  M e t . E n g . ,  1945, 161, 402—417; discussion, 
417—419).— T he creep ch aracte ris tics o f  non-ferrous m eta ls a re  briefly su m 
m arized , a n d  a  b ib lio g ra p h y  an d  series o f  a b s trac ts  dealing w ith  th e  topic  are  
appended .— H . J .  A.
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*Creep C haracteristics of a  Phosphorized Copper. H , L . B urghoff a n d  A. I .  
B lank ( T r a n s .  A m e r . In s t .  M in .  M e t . E n g . ,  1945, 161, 4 2 0 -4 3 8 ; discussion, 
438-440).— T he creep ch aracteris tics o f copper wire (0-008%  o f phosphorus) as 
annealed  to  a  grain-size o f  0-013 m m ., an d  as d raw n  to  84%  red u ctio n , are  
rep o rted  fo r tem p era tu res o f 300°, 400°, an d  500° F . (150°, 205°, an d  260° C.). 
T he creep-resistance of th e  d raw n  wire decreases as recrysta lliza tion  tak es 
place.— H . J .  A.

♦Creep Properties of Cold-Drawn A nnealed Monel and Inconel. B. B . B e tty , 
H . L . E iselste in , an d  F . P . H u sto n , J r .  ( T r a n s . A m e r . In s t .  M in .  M e t . E n g . ,  
1945,161, 441 -4 5 2 ; discussion, 452-454).— Creep d a ta  have  been o b tained  for 
cold-draw n annea led  M onel an d  Inconel a t  tem p era tu res betw een 800° an d  
1100° F . (430°-590° C.). Inconel has ap p ro x im ate ly  tw ice th e  load-carry ing  
cap ac ity  o f M onel a t  a n y  tem p era tu re , b u t  Monel com pares fav o u rab ly  w ith  
m any  low-alloy steels so fa r  as creep perform ance is concerned. T he tensile  
an d  Izod  p roperties o f th e  m ate ria ls  a t  room  tem p era tu re  a f te r  creep tes tin g  
are  recorded a n d  a  ty p e  o f ro u n d  Izod  test-p iecc su itab le  fo r these  alloys is 
described.— H . J .  A.

*Creep- D ata  on Die-Cast Z inc Alloy. E . H . K e lto n  a n d  B. D . G rissinger 
( T r a n s . A m e r . In s t .  M in .  M e l . E n g . ,  1945, 161, 4 6 6 -4 7 1 ; discussion, 471).—  
A te s t  m eth o d  involving th e  bending o f a  d ie-cast zinc a lloy  beam  is described 
a n d  beam  creep -test d a ta  a t  25° C. an d  various stresses fo r a  zinc d ie-cast alloy 
are  p resen ted .— H . J.-A .

♦Creep Properties of Some Rolled L ead-A ntim ony Alloys. A. A. Sm ith , J r . ,  
a n d  H . E . How e ( T r a n s . A m e r . In s t .  M in .  M e t . E n g . ,  1945, 161, 472—175; 
discussion, 475-477).—A lloys o f lead  con tain ing  an tim ony , b ism uth , and  
copper were cas t an d  rolled to  0-1 in . th ic k n e ss ; 16-in. leng ths o f th is  m ate ria l 
w ere th en  clam ped to g eth e r a n d  creep te s ts  conducted  on th e  specim ens a t  
30° an d  100° C.— H . J .  A.

♦Flow Velocity of Z inc Alloys U nder Constant Load. G. M asing, K . M iething, 
a n d  H . J .  W allbaum  (N a c h r . O es. W is s . G o ttingen , M a th .-p h y s ik a l. K la s s e , 
1940, 2, 1 -5 ;  C hem . Z e n tr ., 1941, 112, (I), 1787 ; C . A b s . ,  1943, 37, 2325).—  
Zinc—copper alloys con tain ing  0-75-3%  o f copper were s tu d ied  fo r th e  purpose 
o f exp lain ing  th e  surprising  fac t th a t  th e  flow velocity  o f zinc u n d e r co n stan t 
load  is reduced  w ith  increase in  th e  copper c o n ten t so long as th e  copper is 
tak e n  in to  solid so lu tion . A t h igher copper co n ten ts th e  flow ve loc ity  increases 
again.

The E lastic  Modulus of M etallic Alloys. L eon G uillet, J r .  (R e v . M e t . ,  
1943, 40, (3), 91-94).— A review  artic le  in  w hich th e  experim en tal m ethods for 
determ in ing  th e  elastic  m odulus o f  alloys are c ritica lly  d iscussed. T he 
general ty p es  o f  re su lts  ob ta in ed  b y  various w orkers a re  p resen ted  an d  
general conclusions a re  reached . I t  is difficult to  o b ta in  h igh m oduli if  th e  
m etallic  p roperties such as m alleab ility  a re  to  be p re se rv e d ; u sua lly  th e  
m odulus o f  a  b in ary  a lloy  is in te rm ed ia te  betw een those o f th e  com ponents. 
T rea tm en ts  w hich raise th e  e lastic  lim it a n d  th e  presence o f im p u ritie s o r 
ad d itio n s w hich affect m echanical p roperties m arked ly  have  little  effect on 
th e  e lastic  m odulus. H igh e lastic  m oduli a re  ob ta in ed  for in te rm etallic  
com pounds, b u t  in these  cases m alleab ility  is lo st.— G. V. R .

♦Experim ents on the Proof of D am age Stress and W ork-H ardening in  Fatigue 
Tests [on Steels and D uralum in]. E rich  Siebel a n d  G u stav  S tah li (A rc h . 
E isen h u tten w esen , 1942, 15, (11), 519-527).—W ohler curves fo r no tched  speci
m ens were de te rm ined  for tw o carbon  an d  an  a lloy  steel a n d  a  D ura lum in  
alloy . S im ilar specim ens were sub jected  to  an  im p ac t te s t  a fte r  a  p re lim inary  
n u m b er o f reversals a t  a  series o f  bending stresses. T he n u m b er o f reversals 
a t  a n y  stress a t  w hich th e  im p ac t va lues begin to  decrease were p lo tte d  to  
o b ta in  “  dam age lines.”  I t  is show n th a t  th e  m ore th e  bending stress exceeds 
th e  lim iting  fa tigue  stress values, th e  sm aller th e  nu m b er o f reversals a t  w hich
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dam age s ta r ts . T he values o f  th e  dam aging stress a re  increased by  m achining 
off 0-3 m m . from  th e  surfaces o f  th e  notches. T he sam e m ateria ls w ere then  
used to  s tu d y  “  dam aging  ”  o f sm ooth  specim ens by m easuring  th e  increase in 
th e  num ber o f  reversals a f te r  polishing th e  surfaces o f  th e  specim ens w hich 
had  been sub jected  to  a  p relim inary  nu m b er o f reversals under th e  lim iting  
stress. I t  is show n th a t  th e  dam aging  is in itia ted  a t  th e  surfaces an d  th a t  th e  
nu m b er o f reversals can  be increased several hun d red  p e r cent, by  rem oving 
th e  dam aged  layer electro ly tically  o r  m echanically . I t  was n o t found possible 
to  rem ove th e  “ dam aging ”  by  in te rm ed ia te  annealing . S im ilar resu lts  were 
ob tained  in tcnsion-com pression  tests .— V. K .

♦Changes in M aterials Produced in  Fatigue Tests. A lfred K ariu s, E rich  
Gerold, an d  E rn s t H erm an n  Schulz (A r c h . E isen h iitten xvesen , 1944, 18, (5/6), 
113-124).— Changes in  th e  dam ping  cap acity  a n d  e lastic  m oduli caused by 
reversed  bend stresses w ere de term ined  for a  nu m b er o f  carbon  a n d  alloy steels 
a n d  non-ferrous alloys by  using th e  F o rs te r  in s tru m e n t (Z . M e ta llk x in d e , 1937, 
29, 109; M e t . A b s . ,  1937, 4, 460). T he resu lts  show  th a t  all these m ateria ls 
behave sim ilarly . T he dam ping  capacity  o f th e  specim ens subj ected  to  reversed 
bend  stresses n o t m uch  g rea te r th a n  th e  lim iting  stress increases, while th e  
e lastic  m odulus decreases w ith  th e  increasing  nu m b er o f reversals, th e  curves 
being a sy m p to tic . A t still larger stresses an  inflection in  curves o f these  
p roperties a n d  a  second rap id  increase o f the  dam ping  cap acity  o r decrease 
o f th e  e lastic  m odulus a re  ob tained . These tw o d is tin c t stages in  th e  
changes o f these p roperties a re  explained by  th e  p lastic  deform ation  occurring 
in  th e  first an d  by  th e  fo rm ation  o f cracks tak in g  p lace in  th e  second stage. 
A dditiona l experim ents confirm ed th e  view  t h a t  th e  changes in  th e  first stage 
depend on th e  stressed  volum e o f th e  m ateria l, while th e  changes in  th e  second 
stage  are  independen t o f  th is  volum e. Changes in  th e  above-m entioned  
p roperties were n o t found to  be su itab le  for th e  d e te rm ina tion  o f th e  “  dam age 
lines ”  (see p receding a b s trac t) .— V. K .

♦The M agneto-R esistance of High-Coercivity Alloys. L . F . B a tes  (Proc. 
P h y s . Soc., 1946, 58, (2), 153-164).—U sing v arious ferrom agnetic  a lloys o f  h igh 
coercivity , th e  change o f resistance o f specim ens su b jec ted  to  longitud inal and  
tran sv erse  m agnetic  fields was m easured. T he changes in th e  cases o f the  
p e rm an cn t-m ag n e t m ateria ls Alni, A lnico, a n d  A lcom ax I I  were such  as to  
decrease th e  resistance in  th e  presence o f th e  m agnetic  field a n d  were th u s  in 
m arked  co n tra s t to  those for pu re  ferrom agnetics. T he resu lts , w hich are 
fu lly  described, a re  discussed from  th e  p o in t o f  v iew  o f  th e  dom ain  th eo ry  of 
ferrom agnetism . I t  is suggested th a t  th e  m agnetostric tion  deform ation  o f th e  
dom ain  boundaries o r g ra in  boundaries p lays an  im p o rta n t p a r t.— G. V. R .

♦Alloys for Electrodes of Therm oelem ents and Com pensation Leads. (Ber- 
kovsky  a n d  S tepanov) See p. 308.

The R epresentation  of Q uaternary  Systems by T em perature-C oncentration  
Cross-Sectional D iagram s. G u n th er R itzau  (IF tss. V erd ff. S ie m en s-W erk en , 
W erksto ff-Sonderhefte , 1 9 4 0 ,4 4 -4 9 ; C h a n . Z e n tr ., 1942,113, (I), 153 ; C . A b s .,  
1943, 37, 2255).— T hree ideal ty p es  o f  4 -com ponent d iagram s a re  developed 
geom etrically . T hey  are  represen ted  by  tem p era tu re-co n cen tra tio n  sections.

Deductions w hich May be Made from  a  Solidification D iagram . J .  L uneau 
(R e v . M k . ,  1942, 39, (7), 218-223).— The in te rp re ta tio n  o f th e  d iag ram  show ing 
liqu idus and  solidus curves for a  con tinuous series o f b in ary  solid so lu tions is 
discussed. A ssum ing ideal diffusion conditions an d  th e  m ain tenance  o f 
equilibrium , eq uations an d  g raph ical constructions a re  developed for d e te r
m ining th e  m ass ra tio s  o f liqu id  a n d  solid p re sen t a t  a  given tem p era tu re , th e  
proportions o f  th e  com ponents in  th e  inass o f  solid  deposited  on cooling 
th ro u g h  a  sm all tem p era tu re  range, a n d  th e  ac tu a l m ass o f  solid deposited . 
A pplication  o f these m ethods to  m ore com plex form s o f equ ilib rium  d iagram s 
is briefly considered a n d  reference is m ade, w ith o u t illu stra tio n , to  th e  p ra c ti
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cal case w here diffusion is lim ited  an d  equ ilib rium  is n o t m ain ta in ed  during  th e  
liqu id-so lid  tran sfo rm atio n .— G. V. R .

♦The Zones of Im m iscibility in the Liquid S tate in Alloys. M. D annenm uller 
(R e v . M i l . ,  1943, 40, (3), 85-90).— M ethods for determ in ing  regions o f liqu id  
im m iscib ility  in alloy system s are  critically  discussed a n d  a  m ethod  is proposed 
in  w hich th e  hom ogeneous m elt is allow ed to  cool re la tiv e ly  rap id ly  in  a  crucible 
o f special shape, designed to  m ake sure  t h a t  a  long itud inal section  o f th e  cold 
ingo t, w hen g round  an d  polished, will reveal sm all q u an titie s  o f inhom ogeneity . 
T he resu lts to  be expected  from  th e  cooling o f alloys o f v arious com positions 
a re  discussed w ith  reference to  a  ty p ica l equilibrium  d iagram  a n d  th e  ap p lica 
tio n  o f  th e  m eth o d  to  th e  te rn a ry  alloys o f lead  a n d  zinc w ith  alum inium , 
cadm ium , copper, an d  tin  is described. T he previous resu lts  o f  o th e r au th o rs  
fo r th e  la t te r  th ree  system s are  corrected  by  th e  p resen t w ork.— G. V. R .

I I I .— STR U C TU R E
(M etallog raphy ; M acrography ; C rysta l S tru c tu re .)

[F o r all a b s trac ts  on th e  co n stitu tio n  o f alloy system s, including X -ray  
studies, see I I .— P ro p ertie s o f A lloys.]

♦Electron M etallographic M ethods and Some R esults for M agnesium  Alloys.
R . D . H eidenreich , C. H . G erould, and  R . E . M cN ulty  (M e ta ls  T e ch n o l., 1946, 
13, (3 ); a n d  A . I . M . M . E .  T e ch . P u b l. No. 1979, 22 pp .).— T he general m ethods 
o f e lectron  m icroscopy a re  review ed, w ith  special reference to  th e  s tu d y  of 
m agnesium  an d  its  alloys b y  th e  p o lysty rene-silica  replica m ethod . A special 
e tch ing  reag en t has been developed, consisting o f equal p a r ts  o f  m eth y l iodide 
an d  d ry  m ethy l alcohol, w ith  a  crysta l o f iodine to  in itia te  th e  reac tion . 
P h o to g rap h s a re  rep roduced  show ing slip-bands a n d  tw ins in  p u re  m agnesium  
a n d  o f p recip ita tes an d  o th e r s tru c tu re s  o f  m agnesium  alloys. In  alloys 
con tain ing  a lum inium  an d  sm all am o u n ts  o f iron  a  new  “  fine s tru c tu re  ”  has 
been discovered in w hich an  iro n -alum in ium  phase is p resen t. T he presence 
o f th is  “  fine s tru c tu re  ”  has a n  im p o rta n t effect on th e  stress-corrosion 
p roperties o f m agnesium  alloys an d  exam ples are discussed.— W . H .-R .

♦The Effect of Im purities on the  Efficiency of K 2Cr20 7 E tching Agents. 
W . E c k a rd t (O berfl& chentechn., 1942, 19, 2 5 -2 6 ; C hem . Z e n tr ., 1942, 113, ( I I) , 
9 4 9 ; C . A b s ., 1943, 37, 4999).— M agnesium  alloys a re  n o t coloured in alkali 
b ich rom ate  so lu tions m ade u p  o f p u re  sa lts . A ddition  o f sm all am oun ts o f 
C r0 3 (usually  p re sen t in  com m ercial salts) causes a  dull b lack  coloration. On 
fu r th e r  add itio n  o f traces o f silver sa lts  th e  coloration  becom es b rig h te r ; silver 
sa lts  a re  usually  p re sen t in  com m ercial a lkali b ich rom ate  because K 2Cr20 7 is 
ev ap o ra ted  in  silver-contain ing dishes.

♦Grain-Sizes Produced by R ecrystallization and Coalescence in Cold-Rolled 
Cartridge Brass. H aro ld  L . W alker (U n iv . I l l i n o i s  E n g . E x p e r .  S ta . B u l l .  
N o. 359, 1945, 55 pp .).—A  stu d y  has been m ade o f th e  grain-size an d  Rockw ell 
hardness o f specim ens o f 70 : 30 brass, cold reduced b y  5 -7 0 % , a f te r  annealing  
in  m olten  lead  o r lead -b ism u th  a lloy  a t  300°-700° C. for periods up  to  8 hr. 
Before final cold w orking th e  m ate ria l w as annealed  a t  750° C. a n d  h ad  a  
g ra in  dia. o f  0-48-0-57 m m . a n d  a  R ockw ell H  hardness o f 74-80-5. All th e  
hardness curves show ed first a  g radual loss in  hardness w ith  tim e (recovery), 
followed by  a  rap id  decrease (due to  recrysta lliza tion), an d  finally a  slow 
decrease in  hardness du ring  w hich period th e  grain-size increased  by co
alescence, i .e . ,  by th e  ab so rp tion  o f u n stra in ed  grains by  o th er u n stra ined  
grains. T he grain-size when recrysta lliza tion  was ju s t  com plete (before 
coalescence) was d ep enden t only on th e  degree o f deform ation  a n d  was in d e 
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p en d en t o f tim e a n d  tem p era tu re , being represen ted  by  : log grain-size =  
— n  (percentage deform ation)* ± 6 .  T he co n stan t, b, is a  function  o f  the  grain - 
size p rio r to  final deform ation . N o evidence' w as found  o f th e  existence of 
a  “  g e rm in an t annealing  tem p era tu re  range  ”  in w hich large gra ins were 
p roduced .—J .  C. C.

♦Investigations of the  S tructure  of E lectrodeposited Zinc. .W. K ö h le r (K o r ro 
s io n  u . M e ta lls ch u tz , 1943, 19, (7), 197-199).— T he crysta l s tru c tu re s  o f  zinc 
electrodeposits m ade  from  su lp h a te , b rig h t su lp h a te , an d  b rig h t cyanide zinc 
b a th s  w ere investiga ted , using  pow der cam era  an d  Geiger co u n te r m ethods. 
C om parison readings were m ade w ith  filings o f  o rd in ary  pure  zinc. T he ra te s  
o f so lu tion  o f th e  deposits in  norm al su lphuric  acid  were also com pared. T he 
deposits from  su lp h a te  b a th s  show ed a  m ark ed  anom aly  in  th e  X -ray  studies 
a n d  th e  final ra te s  o f so lu tion  o f these deposits in  acid  were m uch  g rea te r 
th a n  those o f th e  deposits from  th e  cyanide b a th .—A. B. W.

♦On the  Grow th of a Grain of Z inc. (G uillet a n d  L au ren t) See p. 283.
The N um erical Symbol of Close-Packing of Spheres and I ts  Application in 

the Theory of C lose-Packings. G. S. Z hdanov  (C om p t. ren d . (D o k la d y ) A c a d . 
S e i .  U .R . S . S . ,  1945, 48, (1), 39-42).— I n  o rder to  in te rp re t th e  characteris tics 
o f s tru c tu re s  p roduced  by  th e  close-packing o f spheres, a  system  o f  nom en
c la tu re  is developed w hich allows th e  period icity , B ravais la ttice , cell d im en
sions, a to m  co-ordinates, a n d  space group  to  be described b y  a  num erical 
sym bol. T h is sim plifies classification o f such  s tru c tu re s  a n d  facilita tes th e  
in te rp re ta tio n  o f com plex dose-packed  s tru c tu re s .— G. V. R .

♦A Theoretical Criterion for the  In itia tion  of Slip-Bands. Clarence Z ener 
(P h y s . R e v . , 1946, 69, (3/4), 128-129).— A th eore tical no te. R elie f o f shear 
stress w ith in  a  slip -band  resu lts in  a  large concen tra tion  o f sh ea r stress ju s t  
ah ead  o f i ts  advancing  edge, w hich m ay  be called th e  spearhead . T he con
d itio n  for p ro p ag atio n  o f  th e  slip -band  is th a t  th is  concen tra tion  o f stress is 
sufficient to  produce p lastic  deform ation  in  f ro n t o f  th e  spearhead . Z. deduces 
th e  re la tio n  : y ield  s tre n g th  =  C (d /D )^ 0 , where d  is th e  spacing of th e  a tom ic 
p lanes paralle l to  th e  s lip -band , I )  is a  m easure  o f th e  g ra in  d iam eter, 0  is th e  
sh ear m odulus, a n d  C  is a  num erical coeff. whose m agn itude  is o f th e  o rder 
u n ity . D a ta  for copper alloys su p p o rt th e  general views.— W . H .-R .

♦X -R ay Investigation  of Nitrides and C arbonitrides of T itanium . E . P . 
B elyakova, A. K om ar, an d  V. V. M ikhailov (M e ta llu rg , 1940, (4), 5 -8  ; K h im . 
R e fe ra t. Z h u r . , 1941, 4, (1), 96 ; C . A b s .,  1943, 37, 1358).— [In  R ussian .] T he 
D ebye X -ra y  m eth o d  ind ica ted  th a t  a t  1000°-1500° C. th e  red u ctio n  o f T i0 2 by 
a  m ix tu re  o f hydrogen  an d  n itrogen  form s T i20 3 a n d  TiO. A t 1700° C. and  
higher, som e tita n iu m  n itrid e  is form ed, as show n b y  chem ical analysis ; th e  
lines o f tita n iu m  n itr id e  a re  n o t observed on X -ray  ph o to g rap h s , owing to  its  
tran sfo rm a tio n  in to  a  solid so lu tion  w ith  TiO . R ed uction  by  solid carbon  in 
n itrogen  a t  1100°-1500° C. produces n e ith e r th e  free n itrid e  no r th e  free carbide 
of tita n iu m . A t 1900° C., T i0 2 is com pletely reduced  in  3 h r. to  th e  n itrid e  
a n d  carbide, wrh ich  form  a  solid solution.

♦The A ccurate D eterm ination  of Cell D im ensions from  Single-Crystal X -R ay 
Photographs. M argaret C. M. P a rq u h a r  a n d  H . L ipson (P ro c . P h y s . S o c .,  
1946, 58, (2), 200-206).— I t  is po in ted  o u t th a t  for certa in  app lications, such 
as th e  d e te rm in a tio n  o f m olecular w eights, i t  is desirable to  be able to  d e te r
m ine cell dim ensions accu ra te ly  from  single-crystal pho tographs. A n accuracy  
o f th e  o rder o f 0-005%  m ay  be o b tained  b y  m ethods o f m easu rem en t and  
ca lcu la tio n  analogous to  those a lread y  em ployed in  pow der pho tography . 
U sing th e  v an  A rkel m eth o d  o f film  m ounting , th e  positions o f resolved"« 
doublets w ith  B ragg angle n e a r 90° a re  m easured  a n d  th e  value o f one of th e  
cell d im ensions is deduced  from  each. These a re  p lo tted  against sin2 0 an d  
ex trap o la ted  to  give a  final resu lt a t  sin2 0 =  1. T he use o f th e  m eth o d  for 
an  o rthorhom bic c ry sta l is illu stra ted  fo r th alliu m  hydrogen  ta r t ra te .  The
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spo ts used are  those ly ing on th e  zero layer line o f a  sym m etrical oscillation 
pho to g rap h  o b ta ined  w ith  an  axis o f th e  c ry sta l oscillating sym m etrically  w ith  
respec t to  th e  X -ra y  beam . F o r  th e  sa lt  investiga ted , a  =  7-0395 kX ., 
b — 10-9945 k X ., c =  7-9100 k X ., these  values being correct to  0-0005 kX . 
The dependence o f th e  resu lts  on  th e  assum ed cam era rad ius and  th e  m ethods 
o f m easurem ent a re  discussed.— G. V. R .

M icroradiography. S. E . M addigan ( In d u s t■ R a d io g ra p h y , 1940, 4, (4), 
22-25, 28-30).— I n  m icrorad iography , en largem ents are m ade of rad iog raphs 
o f th in  specim ens, so revealing  th e  gross s tru c tu re  an d  supplem enting  p h o to 
m icrography. T he X -ray s used  m ay  be genera ted  b y  a  tu n g sten  ta rg e t, 
op eratin g  a t  voltages ap p ro p ria te  to  th e  specim en, o r ch aracte ris tic  X -ray s 
m ay  be used. B o th  techniques a rc  capable o f revealing  th e  s tru c tu re , b u t  th e  
la t te r  m eth o d  is essential where th e  phases o r  inclusions p resen t m u st be 
identified. T he app lications discussed include th e  exam ination  o f : C u -S n - 
P b , C u-A g, C u -P b , a n d  C u -F e  a llo y s ; N i3P 2 in  a  copper-base a llo y ; leaded 
b ra s s ; an d  cartridge  brass. T he p rep ara tio n  o f specim ens is described.— L . M.

♦X -R ay Investigation  of Liquids. V. I .  D anilov ( Iz v e s t . A k a d . N a u k  
S . S . S . R . ,  1941, [Fiz.], 5, (1), 30-42).— [In  R ussian .] A  nu m b er o f liquids 
(salol, benzophenol, &c.) lose th e  p ro p e rty  o f crysta lliza tion  w hen all im purities 
in th em  are  com pletely  rem oved. O th e r liqu ids can n o t be undercooled below 
a  tem p era tu re  range characte ris tic  o f th e  liquid , even a f te r  a  tho rough  p u ri
fication an d  prelim inary  overheating . M etals an d  a  nu m b er o f liqu ids belong 
to  th e  second group .— N . A.

V.— P O W D E R  M ETA LLU RG Y

General Rules for Pow der M etallurgy. H en ry  H . H au sn e r (M a c h in is t  
( E u r .  E d n . ) ,  1946, 90, (8), 290-291).— T he effects o f processing on  th e  physical 
p roperties o f com pacts o f m eta l pow ders are  given in  13 “  tren d  ch arts  ”  o r 
g raphs.— J .  H . W .

VI.— CORROSION AND R E L A T E D  PH EN O M EN A

♦A ttack of Various A tm ospheres on  Copper and Some Copper Alloys a t 
E levated Tem peratures. A. P . C. H allow es an d  E . Voce (M e ta llu rg ia , 1946, 34, 
(200), 95-100).— B ased on th e  first p a r t  o f  B ritish  N on-F errous M etals R e 
search  A ssociation R ep o rt R .R .A . 527. T hree h igh-conductiv ity  an d  tw o 
arsenical coppers an d  six a lum inium  bronzes (contain ing  from  2 to  6%  a lum in
ium ), form ing a  group  o f alloys o f h igh scaling re s is tan c e ; a  group  o f nine 
alloys con tain ing  sm all am o u n ts o f com m on elem ents ad ded  ind iv idually  to  
c o p p e r; an d  th ree  in d u stria l copper alloys for e lev a ted -tem p era tu re  use, were 
te s ted  for in te rm itte n t ox idation  an d  scaling a t  400° C. in five different 
a tm ospheres. T he five a tm ospheres consisted o f (i) d ry  a ir, free from  acid  
im p u ritie s ; a n d  (ii) d ry  a ir  as in  (i) w ith  th e  a d d itio n  o f (a )  10%  w a te r v apour, 
(b ) 0-1%  su lp h u r d ioxide, (c) 5 %  su lphur dioxide, o r (d )  m o ist hydrochloric  
acid. T he w ork  is described an d  conclusions resu lting  from  th e  investiga
tio n  a re  given.— J .  W . D .

Tube Corrosion Held to  a  M inim um  by Continuous Cheek on [Oil Refinery] 
D ehydrato r-W ater p H . J .  S. P fa rr  a n d  H . A. B lackstone ( R e fin e r , 1942, 21, 
16 -1 8 ; C . A b s ., 1943, 37, 5230).— T he p H  o f  th e  w aste  w a ter used fo r cooling 
condensers fo r crude gasoline is recorded continuously  an d  controlled to  
7-5-8 by ad d itio n  o f am m onia, th e reb y  p rac tica lly  e lim inating  corrosion of 
iron  a n d  copper alloys.
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*Causes oi the Serious Corrosion o£ Lead in  an  Intensive-System  Sulphuric 
Acid P lan t. K u r t  W ick ert (C hem .-Z e .it ., 1940, 64, 411—113; Chem . Z e n tr ., 
1941, 112, (I) , 1734; C . A b s ., 1943, 37, 2143).— T he extensive  destru c tio n  o f 
th e  load was characterized  by deeply  corroded drop-form  cavities. T he lead 
so destroyed  was o f  s ta n d a rd  q u a li ty ; th e  b ism uth  co n ten t was less th a n  th e  
perm issible lim it. T he corrosion was found  to  be due to  chlorine, th e  action  
of w hich was fu rth e r intensified by  th e  fo rm ation  o f N0C1 in th e  presence o f 
n itric  acid. S u lp h u r dioxide re ta rd ed  th e  corrosion o f th e  lead  by  chlorine 
and  NOC1. T he chlorine cam e from  th e  tap -w a te r  in  th e  system .

♦Corrosion Studies on Lead Alloys. K . W ickert (K o r ro s io n  u . M e ta lls ch u lz , 
1942,18, (11/12), 357-301).—A  series o f  lead  alloys w as stud ied , using m ethods 
aim ing a t  th e  d e te rm in a tio n  of th e ir  su itab ility  fo r em ploym en t in  intensive- 
system  su lphuric  acid  p lan ts . A m ethod  o f te s t  w ith  “  m ixed acid  ”  (30 ml. 
su lphuric  acid, den sity  1-735 ; 2 g. N O H SO .,; an d  0-1 ml. conc. hydrochloric  
acid) a t  90° C. in  a  sealed tu b e  gave resu lts  in agreem ent w ith  service experi
ence. Silver was th e  only alloy  add itio n  th a t  im proved th e  behav iour o f lead 
in  th is  te s t. S ilver a n d  also nickel an d  copper a re  s ta te d  to  im prove alloyed 
leads by  neu tra liz ing  th e  effects o f  deleterious co n stituen ts . T he action  of 
conc. hydrochloric  acid  an d  o f su lphuric  acid  (density  1-735) a t  90° C. on th e  
sam e lead  alloys is also described, as well as som e electrochem ical stud ies o f 
p ro tec tiv e  film form ation . T he action  o f th e  n itrosy l com pounds is discussed 
an d  th e ir  ab ility  to  increase a tta c k  a ttr ib u te d  to  th e  p ro p e rty  o f sp littin g  off 
NO-ions, w hich behave in  a  sim ilar m anner to  H -ions.—A. B. W .

♦The Scaling of Nickel Containing Various Additions. L ore H o rn  (ZZ  
M e ta llk u n d e , 1944, 36, (6), 142-145).— The ra te  o f scaling of th e  following 
nickel alloys w as in v estiga ted  : (1) nickel w ith  u p  to  1-7%  cerium , (2) nickel 
w ith  up  to  3-4%  tho rium , (3) nickel w ith up  to  2-25%  beryllium , (4) nickel 
w ith  u p  to  29-2%  chrom ium  a n d  contain ing  traces o f m anganese a n d  silicon. 
Po lished  sheets o f th e  alloys w ere exposed in  a ir  fo r 50-160 h r. a t  tem p era tu res 
up  to  1200° C., th e  increase in w eight was recorded a t  in te rvals , th e  colours 
o f th e  oxide films exam ined , a n d  th e  com position o f th e  films ascerta ined  by  
X -ray  m ethods. T h e  well know n parabolic  law  o f ox idation  w as found  to  be 
followed by  th e  alloys o f n icke l-tho rium  and  n ickel-cerium , w hich form ed only 
one ty p e  o f  oxide film. D ev iations from  th e  law  were found  to  occur w ith  th e  
alloys o f  n icke l-chrom ium  a n d  n iekel-bery llium , ow ing to  th e  fo rm ation  o f m ore 
th a n  one ty p e  o f f i lm ; nickel w ith  up to  a b o u t 8%  chrom ium  form ed oxide 
skins consisting m ain ly  o f N iO, w ith  8 -1 9 %  chrom ium  th e  skin  was a  m ix tu re  
o f NiO a n d  C r20 3, while w ith  29-2%  chrom ium  th e  skin  was m ain ly  Cr20 3, 
w hich was re la tive ly  th ick  an d  slowed dow n th e  ra te  o f ox idation . N ick el- 
bervllium  alloys w ith  m ore th a n  1-5%  beryllium  h ad  ox idation  ra te s  sim ilarly  
re ta rd ed .— E . N.

♦Special Phenom ena in  Oxidation of H eat-R esisting  Steels and Alloys.
G erhard  B andel (A r c h . E ise n h u tte n v x se n , 1941, 15, (6), 271-283 ; discussion, 
284).— The m echanism  o f th e  fo rm ation , g row th , and  b reak ing-up  o f th e  
p ro tec tiv e  oxide lay er is considered in  re la tio n  to  th e  fo rm ation  o f th e  non- 
p ro tec tive , iron-oxide-rich layer. T he la t te r  form s first a n d  th e  ra te  o f 
rep lacem ent b y  th e  form er depends on th e  tem p era tu re , a lloy  an d  a tm osphere  
com position, a n d  th e  in itia l surface condition  o f th e  specim en. T im e, tem p era 
tu re , a tm osphere, inclusions, an d  alloy com position affect th e  b reak ing-up  
an d  rep lacem ent o f th e  p ro tec tive  layer a t  h igher tem pera tu res. E x p erim en tal 
d a ta  on  th e  above aspects o f  ox idation  are  g iven .—V. K .

Corrosion and Chemical B ehaviour of Z inc and Z inc Alloys. K . B ayer 
(K o r ro s io n  u . M e la llsch u tz , 1942 ,18 , (11/12), 362-365).— T he behaviour o f  zinc 
an d  zinc alloys w hen su b jec t to  a tm ospheric  corrosion or a tta c k  by  n a tu ra l 
w aters, a t  b o th  norm al a n d  e levated  tem p era tu res , is su rveyed  an d  th e
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resu lts o f th e  m ore im p o rta n t G erm an investiga tions in  th is field are briefly 
cited.—A . B . W .

♦Contribution on  the Chemical Corrosion [by Lactic Acid] o£ Zinc Alloys.
K . B u tte  w it (K o r ro s io n  u . M e ta lls c liu tz , 1942, 18, (11/12), 365-368).— T ests 
o f  various zinc alloys in  1%  lactic  acid  solu tions a t  room  tem p era tu re  revealed  
no com position t h a t  could be recom m ended as a  su b s titu te  fo r th e  m ate ria ls 
h ith e rto  used  fo r coinage, un iform  decorations, &c. O nly a  few ad d itio n s im 
proved  th e  corrosion behav iour in  lac tic  acid , v iz ., m ercury , cadm ium , an d  
m agnesium  an d  th e ir  effects w ere on ly  sm all. A lloys con tain ing  10%  
a lum in ium  an d  0-1-0-5%  silicon re ta in e d  a  b rig h t surface in  sp ite  o f  a  re la tiv e ly  
large loss in  w eight.— A. B . W .

♦Chemistry and Morphology o£ F ilm s in Corrosion Studies w ith Z inc. W . 
F e itk n e c h t a n d  R . P e te rm an n  (K o r ro s io n  u . M e ta lls ch u tz , 1943, 19, (7), 181— 
188).— T he conditions fo r fo rm atio n  a n d  th e  m ore im p o rta n t p roperties o f 
seven form s o f hydroxide a n d  oxide o f zinc occurring  in  im m ersed corrosion of 
zinc a re  p resen ted  in ta b u la r  form . D iagram s o f th e  X -ray  pow der lines o f 
these form s are  also given for iden tification  purposes. I n  so lu tions m ore th a n
0-025 m olar in  zinc, th e  corrosion ve loc ity  d im inishes fa irly  uniform ly an d  
rap id ly  w ith  tim e. In  m ore d ilu te  solu tions th e  a tta c k  is m ore irregu lar an d  
ap p ears only to  slow dow n sligh tly  w ith  tim e. T he corrosion ve loc ity  shows 
a  m ark ed  m in. a t  so lu tions 0-025 m olar in  zinc in th e  presence o f th e  least 
carbon  d ioxide concentra tions. A ccordingly, th e  corrosion ve loc ity  is inde
p en d en t o f th e  co n d u ctiv ity  o f  th e  so lu tion , b u t  depends only on  th e  p ro tec tiv e  
ac tio n  o f th e  film. T he chem ical an d  m orphological p roperties o f th e  films a re  
corre lated  w ith  th e  corrosion velocity . T he slow est a tta c k  occurs un d er 
conditions w here basic chloride I I I  is stab le  an d  is  therefo re  re la te d  to  th e  
fo rm ation  o f a  lam inar, s tab le  a -hydrox ide . T he irregu larities in  v e ry  d ilu te  
solu tions a re  to  be a ttr ib u te d  to  th e  fo rm ation  o f a  film, com posed largely  o f 
oxide in  one case, a n d  in  o thers o f e- an d  ¡3-hydroxides. I n  th e  case o f  oxide 
films th e  a tta c k  is v e ry  m uch  fa s te r  th a n  in  th e  o th e r cases. A lthough  local 
e lem ents p lay  a n  im p o rta n t p a r t,  th e  decisive facto r fo r th e  corrosion velocity  
is n o t th o  co n d u ctiv ity  o f th e  so lu tion , b u t  th e  p ro tec tiv e  action  o f th e  films, 
w hich is itse lf a  function  o f th e  chem ical n a tu re  o f th e  corrosion p ro d u c t. 
I t  follows from  th is  th a t ,  in  corrosion research , g rea te r in te re s t should  be 
show-n in  th e  chem istry  o f  th e  oxides, hydroxides, a n d  basic sa lts .— A. B . W .

R ecent W ork  on Corrosion and Oxidation. U . R . E v an s  ( J .  C hem . S o c ., 
1946, 207-214).— A lecture. E . classifies corrosion a n d  ox idation  reac tions 
as film -form ing or non-film -form ing, gives exam ples o f each typ e , an d  briefly 
review s th e  in h ib itio n  o f  corrosion.— H . J .  A.

Corrosion Criteria— Their Visual E valuation . M arc D arrin  ( B u l l .  A m e r . S o c . 
T e s t . M a t . , 1946, 138, 3 7 -3 9 ; also (abridged) M e ta l I n d . ,  1946, 68, (18), 351- 
352).— W hen local corrosive a tta c k  tak es place, loss o f  w eigh t is n o t sufficient 
to  specify  th e  e x te n t o f corrosion. D . suggests s ta n d a rd  te rm s for rep o rtin g  
various ty p es o f  aqueous corrosion, especially  w hen of a  local n a tu re , an d  
describes th e  use o f a  s ta n d a rd  re p o rt  form  to  o b ta in  “  corrosion scores.”  The 
m eth o d  has been used  sa tisfac to rily  for six  years.— H . J .  A.

♦Investigation o£ the  C avitation Phenom ena.—I - I I .  E . B randenberger an d  
P . do H a lle r (S ch w e iz . A r c h , angeio . W is s . T e c h n ., 1944, 10, (11), 331-341 ;
(12), 379-386).— [I.]—T h e  effects o f th e  speed o f im pact, je t  a rea  an d  te m 
p era tu re , a n d  speed o f w a te r je t  on  th e  erosion o f  a  m ild carbon  steel were 
s tu d ied  in  a  specially-designed a p p a ra tu s  (S ch w e iz . B a u z e it . , 1933, 101, 243). 
I t  is show n th a t  for th e  com parison o f th e  erosion te s t  resu lts  all these 
facto rs have to  be  tak en  in to  accoun t. T he n a tu re  o f th e  erosion was stud ied  
in a n  im pact-w ave a p p a ra tu s  a n d  w as supplem ented  b y  m echanical, m etal- 
lographic, a n d  X -ray  exam inations. T he resu lts  ob ta in ed  for a  n u m b er o f 
ferrous a n d  non-ferrous m ateria ls show  th a t  th e  behav iour o f  m etals in  these
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te s ts  can n o t bo corre lated  w ith  th e ir  behaviour u n d e r a n y  s ta n d a rd  s ta tic  
m echanical tests , b u t  t h a t  th e  changes in  crysta l s tru c tu re  w ere sim ilar to  
those  p roduced  un d er d y nam ic  im p ac t loading. [ I I .]—A s tu d y , by  back- 
reflection p h o tographs, o f th e  changes in  th e  crysta l s tru c tu re  a t  th e  surfaces 
o f th e  specim en exposed to  erosion show ed th a t  th e  crystals g radually  b reak  
u p  in to  sm aller u n its  an d  finally develop sm all cracks. I t  is believed th a t  
th e  process o f  frac tu rin g  in erosion te s ts  is d ifferent from  th a t  o f th e  s ta tic  
o r fa tigue  frac tu re , owing to  th e  rôle th e  cleavage o f c rystals assum es in  th is  
case.—V. K .

*Theory ol Polyelectrode E lectrochem ical Cells and Corrosion Problem s.
G. V. A kim ov (A c ta  P h y s ico ch im . U .P . S . S . ,  1945, 20, (6), 808-832).— I t  is 
po in ted  o u t th a t  s tu d y  o f corrosion phenom ena in  alloys involves consideration  
o f th e  behav iour o f polyelectrode system s. The th eo ry  o f such  system s is 
considered for five electrodes connected  in parallel an d  in  series ; for cases 
of low in te rn a l an d  ex ternal resistance, w here polarization  phenom ena are  
im p o rta n t ; a n d  fo r h igh  resistance, in te rn a l an d  ex ternal, where po larization  
can be neglected. I t  is show n how th e  po larity  o f  electrodes, w ith  in itial 
electrode po ten tia ls  in te rm ed ia te  betw een  those o f th e  ex trem e anode an d  
cathode, is  affected b y  increasing o r decreasing po larization , a reas a n d  posi
tions o f electrodes, th e  values an d  ra tio s  o f  th e  resistances in th e  various 
b ranches o f th e  ex te rn a l c ircu it, an d  th e  in te rn a l resistance of th e  electro ly te. 
E x p erim en ta l d a ta  illu stra tin g  th e  conclusions o f th e  th eo ry  are  given an d  
discussed a n d  th e  facto rs im p o rta n t for th e  q u a lita tiv e  so lu tion  o f cases m ore 
com plex th a n  those rigidly tre a te d  are  described. T he bearing o f the  w ork  on 
corrosion phenom ena, a n d  p a rticu la rly  in te rcry s ta llin c  corrosion, is discussed 
by reference to  a lum in ium -copper alloys a n d  certa in  sta in less steels. N o t 
on ly  th e  in itia l e lectrode po ten tia ls , b u t  also th e  re la tiv e  a reas a n d  po larization  
ch aracteris tics o f  th e  c o n stitu en t electrodes m u st be considered.— G. V. R .

V II.— PRO TECTIO N
(O th er th a n  by E lectrodeposition .)

*On the Form ation  and E stim ation oi Oxide F ilm s on A lum inium . A ndreas 
U lrich  O brist [ T h e s i s :  E id g e n ö ss isch e  Te ch n isch e  H o ch schu le , Z ü r ic h ,  1944, 
64 pp .).— V arious ex isting  m ethods fo r th e  p roduction  o f oxidized layers on 
a lum in ium  a n d  i ts  alloys a re  discussed in  d e ta il 'a n d  m ethods for th e  d e te r
m ination  o f th e  oxide c o n ten t o f  alum inium  are  c ritically  reviewed. A p p ara tu s 
fo r th e  p roduction  o f films un d er contro lled  conditions by  anodic ox idation  in 
oxalic acid  is described, to g e th e r w ith  th e  technique of th e  q u a n tita tiv e  
rem oval o f  th e  film from  th e  m etal, w hich is dissolved aw ay  in  e thereal hyd*o- 
chloric acid. F rom  m icrom eter m easurem ents o f th e  film produced  in 
various conditions th e  ra te  o f g row th  w as de term ined . T he v a ria tio n  w ith  film 
th ickness o f th e  cap acity  o f th e  film was s tud ied  an d  gave a  dielectric  co n stan t 
o f  7-58. An im proved m ethod  for th e  de te rm in a tio n  o f oxide in  a lum inium  
is fu lly  described a n d  is based  on th e  so lu tion  o f  th e  m eta l in  air- and  
m oisture-free conditions in e therea l hydrochloric  acid , followed by  solu tion  of 
th e  oxide residue a n d  colorim etric e stim ation  o f th e  a lum in ium  presen t. 
F ro m  resu lts  o b ta ined , th e  d en sity  o f th e  film, which is am orphous a t  o rd inary  
tem p era tu res , b u t  crystalline  a f te r  annealing  a t  900° C., is calcu la ted  as 3-10. 
The w ater co n ten t o f  th e  film produced  in  various conditions w as d e te r 
m ined a n d  found to  agree w ith  th e  fo rm ula  A lOOH. T he effect o f tem p era 
tu res  u p  to  600° C. on th e  ra te  o f g row th  o f films is also d iscussed.— G. V. R .

M odem  M ethods o£ Phosphatizing [of Z inc Alloys]. H . v. R osenberg  
(O berßächeniechn . ,  1941, 18, 169-170; C hem . Z e n tr ., 1942, 113, (I) , 1806; 
C . A b s . ,  1943, 37, 3039).— T he various B onderizifig an d  Parkeriz ing  processes
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for ph o sp h a tizatio n  produce layers o f 0-003-0-015 nun . thickness. Zinc alloys 
con tain ing  a lum in ium  a re  p ickled  w ith  sodium  hydrox ide before phosphatiz ing  
in  o rder to  rem ove th e  a lum inium  from  th e  surface. R insing  a f te r  phos
pha tiz in g  in ho t, ch rom ate-con tain ing  b a th s  has a  favourab le  effect. A pplica
tions o f  phosphatiz ing  are  discussed.

♦The Tinning of Cast Iron . R . A. Cresswell ( I r o n  S te e l In s t .  A d v a n ce  C o p y , 
1946, 13 pp .; also (abridged) F o u n d . T ra d e  J '., 1916, 78, (1549), 43 5 -4 3 9 ; 
E n g in e e r in g , 1946, 161, (4194), 52 6 -5 2 8 ; an il C a n a d . M e ta ls , 1946, 9, 
37 -4 1 , 44).—A n investiga tion  describing^ m ethods o f h o t tinn ing  cas t iron 
d irectly , w ith o u t th e  ap p lica tio n  o f an  in te rm ed ia te  n ieta l coating. F o r 
th e  d ip  tin n in g  o f cas t iron, th e  n itra te  process is preferred . In  th is p ro 
cess th e  w ork is m echanically  cleaned by  m achining, sho t-b lasting , o r san d 
b lasting  an d  degreased e ith e r in trich lo rethy lene  v ap o u r o r in a  h o t a lk a 
line m etal-cleaning solu tion . I t  is p ickled  e ith e r in  10%  by  w eigh t in 
h ib ited  su lphuric  acid  a t  85° C. for 30 sec. or in cold 50%  by vol. h y d ro 
chloric acid  fo r 2 -5  m in., rinsed  in  w ater, a n d  dried . T he artic le  is th en  
im m ersed in  a  fused m ix tu re  o f equal p a r ts  by  w eight o f sodium  n itra te  an d  
po tassium  n itra te  a t  350°-400° C. fo r 15 m in. T he w ork is rem oved, cooled, 
w ashed w ith  cold w ater, a n d  fu rth e r pickled for 1 m in. in cold 10%  by vol. 
hydrochloric  acid, fluxed in an  aqueous so lu tion  con tain ing  25%  by  w eight o f 
th e  zinc chlorido-sodium  chloride eu tectic  (82%  ZnCl2, 18%  A'aCl) an d  th en  
tran sferred  to  th e  t in  p o t  w hich is m ain tain ed  a t  300° C. The tim e o f im m er
sion should  be a t  least 3 -5  m in . ; longer tim es (up  to  30 m in .) give b e tte r  
adhesion. The w ork is th en  dra ined  and  e ith e r cooled in a ir  o r quenched in 
paraffin  oil. The chloride process is preferred  for tin n in g  b y  wiping. In  th is 
process th e  w ork is m echanically  p repared  as in  th e  n itra te  process. T he 
surface is th en  brushed  w ith  an  aqueous so lu tion  con tain ing  25%  by  weight, 
o f th e  zinc chloride-sodium  chloride eu tectic  m ix tu re  an d  th e  article  h ea ted  
to  270°-300° C. Som e previously  m elted  zinc chloride-sod ium  chloride eu tectic  
flux is th en  poured  on to  th e  surface a t  300° C., w ashed over th e  surface for
1-2 m in., excess o f flux rem oved, a n d  a  q u a n tity  o f m olten  tin  poured  over the  
surface a n d  w iped by m eans o f steel w ire brushes o r scrapers. W hen tinn ing  
is com plete, excess m eta l is d ra in ed  off, th e  article  allowed to  cool, an d  a n y  flux 
residues rem oved by  w ashing.—J .  E . G.

♦Causes and Prevention of Speck F orm ation  on H ot-T inned W ires. F ritz  
Schellenberger (D ra h t-W e lt , 1940, 33, 611-613, 625-627 ; C hen i. Z e n t r ., 1941, 
112, (I), 1733; C . A b s .,  1943, 3 7 /2 3 2 6 ).— T he cause o f  speck fo rm ation  on 
h o t-tin n ed  wires is u sua lly  a  porous layer. T he fo rm ation  o f a n  in te rm ed iate  
iro n - tin  layer does n o t p rev en t pore fo rm ation  since, according to  S., th is 
in te rm ed ia te  layer is n o t form ed from  th e  iron  o f th e  p a r t  to  be tinned , b u t  
ra th e r  is form ed as a  re su lt o f th e  follow ing processes. As th e  p a r t  is passed 
th ro u g h  th e  flux, a  FeCl2 film  is form ed on th e  iron , w hich is reduced  to  iron 
upon  in tro d u c tio n  in to  th e  t in  b a th . I t  is th is th in  iron  film w hich then  form s 
the  iro n - tin  film w ith  th e  tin . T he wire surface m ay therefore bo defective, 
even if  an  in te rm ed ia te  film has been form ed. T he best p ro tec tion  against 
pore form ation is a  flawless wire surface. A  5 %  solu tion  o f H 2S 0 4, to  which 
C uS04 m ay be added , is recom m ended as a  pickle. A  solution o f ZnCi2 45, 
N H 4C1 1-2, an d  JvaCl 1%  is especially su itab le  as a  soldering solu tion  for a  
p re lim inary  trea tm e n t. In  place o f th e  p ro tec tiv e  layer o f organic m ateria l 
on th e  tin  b a th , a  lay e r com posed o f  ZnCl2 70, N H 2C1 20, an d  NaCl 10%  should  
be used. Po re  fo rm ation  is fu rth e r reduced by  th e  use o f b a th s o f very  pure  
tin  a n d  b y  keeping clean all p a rts  w hich come in co n tac t w ith th e  wire to  
bo tin  coated .

♦Influence of the Composition on the Form ation  of Z inc Flow ers on H ot- 
Galvanized Steel Parts. W erner F rö lich  (O berflichen techn ., 1941, 18, 142-143 ; 
Chem . Z e n tr  . 1942, 113, (I), 2 6 4 ; C . A b s . ,  1943, 37, 2701).— B y add ing  0 -1-
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0-2%  o f  cadm ium  to  th e  zinc b a th , zinc coatings w ith  large, zinc-oxide crystalline 
fo rm ations are  o b ta in e d ; an tim o n y  ad d itio n s give sm aller crystals. T he yellow 
colouring caused  by too high a n  an tim o n y  co n ten t can be e lim in a ted  by the  
ad d itio n  o f 0-001%  o f alum in ium . A dditions o f  tin  a n d  cadm ium  have  th e  
sam e effect, b u t p rom ote  a t  th e  sam e tim e th e  fo rm ation  o f zinc flowers.

Surface-Conversion Coatings. George W . Je rn s te d t  ( B u l l .  A m e r . S o c . T e s t . 
M a t . ,  1945, (137), 29-35 ; also (abridged) M e ta l I n d . ,  1946, 68, (21), 407-109).— 
Surface-conversion coatings a re  form ed by  th e  chem ical m odification  o f m etallic  
surfaces in  o rder to  secure g rea te r Resistance to  corrosion. J .  gives a  general 
review  o f th e  top ic , w hich includes th e  p h o sphate  tre a tm e n t o f  steel, oxide, 
sulphide, an d  ox a la te  t re a tm e n ts  o f copper alloys, anodic a n d  chem ical t r e a t 
m en ts o f  a lum in ium  or m agnesium , an d  phosphate  o r ch rom ate  tre a tm e n t o f 
zinc.— H . J .  A.

V III.— E LE C TR O D EPO SITIO N

Preparing  Die-Castings lo r P la ting . H e rb e rt Chase ( I r o n  A g e , 1946, 157, 
(21), 58-61).— T he production -line  polishing, buffing, an d  tum bling , a n d  th e  
use o f conveyors a n d  fix tu res to  exped ite  operations in  th e  p rep ara tio n  o f  zinc 
a lloy  die-castings fo r p la tin g  in  a  p la n t w ith  an  o u tp u t  o f 70 to n s da ily  are  
described.—J .  H . W .

Nickel Dipping [Before Enam elling], G. H . M cIn ty re  (F o u n d . T ra d e  J . ,  
1946, 79, (1550), 9 -11).— A p a p e r read  before th e  7 th  A nnual F o ru m , Porcela in  
E n am el In s ti tu te , Inc . (U .S.A .). I t  is su b m itted  th a t  nickel d ips p rom ote  
adhesion o f porcelain  enam els to  sheet iron  a n d  steel, m inim ize, or, a t  least, 
decrease fish-scaling, an d  con tro l o r decrease copper-heading. F u ll w orking 
Qetails a re  given o f a  recom m ended sequence o f operations.— J .  E . G.

Chrom ium -Plated Tools H ave Longer Life. A ndrew  A. Spisak  (M a c h in is t  
( F u r .  E d n . ) ,  1946, 90, (9), 343-345).— T he increase in  tool life p roduced  b y  
chrom ium  p la tin g  is discussed a n d  th e  process o f  slow ly-controlled chrom ium  
p la tin g  requ ired  for th is purpose is described.— J .  H . W .

♦Investigations of the  S tructure of E lectrodeposited Z inc. (W . K ohler) 
See p. 294.

Pre-Polishing Cuts P la ting  Time 40% . G. R . M akepeace (M a c h in is t  ( E u r .  
E d n . ) ,  1946, 90, (6), 205).— T he sav ing  o f tim e w hich can  be ach ieved  by 
sm oo th  polishing, in stead  o f rough  grinding, before chrom ium  p lating , is 
described.— J .  H . \V.

IX .— ELEC TR O M ETA LLU R G Y  AND E LE C T R O C H E M ISTR Y
(O ther th a n  E lectrodeposition .)

♦Theory of the  Deposition of Metals from  Aqueous Solutions. P . K rum holz  
(N a tu u rw eten sch . T i jd s c h r . , 1942, 22, 108-111; C hem . Z e n tr ., 1941, 112, (I), 
2083; C . A6s., 1943, 37, 2980).— T he effect o f N a F  an d  o f F eN H 4 alum  on 
th e  red u ctio n  o f A g N 0 3 by  F e S 0 4 in  a n  aqueous so lu tion  w as s tud ied . I n  th e  
presence o f N a F  th e  red uction  proceeded p rac tica lly  q u a n tita tiv e ly . In  th e  
presence of 1-5 X 10"3 mols. o f  F e +++/1. th e  reduction  w as only 45%  com plete. 
In  th e  presence o f gold th e  re ta rd in g  effect o f ferric ions could be observed, 
a lthough  i t  w as less p ronounced . Thus, th e  ra te  o f  crystallization  o f th e  silver 
was affected sooner th a n  th e  ra te  o f nuclei fo rm ation  by  th e  gold. I t  can be 
assum ed  th a t  th e  reduction  in  th e  ra te  o f  nuclei p roduced  by  th e  ferric ions 
form ed during  th e  reduction  is nullified by  th e  N aF . T he sim ilar effect o f  th e  
ferric  ions on th e  ra te  o f  crysta llization  is likewise destroyed . B y  m aking  use 
o f th e  assum ption  o f Zsigm ondy, th a t  m eta l in  tru e  so lu tion  is first form ed
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during  th e  reduction , i t  is possible to  derive an  exp lan atio n  for th e  effect o f 
th e  ferric  ions on th e  ra te s  o f  nuclei fo rm ation  a n d  crystallization , w hich a re  
de term ined  by th e  su p e rsa tu ra tio n  o f th e  so lu tion  w ith  silver. T his effect is 
g reater, th e  m ore slowly th e  tran s itio n  from  dissolved to  solid silver tak e s  
place in  re la tio n  to  th e  process o f reduction  in th e  solu tion . I n  th e  case o f 
gold th e  so lub ility  can be assum ed w ith  c e rta in ty  to  be less th a n  10"12 m ols./l.

*On Solutions of M etals [Cadmium ] in  Fused Salts. S. V. K a rp ach ev  ( Iz v e s t . 
A k a d . N a u k  S .8 . S . R . ,  1941, [F iz.], 5, (1), 43-46).— [In  R ussian .] A n in v esti
g a tio n  w as carried  o u t to  de term ine  carbon-electrode po ten tia ls  as functions 
o f th e  concen tra tion  o f m etallic  cadm ium  dissolved in  fused m ix tu res o f 
po tassium , sodium , a n d  cadm ium  chlorides. I t  is show n th a t  th e  re la tion-

R T
ship  found  obeys th e  therm odynam ic  law  : E  — const. — ' n  C-—-N. A.

*The M otion of Solid and Liquid M etallic Bodies in Solutions of E lectrolytes.
— I. A. F ru m k in  an d  B. L evich  (A c ta  P h y s ico ch im . U .R .8 .S . ,  1945, 20, (6), 
769-808).— [In  E nglish .] In  connection  w ith  e lectrocap illa rity  a n d  electro- 
k inetic  phenom ena, p a rticu la rly  ■with reference to  th e  influence o f th e  elec
tro ly te  on th e  m otion  o f th e  m ercu ry  electrode in  po larographic  stud ies, th e  
behaviour o f  charged partic les m oving in  a n  e lectro ly te  un d er th e  ac tio n  o f a n  
ex te rn a l electric  field is theo re tically  investiga ted . N on-conducting  particles, 
idea lly  polarizable a n d  incom pletely  polarizable m etallic  partic les a re  sepa
ra te ly  considered. T he theo re tical principles involved a n d  th e  resu lts  
ob ta in ed  are  fu lly  discussed.— G. V. R .

The Existence of Local Couples in  M etal Electrodes. V. C upr (C hem . L i s t y ,  
1941, 35, 185-188, 201-205 ; C hem . Z e n tr ., 1942,113, ( I I) , 139 ; C . A b s . ,  1943, 
37, 5318).— Cf. K o r ro s io n  u . M e la lls c h u tz , 1942, 18, (1), 1 5 -2 0 ; M e t . A b s . ,  
1945, 12, 23. A th eo re tical s tu d y  a n d  discussion o f th e  concep t o f W agner 
a n d  T rau d  ( Z . E le k tro ch e m ., 1938, 44, 391—402 ; M e t . A b s ., 1938, 5, 491).

[T he  M echanism  of E lectrode M easurem ents. H . T . S. B ritto n  (J . S c i .  
In s tru m e n ts , 1946, 23, (5), 89-94).—A general lectu re  describing th e  m easure
m en t o f e lectrode p o ten tia l. T he various s ta n d a rd  electrodes (hydrogen 
electrode, glass electrode, &c.) a re  described a n d  discussed.— W . H .-R .

E lem entary  E lectrocrystallization  Processes. K . M. G orbunova a n d  P . D . 
D ankov  (C om p t. ren d . (D o k la d y )  A c a d . S c i .  U .R .S . 8 . ,  1945, 48, (1), 16-17).— 
[In  E nglish .] T he th eo ry  o f th e  iso lated  g row th  o f a  face o f a  single crysta l 
form ing p a r t  o f  th e  electrode o f a n  e lectro ly tic  cell is briefly discussed. The 
effect o f overvoltage on  th e  discharge o f th e  ions is considered an d  i t  is p o s tu 
la ted  th a t ,  in itially , a  tw o-dim ensional nucleus form s a t  th e  edge o f th e  face, 
or a t  th e  respective  trih ed ra l angle. Chains o f s tru c tu ra l partic les m ay  th en  
be deposited  along th e  edge of th e  nucleus. F u r th e r  accum m ulation  o f ions 
near th e  electrode causes fo rm ation  of m ore nuclei (on th e  one a lread y  form ed) 
a n d  m ore chain  g row th . G row th  therefore  proceeds by  m ulti-stage  layer 
fo rm ation . T he course o f th e  deposition  in its  la te r  stages is discussed in 
de ta il a n d  show n to  be essentially  periodic. T he processes a re  considered 
m ath em atically .— G. V. R . ________________

X.— R E FIN IN G

The Problem  of Pure  M anganese. The Chemical B alance Sheet of the 
E lectro therm al Refining of Ferro-M anganese. (M. D éribéré) See p. 282.

X I.— ANALYSIS

* 0 n  the F orm ation  and E stim ation  of Oxide F ilm s on A lum inium . (O brist) 
See p . 298.
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“Spot P la te  Tests for Copper, Silver, and Nickel. E . A. Kocsis, Gy Feuer, 
T . H o rv a th , E . K ovacs, an d  L .  M olnar (M ik ro ch e m . ver. M ilc ro ch im . A c ta , 
1941, 29, 166-109; C h cm . Z e n tr ., 1942, 113, (I), 2685 ; C . A b s ., 1943, 37, 
3009)..—Cf. K ocsis an d  R , H orvai, M ik ro c h e m . v e r . M ilc ro c h im . A c ta , 1941, 29, 
44—45. As reagents, use a  0-2%  so lu tion  o f m- a n d  p-am inobenzoic acid  and  
of o- and  p-am inophenol. W ith  Cu, »i-amino.benz.oic acid  gives a  yellowish- 
green  sp o t on filter p ap er a f te r  d ry ing  w hen m uch Cu is p resen t. I t  will d e tec t 
1 y  o f Cu in 0-025 c.c. a t  a  lim iting  concen tra tion  o f 1 :2 5 ,0 0 0 ; p-am inobenzoic 
acid  behaves likewise b u t  requ ires 10 y  o f  C u ; p -am inophenol gives, -«nth m ore 
Cu, a  greyish-blue sp o t or, w ith  1 y  o f Cu, a n  olive-green sp o t w ith  lig h t brow n 
border. T he ring  s ta r ts  from  th e  original colour o f th e  reagen t. W ith  Ag, 
o-am inophenol gives a  reddish-brow n o r d a rk  yellow  sp o t (2 y ) ,  according 
to  Ag concen tra tion  or, w ith  0-2 y , a  th in  yellow  r in g ; p -am inopheno l 
gives a  lig h t brow n sp o t w ith  d a rk  edges w ith  0-4 y  o f  Ag a t  a  lim iting  con
cen tra tio n  o f 1 : 62,500. W ith  N i, p -am inophenol gives a  b lue-grey sp o t w ith  
salm on edges when as little  as 0-4 y  o f N i is p resen t a t  a  lim iting  co ncen tra
tion  o f 1 : 62,500. B lank  tes ts  a re  m ade in  each  case.

* In tern a l S tandard M ethod of Spectrographic Analysis, as Applied to the 
D eterm ination  of Lead in  H igh-Purity  Z inc. L aurence Griffith a n d  J o h n  N . 
K irk b rid e  (./. S o c . C hem . I n d . ,  1946, 65, (2), 39-48).— A contro lled  d .c. a rc  
an d  so lu tions o f Zn d ried  on g rap h ite  electrodes a re  used in  th e  d e te rm in a tio n  o f 
P b  in  Zn in ro u tin e  contro l o f e lectro ly tic  p lan t. T he a rc  carries 16 am p. over 
a  6-1 m m . gap  a n d  th e  contro l o f th e  ignition  is by  a  T esla-type  transfo rm er, 
w hich is n o t described in d e ta il. T he source is found  sufficiently uniform  for 
th e  m ajo r p a r t  o f th e  e rro r to  arise in  th e  pho tom etric  processes an d  these  a re  
exam ined in de ta il. A p la te  calib ra tion  p a tte rn  is m ade w ith  a  ro ta tin g  sector, 
background  densities a re  read  beside each P b  line m easured, a n d  each  B i line 
is used  as an  in te rn a l s tan d ard . E ach  m icrophotom eter read ing  is converted  
to  a n  energy  read ing  from  th e  ca lib ra tion  lino a n d  line : energy  ra tio s  a re  
p lo tte d  on a  logarithm ic scale ag a in st log P b  cone. T he m ethod  is based  on 
sy n th e tic  s ta n d a rd s  m ade  from  Z n contain ing < 0 -1  p .p .m . o f P b  a n d  th e  
ca lib ra tion  fine is s tra ig h t betw een 2 a n d  125 p .p .m . T he effects o f vary ing  arc  
leng th , slit w id th , a rc  cu rren t, d e p th  o f c ra te r, exposure tim e, a n d  p la te  
developm ent tim e are  all carefully  exam ined. M echanical rocking of th e  
developer is used in stead  o f b rush  developm ent to  save labour, a n d  th is  is 
b lam ed fo r som e of th e  residual erro r, w hich is expressed  by  a n  average 
dev ia tion  o f 1-6 to  2-1%  o f th e  a m o u n t p resen t.— E . v a n  S.

’’‘D eterm ination  of Tin w ith Cupferron in the  Presence of A ntim ony. Elio 
G ray (C om pt. re n d ., 1941, 212, 904—906; C hem . Z e n tr ., 1942, 113, (I) , 5 18 ; 
C . A b s ., 1943, 37, 2298).— The m eth o d  described is as follows : (a )  oxidize th e  
so lu tion  o f SnCl2 an d  SbCl3 w ith hydrogen peroxide, boil off th e  excess peroxide, 
cool, an d  ad d  a  sligh t excess o f a m m o n ia ; (6) a d d  a  little  m ore (n o t over 5% ) 
th a n  tw ice th e  theoretical q u a n tity  o f  cupferron solu tion  an d  th en  fo r every  
100 c.c. o f th e  suspension o f Sn p recip ita te  a d d  1 c.c. o f 1%  gelatin  so lu tion  
a n d  a  few drops o f 2 % . tan n in  solu tion , filter, w ash, ign ite , an d  weigh as 
S n 0 2.

The Use of [i-Naphthoquinoline for the  G ravim etric D eterm ination  of 
T ungsten. B. A. P la tu n o v  a n d  N . M. K irillova ( U ch en . Z a p is k i  L e n in g ra d . 
G o su d a rs t .-U n iv ., S e r . K h im . N a u k , 1940, (5), [(54)], 269-275 ; K h im . JReferat. 
Z h u r . , 1941, 4, (4), 7 3 ; C . A b s . , 1943, 37, 4983).— In  p recip ita tin g  tu ngstic  
acid , fi-naphthoquinoline can replace cinchonine. T he d e te rm in a tio n  o f 
IV is given in  deta il, b u t  w ith  no o th e r innovation .

“D eterm ination  of Zinc in A lum inium  Alloys. A. Cohen (H e lv . C h im . 
A c ta . 1943, 26, 7 5 -8 8 ; C . A b s ., 1943, 37, 5333).—M ethod : D issolve 
5-00 g. o f alloy in  200 c.c. o f  9AT-H 2S 0 4 +  0-8 c.c. conc. HC1. W hen, a f te r  
h eating , no  m ore hydrogen  is evolved, ad d  5 -1 0  c.c. o f 30%  H 20 2 a n d  boil to
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rem ove th e  excess. A t a  volum e o f 250 c.c., rem ove all Cu by  electrolysis. 
A fter all Cu has been deposited , filte r an d  w ash th e  residue w ith  ho t, dil. 
H 2S 0 4. T hen  to  th e  filtra te  ad d  40 c.c. o f cone. HUSO.,, cool, an d , while 
stirring , in troduce  25 c.c. o f  reag en t (p repared  b y  dissolving 54 g. o f  HgCl2 
a n d  70 g. o f N H 4CNS in 1 1. o f h o t w ater). T he to ta l volum e o f so lu tion  from  
which th e  Zn[H g(SC N )4] is p rec ip ita ted  should  bo a b o u t 400 c.c. I f  the  
volum e is larger, a d d  10 c.c. o f cone. H 2S 0 4 for each 50 c.c. o f excess volum e. 
T his concen tra tion  of acid  has been found  favourab le  for com plete p recip ita tion  
o f th e  zinc com pound. A fte r a n  h o u r (or 12 h r. if  only 0-01%  Z n is p resen t), 
filter a n d  w ash u n til no  red  Fe(CNS)3 is left. T ran sfe r th e  p rec ip ita te  an d  
ashless pap er filter to  a  porcelain crucible a n d  h e a t in  a n  electric muffle furnace 
to  ligh t redness. Since poisonous H g  fum es are  evolved du ring  th e  h e a t
ing, i t  should  tak e  place un d er a  good hood. Cool, tran sfer th e  ash  to  a  
beaker, an d  dissolve th e  ZnO by h eatin g  w ith  10 c.c. o f 25%  N aO H  solu tion  
fo r 10 m in. D ilu te  to  100 o.e. an d  filter. To recover Zn in  th e  residue, w ash 
i t  from  th e  filter in to  a  beaker, d igest w ith  5 c.e. o f 9Ar-H 2S 0 4, an d  finally ad d  
a  drop  o f cone. I120 2. Cool, ad d  N aO H  in sligh t excess, boil a  few m inutes, 
a n d  filter. To th e  com bined filtra tes, a d d  1-2 c.c. o f 50%  ta r ta r ic  acid  
so lu tion  an d  electrolyse w ith  s tirred  e lectro ly te , a b o u t 2 am p. o f cu rren t, an d  
w ith  C u-p lated  cathode. R inse  th e  deposit w ith  w a ter a n d  alcohol, d ry  
a t  a b o u t 90° C., an d  weigh. T he procedure  as given provides fo r th e  d e te r
m in a tio n  o f sm all q u an titie s  o f Zn, bu t, w ith  sm aller sam ples, i t  can  be used 
w ith  as m uch  as 20%  o f Zn. W hen a  1-g. sam ple is used  w ith  20%  o f Zn, 
th e  resu lts  a re  likely to  be ab o u t 0-75%  to o  low, a lthough  0-2-0-3%  o f P b  
can  be p rec ip ita ted  w ith  th e  Zn.

^E lectrolytic D eterm ination  oi Z inc in  M agnesium  Alloys. A . Cohen (H e lv . 
C ln m . A c ta , 1943, 26, 8 9 -9 1 ; C . A b s ., 1943, 37, 5333).—A  procedure, v e ry  
sim ilar to  th a t  g iven in th e  preceding a b s trac t, is described, in  w hich th e  Z n 
is first p rec ip ita ted  from  H 2S 0 4 so lu tion  as Zn[H g(SCN )4], th e  p rec ip ita te  is 
converted  in to  ZnO, th e  residue is dissolved in  N aO H , a n d  from  th e  basic 
so lu tion  Zn is deposited  e lectro ly tically .

Methods for the E valuation  of Metallic Z inc in Z inc D ust. D . A. Copem an 
{ J .S .A f r i c a n  Chem . In s t . ,  1942, 25, 6 2 -6 9 ; C . A b s ., 1943, 37, 1098).— The 
m ethods availab le  for de te rm in ing  Z n in  Zn d u s t a re  listed . The P e 2(S 0 4)3 
reduction  m ethod, th e  gas vo lum etric  m ethod  (m easurem ent o f H 2 evolved), 
a n d  th e  C u S 0 4 reduction  m eth o d  are  discussed in d e ta il an d  th e  draw backs 
no ted . N o m eth o d  seems en tire ly  sa tisfactory .

Spectrochem ical Analysis w ith the Oscillograph. G. H . D ieke a n d  H . M. 
Crossw hite (J . O pt. S o c . A m e r ., 1946, 36, (4), 192-195).— F o r  spectrochem ical 
analysis w here speed is o f m ore im portance th a n  precision, i t  is useful to  
connect several photo-electronic am plifying valves se t in  th e  focal p lane o f a  
g ra tin g  spec trograph  to  a  single oscillograph. A  m echanical sw itch, sy n 
chronized w ith  the  tim e-base o f th e  oscillograph, can th en  be used to  show th e  
o u tp u t o f  each valve  in  tu rn , so th a t  several spectrum  lines ap p ear as lines on 
the  screen, whose re la tiv e  levels ind ica te  th e ir  re la tive  in tensities. F o r  b e tte r  
q u a n tita tiv e  w ork, th e  in te n sity  o f a  line o f  th e  m ain  co n stitu en t o f  a n  a lloy  is 
fed  to  th e  oscillograph a t  righ t-ang les to  th e  o u tp u t  from  th e  lines o f  selected  
im purities, each o f w hich gives a  sho rt, oblique line whose slope is a  function  
o f concen tra tion  o f th e  im p u rity . W ith  a  tran sp a re n t scale q u a n tita tiv e  
readings can  be m ade. E xam ples o f steel analysis a re  illu stra ted  an d  
precau tions a re  ou tlined .—E . v a n  S.

* 0 n  the Q uantitative Spectrographic Analysis of Solutions, w ith an  Appendix 
on th e  Solubility of Silicon in  Alum in ium . R u d o lf W alti ( T h e s i s :  E id g e n ö ss isch e  
Tech n isch e  H o ch sch u le , Z ü r ic h , 1943, 71 pp .).— [In  G erm an.] A m eth o d  o f 
analysis fo r solu tions o f A1 a n d  i ts  alloys is based  on th e  use o f  a  new 
ty p e  o f carbon  electrode for liquids, w hich is flooded w ith  th e  so lu tion  to  be
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analysed  a t  th e  ra te  o f  a b o u t 20 m l./m in . A  sp ark  w ith  h igh capacity  a n d  low 
self-induction , a t  a b o u t 12,000 V., p lay s betw een th e  surface o f th e  so lu tion  a n d  
a n  u p p e r electrode o f p u re  carbon. A sm all q u a rtz  spec trog raph  is used  an d  
th e  m ethod  o f calib ra tion  depends on  th e  u n ifo rm ity  o f  developm ent an d  of 
th e  ex p o n en t b in  th e  eq u atio n  I  — n cb, connecting  th e  line in ten sity , I , for 
a n  im p u rity , w ith  its  concen tra tion , c. T ables for th e  p ro d u c t o f p la te  
c o n tra s t-fac to r a n d  b a re  given for J ig , M n, F e , Cu, a n d  Si in  Al, b o th  alone 
a n d  in th e  presence o f various concen tra tions o f o th e r alloying elem ents. 
T he va lue  o f n  in  th e  eq u atio n  is checked by rep ea tin g  th e  sp ec tru m  o f one 
s ta n d a rd  so lu tion  on each  p la te . Two spec trum  lines a re  used  for each 
e lem ent. B y  a  m odification o f th e  m eth o d  u sing  e x tra  NaCI in  th e  so lu tion  Si 
can be e stim a ted  up  to  13% , w ith  a n  accu racy  com paring  well w ith  th a t  o f 
chem ical estim ations. A  m eth o d  fo r d istingu ish ing  betw een d isso lved  an d  
g ra p h it ic  Si in  Al alloys uses th e  fa c t th a t  only th e  d isso lved  Si form s S i0 2 
w hen dissolved in  a c id ; th e  re s t  o f th e  Si rem ains insoluble. A  com plete 
sep ara tio n  o f th e  soluble a n d  insoluble frac tions is m ade by  w ashing th e  col
loidal S i0 2 off th e  Si w ith  1%  H F  solu tion . T he solu tion  o f S i0 2 in  acid  is 
th e n  dosed w ith  A1C13 to  p rov ide  a n  in te rn a l s ta n d a rd  line a n d  is te s te d  
spectrographically  to  de term ine  th e  Si. T he resu lts  ob ta in ed  fo r th e  so lub ility  
o f  Si in  Al con tain ing  a b o u t 1%  o f F e  a re  sligh tly  h igher th a n  usual below 
400° C., b u t  lower a t  550° C.— E . v a n  S.

Spectral In tensity  M easurem ents w ith Photo-T ubes and the  Oscillograph. 
(D ieke, Lok, an d  Crosswhite) See p. 305.

Advances in  M icrochem istry. V.— Q uantitative Inorgan ic  M icro-Analysis.
F . G rassner an d  E . A braham czik  (C hem ie , 1942, 55, (39/40), 29 9 -3 0 5 ; (41/42), 
312-318 ; C . A b s ., 1943, 37, 5331).—A com prehensive review  an d  classification 
o f  specific m ethods fo r th e  m icro-determ ination  o f  th e  various elem ents. A 
b ib lio g ra p h y  is g iven  o f over 360 references.

T herm oelectric Tester for Checking the Composition oi M etals. (R ogers, 
W entzel, R io tt ,  a n d  C orbett) See p. 305.

♦Researches on the Im purities in  Volatile M etals, by D istillation in  vacuo. 
(V illat) S e e p . 284.

t  The M echanism  of E lectrode M easurem ents. (B ritto n ) S e e p . 301.

XII.— LABORATORY APPARATUS, INSTRUMENTS, &c.
(See also “  T esting  ”  a n d  “  T em p era tu re  M easurem ent a n d  C ontro l.” )

♦ F urther Im provem ent in the Resolving Pow er of the E lectron  Microscope.
Ja m es  H illier (./. A p p l .  P h y s ic s , 1946,17, (4), 307-309).— I t  is po in ted  o u t th a t  
th o u g h  th eo ry  ind ica tes th a t  th e  e lectron  m icroscope should  hav e  a  resolving 
pow er o f 5 -1 0  A., only 10-15 o f over 25,000 exposures m ade in  th e  a u th o r’s 
lab o ra to ry  (1940-1945) defin itely  show ed a  resolving pow er as good as 20 A. 
Owing to  th e  recen t developm ent o f  a  new  source a n d  telescopic v iew ing of 
th e  final im age, m agnifications o f 300,000 a t  h igh  in te n s ity  a re  ob ta ined , w ith  
a  high p ro p o rtio n  show ing resolutions o f 20 A. T his w ork shows th e  lim iting  
fa c to r a s  regards reso lu tion  to  be lack  o f  ax ia l sy m m etry  in  th e  m agnetic  fields 
o f  th e  lenses. A tten tio n  to  th is  fac to r h as p roduced  resolutions o f  ap p ro x i
m ate ly  10-5 A ., corresponding to  a  useful m agnification  o f th e  o rder o f 200,000. 
I t  is concluded th a t  the  calcu la ted  lim iting  resolving pow er is  o b ta inab le  in  
p ractice .— G. V. R .

*An Optical M ethod for Testing Surface Quality. (F rischm uth ) See p . 305.
“  M icro-Profilom eter.”  A Device for Studying the  Microprofile of Surfaces 

by th e  In terferen tia l M ethod. V. L inn ik  (C om p t. ren d . (D o k la d y ) A c a d . S d .
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U .R .S . S . ,  1945, 47, (9), 630-631).— [In  E nglish .] A n  op tica l a rran g em en t is 
described by  m eans o f w hich th e  to pography  o f  a  surface m ay  be stud ied .

— H . J .  A.
A Lens to Supplant the Spectrograph Slit. Carl M. K ing  ( J .  O pt. S o c . A m e r ., 

1946, 36, (3), 164—168).— D escribes th e  use o f  a  concave, cylindrical lens o f  
sh o rt focal leng th  to  replace  th e  slit o f  a  g ra tin g  (or prism ) spec trog raph  and  
th e  w ay  in  w hich  a  secondary  ap ertu re  a n d  lens system  are  com bined w ith  th is  
lens to  p rov ide th e  equ iv a len t o f  a  con tinuously-variab le  slit w id th  in  th e  
range 10-130 p . T he ad v an tag es claim ed are  ease o f  m anufactu re , du rab ility , 
ease o f m ain tenance, a n d  h igh light-efiiciency.— E . v a n  S.

Spectral In tensity  M easurem ents w ith Photo-Tubes and the Oscillograph.
G. H . D ieke, H . Y . Loh, an d  H . M. Crosswhite ( J .  O pt. S o c . A m e r ., 1946, 36,
(4), 185-191).— D escribes a  m eth o d  o f using  a  g ra tin g  sp ec trog raph  w ith  pho to- 
electronic am plify ing  valves to  reg is te r th e  lig h t in te n sity  from  a  single 
spec trum  line on  th e  oscillograph, using  a  tim e-base derived  from  th e  cu rren t 
used  fo r th e  lig h t source i f  a  discharge tu b e  is being exam ined. W hen  a n  a rc  
o r sp a rk  is exam ined  i t  m ay  be m ore in form ative to  exam ine lig h t in ten sity  
as a  fu n c tio n  o f th e  source vo ltage or source cu rren t, w ith  a  sep ara te  tim e-base 
for calib ra tion . A n oscillograph capable o f  dealing w ith  h igh frequencies is 
necessary  a n d  th e  photo-electron ic  am plifier valves m u st be  selected  carefully . 
D ifferences betw een th e  behav iour o f d ifferent lines in th e  sam e sp ec tra l source 
can  bo d e tec ted  in  th is  w ay, as a  p re lim inary  to  th e  selection o f  lines 
for analysis.— E . v a n  S.

Spectrochem ical Analysis w ith the  Oscillograph. (D ieke a n d  Crosswhite) 
See p. 303.

The Geiger-M iiller X -R ay  Spectrom eter. F . G. F ir th  ( In d u s t . R a d io 
g ra p h y , 1946, 4, (4), 17-21, 47).— D etails  a re  given o f a n  X -ra y  spec trom eter 
using a n  asym m etric  focusing system , in  w hich a  d ivergen t X -ray  beam  
irrad ia te s  a  f la t o r curved  specim en oscillated  a t  th e  B ragg angle. The 
d iffrac ted  beam s are  de tected  by a  Geiger tu b e  s itu a te d  on a  rad ia l a rm , w ith  
th e  specim en as cen tre, w hich scans an  a rc  th a t  is m easured  in  term s o f  tw ice 
th e  B ragg angle by  a  g rad u a ted  scale. T he Geiger tu b e  is linked  w ith  a p p ro 
p ria te  cou n te r c ircu its a n d  a  s trip -ch a rt-p en  recorder. T he app lications o f the  
in s tru m e n t discussed include particle-size de term inations, iden tification  of 
substances (e .g ., slags, ore m inerals), a n d  th e  de te rm in a tio n  o f op tim um  
sin tering  tem p era tu re  a n d  phase changes in  pow der m eta llu rgy .— L . M.

T herm oelectric Tester for Checking the  Composition o f  M etals. B . A. 
R ogers, K . W 'entzel, J .  P . R io tt, a n d  R . B . C o rb e tt ( U .S .  B u r .  M in e s , R e p . 
In v e s t . N o. 3690, 1943, 6 p p . ; C . A b s . ,  1943, 37, 3709).— T he idea  o f using  th e  
therm oelectric  ch arac te r o f  m eta ls  a s  a  m eans o f d istingu ish ing  betw een th em  
is old. An a p p a ra tu s  for qu ick  a n d  ro u tin e  d e te rm inations is described and  
its  use illu stra ted .

X III .— PH Y SICA L AND M ECH A N ICA L TESTIN G , INSPECTIO N, 
AND RAD IOLOGY

♦An Optical M ethod for Testing Surface Quality. B. F risch m u th  (S ch w e iz . 
A rc h , angew . W is s . T e c h n ., 1944, 10, (12), 386).— D iscusses princip les o f an  
op tical m ethod  o f tes tin g  surface q u a lity , based  on sim ple constructional 
a lte ra tio n s  on  an  o rd in a ry  m etallu rg ical m icroscope.— V. K .

[T h e  Supersonic M ethod for the  D etection of In te rn a l Flaw s. E . G. S tan fo rd  
a n d  H . W . T ay lo r (M e la l lu rg ia , 1946, 34, (200), 59-66).— T he princip le  o f  th e  
supersonic flaw d e te c to r is discussed a n d  a  descrip tion  is given o f  th e  
eq u ip m en t used. T he resu lts  o f a n  inves tig a tio n  to  develop a  schem e 
w hereby th e  eq u ip m en t could be used  in  p ro d u c tio n  on a  ro u tin e  basis are 
g iven, a n d  th e  ex am ination , in  th e  lab o ra to ry , o f th e  re su lts  o b ta in ed  with
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th e  a p p a ra tu s  w hen used to  explore a lum inium  an d  a lum inium  alloy  billets 
an d  various types o f sem i-finished com ponents is rep o rted . Special con
sideration  is also given to  th e  p rep ara tio n  o f th e  surface o f th e  m ateria l u n d e r
going inspection  a n d  to  th e  rou tine  inspection  an d  lab o ra to ry  investiga tion  
o f  rec tan g u la r sections a n d  of cylindrical bar. F ro m  th e  d a ta  ob ta ined , i t  is 
concluded th a t  th e  eq u ip m en t achieves rem ark ab ly  good resu lts  w hen used 
for th e  inspection  o f ex tru d ed  sam ples o f sim ple shape.— J .  W . D.

‘ Investigation  of the  H eat of F ric tion  and the T em perature D istribu tion  in 
W ear Tests. E ric h  Siebel a n d  R o b e rt K o b itzsch  ( M i t t .  K .- W . I n s t .  E is e n -  
fo r s c h ., 1943, 26, (7), 97-106).— A m ethod  o f calcula ting  tem p era tu re  g rad ien ts 
o f  specim ens su b jected  to  w ear te s t  is outlined . The form ula; ob ta in ed  were 
app lied  to  th e  calcula tion  o f tem p era tu re  g rad ien ts ex is ting  in  steel-copper, 
steel-z inc , an d  s tee l-b ak e lite  specim ens, te s ted  by  dry-w ear te s ts  a t  a  speed 
o f 3-12 in ./sec. and  a t  surface pressures vary ing  from  100-1000 k g ./sq . cm. 
I t  is show n, in  th e  case o f steel-copper, th a t  tem p era tu res  increase w ith  tim e 
a n d  surface pressures, while for s teel-z inc  an d  s tee l-b ak e lite  specim ens, 
lim iting  tem p era tu res ( i .e . ,  those  o f liquid-phase  fo rm ation  for zinc an d  th e  
decom position o f bakeh te) a re  reached  in a  th in  surface  lay er in  w hich w ear 
o f  th e  specim ens tak es place.— V. K .

‘ Investigation  of the  Cavitation Phenom ena.—I -n . (B randenbcrger and  
D e H aller) See p. 297.

T .R .”  M achine for the  M echanical Testing of M etals a t E levated Tem pera
tures.— I, n .  P ierre  C hevenard  (Ren. M e t ., 1942, 39, (11), 32 1 -3 3 0 ; (12), 
353-359).— [I.]— T he experim en tal aspects o f  th e  accu rate  m easu rem en t o f 
th e  creep o f m etals a t  h igh tem p era tu res  a rc  discussed in de ta il a n d  a 
m achine w ith  several desirable featu res is described. T he specim en is sm all 
(4 m m . dia. x  32 m m . long). Loads are  tran sm itte d  to  i t  by  th e  lever 
principle an d  elongations a re  m agnified 1000 tim es a n d  au to m atica lly  
recorded as a n  in k  trac in g  on a  d rum . D uring  a n  experim en t, a  th e rm o 
sta tically -con tro lled  fu rnace su rro u n d s th e  specim en. T he trac in g  is m ade 
b y  a  pen on th e  end of a  lever w hich is m echanically  contro lled  by an  
electric  m otor. T he m oto r is in  tu rn  contro lled  b y  a  sensitive e lectrical 
c o n tac t m echanism , lying a t  th e  end  o f a  lever w hich is o p era ted  by  changes 
in  th e  leng th  o f th e  specim en. T he sep ara te  com ponents o f th e  m achine, 
w hich includes ap p a ra tu s  for app ly ing  loads a t  various co n stan t speeds, are 
described an d  specim en resu lts  fo r several m ateria ls a re  given. [ I I .]— The 
use o f  th e  m achine described above for th e  in v estiga tion  o f re lax a tio n  
phenom ena is described. Som e m odifications o f th e  a rran g em en ts a re  neces
sary , b u t  a re  easily  m ade. T he specim en is su b jec ted  to  a  rap id  extension  
u n d e r load  an d  i ts  leng th  is th e n  m ain ta in ed  co n stan t. T he re lax a tio n  o f th e  
load  is recorded  au to m atica lly  as an  in k  trac ing  on a  d rum . T he specim en 
leng th  du rin g  th e  ex p erim en t is au to m atica lly  contro lled  by  a n  electrical 
device, em ploying th e  sam e ty p e  o f  co n tac t m echanism  as prev iously  described. 
A ny  sligh t ex tension  of th e  specim en se ts in  m otion  an  electric  m otor, w inch 
o perates in such a  w ay as to  reduce th e  load slightly . T he consequent m ove
m en t o f th e  lever by  which loads are  app lied  is m ade use o f for th e  recording 
device. Specim en resu lts  are given an d  discussed in som e d e ta il.— G. V. R .

The Im portance of U ltim ate E xtension as an  E ngineering Property  of 
M aterials. (F isher) See p . 283.

Com parisons Between Values of H ardness and M echanical S trength. 
(S path ) See p. 284.

‘ A pplication and L im its of M icrohardness M easurem ent. W ilhelm  B ischof 
an d  B ertho ld  W en d ero tt (A r c h . E isen h iitten w esen , 1942, 15, (11), 49 7 -5 0 4 ; 
discussion, 505).—T he effects o f  th e  surface condition  a n d  fric tion  on  hardness 
values o b tained  un d er loads v ary in g  from  3 g. to  100 kg. were stu d ied  on  pu re  
copper, a lum in ium , a n d  iron , a n d  m arten site , using V ickers, B riviskop, an d
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L ipps hardness testers. I t  w as found  th a t  w ith  loads < 1 0 0  g., th e  hardness 
value is g rea tly  affected by  th e  a m o u n t o f  surface d isto rtio n  caused by  po lish
ing an d  th a t  hardness values u n d e r sm all loads are  g rea te r th a n  those un d er 
larger loads, owing to  th e  surface  friction  o f the  inden to r. A  s tu d y  o f  th e  
re la tiv e  m agn itude  o f th e  e lastic  an d  p lastic  deform ations w hich occur du rin g  
an  in d en ta tio n  was m ade by th e  m ethod  o f m easuring th e  d e p th  or th e  leng th  
o f th e  d iagonals o f  th e  ind en ta tio n . T he resu lts  show ed th a t  these  are affected 
b y  th e  m agn itude  o f  th e  load  an d  by  th e  s tru c tu re  o f th e  m ate ria l tes ted . 
T he choice o f loads fo r m icrohardncss m easurem ent o f various phases p resen t 
in  th e  s tru c tu re  o f an  alloy depends on th e  grain-sizo o f th e  phases p re s e n t; 
th e  re la tio n  betw een these q u an titie s  is considered.— V. K .

The E lastic Modulus of M etallic Alloys. (Guillet) See p. 291.
‘ Changes in M aterials Produced in Fatigue Tests. (K arius, Gerold, an d  

Schulz) See p. 292.
Inspection of M ass-Produced A ero-Engine Castings. P . Cook ( M a c h in is t  

( E u r .  E d n . ) ,  1946, 90, (9), 325-328).— T he rigid inspection system  a n d  de ta iled  
checking o f p roof castings requ ired  to  ensure good q u a lity  an d  to  reduce scrap  
com ponents in  a  m echanized fo u n d ry  m aking  lig h t alloy castings a re  described.

— J .  H . W .
Inspection in  a  M echanized Foundry. T . Cook ( F o u n d . T ra d e  J . ,  1946, 78, 

(1538), 133-145).— R ead  before th e  S co ttish  b ran ch  o f th e  In s t i tu te  o f  B ritish  
F o u n drym en . A n illu s tra ted  acco u n t o f th e  inspection  of p a tte rn s , core
boxes, a n d  th e  finished castings.— J .  E . G.

R A D I O L O G Y

R adiographic and Fluoroscopic In terp re ta tion  of Casting Irregu larities.
T hom as E . P iper ( I r o n  A g e , 1946, 157, (18), 46-19).— T he use o f X -ray  an d  
fluoroscopic m ethods to  im prove non-destructive  inspection  o f a irc ra ft castings 
is described. T he re la tiv e  definition p roduced  b y  th e  fluoroscope a n d  by 
rad iog raphy  is d iscussed a n d  th e  appearance  o f 14 ty p es o f defec t is illu stra ted .

— J .  H . W .
Industrial Applications of X -R ay Stress Analysis. D on M. M cCutcheon 

( In d u s t .  R a d io g ra p h y , 1946, 4, (4), 9-16).—-The degree o f sharpness o f  th e  
d iffraction  sp o ts ob ta in ed  from  m etals provides a  q u a lita tiv e  m eans o f assessing 
surface stresses. Q u an tita tiv e  m easurem ents can  be m ade by  m easu rem en t o f 
th e  diffraction  angles, using reference lines from  a  s ta n d a rd  substance  recorded 
on th e  sam e film. T he techniques a re  discussed. E xam ples o f  q u a lita tiv e  an d  
q u a n tita tiv e  stress analysis a re  given a n d  re la ted  to  o th e r factors, e .g ., applied  
stress an d  com pressive stress due to  surface peening by sho t-b lasting . The 
app lication  o f th e  G eiger-counter to  th is work is described.— L. M.

M icroradiography. (M addigan) See p. 295.
The Geiger-M iiller X -R ay Spectrom eter. (F irth ) See p. 305.

X IV .— T E M P E R A T U R E  M EA SU R EM EN T AND CONTROL

‘ E rrors R esulting from  Using Com pensating Leads w ith Chrom el-A lum el 
Therm ocouples. Jo sep h  Spacek ( In s tru m e n ts , 1945,18, (8), 539).— C alculations 
a re  given o f th e  erro rs which m ay  arise when using n icke l-copper a lloy  (com 
position  n o t spec ified ): copper com pensating  leads, for the  eases when b o th  
“  cold ju n c tio n s ”  a re  a t  300° F . (149° C.) an d  when th ey  are  a t  290° a n d  300° F . 
(143° a n d  149° C.), respectively . E rro rs  o f 14°-26° F . (8°-14° C.) m ay  be 
in troduced . I t  is recom m ended th a t  th e  lead  wires should  be o f th e  sam e 
com position as th e  therm ocouple  elem ents.— J .  C. C.

*A New Therm ocouple, Unaffected by the T em perature of the  Cold Junction . 
H an s T hom as (Z . M e ia llk u n d e , 1944, 36, (6), 140-141).— A n in v estiga tion  of
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nickel-copper alloys su itab le  fo r uso as therm ocouples is reported . P a r t i 
culars a rc  given of a  new  couple, hav ing  lim bs consisting of tw o n ickel-copper 
alloys o f d ifferent com positions (n o t exac tly  s ta ted ). I t  has a  linear tem pera- 
ture-m illivo .lt re la tionsh ip  over th e  range 400°-850° C. A t 600° C., va ria tio n  
o f  th e  cold ju n c tio n  from  : (1) —50° to  110° C. gives an  e rro r o f  13° C.,
(2) 0° to  110° C. gives a n  e rro r o f 1° C. T he ox idation-resistance of th e  couple 
is som ew hat superio r to  th a t  o f C o n stan tan .— E . N .

*Alloys for Electrodes of Therm oelem ents and Com pensation Leads. I .  Y a. 
B erkovsky and  F . N . S tep an o v  (T o c h n . I n d . ,  1940 ,11 , (6), 13-17 ; (7), 14-18 ; 
C hem . Z e n lr . , 1941, 112, (I), 1845; C . A b s . ,  1943, 37, 2322).— [In  R ussian .] 
T he therm oelectric  po-wers an d  th e ir  iso therm s w ere de term ined  fo r alloys o f 
th e  system s copper-n ickel, n ickel-chrom ium , n icke l-a lum in ium , n ick e l- 
m anganese, an d  nickel-silicon. T he effect o f v arious ad m ix tu res on these 
p roperties w as stud ied . The su itab ility  o f  various alloys for th e  p roduction  
o f com pensation  wires an d  th e  re la tion  betw een th e  m echanical, electrical, 
a n d  physical p roperties o f  such  alloys an d  th e ir  com position  were also in 
v estiga ted . Fusion , casting , a n d  rolling, a n d  su b seq u en t m achining an d  
w orking o f these alloys a re  discussed.

XV.— FO U N D RY  PR A C TIC E AND A PPLIA N C ES

A m erican Practice of Sand Casting A ircraft and M otor Com ponents in  
A lum inium  Alloys. Y a. E . A fanas’ev  (A v ia ts io n . P ro m ., 1940, (1), 12-19).—  
[In  R ussian .] D a ta  o b ta ined  on a  to u r  in  th e  U .S.A . a re  g iven.—-D. A.

*On the Brittleness of A lum inium  After Casting. (Jo liv e t a n d  A rm and) 
See p . 281.

The M anufacture of P lated  In lay  : S teel-Lead Bronze. D . Shneider 
( V estn . In z h c n . T e k h n ., 1941, 3 9 ; C hem . Z e rU r., 1942, 113, (I), 9 2 2 ; C . A b s .,  
1943, 37, 2325).— T rac to r bearings in  B a b b itts  an d  lead-bronze (copper 70, 
lead  30% ) were te s te d  for 2500 h r. T he te s t  show ed th e  su p erio rity  o f  the  
lead-bronzc. C entrifugal pouring  caused lead  s tra tifica tion , therefore  the  
in lays were m ade b y  hand-pouring , using a  flux o f bo rax  84, boric acid  8, 
a n d  silica 8% . The o u tp u t w as low an d  up  to  50%  re jec ts  resu lted . A s a  
b e tte r  m ethod , i t  is ad v isab le  to  h e a t steel sh ee t to  1100° C., p o u r a  6-m m. 
th ic k  lead-bronze layer, a p p ly  pressure, a n d  cu t o u t th e  inlays.

*The Casting Properties of [A lum inium ] Alloys. (B ochvar) See p. 288.
Experim ents on Developing R apid M elting of Scrap Bronze. D. P . K u ch e 

renko (T sv e t . M d a l l y ,  1941, (4), 27-29).— [In  R ussian .] M elting w as carried  
o u t b y  in troducing  th e  charge in to  a  liqu id  m elt.—-N. A.

Com ments and  Observations on Experim ental X -R ay  D iffraction Stress 
M ethods and Technique for Sand-Cast M agnesium  Alloy Structures. F ra n k  D . 
K le in  ( In d u s t . R a d io g ra p h y , 1946, 4, (4), 41-46, 49).— K . reaches th e  u n d e r
m en tio n ed  conclusions, w hich are  discussed in  extenso  : (1) th e  fo u n d ry  eq u ip 
m en t used  fo r a lum in ium  a lloy  castings c an n o t be used  for m agnesium  castings 
w ith o u t m odification, (2) th e re  is insufficient co rre lation  a n d  exchange of 
in fo rm ation  betw een designer a n d  foundrym an , (3) sufficient s tu d y  a n d /o r 
knowledge o f m agnesium  alloy  castings is lacking, (4) a  s tu d y  o f th e  control 
o f grain-sizo is lacking, (5) refining a n d  pouring  tem p era tu res  requ ire  
correlation  w ith  th ickness a n d  accessib ility  o f  section, (6) p roduction  should 
be contro lled  b y  physical a n d  chem ical tes ts , a n d  (7) (A m erican) designers an d  
foundrym en  should  ad o p t alloys o th e r th a n  th e  m ag nesium -6%  a lu m in iu m - 
3 %  zinc a lloy  now  m ore o r less s ta n d a rd .— L. M.

A New Feeding Technique for Castings. T . E . L loyd  ( I r o n  A g e , 1946, 157, 
(17), 62-64).— T he use o f an  exo therm ally -reac ting  com pound— “  T herm oto-
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m ic ” — in  feed ga tes fo r ferrous and  non-ferrous castings to  provide b e tte r  
m etal feeding in to  th e  m ould is described. T he m ixing o f th e  com pound and  
i ts  use as a  core an d  facing m ateria l a n d  typ ica l app lications in roll a n d  bearing  
castings a re  discussed.— J .  H . W .

Duplex Pum p Castings. R . H . B row n ( F o u n d . T ra d e  J . ,  1946, 78, 
(1541), 223-233).—R ead  before th e  B risto l an d  W est o f E ng lan d  B ranch  
o f th e  In s t i tu te  o f  B ritish  F oundrym cn . A  general illu stra ted  account.

— J .  E . G.
The Form ation  of Banded Structures in  H orizontal Centrifugal Castings.

C. H ow son ( F o u n d . T ra d e  J . ,  1946, 78, (1545),‘346 (le tte r) ;  79, (1555), 135- 
137, 143).—C orrespondence  a n d  fu r th e r  discussion on th is  paper. See M e t . 
A b s . ,  th is  vol., p . 135.—J .  E . G.

Use of the Cum ulative Curve for Foundry Sand Control. R . E . M orey and
H . F . T ay lo r (A m e r . F o u n d ry rn a n , 1946, 9, (1), 65-75).— See M e t . A b s ., th is 
vol., p. 187.—J .  E . G.

Pressure Die-Casting. G. T . V icary ( F o u n d . T ra d e  J . ,  1946, 78, (1540), 
201-204).—-Read before th e  B risto l an d  W est o f  E ng lan d  B ranch  o f  th e  
In s t i tu te  o f  B ritish  F o u n drym en . A general account.-—J .  E . G.

Producing 70 Tons of Die-Castings Daily. H e rb e r t Chase ( I r o n  A g e , 1946,
157, (19), 76-80).— T he eq u ip m en t a n d  procedures u sed  in  p roducing  70 tons 
o f  zinc die-castings daily  in  th e  w orld’s largest single p lan t is described and  
th e  extensive  m echanization  o f th e  system  o f  hand ling  castings is discussed in 
d e ta il.— J .  H . W .

Some Casting Troubles. J .  L . F ran c is  ( F o u n d . T ra d e  J . ,  1946, 79, (1554), 
103-110; discussion, 110-111).— R ead  before th e  E a s t  A nglian Section of 
th e  L ondon B ranch  o f th e  In s t i tu te  o f B ritish  F oun d ry m en . A general 
illu s tra ted  accoun t in w hich are  discussed, w ith  th e  a id  o f typ ica l exam ples, 
th e  causes o f defective castings.— J .  E . G.

The Technological Principles of Casting Design. V ictor M. Shestopal 
( F o u n d . T ra d e  J . ,  1946, 78, (1539), 173-175).— Discussion on th e  paper.
See M e t . A b s ., th is  vol., p. 100.— J .  E . G.

Some Pattern-Shop Methods and Their A dvantages to the Foundry. H . W . 
T u rn er (F o u n d . T ra d e  J . ,  1946, 78, (1514), 315-320).— R ead  before th e  
Slough Section o f th e  In s t i tu te  o f  B ritish  F oundrym en . A  fully  illu stra ted  
acco u n t.— J .  E . G.

Is the Pa ttern-Shop an  Asset or a  L iab ility?  H . P ad ley  ( F o u n d . T ra d e  J . ,  
1946, 79, (1553), 83-87, 92 ; discussion, 92).— R ead  before th e  W est R id ing  
o f Y orksh ire  B ranch  o f  th e  In s t i tu te  o f B ritish  F o u n drym en . A general 
acco u n t dealing w ith  p a tte rn -sh o p  equipm ent, th e  essentials o f a  good 
p a tte rn , a n d  th e  app lication  o f  m achinery  to  th e  construction  o f p a tte rn s .

—J .  E . G.
Inspection in a  M echanized Foundry. (Cook) See p. 307.
Foundry  Education  and R ecru itm ent. D ouglas H . Ingall ( F o u n d . T ra d e  J . ,  

1946, 79, (1551), 2 5 -2 9 ; discussion, 29-32).— R ead  before th e  L ondon 
B ran ch  o f th e  In s t i tu te  o f  B ritish  F oundrym en . A  general review  o f  som e 
ty p ica l techn ical courses in  fo u n d ry  technology' in  operation  a t  th e  p resen t 
tim e.— J .  E . G.

Technical Records in  the Foundry. R . D . L aw rie  (F o u n d . T ra d e  J . ,  1946, 
78, (1547), 38 7 -3 9 0 ; discussion, 1946, 79, (1553), 80—91).— R ead  before th e  
S co ttish  an d  th e  L ancash ire  B ranches o f th e  In s t i tu te  o f  B ritish  F o u n d ry 
m en. A general illu stra ted  accoun t, in  w hich are  d e ta iled  th e  chief a d v an 
tages to  be gained  from  th e  keeping o f technical records in th e  foundry-.
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XVII.— FURNACES, FUELS, AND REFRACTORY MATERIALS.

Developm ent o£ the In dustria l V acuum  M elting Furnace. W erner Hessen- 
bruch  a n d  K a rl Schichtel (X. M e ta llk u n d e , 1944, 36, (6), 127-130).-—A descrip 
tio n  is given o f th e  developm ent o f  th e  v acuum  fu rnace, from  its  incep tion  as a  
lab o ra to ry  appliance to  th e  m odern  h igh-frequency  fu rnace  o f 5000 kg. cap a
c ity , w orking a t  tem p era tu res  over 1800° C. w ith  a  vacuum  o f 0-1 m m . of 
m ercury . P re sen t app lications o f such  fu rnaces are  c ited  ; w orking w ith  
con tro lled  a tm ospheres an d  using  com bined reac tion  a n d  degassilication p ro 
cesses, th ey  have g re a t possibilities fo r th e  p roduction  o f  p u re  m etals a n d  
alloys.— E . N.

XVIII.— HEAT-TREATMENT

* W ater-Q uenching of Some Typical M agnesium  Casting Alloys. R . S. B usk 
an d  R . E . A nderson ( T r a n s .  A m e r . In s t .  M in .  M e t . E n g . ,  1945, 161, 2 7 8 - 
2 8 8 ; discussion, 289-290).— T im e-tem p era tu re  cooling curves fo r ¿ -in . te s t 
b a rs o f m agnesium  alloy in d ica te  th a t  th ere  is a  g re a t difference betw een 
w ater-quenching  a n d  e ith e r air- o r oil-quenching. Q uenching m agnesium - 
base m agnesium -alum in ium -zinc  casting  alloys from  th e  so lu tion-hcat- 
tre a tm e n t tem p era tu re  m ay  have  a  beneficial effect on th e  p roperties a f te r  
su b sequen t a g e in g ; th e  e x te n t  o f th is  im provem en t in  m echanical p roperties 
depends on the  com position o f th e  alloy. T he possib ility  o f th e  alloy 
cracking w hen being quenched is in v estiga ted . T he re la tio n sh ip  req u ired  
betw een quenching tem p era tu re  a n d  the  tem p era tu re  o f th e  w a te r  b a th  to  
av o id  cracking a  specially  designed n o tched  p la te  o f m agnesium  alloy is 
ind ica ted . T he alloys considered a re  in  th e  com position range  : m agnesium  
w ith  a lum in ium  6-12  a n d  zinc 0 -4 % , w ith  0-2%  m anganese.— H . J .  A.

♦Induction  H eating  of Hollow M etallic Cylinders. A ndrew  G em an t (./. A p p l .  
P h y s ic s , 1946,17, (3), 195-200).— I t  is po in ted  o u t th a t  rigorous form ula: ex is t 
for th e  v a ria tio n  of h e a t in p u t w ith  frequency  fo r solid m eta l cylinders su b 
jec ted  to  ind u ctio n  heating , b u t  th a t  analogous equ atio n s for hollow m eta l 
cylinders a re  usually  p resen ted  in an  ap p ro x im ate  form . A rigorous ex p res
sion  fo r th e  h e a t in p u t in th is  case is derived an d  is valid  for th e  whole fre 
quency  range. E xam ples o f  its  use in num erical com puta tions are given an d  
com parisons are  m ade betw een th e  accu rate  resu lts  an d  those ob ta in ed  by 
th e  use o f  various ap p ro x im ate  equations. In  general, below th e  frequency 
for w hich th e  d e p th  o f p en e tra tio n  is. equal to  th e  wall th ickness, e x ac t an d  
ap p ro x im ate  eq uations agree accu rate ly . F o r h igher frequencies, th e  ap p ro x i
m ate  fo rm ula  gives a  som ew hat h igher h e a t in p u t value. F o r  still h igher 
frequencies (penetra tio n  m arked ly  less th a n  wall th ickness), dev ia tions becom e 
sm all again . T he m ax im um  dev iation  betw een th e  rigorous an d  ap p ro x im ate  
eq uations is a b o u t 10% .— G. V. R .

*H eat-T reatm ent of Sem i-Conductors and Contact Rectification. (Serin) 
See p . 282.

XIX.— WORKING

The Rolling of A lum inium  M aterials. P . G rüner (A lu m in iu m , 1944, 26,
(4), 54-59).— An accoun t o f  th e  facto rs involved in  th e  rolling o f p u re  a lu 
m inium , alum inium -coppier-n iagnesium , a n d  alum in ium -zine-m agnesium  
alloys. T ypes o f billets, correct rolling tem p era tu res , perm issible reductions, 
a n d  edge-cracking arc  discussed a n d  ty p ica l s tru c tu re s  illu stra ted  by  micro- 
a n d  X -ray  photographs.— E . X.
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*Grain-Sizes Produced by R ecrystallization and Coalescence in  Cold-Rolled

Cartridge Brass. (W alker) Sec p. 293.
M achining oi Z inc Alloys. 0 .  H . C. M cssner (<Schw eiz . A r c h , angew . JFtss.

T e c h n ., 1914, 10, (12), 389-390).— M achining characteris tics o f zinc an d  zinc
alloys a rc  review ed.—V. K .
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