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Have

you 

f asked 

| these 

questions

yet?

W H A T  are Industrial Gas 

Development Centres •
Primarily, they are groups of 
technical people organised to 
carry out development work on 
heat and fuel problems in 
industry.

O
FO R  whom do they work •

For the benefit of the industrial 
consumer and on behalf of the 
British Gas Industry.

W H E R E  do they work ?
There are 1 1  Centres established 
in different areas to cover the 
whole of Great Britain. Each 
centre specialises on local 
industries, and it carries out 
development work, both indepen
dently and with makers of gas 
equipment.

W H A T  happens to 

their work •
The results are collected and 
co-ordinated by a Central Infor
mation Bureau, which makes 
available to Gas Undertakings all 
over the country the latest and 
most practical information on 
industrial heat problems, instal
lations and processes.

H O W  can I benefit ^
from this work •
You can make use not only of 
existing information, but of the 
technical service behind it. If 
you have a heat or fuel problem 
get into touch with your local Gas 
Undertaking for further details. 
This is well worth while, even if 
only to make sure that your gas 
equipment is being used to the 
best possible advantage.

B R I T I S H  G A S  C O U N C I L  ■ I G R O S V E N O R  P L A C E  ■ L O N D O N  • S .W . I



3.000 Test Heats . . .

8.000 Creep Tests . . .

1.300.000 hours 

of testing 

t i me . . .

These figures illustrate the scale of the research which gave designers 
the now famous Nimonic series of alloys. Besides extensive modem 
scientific equipment, it called for highly specialised knowledge and wide 
experience on the part of the investigators.

The result?
British jet-propelled aircraft — in which the new alloys are used for 
turbine blades and for other vital purposes where high temperature 
properties are essential — have a well-recognised lead over all others. 
Write to us for further technical information.

The Mond Nickel Company Limited
G R O S V E N O R  H O U S E ,  P A R K  L A N E ,  L O N D O N ,  W. l

   S/M/i
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S T E E L  F O U N D R Y  
P U B L I C A T I O N . . . .

E D G A R  
A L L E N

Edgar Allen & Co., Limited have prepared a new illustrated “ Steel Foundry Book”, 
which gives pictorially and textually an account of the organization they have built 
up for the swift and economical production of sound steel castings. It begins with 
a comprehensive view of their steel foundry as a whole, showing the smooth flow of 
work from shop to shop. Attractive photographs, with text condensed to a 
minimum, illustrate the individual production departments and their main features. 
The types of steel castings regularly made and the specifications to which they 
conform are shown, while an outline of the five point programme of quality, service, 
delivery, price, and inspection on which the organization is based concludes the book. 
Owing to paper shortage and delays in printing and binding, some time must elapse 
before the book is ready, but the demand for copies will certainly exhaust the 
supply in a few weeks. Readers arę, therefore, recommended to apply at once 
for their copies. Preference will be given to applications accompanied by firms’ 
official notepaper and signed by responsible officials.

Post to-day to —

E D G A R  A L L E N  A  C O , L I M I T E D .
IMPERIAL STEEL W ORKS!-SHEFFIELDS
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f  EC O N O M IC A L  HEAT-TREATMENT  
I OF N O N - F E R R O U S  M E T A L S
is.- . w ... .   . ■ .   .. ....   . - . .   ...w.-:.. ,> . ... ... ........

FORCED AIR 
CIRCULATION 

FURNACES

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.

Diagram m atical representation 
illustrating the principles of 
th e  V e r t i c a l  F o r c e d  A i r  
Circulation Furnace.

F 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

AELECTRIC

B a r f i e l D
^  f u r n a c e s  ) tr

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 LE C F U R N , W A T F O R D

M-w .936
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LABORATORY CONTROLLED
NON-FERROUS

INGOTS BILLETS RODS SHOT

B R A S S

'V : ip . '- ' 
A U B R O N Z E

S I L I C O N - B R O N Z E

in

A L L  S T A N D A R D  

S P E C IF IC A T IO N S

IN D IV ID U A L  N E E D S  

C A R E F U L L Y  S T U D IE D

M A N G - B R O N Z E

O U R  W O R K S  H A V E  

B E EN  S U P P L Y IN G  T H E

FOUNDRY, ROLLING, 
EXTRUDING & ALLIED 

TRADES
for

MANY YEARS

C U  P R O - N I C K E L

G U N M E T A L

L I G H T - A L L O Y SP H O S - B R O N Z E

L O N D O N  O F F I C E  

Balfour House,
Finsbury Pavement, E.C.2
M O N a rch  7941/2

H .  O .  &  W O R K S :

Tyseley,
Birmingham, 11
V ic to r ia  0584, P.B.Ex.

TYSELEY METAL WORKS LT D ,

V I



COMBINES H IG H

The robustness of Bristol’s 
Pyromaster is demonstrated 
by the fact that even heavy 
vibration over long periods 
does not affect the accuracy 
of the records. Many instal
lations have given years of 
faultless service under un
usually severe conditions.

W IT H  R O B U S T N E S S  A N D  S IM P L IC IT Y

The potentiometer system 
(which measures Thermo
couple electromotive force in 
terms of temperature) is op
erated by five electrically 
connected units which elimi
nate mechanical linkages, 
chopper bars and constantly 
moving parts, while it ensures 
quick response to changing 
conditions. As there is no 
mechanical motion of any 
kind until a change of tem

perature occurs, the Pyro
master functions for long 
periods without wear or need 
for adjustment. No lubrica
tion is required. Ingeniously 
simplified c o n s t r u c t i o n  
affords remarkable reliability 
and ready accessibility to 
parts. Temperature ranges 
extend to 2,150°C.
Bristol’s Pyromaster is avail
able as a Recorder — or as a 
Pneumatically or Electrically 
operated R e c o r d e r - C o n 
troller. Send for details.

North Circular Road, London, N .W AO . ’ Phone Elgar 6686/778 ’Grams : * Am pliset, Phone, London*
P 9 / I

r  LICHT 
METALS -in the service of Industry

Any substantial increase in industrial output must be dependent on 
systematic pooling o f  information and experience. In “ Light Metals ” 
writers o f  recognised ability and wide metallurgical experience 
describe and discuss new materials, techniques and products, enabling 
the reader to judge each development on its merits. Every topic o f  
interest or value connected with the production, uses and poten
tialities o f  aluminium and magnesium is fully reported in this 
outstanding specialised publication. Read it regularly.

M o n t h l y  2/-. 26/ - p e r  y e a r ,  in c lu d in g  p o s ta g e .

P L E  P R E S S  L I M I T E D
L I N G  G R E E N

Mil Wx.- tii
D O N .  E . C . 1 .  T E R M I N U S  J 6 3 6
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HIGH
TEMPERATURE MEASUREMENT

★

BAKER LONG LIFE Platinum v. Platinum/Rhodium  
Thermocouples are made to conform to N.P.L. 
standards o f purity and accuracy.
Both 10% and 13% Rhodium/Platinum v. Platinum 
Couples in the usual diameters can be supplied from 
stock. Special sizes can be made quickly to order.

All Couples are thoroughly tested and guaranteed 
to agree within ±  1°C. with standard calibration 
curves at any temperature up to 1200°C.

BAKER PLATINUM LIMITED, 52, High Holbom, London, W.C.l. 
Chancery 8711.

Telephone: C IT Y  2633 (Private Exchange) Telegrams: P LA T IV E T  L O N D O N

DERBY & CO., LTD.
62 C H E A P S ID E ,  L O N D O N ,  E.C.2

(E ST A B L ISH E D  1797)I .

LEADING SPECIALISTS IN 
T A N T A L IT E  C O L U M B IT E

A N D  O TH ER  RARE M IN ERALS

REFINERS OF
P L A T I N U M  AND ALL METALS OFr L H U M U l  I THE PLAT INU M  G R O U P

G O L D  & SILVER
IN  ORES A N D  C O N C E N T R A T ES

R E F IN E R Y  - - - B R IM S D O W N ,  M ID D L E S E X



'CASSEL7
(?uan i d <2 /3a th $

Still the best method of surface hardening 

or applying case depths up to .025 in. 

For deeper cases, or parts which are 

to be ground, use ‘Cassel’ ‘RAPIDEEP.’

For details of ‘ Cassel’ Heat-Treatment Salts and Salt Bath 

Furnaces consult:—

IMPERIAL CHEMICAL INDUSTRIES LTD. 
N O BE L  H O U SE  L O N D O N ,  S.W.1
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R E C E N T L Y  P U B L IS H E D

A N  I N T R O D U C T I O N  T O  T H E

ELECTRON THEORY OF METALS
by G. V. R A Y N O R , M.A., D.Phil.

Research Fellow in Theoretical Metallurgy, Birmingham University 

Bound in cloth. 98 pages, with 62 figs.

7s. 6d. post free. (3s. 9d . post free to members)
Specially com m issioned by the  In stitu te  o f M etals, this book has been w rit

ten  for th e  o lder m etallurgist whose knowledge of pure  physics is insufficient 
to enable h im  to come readily to term s w ith the  m odern  theoretical work on 
the  m etallic state. •  T h e  au thor deals w ith the new approach to  m etallurgy, 
some basic princip les o f atom ic theory, the  B ohr theory  o f the atom , the p ro
bability  conceptions, application to metals, the  effect o f  crystal structure, 
application to  alloy structu res, approxim ations involved in the  results o f  the 
electron theories, insulators and conductors, m agnetic  p roperties o f m etals and 
alloys, and the cohesion of metals.

T h is  is a book which should be read by every m etallurgist.

IN ST IT U T E  O F M ETALS  

4 G R O S V E N O R  G A R D E N S ,  L O N D O N ,  S .W .I.

7fie SPtueim e Ca&frfkeii
by A L F R E D  B O Y L E S  of United States 

Pipe and Foundry Co., Burlington, New Jersey.

A series of lectures with particular emphasis on the theoretical side of cast- 
iron metallurgy. A great deal remains to be learned about this plebeian among 
metals, for the common grey iron is an alloy of great complexity and one which 
has been somewhat neglected by physical metallurgists in favour of the more 
aristocratic members of the alloy domain.

The lectures are limited to the structure of cast iron as determined by the 
mechanism of freezing and transformation, and the argument is frankly addressed 
to metallurgists familiar with the steel, but unfamiliar with cast iron. Cast iron 
is dealt with as a ternary alloy of iron, carbon and silicon, the structure of which 
is modified by the minor elements, manganese, sulphur and phosphorus. Special 
alloying elements, added to produce specific properties, do not come within the 
scope of the lectures. Attention is centred for the most part on alloys of hypo- 
eutectic composition, because most of the grey iron has been drawn upon freely, 
and many references are cited.

The 124  pages of this book are well illustrated with figures and tables relating 
to the discussion, and the six chapters are subdivided into smaller groupings to 
explain thoroughly step by step in detail the various phases of cast-iron metallurgy.
154  Pages. Red Cloth Binding. Illustrations. 6 X 9 . $3 .2 5 .

A M E R I C A N  S O C I E T Y  F O R  M E T A L S
7301 E U C L ID  A V E N U E C L E V E L A N D  3, O H I O



Steel gets a schoolgirl complexion
— BY OXYGEN M A C H I N E  OE S U R F A G I N G

Modern engineering standards demand semi-finished steel pro
ducts free from surface defects. The B.O.C. Desurfacing (or 
Deseaming) Machines flame condition hot steel blooms, billets 
or slabs at more than 200 feet per minute . . .  a speed that accords 
w;th modern methods and the demands for increased pro- 
du< tion—and provides industry with “ a bloom without a 
blemish ”.

T H E  B R I T I S H  O X Y G E N  C O M P A N Y  L I M I T E D  

L O N D O N  A N D  B R A N C H E S

X I



LEAD SHO RTAGE
What’s the Answer?

T L !  I K l  1/  I CAN WEIGHT BE REDUCED  
I H I N K !  AND STRENGTH INCREASED?

T H E  A N SW E R  is Y ES!
use

T E R N A R Y  A L L O Y  PIPE
m ade by

MELLOWES & CO. LTD. SHEFFIELD
MANUFACTURERS OF EXTRUDED  LEAD FOR ALL PURPOSES

ENTORES LIMITED
15-18 L I ME  S TREET ,  

LO N DO N , E.C.3
☆

ORES METALS 
AND RESIDUES

☆

Telephone: MANsion House 7914 Telegrams: ENTORES PHONE L O N D O N  

Cables: ENTORES LO N D O N

xii
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specialised know 
ledge is offered to you in 
castings of PHOSPHOR 
BRONZE, GUNMETAL, 
A L U M I N I U M ,  M A N 
GANESE-BRONZE, 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.

Also:
‘ B1RSO’ Chill Cast Rods and 
Tubes, Centrifugally Cast 
Worm-W heel Blanks, Finished 
Propellors and Precision Mac
hined Parts, Ingot Metals, etc.

B8gc

NON-FERROUS CASTINGS

Fully approved by Admiralty and A.I.D.

T.M.BIRKETT & S0NS IT.? Hanley, STAFFS.
•PHONE : S T O K E  - O N - T R E N T  2 18A - 5 - 6 . ' ’GRAMS-B IRKETT, HANLEY.

SH E F F IE LD , E N G L A N D
Saw  M akers fo r  over 17 5  yearsSPEAR & JACKSON LTD

y / f t e n t s

MENTAL S A W !
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I L F O R D  X - R A Y  F I L M S
FOR INDUSTRIAL R A D IO G R A P H Y

The scope o f  the Industrial Radiographer has been 
extended by the development o f  three Ilford Indus
trial X-ray films, each possessing certain individual 
characteristics. These films cover the whole o f  
present-day requirements in this field. In addition 
to the brief information given here, Ilford Limited 
will be pleased to recommend the most suitable film 
and technique for use in any special cases.

1. Industrial Film A with Ilford  
Standard Tungstate Screens 

la . Industrial Film A with Ilford  
High Definition Screens 

7. Industrial Film A with Ilford  
Lead Screens

3. Industrial Film B with Ilford  
Lead Screens

4. Industrial Film C with Ilford  
Lead Screens

ILFORD In d u s t r ia l  X -ray  Film A
An exceptionally fast screen film which can also be used without screens or with metal
screens—a truly “ general purpose“ film suitable for the radiography of all structures 
from the lightest to the heaviest, whether with X-ray or Gamma rays.
ILFORD In d u s tr ia l  X - ray  Film B
A fast non-screen film, insensitive to the fluorescence of salt screens but usable with 
metal screens—an improvement on the general-purpose film A for all exposures which 
either must be made without salt screens for the sake of definition, or which can econom
ically and for preference be made without salt screens.
ILFORD In d u s t r ia l  X-ray Film 0
A slow, fine-grain, high-contrast film for the detection of the finest detail in light struc
tures, or in thin sections of heavier materials which can easily be penetrated.

The following Ilford booklets contain fu l l  information o f  all Ilford Indus
trial X-ray materials and will prove useful to Industrial Radiographers. 
“  Ilford X -ray film s and screens fo r  Industrial Radiography 
“ X-ray Darkroom Practice

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

X V



B o lto n 's
P roducts com p ly  
w ith  all re levant 
B r it ish  S tan d a rd  
specifications and 
m any o the r Hom e. 
C o lo n ia l & Fore ign  
G ove rn m e nt re 
quirem ents:

C. C op p e r and  Cadm ium  C opper  
fo r Overhead Conductors, Trolley 
and  Telephone Wire, Stranded  
Conductors. B ra ss and  Phosphor 
Bronze  Wire in special qualities and  
tem pers for all purposes.
W rite for Bolton Publication  No. 120

It really isn’t w orth  
while m aking your own 
m ixtures. The absolu te 
regularity o f  M cKechnie 
ingots—b r a s s ,  b r o n z e ,  
p hosphor bronze, gun- 
m etal, an ti-friction—and 
their consistent character
istics cut ou t the uncer
tain ty  and  bring down the  
overheads.

THOMAS BOLTON & SONS LTD. Estab. 1783
H E A D  O F F IC E  : W ID N E S ,  L A N C S .  T E L E P H O N E  W ID N E S  2022 
Lond on  : 168. Regen t Street. W . l.  Te lephone  : Regen t 6427-8-9

CVS—100

M - K E C H N I E
metal technique

McKECHNIE BROTHERS LIM ITED
Rotton Park Street Birmingham 16.

Branches: London, Leeds, M anchester, 
and  Newcastle-on-Tyne.

X V I



W.WATSON C SONS LTD
313, H IGH H O LBO RN . LO N DO N. W.C.

for

Micro-examination of mounted 

and unmounted opaque and 

transparent objects.

Photom icrography with trans

m i t t e d  l i ght ,  d a r k  g r o u n d  

i l l u m i na t i o n ,  o b l i q u e  t op  

light, vertical illumination and 

polarised light.

Macrophotography with magni

fications of 2-10 diameters.

Leaflet on
request.

PHCHbMICKOORAPHlC EQUIPMENT

ELECTRONI C
CONTROL

HIGH A C C U R A C Y

RESISTANCE THERMOMETER 
CONTROLLER

FOR CREEP 
TESTS, ETC.

T h is  is  a  p u re ly  e le c tro n ic  c o n tro lle r  
g iv in g  a n  o u tp u t p ro p o r tio n a l to th e  
d e v ia tio n  of th e  te m p e ra tu r e  f ro m  th e  
d e s ire d  v a lu e . I t  o p e ra te s  u p  to 800° C . 
w ith  a  p la t in u m  r e s i s ta n c e - th e r m o m e te r .  
S en s itiv ity  one  p a r t  in  5000.
P r im a r i ly  d e v e lo p e d  to  c o n tro l th e  t e m 

p e ra tu r e  o f c r e e p  te s t  s p e c im e n s ,  th e  
SUN V IC  RESISTA NCE T H ER M O M E TER  
C O N T R O L L E R  is  s u i ta b le  fo r h ig h  
a c c u ra c y  w o rk  w ith in  th e  r a n g e  c o v e re d  
b y  p la t in u m  a n d  n ic k e l  r e s is ta n c e  
th e rm o m e te r s .  F o r  d e ta il s ,  p le a s e  r e q u e s t  
te c h n ic a l  p u b lic a t io n  R T 10/50.

S U N V IC  C O N T R O L S  L T D . ,  Stanhope House, Kean Street, London. W.C.2.

TA S/SC 1 1 7
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FOSTER
Specialists in the m anufacture  

o f  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: “ Resilia," Letchworth.

„CO r„o' *■»»•

A  web of silk and a metal, both a source 
of wonder to many, and having this in 
common —  lightness and great strength. 
“ D U R A L U M IN ” the light metal alloy— a 
third the weight of steel yet as strong, easy 
to work and in ample supply —  has proved 
Its worth to British industry in a great 
variety of ways. O u r wide experience Is 
gladly at your service; write to :—

J A M E S  B O O T H  & C O M P A N Y  L IM ITED ,  B I R M I N G H A M ,  7

H . B . B A R N A R D
ted over 90 years and Sons Ltd.

h d t i - fW fO u t f h e t a ls

Established

G L Y N  STREET, V A U X H A L L ,  L O N D O N ,  S.E .II
T E LE P H O N E : R E L IA N C E  1454 (5 L IN ES) M ET A LC IB LE -T ELEX , L O N D O N
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The application of BIRLEC furnaces to the light alloy industry 

embraces every phase of manufacture and fabrication.

M E L T I N G  • B I L L E T  H E A T I N G  • F O R G I N G  

A N N EA L IN G  • SO LUT IO N  & PRECIPITATION TREATMENT

1A.47.

B IR L E C  L IM IT E D ,  T Y B U R N  R O A D ,  E R D IN G T O N ,  B IR M IN G H A M ,  24

InAustralia: BIRLEC LTD., SYD N EY, N.S.W. In Sweden: BIRLEC ELEKTR O U G N A R  AB STO CKH O LM , C.

b xix



QUIZ no i

. » . . » r ■ «>•

T v - V ’-+ cat'  ̂ -, r Pi9'1

a*>oU

“ W h a t’s the A rm y got to do with the Mark 16 ? ” asked 
Tom Sprayitt, with a chuckle. “ A rm y weapons are for 
‘ knocking down ’— Mark 16 is for 4 Building up.’ ” To 
everyone’s amazement Mr. Sprayitt produced the pistol 
itself from behind his back. "S tra igh t  off the jo b ’’ he 
explained. “ Been building up worn gear box shafts 
all m orning.”
44 It must be very tricky to opera te” remarked the 
Q u iz Master.
Mr. Sprayitt shook his head. “ Pull the trigger and direct 
the nozzle. N o  trouble at all and it’s beautifully 
balanced.”
44 Amazing,” said the Quiz Master.
44 It is that,” agreed Tom, "A n d  while I ’m at it this 
microphone stand could do with a bit of repair w ork.” 
And before anyone could stop him, Mr. Sprayitt had the 
stand in his grasp and had marched off in the direction 

of Pear Tree Lane

W rite  to Metallisation Limited for booklets and 
information.

Contracting : Pear Tree Lane, Dudley. 
Metal Spraying Plant:

Sales Office : Barclays Bank Chambers, Dudley.

B E R Y L L I U M -  

C O P P E R  

4% Be

B ER Y L L IU M  SM E L T IN G
CO., LTD.

36/38 Southampton Street, 
London, W.C.2.

SoSS&feS,

E ST ABL ISH ED  l« 7 2  
O N  A D M IR A LTY . A .I.D  A N D  W A R  O FFIC E LISTS 1

PARK S PATERS®!»
Metal Merchants, Smelters, and Alloy Manufacturers

IP ARKUSHA®. GLASGOW. E.1

M -W .6 7
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Th at stoker-demonstrator 
certainly eased our fuel problem”

“ I l o o k  a t  i t  like this—a stoker is a 
key man these days. Just think what a really 
responsible job he has : it is in his hands to 
keep the factory going on less fuel.

“ Some of the men are willing to go to 
classes and really get to understand the fine 
points of the job. But it’s excellent to have a 
specialist instructor come down and give them 
an intensive course right in their own boiler- 
house . . . scientific firing, draught-control, 
banking and all the rest. You’ll find that these 
stoker-demonstrators are welcomed as practical 
chaps. Believe me, we’ve proved the idea for 
ourselves and it really has been most worth 
while . .

H E R E  A R E  O T H E R  SERVICES 
A T  Y O U R  D IS P O S A L

1 Free advice from fuel engineers.
2  Instructional classes for boiler-house personnel.
3 Evening classes for executives, boiler attendants and 

maintenance staff.
4  Advice and help in setting up joint fuel efficiency 

committees fo r works.
5 Publications {e.g. Fuel Efficiency News, special 

bulletins, leaflets, posters, etc.).
6  Fuel efficiency films, slides and film  strips.

★  T H O U SA N D S OF F IR M S  
have taken advantage of this 
free Stoker-Demonstrator service. 
For many it has resulted in a 
major gain in fuel efficiency— with 
a corresponding effect on produc
tion. Ask your Regional Fuel 
Engineer for fu ll details.

Y O U R  R E G I O N A L  F U EL  O FFIC E

R E G IO N  A D D R E S S  T E L E P H O N E

Northern Government Buildings, Ponteland Road, Newcastle-on-Tyne, 5 New castle  28131
North-Eastern Century House, South Pa- ade Leeds, 1 Leeds 30611
North-Midland Castle Gate House, Castle Gate, Nottingham N o tt in gh am  46216
Eastern Shaftesbury Road, Brooklands Avenue, Cambridge C am bridge  56268
London Mill House, 87/89, Shaftesbury Avenue, W .l G erra rd  9700
South-Eastern Oakfield Court, Grove Hill Road, Tunbridge Wells C h atham  3238
Southern Whiteknights, Earley, Reading Reading 61491
Wales 27, Newport Road, Cardiff C ard iff 9234
South-Western 12/14, Apsley Road, Clifton, Bristol, 8 Bristo l 38223
Midland Temporary Office Buildings, Hagley Road West, Birmingham, 17 Bearwood 3071
North-Western Burton Road, West Didsbury, Manchester, 20 D idsbury 5180-4
Scotland 145, St. Vincent Street, Glasgow, C.2 G lasgow  C ity  7636
Scotland 51, Cockburn Street, Edinburgh, 1 Edinburgh 34831
Scotland 1, Overgate, Dundee Dundee 2179
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LEWIS’S
Telephone : 

EUSton 4282  
(5 lines)

SCIENTIFIC B O O K S

Select stock of books 
on METALLURGY and 

ALLIED SUBJECTS
Please state interests when writing

LEWIS LENDING LIBRARY
Scientific and Technical

A N N U A L  SUBSCR IPTIO N from: 
O N E  G U IN EA

Prospectus post free on application

H. K. LEWIS & Co. Ltd.
LONDON : 136, GOWER STREET SOZOL (1924) LTD. 2 lo°n d o n B l c T "

“ ANALOID” (Regd)
system of

RAPID A N A LY S IS
(Metallurgical)

NEW DESCRIPTIVE  
BOOKLET

No. 336.

Entirely re-written, giving 
several new methods and 
many improvements in exist
ing “ Analoid” methods.

Sent post free on 
request to

RIDSDALE & CO., LTD.
Metallurgical Chemists

234 Marton Road, 
M ID D L E S B R O U G H

BUREAU OF 
ANALYSED 

SAMPLES, LTD.
New  Standard Samples:

B.C.S. No. 233 
Permanent Magnet Alloy 

11% Ni, 7 %  AI, 5 %  Cu, 24%  Co.

B.C.S. No. 230 Cast Steel 
0 007% N, 0-14% Ni, 0-46% Cr, 

017% Mo, 0-085% Cu.

B.C.S. No. 229, 0 -6 %  Silicon 
Steel 0 -59%  Si.

Send for latest list No. 337 showing 
15 carbon steels, I I alloy steels,
7 cast irons, 7 ferro alloys, 9 non- 
ferrous alloys, 2 ores and 8 pure 
reagents and metals to 234 M a rto n  
Road, M idd le sb rou gh .



Specify HOLFOS Spuncast Bronze cored bars wherever the highest grade of phosphor 

bronze is required . . . free from defects, their density and strength combine with 

a high-load-carrying capacity and resistance to wear. These physical properties are 

the result of our patented method of centrifugal casting and render HOLFOS Spuncast 

Bronze a most useful material for universal application.

J O H N  H O L R  O Y D  6 C O M  P A N Y  L I M I T E D
H O L F O S  W O R K S  • R O C H D A L E  • L A N C S .

B R O N Z E  G E A R S  M A C H I N E  T O O L S

R .P .I 5 7 9 C
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< I 0 >  TUBULAR LABORATORY FURHACES

/â /a m e/a tcm tm tim  u w i a ttm /je/a ta /es upta /,500"c.

The range of JMC platinum 

wound electric furnaces is 

designed for general combus

tion work at temperatures 

up to l,500°C. Thermal 

efficiency is high, heat losses 

being reduced by carefully 

graded lagging and a special 

refractory cylinder, conse

quently high temperatures 

can be maintained with 

exceptionally low power 

consumption. Type T5 

operating, for example, at 

l,350°C. with a load of 700 

watts consumes 0.5 units 

per hour.

Standard models are available complete with 

control unit, thermocouple and pyrometer, 

o r special designs can be built to meet in

dividual requirements. Full information is 

contained in JM C  publication 1740.

Johnson Matthey
J O H N S O N ,  M A T T H E Y  & CO.,  L I M I T E D  • H A T T O N  G A R D E N  • L O N D O N  • E . C . I
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Y o u r  e lectrodeposition  problem

I t  is  ou r b u sin ess  to  o ffe r  you a  fr e e  and  un

b iased  so u rc e  o f  ad v ice  and  a s s is ta n c e  w herever 

n ic k e l and  its  a llo y s  m ay  be used w ith ad 

v a n ta g e . W e  m a in ta in  o n e  o f  th e  fin e st re s e a rc h  

la b o r a to r ie s  in th e  co u n try  and  ou r in 

fo rm a tio n  se rv ice s  a r e  seco n d  to  n o n e. O u r 

te c h n ic a l s ta f f  a re  a lw a y s  w illin g  to  m a k e  

p erso n a l c a lls  to  sh a re  th e ir  k n o w led g e w ith 

you . T a k e  ad v a n ta g e  o f  th is  se rv ic e  : we 

c a n  draw  on a  w ealth  o f  

e x p e r ie n c e — on y ou r b e h a lf.

m ay be 

no problem  

to  us

THE MONO NICKEL C O M P A N Y  LTD
Grosvenor House, Park Lane, London, W .l 9/M/t
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I N S T I T U T E  N E W S  A N D  
A N N O U N C E M E N T S
H O N O R A R Y  MEMBERS OF C O U N C IL

T h e  Council has elected Captain (E.) J. G . C. G iv e n ,  C.B.E., 
R.N., Engineer-in-Chief’s Department, The Admiralty, to be 
an Honorary Member of Council, representing the Lords Com
missioners of the Admiralty.

BALLOT LIST FOR ELECTION OF C O U N C IL  FOR 1948-49

A ballot list has been circulated to all Fellows and Ordinary 
Members, who are requested to complete and return it in ac
cordance with the instructions accompanying the document. 
Honorary Members, Associate Members, and Student Members 
are not entitled to vote in this election.

STU DENT  [MEMBERSHIP

The Council has resolved that, with effect from 27 November 
1947, full-time students at universities and technical colleges and 
schools who are taking recognized courses of study may be per
mitted to pay, for the duration of their courses, though over the 
present age limit for Student Membership, a membership fee equal 
to the current rate of subscription for student members.

This special arrangement will be reviewed at 30 June 1949 .
M ETALLU RG ICAL ABSTRACTS, 1946

The title page, contents, and indexes of Metallurgical Abstracts, 
1946 , vol. 1 3 , were despatched with the November issue of the 
monthly Journal to all members who were members of the Institute 
in the year 1946 .

The index of the 1947 volume is nearing completion and it is 
hoped to issue it to members early in 1948 .

CHRISTM AS H O LIDAYS

The Joint Library at 4 Grosvenor Gardens, London, S.W .i, 
and also the offices of both the Institute of Metals and Iron and 
Steel Institute, will be closed on 24-28  December.

PAYMENTS TO  THE INSTITUTE

Members who desire to pay their subscriptions by Banker’s 
Order are requested to send these orders completed to the offices 
of the Institute, for registration, and not direct to their bankers.
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NEWS AND A NN O U N C E ME N T S

It is also particularly requested that members shall make all 
other payments to the Institute and not direct to the Institute’s 
bankers. Much avoidable work is caused both to the staff and 
to the auditors in attempting to identify such payments from the 
pass-book sheets, and members may, in consequence, either receive 
requests for the payment of accounts that have been settled by 
direct payment to the bank, or else not receive publications or 
services for which they have paid, and which it is desired that 
they shall obtain promptly.

PE R SO N A L IT IE S

Dr. J. F. Thompson

D r . J o h n  F a i r f i e l d  T h o m p s o n ,  who was recently elected an 
Honorary Member of the Institute, was born at Portland, Me.,

U .S.A., on 8 March 18 8 1 , 
and received his technical 
education at the School of 
Mines, Columbia Univer
sity, where he graduated, 
B.S., in 1903 . In 1906 he 
was awarded the degree of 
Ph.D.

On leaving Columbia 
University, where he had 
been an Assistant in Metal
lurgy, he joined the Inter
national Nickel Company, 
Inc., in 1906 , to develop the 
Company’s first research 
laboratory at the Orford 
works. From 1906 to 19 18  
he was in charge of all 
research and technical 
activities on Monel metal 
and malleable nickel, and 
was head of all field and 
outside plant operations.

Dr. Thompson estab
lished, and became manager 

of, the firm’s first technical department, which was a forerunner of 
the Company’s present Development and Research Division, and 
in 19 21 he was appointed Manager of Operations and was the 
executive responsible for the Huntington Works at Huntington, 
W.Va. He became Assistant to the President, and has been 
Executive Vice-President of the International Nickel Company of 
Canada, Ltd., since 19 35 .

Dr. Thompson is a Director of the American Bank Note Com
pany, American Metal Company, Ltd., Brooklyn Bureau of 
Charities, Tube Reducing Corporation, and the Texas Gulf 
Sulphur Company, Inc., in addition to being a Director of the 
Canadian Nickel Products Company, Ltd., International Sales, 
Ltd., Ontario Refining Company, Ltd., and Gap Farm, Ltd., 
which are subsidiaries of the International Nickel Company. He
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N E W S  A N D  A N N O U N C E M E N T S

is also a Trustee of the Bank of New York, First National Bank 
and Trust Company (New Canaan, Conn.), and the Packer 
Collegiate Institute, and a Regent of the Long Island College 
Hospital.

In 1944 , Dr. Thompson was awarded the Thomas Egleston 
Medal of the Columbia Engineering Schools Alumni Association, 
in recognition of his distinguished engineering achievements. 
He is a Past-President of the Mining and Metallurgical Society of 
America, and a member of the American Institute of Mining and 
Metallurgical Engineers and of the American Society for Testing 
Materials. He is a member of the Advisory Committee on Metals 
and Minerals of the National Research Council, and is the author 
of papers on nickel and on corrosion, published by the American 
Institute of Mining and Metallurgical Engineers, the American 
Electrochemical Society, and the International Congress of Mining, 
Metallurgy, and Applied Geology.

Dr. Thompson was elected a member of the Institute of Metals 
in 19 37 , and is now honoured by the Institute for his very dis
tinguished services to the science and practice of non-ferrous 
metallurgy.

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

The undermentioned 20 Ordinary Members and 27 Student
Members were elected on 17  November 19 47 .

Ordinary Members

B e a r d , James Willis Nassau, Senior Technical Representative, 
Measurement, Ltd. (Parkinson and Cowan Group), Sale, 
Cheshire.

C h e v ig n y , Raymond André, Chef d u  Service de Recherches et 
Essais Physiques de la Compagnie Alais Froges et Camargue, 
23 rue Balzac, Paris, France.

C l if f o r d , Sydney Carton, Chief Chemist and Metallurgist, 
Humber, Ltd., Coventry.

D r e v e r ,  George, B.Sc., Ph.D., Metallurgist, 4 Naples Street, 
Stratford, London, E .1 5 .

F e n t o n , Wilfrid David Drysdale, B.Sc., Commercial Engineer, 
North of Scotland Hydro-Electric Board, 16  Rothesay 
Terrace, Edinburgh 3 .

G o m e z -B a e z a , Pedro, Commandante de Artillería, Escuela 
Politécnica del Ejercito, Apartada Oficial, Madrid, Spain.

J e n k i n s , John Campbell, B.Met.E., Chief Metallurgist, Elec
trolytic Refining and Smelting Company Pty., Ltd., Collins 
House, 360 Collins Street, Melbourne, C .i, Australia.

M i l l e r , J. A., Doctor of Chemistry, Chief Chemist, Buenos Aires 
Great Southern and Buenos Aires Western Railways, Liniers, 
Buenos Aires, Argentina.

M o n t g o m e r y , Allen Marshall, M .S., Librarian and Head of the 
Metallographic Laboratory, Aluminum Company of America, 
2210  Harvard Avenue, Cleveland 5 , O., U .S.A .

M u m f o r d , L. Quincy, Assistant Director, Cleveland Public 
Library, 325 Superior Avenue, Cleveland 14 , O., U .S.A.
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P o d c z a s k i ,  Professor Brunon, Met.Ing., Assistant Professor o f  
Metallurgy, Polish University College, 5 Princes Gardens, 
London, S.W.7 .

R a m a c h a n d r a n ,  Erode Ganapati Iyer, M.Sc., Lecturer in Physical 
Metallurgy, Indian Institute of Science, Bangalore, India.

R a u d e b a u g h ,  Professor Robert J . ,  Ph.D., B.S., Associate Professor, 
University of Rochester, Rochester 3 , N.Y., U.S.A.

R u t h e r f o r d ,  Neville Bowman, B.Sc., Metallurgist, British Non- 
Ferrous Metals Research Association, Euston Street, London, 
N .W .i.

S c h u e t z ,  Edwin, Managing Director, Oederlin and Company, 
Limited, Baden, Switzerland.

S e x t o n ,  (Miss) Lena, Technical Secretary, F. A. Hughes and 
Company, Ltd., Abbey House, Baker Street, London, 
N .W .i.

T h o m a s ,  Oswald, Superintendent of the Laboratories, Imperial 
Smelting Company, Ltd., Bloxwich, Walsall, Staffordshire.

V e r b e e k ,  Leo Henricus, Chem.Eng., Head of the Lamp Develop
ment Department, N.V. Philips’ Gloeilampenfabrieken, 
Eindhoven, Holland.

W i l l i a m s ,  Cyril, B.Sc., Research Metallurgist, Royal Arsenal, 
Woolwich, London, S.E .18 .

W i l s o n ,  Archibald Hammond, Managing Director, Evered a n d  
Company, Ltd., Smethwick 40, Staffordshire.

Student Members

A d a m s o n , Kenneth Cecil, Student, Battersea Polytechnic, London, 
S.W .i i .

B l a d e ,  John Clements, B.Sc., Research Bursar, British N on- 
Ferrous Metals Research Association, Euston Street, London, 
N .W .i.

B o x a l l ,  John M., Student of Metallurgy, Royal School of Mines, 
London, S.W.7 .

B r i c k n e l l ,  Roy Richard, Student of Metallurgy, Royal School of 
Mines, London, S.W.7 .

C a r t w r i g h t ,  Donald Roy, Student of Metallurgy, Liverpool 
University.

C h a t t e r j e e ,  Pranab Kumar, Government of India Overseas 
Scholar, University of Sheffield.

C l a r k ,  Peter, Student of Metallurgy, Royal School of Mines, 
London, S.W.7 .

C o c k c r o f t ,  Maurice George, B.Sc., Research Student in Metal
lurgy, University of Manchester.

D e n y e r ,  George Douglas, B.Sc., Bursar, British Non-Ferrous 
Metals Research Association, Euston Street, London, N .W .i.

D y b a l l ,  Herbert Thomas, Student o f  Metallurgy, Birmingham 
University.

E d g e ,  Dennis Albert, Student, Birmingham University.
H e a d ,  Michael David, Student of Metallurgy, Royal School o f  

Mines, London, S.W.7 .
H u l l ,  William Griffin, Metallurgist, Southern Forge, Ltd., 

Langley, Buckinghamshire.
H u m p h r e y s ,  David, Student of Metallurgy, Royal School of Mines, 

London, S.W.7 .
J a y e s ,  William Gregory, Student of Metallurgy, Royal School 

of Mines, London, S.W.7 .
XXX
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M a s l i n ,  Harold George, Student of Metallurgy, Royal School 
o f Mines, London, S .W .7 .

M e n d s ,  David, Student o f  Metallurgy, Battersea Polytechnic, 
London, S .W .n .

M i n c h e r ,  Albert Leslie, B.Sc., Research Metallurgist, British 
Non-Ferrous Metals Research Association, Euston Street, 
London, N .W .i.

M o o r e ,  Peter Thomas, Student of Metallurgy, Royal School of 
Mines, London, S.W.7 .

M o r g a n ,  Eric Raymond, Student o f  Metallurgy, Birmingham 
University.

O p p e n h e i m e r ,  Hans, Student of Metallurgy, Royal School of 
Mines, London, S.W .7 .

O t t l e y ,  Derek John, Student of Metallurgy, Royal School o f  
Mines, London, S.W.7 .

P a x t o n ,  Harold William, B.Sc., Research Student in Metallurgy, 
Manchester University.

S a y e r s ,  John Brian, Student, Battersea Polytechnic, London,
S.W.n.

T o l l e y ,  Roderick James, Student of Metallurgy, Royal School 
of Mines, London, S.W.7 .

T o w n ,  Arthur W., Student of Metallurgy, Pembroke College, 
Cambridge University.

W a r n e r ,  John Pelham, Student of Metallurgy, Royal School of 
Mines, London, S.W.7 .

P E R S O N A L  N O T E S

M r .  T . A. A l e x a n d e r  has resigned his appointments with the 
Alexander Metal Company, Ltd., Copper Alloys, Ltd., and West 
Bromwich Metal Refiners. He remains Managing Director of 
the West Smethwick Metal Company, Ltd., Old Bury Road, 
Smethwick.

M r .  A. W. B r a c e ,  L.I.M ., has left Rotol, Ltd., Gloucester, to 
take up a post as Foundry Metallurgist with Douglas (Kingswood), 
Ltd., of Bristol.

M r .  W i l l i a m  B. B r o o k s  has resigned his position with Alloys 
Development Company, Pittsburgh, Pa., U .S.A ., and has estab
lished a consulting practice, specializing in stainless and alloy 
steels.

M r .  D a v i d  B r o w n  has bought the goodwill, designs, and work 
in progress of Lagonda, Ltd.

M r .  H. C a u s e r  has left Serck Radiators, Ltd., Birmingham, 
to take up an appointment as Works Metallurgist at the Clarendon 
Park Road Works of J. W. Lawrence, Ltd., Leicester.

P r o f e s s o r  P. A. J. C h e v e n a r d  was elected Ingénieur honoris 
causa of Liège University on 1 1  October 1947 .

M r .  D. K. C o u t t s ,  M .Sc., A.R.I.C., has left the Inspectorate 
of Metals and Steel (M.G.O. Services), Ishapore, and is now 
Chief Metallurgist, Indian Iron and Steel Company, Ltd., Kueti 
Works, Kueti, E.I. Railway, Bengal, India.
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M r .  B e r n a r d  D . C u l l i t y  has left the Massachusetts Institute 
of T echnology, Cambridge, M ass., U .S .A . H is present address 
is c /o  Prof. Crussard, Ecole des M ines, 60 boulevard Saint M ichel, 
Paris 6e, France.

M r .  J a m e s  L. E r i c k s o n  has left Mansfield, O ., and is now  with  
the Lukens A lum inium  Company, Dayton, O ., U .S .A .

M r .  E . J .  E v a n s ,  B .S c . ,  L .I.M ., has left Stewarts and Lloyds, 
L td., to take up an appointment as Works M etallurgist and 
Chem ist to the W elsh Tinplate and M etal Stamping Company, 
L td., Llanelly.

M r. E. G a t h e r c o l e ,  B .Sc., has left Switzerland. H is new  
address is c /o  A lum inium  Company of South Africa Pty., Ltd., 
P.O . Box 74 , Pietermaritzburg, Natal, South Africa.

M r .  F r e d  H a r g r e a v e s ,  B .M et., has left the Armament Research 
Department, W oolwich, to take up an appointment as Metallurgist 
with Philips Blackburn Works, Ltd.

M r .  H .  G .  H o s k i n s  is  now with the Alum inium  Company of 
South Africa, Pietermaritzburg, South Africa.

M r .  E. H u n t e r ,  F .I.M ., has joined the Incandescent Heat 
Company, Smethwick, as Manager o f the foundry equipm ent 
department.

M r .  G e o r g e  T . H y s l o p  received presentations at a m eeting of 
the Council o f the Association of Bronze and Brass Founders in  
appreciation of the services that he has rendered as President of 
the Association during the past two years.

D r .  P. H . J e n n i n g s ,  B .S c., has left Birmingham University  
and has taken up an appointment as M etallurgist in  the Research 
Laboratories o f the English Electric Company, L td., Stafford.

M r .  D .  M .  K e r r  is  v is i t in g  S w e d e n  to  s tu d y  w e ld in g  p r a c t ic e  
i n  that c o u n tr y .

M r .  H . K n i g h t ,  B.Sc., has left Sun Engineering (Crowle), 
Ltd., and has taken up an appointment w ith Tractor Spares, Ltd., 
W illenhall Road, Wolverhampton.

M r .  K .  K o r n f e l d  has left the Polish Resettlement Corps and 
has accepted a temporary post as teacher in the Polish Merchant 
N avy College, Landywood, near Walsall, Staffs.

M r .  M . K r i s h n a ,  B.A., has left his appointment as Assistant 
Foreman in the Inspectorate o f Metal and Steel, Bombay, to take 
up a post as Foreman in  the D ie-C asting Department of the 
Indian Standard M etal Company, L td., Bombay.

M r .  E. A. L a n g h a m  has relinquished his appointment as  Sales 
Manager in the Sales D ivision of the British Aluminium Co., 
Ltd., to take up a new  appointment as General Manager o f the 
Company in  India, and left England for India in November.

M r .  J .  M c M u l l e n ,  A .I.M ., has relinquished his appointment 
w ith Omes, L td., and is now C hief M etallurgist to the English 
Resistance Furnace Company, L td., W eybridge, Surrey.

M r .  G e o r g e  M a n n ,  B .S c . ,  A .I.M ., has le f t  England. H is 
address is South African Bureau o f Standards, Private Bay 1 9 1 , 
Pretoria, South Africa.
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M r .  A. J. M u r p h y ,  M .Sc., while on a two-weeks’ visit to 
Sweden, in November, delivered an address to the Mining and 
Metallurgy Division of the Svenska Teknologforeningen on 
“ Recent Developments in Non-Ferrous Metallurgy in Great 
Britain ” .

M r .  G. G. M u s t e d  obtained a $10 0  award from the James F. 
Lincoln Arc Welding Foundation for his description of a method 
for repairing cast-iron sections by welding without pre-heating.

M r .  R. N . P a r k i n s ,  B.Sc., obtained a $250  award from the 
James F. Lipcoln Arc Welding Foundation for his paper on the 
determination of the cause of stress-corrosion cracking of metals.

Mr. V. A. P h i l l i p s ,  B.Sc., A.R.S.M ., L .I.M ., who resigned 
his appointment as Metallurgist with British Insulated Callender’s 
Cables, Ltd., Prescot, Lancs., in July 1947 , has now commenced 
work as a graduate research student in the Hammond Metal
lurgical Laboratory, Yale University, New Haven, Conn., U.S.A.

M r .  M a o - H w a  P o  was awarded the M.Sc. (Metallurgy) degree 
of Birmingham University last January. His thesis dealt with 
the production of high-strength aluminium sheet of the Duralumin 
type and the influence of variations of composition on production 
and properties. He has returned to China, and has taken up an 
appointment on the Senior Technical Staff of the National 
Resources Commission of the Chinese Government, Nanking.

D r. J. R. R a i t ,  B.Sc., has been appointed research controller 
of Messrs. Hadfields, Ltd.

M r. K. N . Rao is now at University College, Cardiff.
M r .  J. A. R o b e r t s  has graduated from Swansea University 

with honours in metallurgy.
D r .  G e o r g e  S a c h s  h a s  been appointed Director of the recently- 

established Research Laboratory for Mechanical Metallurgy, 
Case Institute of Technology (formerly Case School of Applied 
Science), University Circle, Cleveland 6 , O., U .S.A.

M r. M. S ig m u n d ,  Managing Director of Sigmund Pumps 
(Great Britain), Ltd., Gateshead, left this country on 4 October 
to visit the principal cities of India, and also Ceylon, Burma, 
Siam, and Malaya. He will investigate the future requirements 
of the mining industry and make a general study of manufacturing 
conditions.

M r .  A. J. N i c o l  S m i t h ,  B .S c . ,  has left Birmingham and is 
now at the Ministry of Supply, W.R. (D) 2 , 10 th Floor, Shell- 
Mex House, Strand, London, W.C.2 .

M r. R. A. S m i t h  has been awarded the degree of B.Sc. (First 
Class Honours) in Metallurgy of Birmingham University.

M r .  D. E. J. T a l b o t  has been awarded the degree of B.Sc. (2A 
Honours) in Metallurgy of Swansea University. He has been 
called up for military service and is now in the Royal Army Ordnance 
Corps.

M r .  A. W. T a y l o r ,  A.I.M ., is now with the Arc Manufacturing 
Co., Ltd., 529 Goldhawk Rd., Shepherd’s Bush, London, S.W .12 .

M r .  J o h n  W a l k e r ,  B.Sc., A .R.S.M ., has been appointed a 
Director of the Morgan Crucible Company, Ltd., London.
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M r .  L. H. W a l k e r ,  B .S c . ,  L.I.M ., has left King’s College, 
University of Durham, and has taken up an appointment with 
Reynolds Light Alloys, Ltd., Birmingham.

F l y i n g - O f f i c e r  H. H. W i l k i n s o n  is now in the Middle East. 
His address is Officers Mess, R.A.F., Kasfareet, M.E.F.

M r .  G. H. H. W i l l i a m s  has left the English Electric Company, 
Ltd., Stafford, and returned to the University College of Swansea, 
where he is undertaking research work.

M r .  J o h n  G. Y o u n g  left Birmingham University o n  attaining 
his degree, and is at present serving in the Army.

D E A T H
G r e e r .  The Editor regrets to announce the death, on Saturday, 

23 November 1947 , of M r .  H. H. A. G r e e r ,  J.P., who was recently 
elected a  Fellow of the Institute. The Institute was represented 
at the funeral by Mr. A. B . Graham and Mr. Matthew Hay.

Mr. Greer was Honorary Local Secretary of the Scottish Local 
Section from i <̂ >8 to 1928 , Chairman of the Section in 19 3 1  and 
19 32 , and was a  Member of Council of the Institute from 1928  to 
1936 . A biographical notice and a photograph of Mr. Greer were 
published in the October issue of the Journal, pp. xxxvi-xxxvii.

Note : Will members (in addition to informing the Institute’s 
administrative department of changes of address, occupation, 
&c.) kindly notify the Editor, separately, of all changes of occupa
tion, appointments, awards of honours and degrees, &c., as these 
are matters which interest their fellow members ? Such notes 
should reach the Editor not later than the 2 1 st day of each month 
for publication in the next month’s issue.

L O C A L  S E C T I O N S  N E W S
PRESIDENT’S VISIT TO  LEEDS

The President, accompanied by the Secretary, paid a visit to the 
Leeds Metallurgical Society on Wednesday, 3 December 1947 , 
when Mr. H. G. Warrington gave a lecture on “ Aluminium 
Alloys ” . Light refreshments were served after the lecture, when 
the President had the opportunity to meet many members resident 
in the area.

JOINT MEETING  W IT H  IRO N  A N D  STEEL INSTITUTE A N D  
M ANCH ESTER  M ETALLURG ICAL SOCIETY

Mr. John Cartland, M.C., M.Sc., Vice-President of the Institute 
of Metals, took the Chair at a Joint Meeting of the Manchester 
Metallurgical Society with the Iron and Steel Institute and Institute 
of Metals, on Wednesday, 26 November 1947 , at the Engineers’ 
Club, Albert Square, Manchester, when Mr. E. W. Colbeck, M.A., 
delivered an address on “ Some Metallurgical Problems in the 
Field of Atomic Energy ” .
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LO CA L SECT IO NS COMM ITTEE

A meeting of the Local Sections Committee, which was attended 
—by invitation— by officers of the Leeds Metallurgical Society 
and Manchester Metallurgical Society, was held at the offices of 
the Institute on 27 November 1947 , when problems associated 
with the development of the activities of the Sections were discussed.

SOUTH  W ALES LO CA L SECT IO N

The President of the Institute was present at a meeting of 
the Section held in the Guildhall, Swansea, on Wednesday, 
19  November 1947 , when Sir Arthur Smout, J.P., President- 
Elect, addressed the Section on “ The Place of the Metallurgist 
in Industry ” . Prior to the meeting, the Mayor of Swansea 
gave a dinner party, to meet Sir Arthur, at which the President, 
the Secretary, and the Chairman and Officers of the Section were 
present. Those who accepted invitations included former Mayors 
of Swansea.

The Place of the Metallurgist in Industry

In his address, Sir Arthur stressed the importance of South 
Wales, and particularly Swansea, as a centre of metallurgical 
activity. He said that it had often been levelled against the 
British metallurgical industry that the capitalist was reluctant to 
“ chance his arm ” . He could detect no trace of timidity in the 
great enterprises carried out at Ebbw Vale and Waunarlwydd and 
the developments in progress in the Port Talbot area. He was 
convinced that the metals industry was as progressive as any in 
the country, and British metallurgy as any in the world.

In the past, he said, the metallurgical industry had suffered 
from the fact that the academic metallurgist and the works man 
had, as it were, existed in mutually hostile camps. He believed 
that the time had come when it might be desirable to set up an 
advisory board, drawn from both sides, to look ahead and to think 
out problems for the future in their broadest aspect. The success 
of modern business would depend largely on how successfully 
the interlocking between industry and science could be carried 
out, and he fully subscribed to the late Mr. Gluckstein’s edict 
that the business man of the future would have to be a scientist 
or at least to have some scientific training.

Sir Arthur said that he had little or no sympathy with complaints 
that the metallurgical profession was not adequately remunerated—  
these generally emanated from those who had neglected their 
own interests when young and taken little or no opportunity to 
improve themselves. He urged young men with industrial 
ambitions not to leave their choice too late if they wished to 
bridge successfully the wide gap between the lecture room and 
the works. If the metallurgist entering industry was not prepared 
to tackle the hard work of the factory and live alongside his men, 
he would be well advised to leave the manufacturing side alone.

Sir Arthur said that he considered that the metallurgist’s sphere 
lay in two particular branches of industry. The first was production 
and manufacture, for industry was becoming so highly technical 
that adequate metallurgical knowledge behind all its operations 
was a necessity for commercial success. The second sphere was 
in control, research, and development. This called for a certain 
amount of “ detachment ” , but the industrial metallurgist could
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not remain within the locked doors of his laboratory. Even in 
research, the closest possible contact with the works should be 
established early and maintained throughout.

The profession, he continued, was an honourable one, full of 
interest and growing daily in importance. It was not overcrowded, 
and needed four times the annual intake of trained men compared 
with 1925- 19 35 . This was due not only to the much extended 
employment of metallurgists in industry, but also to the increased 
opportunities provided by their frequent promotion to posts of 
management and responsibility.

On the subject of coal exports, which were so vital to the economy 
of South Wales, Sir Arthur said that thirty million tons of coal 
exported from British ports at current prices would almost close 
the gap between exports and imports. To the metallurgist, coal 
was the life-blood of his industry. Without it no metallurgical 
product could be produced, and without supplies for shipment 
overseas we could not import the copper, aluminium, nickel, and 
zinc on which the non-ferrous industries of the whole country 
depended.

U N I V E R S I T Y  N E W S
B IR M IN G H A M  UNIVERSITY  

Course of Lectures on Theory of Sheet and Strip Rolling

A course of six lectures will be given in the School of Industrial 
Metallurgy by Dr. A. R. E. Singer on “ An Introduction to the 
Theory of Sheet and Strip Rolling, and its Application to Industrial 
Problems” . They will be delivered in Lecture Room 7 at the 
University, Edgbaston, Birmingham, at 10.30  a.m. on successive 
Saturday mornings, commencing 3 1  January 1948 . The fee for 
the whole course is £ 1  10s. Those wishing to enrol should notify 
the Registrar, The University, Edgbaston, Birmingham 15 , before 
15  January.

These lectures are planned to meet the requirements of senior 
executive officers, metallurgists, engineers, and technicians in the 
metal producing and consuming industries. They will also 
constitute a refresher course for metallurgical graduates. A basic 
knowledge of metallurgy will be assumed.

The lectures will deal with : theories applicable to the rolling 
of strip and sheet; the effect of variations in the coefficient of 
friction, rate of work hardening, draught, roll diameter, front 
and back tension on pressure distribution, forward slip and spread ; 
calculations of rolling load, torque, and power consumption in 
some simple cases of rolling; the effect of rolling speed, idling 
time, lubricants, coolants, and roll neck bearings on efficiency, 
output, and quality; and the factors governing the development 
and choice of rolling mill plant.

M ELBO U RNE UNIVERSITY

At a meeting of the Rosenhain Club on 17  November 1947 , 
opportunity was taken to welcome Dr. D. W. Davison, who had 
just arrived from England to work in the Baillieu Laboratory.

Chief guest of the evening was Dr. J. W. Mitchell from the 
School of Physics in Bristol. Dr. Mitchell gave an interesting
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outline of the views being developed in Bristol relating to mechanism 
of plastic flow. A good discussion followed. Dr. Mitchell has 
been visiting New Zealand and Australia and has given a series 
of informative lectures.

N A T I O N A L  C E R T I F I C A T E S  
I N M E T A L L U R G Y

REPORT BY THE JO INT CO M M ITTEE O N  THE PROGRESS OF THE  
SCHEME FOR THE A W A R D  OF N A T IO N A L  CERTIFICATES IN  
METALLURGY, 1946-1947

The Scheme for the award of Ordinary and Higher National 
Certificates in Metallurgy, established by the Iron and Steel 
Institute, the Institution of Mining and Metallurgy, and the 
Institute of Metals, in co-operation with the Ministry of Education, 
has continued to make good progress during the year 1946- 47 .

Schemes for Senior and Advanced  Courses submitted by the 
following Examining Body have been agreed as suitable for sub
mission to the Ministry by Colleges and Schools under the arrange
ments and conditions governing the award of National Certificates 
in Metallurgy:

C i t y  a n d  G u il d s  o f  L o n d o n  I n s t it u t e .

Schemes for a Senior Course submitted by the following 
Examining Bodies have been agreed as suitable for submission to 
the Ministry by Colleges and Schools under the arrangements 
and conditions governing the award of National Certificates in 
M etallurgy:

E a s t  M id l a n d s  E d u c a t io n a l  U n i o n .
N o r t h e r n  C o u n t ie s  T e c h n ic a l  E x a m in a t io n s  C o u n c il .
U n i o n  o f  L a n c a s h ir e  a n d  C h e s h ir e  I n s t it u t e s .

Schemes submitted by the following Technical Colleges for a 
Senior Course leading to an Ordinary National Certificate in 
Metallurgy have been approved and are in operation:

B a t t e r se a  P o l y t e c h n ic , L o n d o n .
B ir m in g h a m  C e n t r a l  T e c h n ic a l  C o l l e g e .
C h e s t e r f ie l d  T e c h n ic a l  C o l l e g e .
C o v e n t r y  T e c h n ic a l  C o l l e g e .
C u m b e r l a n d  T e c h n ic a l  C o l l e g e , W o r k in g t o n .
D u d l e y  a n d  S t a f f o r d s h i r e  T e c h n i c a l  C o l l e g e  (Scheme 

is supplementary to that of County Technical College, 
Wednesbury).

E n f ie l d  T e c h n ic a l  C o l l e g e .
M e r c h a n t  V e n t u r e r s ’ T e c h n ic a l  C o l l e g e , B r is t o l .
M id d l e s b r o u g h , C o n s t a n t in e  T e c h n ic a l  C o l l e g e .
N e w p o r t  T e c h n ic a l  C o l l e g e .
R o t h e r h a m  T e c h n ic a l  C o l l e g e .
S c u n t h o r p e  T e c h n ic a l  S c h o o l .
S m e t h w ic k , T h e  C h a n c e  T e c h n ic a l  C o l l e g e .
S w a n s e a  T e c h n ic a l  C o l l e g e .
W e d n e s b u r y , C o u n t y  T e c h n ic a l  C o l l e g e .
W o l v e r h a m p t o n  a n d  S t a f f o r d s h ir e  T e c h n ic a l  C o l l e g e .
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Schemes submitted by the following Technical Colleges for an 
Advanced Course leading to a Higher National Certificate in 
Metallurgy have been approved and are in operation :

W e d n e s b u r y , .C o u n t y  T e c h n ic a l  C o l l e g e .
W o l v e r h a m p t o n  a n d  S t a f f o r d s h ir e  T e c h n ic a l  C o l l e g e .

Final Examinations have been held this year at the following 
Colleges for students who satisfied the conditions laid down in 
Ministry of Education Rules h i  under which the scheme is 
operated:

Ordinary Certificate
B a t t e r se a  P o l y t e c h n ic , L o n d o n .
B ir m in g h a m  C e n t r a l  T e c h n ic a l  C o l l e g e .
C h e s t e r f ie l d  T e c h n ic a l  C o l l e g e .
C o v e n t r y  T e c h n ic a l  C o l l e g e .
M e r c h a n t  V e n t u r e r s ’ T e c h n ic a l  C o l l e g e , B r is t o l .
R o t h e r h a m  T e c h n ic a l  C o l l e g e .
S c u n t h o r p e  T e c h n ic a l  S c h o o l .
S m e t h w ic k , T h e  C h a n c e  T e c h n ic a l  C o l l e g e .
S w a n s e a  T e c h n ic a l  C o l l e g e .
W e d n e s b u r y , C o u n t y  T e c h n ic a l  C o l l e g e .
W o l v e r h a m p t o n  a n d  S t a f f o r d s h ir e  T e c h n ic a l  C o l l e g e .

Higher Certificate
W e d n e s b u r y , C o u n t y  T e c h n ic a l  C o l l e g e .
W o l v e r h a m p t o n  a n d  S t a f f o r d s h ir e  T e c h n ic a l  C o l l e g e .

The Committee is pleased to report that distinctions have been 
awarded to thirteen candidates who have shown an exceptional 
grasp of their subjects, indicating a high degree of training and 
knowledge in the particular subject in which the distinction has 
been gained.

The Joint Committee wishes to take this opportunity of again 
thanking the Assessors for their valuable assistance in the operation 
of the scheme for National Certificates in Metallurgy, particularly 
in connection with the first two years’ examinations.

Prize Fund. As previously reported, the Iron and Steel Institute, 
the Institution of Mining and Metallurgy, and the Institute of 
Metals have contributed to a Prize Fund, and it is the intention 
of the Joint Committee to award prizes to students of sufficient 
merit. Prizes, taken in books and distributed by the Colleges 
concerned, were awarded to seven successful candidates in the 
final examinations for the Ordinary Certificate in 1946 .

Signed on behalf of the Joint Committee 
for National Certificates in Metallurgy.

H. S. T a s k e r ,
Chairman.

Pass List, Year 1946-1947 
Senior Part-time Course for Ordinary National Certificate

Name of Candidate. Distinctions awarded.
B a t t e r se a  P o l y t e c h n ic , L o n d o n .

Casling, William Henry . . . .
Graham, John Alastair . . . .  General metallurgy 
James, Victor Leonard . . . .  Chemistry and

physical metallurgy
Proffitt, Henry Joseph
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Name o f Candidate. Distinctions awarded.
B ir m in g h a m  C e n t r a l  T e c h n ic a l  C o l l e g e .

Burnard, David Chance . . . Chemistry
Lee, Raymond Frederick 
Pester, Dorothy Margaret 
Storer, Roy Alan .
Thomas, John Leslie 
Toach, Shirley Alan 
Warwick, Leslie Vincent

C h e s t e r f ie l d  T e c h n ic a l  C o l l e g e .

Lynch, John James . . . .
Meakin, John
Moss, John B a r r y  Physical chemistry
Pugh, Jack Fisher 
Sutherland, John McKellar

M e r c h a n t  V e n t u r e r s ’ T e c h n ic a l  C o l l e g e , B r is t o l .

Atherton, Norman James 
Murlis, Douglas Harry .
Phillips, Esme Gladys 
Robson, Alfred Wayman.

R o t h e r h a m  T e c h n ic a l  C o l l e g e .

Bond, Leslie 
Broadbent, Peter Robert 
Graves, Geoffrey Basil 
Mayo, George Victor

S m e t h w ic k , T h e  C h a n c e

Allen, Gordon Leonard 
Brett, Alan Samuel 
Burton, James 
Comes, Leslie George 
Davis, Derrick Sydney 
Dunning, Malcolm John 
Forsyth, Richard Victor Walter 
Harris, Leslie Howard William 
Harvie, Kenneth Ryder .
Laker, Gordon Patrick 
McManus, William George 
Salmon, Clifford Gerald 
Scott, John Edward

Taylor, Alan John 
White, John Harold

T e c h n ic a l  C o l l e g e .

General metallurgy

General metallurgy 

General metallurgy

General metallurgy 
Physics 

Physics and 
chemistry

Physics and general 
metallurgy

S w a n s e a  T e c h n ic a l  C o l l e g e .

Lewis, Ogwyn 
O’Connor, James John 
Rees, George Philip
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Name o f Candidate. Distinctions awarded.
W e d n e s b u r y , C o u n t y  T e c h n ic a l  C o l l e g e .

Elson, Gladys
Feasey, Raymond James . . .
Harrison, Jim . . . . .
Meadows, Albert William . . .
Richards, Charles John Godfrey . . General metallurgy
Tyler, Arthur William
Vaughan, Geoffrey Raymond . . .
Wakeman, Peter John

W o l v e r h a m p t o n  a n d  S t a f f o r d s h i r e  T e c h n i c a l  C o l l e g e .  

Baker, Joan Theresa 
Crowe, Stanley Frederick 
Firm, Iris . . . . . .
Fisher, Kevin 
Holgate, Sheila Marjory .
Meachem, Frederick Arthur . . . General metallurgy
Wicks, Clive William Harry 
Williams, Edward
Williams, John Randall . . . .

The above candidates have also passed in the additional and 
optional Final Year subject—engineering drawing.

Advanced Part-time Course for Higher National Certificate

Name o f Candidate. Distinctions awarded.
W e d n e s b u r y , C o u n t y  T e c h n ic a l  C o l l e g e .

Beebe, Trevor . . . . .
Bickley, Alan Geoffrey .
Burkin, Derek
Cattell, Dorothy Mary
Dugard, Stanley Edward
Hartill, Albert E. . . . .
Holloway, John Douglas . . .
Kitson, Harold Edward .
Lloyd, Rex . . . . . .
London, Derek Wilfred 
Mercer, Geoffrey Henry Ernest 
Morgan, Edward Llewellyn 
O’Connor, Denis . . . . .
Parton, John Thomas 
Phipps, Kenneth James .
Vaughan, Charles Stanley . . .
Whitehouse, Richard William

W o l v e r h a m p t o n  a n d  S t a f f o r d s h i r e  T e c h n i c a l  C o l l e g e .  

Tansley, Anthony Victor

Prizes

Prizes (to be taken in books) will be awarded to the following 
candidates in respect of the Final Examinations for the Ordinary 
and Higher Certificate held in June 1947 :
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O r d i n a r y  C e r t i f i c a t e .  

Battersea Polytechnic, London.
Graham, John Alastair 
James, Victor Leonard 

Birmingham Central Technical College.
Bumard, David Chance 

Chesterfield Technical College.
Moss, John Barry 

Rotherham Technical College.
Broadbent, Peter Robert 

Smethwick, The Chance Technical College. 
Allen, Gordon Leonard 
Dunning, Malcolm John 
Forsyth, Richard Victor Walter 
Harris, Leslie Howard William 
McManus, William George .
Salmon, Clifford Gerald 
Scott, John Edward 
White, John Harold 

Swansea Technical College.
Rees, George Philip 

Wedneshury, County Technical College. 
Richards, Charles Jolm Godfrey . 
Wakeman, Peter John 

Wolverhampton and Staffordshire Technical 
Meachem, Frederick Arthur.

One guinea 
Four guineas

One guinea

Two guineas

One guinea

One guinea 
Three guineas 
Two guineas 
One guinea 
Three guineas 
One guinea 
Four guineas 
Four guineas

One guinea

One guinea 
One guinea 

College.
Three guineas

H i g h e r  C e r t i f i c a t e .  

Wednesbury, County Technical College. 
Bickley, Alan Geoffrey One guinea

O T H E R  N E W S
SURVEY OF SCIENTIFIC A N D  T EC H N O LO G IC A L  M A N -PO W ER

The Report on Scientific Man-Power (Cmd. 6824), which was 
based on the work of a Committee presided over hy Sir Alan 
Barlow, received widespread attention in the technical and daily 
press ; it emphasized the vital need for increasing the output of 
qualified scientists and technologists, in view of the increasing 
demands which will be made on scientific knowledge following the 
development of scientific discoveries and their conversion from 
war-time to peace-time use.

In order that the part which Universities and Technical Colleges 
will be called on to play in this connection may be estimated with 
greater accuracy than hitherto, the Government’s Advisory Council 
on Scientific Policy has requested the help of the Technical and 
Scientific Register of the Ministry of Labour and National Service 
in estimating the existing man-power in the fields of science and 
technology. In consequence, a questionnaire has been circulated 
to all British scientific and technical men and women so that as 
complete an analysis as possible may be made of the existing 
British scientific and technological man-power in the United 
Kingdom and overseas in respect of its distribution in age-groups
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between Government, industry, university, and school teaching. 
This analysis will be used as a basis for estimating in which sciences 
it will be necessary to take special steps for increasing the output 
of the Universities and Technical Colleges. In view of the inter
national developments of science, it is also important for informa
tion to be compiled regarding the knowledge and experience of 
foreign languages and countries and of British territories overseas 
which is possessed by British scientists and technologists.

Any members or subscribers of British nationality who have not 
yet received a copy of the questionnaire are requested to apply 
for one to the offices of the Institute.

N A T IO N A L  F O U N D R Y  COLLEGE

The College is now in being and its Board of Governors, re
presenting all the bodies concerned— trade associations, technical 
institutions, and research associations in the industry, has been 
established by the Ministry of Education.

The first task of the Board of Governors was to re-establish 
the full-time Diploma Course on the lines so successfully carried 
out by the British Foundry School during 1935- 1939 . This 
Course will, in general, be for one academic year from September 
to July, and is intended for those whose practical and technical 
qualifications and abilities in leadership mark them out for 
responsible positions in the industry. It is hoped that the Course 
will help to overcome the dearth of qualified foundry executives.

The Course for the first year will be abbreviated somewhat. 
It is anticipated that it will open on 5 January 1948 at the National 
Foundry College within the Wolverhampton and Staffordshire 
Technical College, and run until August 1948 .

The new Head of the National Foundry College, Mr. James 
Bamford, B.Sc., was in charge of the British Foundry School 
from 1935  to 1939 . Particulars of the College and copies of its 
prospectus and curriculum, &c., may be obtained from the Director, 
British Cast-Iron Research Association, Alvechurch, Birmingham.

PO W DER  METALLURGY

Those interested in powder metallurgy may apply to Powder 
Metallurgy, Ltd., Commonwealth House, 1 - 19  New Oxford St., 
London, W.C. 1 , for a specimen copy of the “ Metal Powder Report 
This 16 -page monthly abstracts journal is edited by Dr. W. D. 
Jones and Mr. R. A. Hetzig. The September issue contains full 
summaries of recent B.I.O.S. reports, British, French, U .S., and 
Canadian patents, as well as a number of important scientific 
papers on the manufacture and uses of metal powders.

N O N-FERRO US D IRECTORATE (DISPOSALS)

The address of the Non-Ferrous Directorate (Disposals) is now 
2 Hyde Park Street, London, W.C.2 . (Ambassador 1290 .)

SCIENTIFIC A N D  T EC H N IC A L  RESEARCH IN  BRITISH  
IN DU STRY

A statistical survey carried out by the Industrial Research 
Secretariat of the Federation of British Industries has recently 
been published, and may be obtained, price 15 ., from the Federa
tion at 21  Tothill Street, London, S.W .i.
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420 firms supplied material for the questionnaire sent out by 
the F.B.I., and it is estimated that the facts set out in the survey 
cover 75 % of the total research work now being carried out by 
British industry.

SW ISS SPECTROSCOPISTS’ CLUB

The Schweizerische Arbeitsgemeinschaft fur Spektralanalyse 
was founded as an informal club in 1938 , meeting twice yearly, 
and held its twentieth meeting on 20 October this year. For the 
first time they invited a foreign speaker to address them, and 
they chose Mr. Ernest van Someren, the Honorary Secretary of 
the Industrial Spectroscopic Group of the British Institute of 
Physics. The meeting was held at the old head office of the
A.I.A.G. works where the first aluminium was made in Europe, 
and Professor von Zeerleder, one of the founders of the Swiss 
Club, was present. In the afternoon members divided into two 
parties, to visit either the Research Laboratories of the A.I.A.G. 
or those of the Amsler factory.

Mr. van Someren, who spoke in English, reviewed the present 
position of spectroscopic analysis in Great Britain, with special 
reference to light sources, methods of sample preparation, and 
microphotometry. Two other shorter papers were given in 
German and in French, dealing with colorimetric methods and 
with spectrographic methods of steel analysis, respectively.

On his return journey, Mr. van Someren also visited the officers 
of the corresponding French Group, the G .A.M .S., who hold 
conferences on spectroscopy in the last week of January and of 
June each year, in Paris. Metallurgists with an interest in spectro
scopy who may be in Paris next year at one of these periods are 
invited to approach Mr. van Someren for an introduction to the 
French Group.

BRITISH C O U N C IL ’S SHORT-TERM BURSARY SCHEMES

The British Council has inaugurated a scheme for the award 
of short-term bursaries to candidates from overseas, to enable 
them to see something of British industrial technique and machinery. 
The majority of the candidates will be technical workers, and each 
bursary will cover travel to and from the United Kingdom and will 
include a maintenance grant during the three or four months 
they will spend in this country.

Some of the trades which have so far been included are water 
engineer, tractor engineer, electrical fitter, road construction 
engineer, wagon shop and carriage foreman, and librarian.

C O M M O N W E A L T H  FU N D  FELLOW SHIPS

The Commonwealth Fund of New York has established for 
British subjects a number of Fellowships tenable in the United  
States. In creating these Fellowships, the Directors of the Fund 
have been impelled by their belief in the value of international 
opportunities for education and travel, and by a conviction that 
mutual amity and understanding between Great Britain and the 
United States will thereby be promoted. None of these Fellow
ships is open to women. Full particulars of the Fellowships may 
be obtained from the Commonwealth Fund Fellowships, 35 
Portman Square, London, W. 1 . Some details are given below.
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Ordinary Fellowships. N ot more than 20 will be offered during
1948 . Candidates must be persons of British descent who are domi
ciled in the United Kingdom and are degree graduates of recognized 
universities therein; they must be over 23 and not have reached 
the age of 35 on 1 September of the year of the award ; or they 
may be persons of British descent who have studied, but not 
necessarily graduated, at a university in the U .K . and are degree 
graduates of a recognized university in Australia, New Zealand, 
and South Africa, and who fulfil the age requirements mentioned 
above. Such candidates need not show a permanent domicile 
in the U .K ., but must be available for interview in London in 
May.

Service Fellowships. Candidates of British descent who hold 
appointments overseas under the British Government in Australia, 
New Zealand, and South Africa, or Governments of the British 
colonies, protectorates, or mandated territories. N ot more than 
5 such Fellowships will be awarded in 1948 .

Home Civil Service Fellowships. Candidates holding appoint
ments in the Home Civil Service. N ot more than 3 such Fellow
ships will be awarded in 1948 .

Q U A N T U M  CHEM ISTRY

A special course of six lectures by Professor H. S. W. Massey, 
B.A., M.Sc., Ph.D., F.R.S., will be held at the Sir John Cass 
Technical Institute, Jewry Street, Aldgate, London, E.C.3 , on 
Tuesday evenings from 6 to 7 p.m., commencing on Tuesday, 
3 February 1948 . The fee for the course will be 10s., and applica
tions should, if possible, be made to the Principal prior to the 
opening date of the course.

The course is intended for post-graduate and advanced students 
and will be addressed chiefly to those who do not possess the 
mathematical equipment which is necessary for the usual treat
ment of these problems.

The syllabus of lectures is : 1 .—The electronic structure of 
atoms according to the quantum theory ; 2 .—The quantum picture 
of the simplest molecules— the new interpretation of valency; 
3 .—Quantum theory and organic chemistry ; 4 .—The theory of 
metals ; 5 .—The nature of crystal binding—electrode phenomena ;
6.— Nuclear structure.

TELEC O M M U N IC A T IO N S  RESEARCH

The Department of Scientific and Industrial Research is to 
take over the fundamental radio side of the Telecommunications 
Research Establishment, the Services’ biggest war-time radio 
station, at Malvern, to develop and use techniques for industrial 
purposes. Sir Edward Appleton, Secretary of the Department, 
told the Select Committee on Estimates, whose minutes of evidence 
were published recently, that the establishment was too large for 
peace-time.

The D .S.I.R . had proposed assuming responsibility for those 
working on fundamental research, at a cost of £ 80,000 per annum, 
and of another group working on electronics and their applications 
to industry up to about £ 60,000 per annum. Ultimately, the sections 
will form part of the Department’s central radio-research 
establishment.
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A M E R IC A N  SO CIETY FOR EN G IN E E R IN G  E D U C A T IO N

Professor Arthur B. Bronwell, of the North-western University, 
has been appointed Secretary of the Society, the address of the 
offices of which has been changed from the University of Pittsburgh 
to North-western University, Evanston, 111.

PH YSICO -CH EM ICAL SYM BOLS A N D  C O -O R D IN A T IO N  OF 
SCIENTIFIC T ER M IN O LO G Y

Dr. H. J. Ellingham has been appointed to succeed Professor A. 
Findlay as President of the International Union of Chemistry on 
Physico-Chemical Symbols and Co-ordination of Scientific 
Terminology.

M E C H A N IC A L  H A N D L IN G  EXH IB IT IO N  A N D  C O N V E N T IO N

The First National Mechanical Handling Exhibition and Con
vention will be held at the National Hall, Olympia, London, 
from 12  to 21  July 1948 . Particulars may be obtained on applica
tion to “ Mechanical Handling ”, Dorset House, Stamford Street, 
London, S .E .i.

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

B.I.O.S. Information Service will now become T .I.D .U . 
Information Section. With a view to centralizing the work and 
offering an improved service to industry on both reports and 
documents, B.I.O.S. and the Documents Unit have now been 
integrated and will be known as the Technical Information and 
Documents Unit (T .I.D .U .), German Division, Board of Trade, 
40 Cadogan Square, London, S .W .i.

SC IENCE LIBRARY PH O T O -CO PY IN G  SERVICE

The Science Library has announced that it will commence a 
photo-copying service in the early part of next year. A readable 
copy of an article in a periodical of up to 20 pages will be printed 
for 2S.

This low price is only possible because the service has been 
planned on mass-production lines. All copies will be photostat 
negatives reduced to about 80% of the original size on sheets 
either 9J X 8 in. or 133  X 9 in. Publications which cannot be 
satisfactorily copied in this way will not be copied. T o eliminate 
accounting costs the service will only be available to purchasers 
of requisition forms. Books of 50 forms will be available for £ 5 .

Full details of the copying service are to be issued about the 
beginning of January 1948 ; at first, requisitions for copies of British 
publications published since 1850  must be accompanied by the 
written approval to copy from the publisher. The Science 
Library has made tentative approaches to some learned societies 
to obtain general approval to copy their publications and, pending 
the revision of the Copyright Act, it is hoped that this approach 
to the problem will be successful.

To assist the Science Library in making adequate provision for 
the introduction of the service, organizations which are likely to 
utilize it have been asked to forward an estimate of their annual 
requirements as soon as possible. 
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N A T IO N A L  CERTIFICATES IN  CHEM ISTRY (EN G L A N D  A N D  
W ALES)

The Report of the Assessors for the year 1946-47 states that the 
number of entries in the Senior Grade was 426, of whom 254 
passed, as compared with 358 entries in 1946 , of whom 247 passed.

In the Advanced Grade there were 148  candidates, of whom  
n o  passed (as compared with 1 1 2  and 83, respectively, in 1946). 
Of the 148 candidates, 1 1 7  had previously obtained the Ordinary 
Certificate, and of the n o  successful candidates 90 had previously 
obtained the Ordinary Certificate.

SUPPLEMENTARY EN DO RSEM EN T  A N D  CO U N T ERSIG N A T U R E
OF N A T IO N A L  CERTIFICATES IN  M E C H A N IC A L  EN G IN EER IN G

Agreement has been reached by the Ministry of Education, 
in conjunction with the Institution of Mechanical Engineers, and 
the Institution of Chemical Engineers, to arrangements providing 
for the supplementary endorsement of Ordinary and Higher 
National Certificates in Mechanical Engineering in respect of 
special supplementary courses in chemical engineering and in 
respect of Higher National Certificates for countersignature by 
the Institution of Chemical Engineers.

In order to qualify for supplementary endorsement and counter- 
signature the following considerations will apply :

(a) Supplementary Endorsement of Ordinary National Certificates 
in Mechanical Engineering. It will be a necessary preliminary to 
consideration for supplementary endorsement of Ordinary 
National Certificates in Mechanical Engineering that the student’s 
course for that certificate shall have included heat engines as one 
of the assessed subjects. In addition to satisfying the conditions 
for the Ordinary National Certificate including the above pro
vision, the student will be required to spend a further minimum 
180 hours covering physical, organic, and inorganic chemistry. 
The certificates of successful candidates will be endorsed by the 
Institution of Mechanical Engineers with the titles of the subjects 
taken at the supplementary course.

(b) Supplementary Endorsements o f Higher National Certificates 
in Mechanical Engineering and Countersignature by the Institution 
o f Chemical Engineers. It will be a necessary preliminary to 
consideration for supplementary endorsement and countersignature 
of a Higher National Certificate in Mechanical Engineering that 
the student’s course for that certificate shall have covered the 
following—mathematics, strength of materials, heat engines, 
hydraulics, metallurgy or electro-technology. In addition to 
satisfying the conditions for the Higher National Certificate 
including the above provision, the student will be required to 
spend a further 180 hours on a course in chemical engineering 
and chemistry. The certificates of successful candidates will be 
endorsed by the Institution of Mechanical Engineers with the 
titles of the subjects taken at the supplementary course and will 
then be countersigned on behalf of the Institution of Chemical 
Engineers.

Application for Supplementary Endorsement and Counter- 
signature. Special courses for supplementary endorsement and 
countersignature referred to above need not necessarily be taken 
at the same establishment or at the same establishment as the
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original course for the National Certificate, but may be held at 
any Further Education Establishment approved, or which may be 
approved, for the purpose. It will be necessary, however, for 
forms of application in respect of such courses to be submitted 
in the first instance to the Ministry of Education for consideration 
by the Joint Committee. Forms 275 F.E. relating to National 
Certificates in Mechanical Engineering should be used. In 
completing the forms of application, particulars of the special 
course in question should be clearly stated, e.g. it is suggested 
that Head I of the form should show an entry on the following 
lines : “ Special supplementary senior part-time course in chemical 
engineering for endorsement of Ordinary National Certificate in 
Mechanical Engineering ” , or “ Special supplementary advanced 
part-time course in chemical engineering for endorsement of 
Higher National Certificate in Mechanical Engineering and for 
countersignature by the Institution of Chemical Engineers ” .

Assessors. The subjects of the special supplementary courses 
in Chemical Engineering will be assessed by Assessors appointed 
with full agreement of both the Institution of Mechanical Engineers 
and the Institution of Chemical Engineers.

D I A R Y  F O R  J A N U A R Y
L O C A L  S E C T IO N S  M EE T IN G S

Birm ingham  Local Section.— Symposium on Chain Making. 
(James Watt Memorial Institute, Great Charles Street, Birmingham, 
Thursday, 22 January 1948 , at 6.30 p.m.)

London Local Section.— Dr. L. B. H u n t: “ Silver ”. (4
Grosvenor Gardens, London, S .W .i, Thursday, 8 January 1948 , 
at 7  p.m.)

Scottish Local Section.—Mr. J. Stuart Scott: “ Metal Spraying” . 
(Institution of Engineers and Shipbuilders in Scotland, 39 Elmbank 
Crescent, Glasgow, C.2 , Monday, 12  January 1948 , at 6.30 p.m.)

Sheffield Local Section.— Mr. E. W. Colbeck, M.A. : “ Some 
Metallurgical Problems in the Field of Atomic Energy” . (Royal 
Victoria Hotel, Sheffield, Friday, 23 January 1948 , at 6 .15  p.m.)

South W a le s  Local Section.—Display of industrial films. 
(Metallurgy Department, University College, Swansea, Tuesday, 
13  January 1948 , at 6.30 p.m.)

O T H E R  M EE T IN G S

Birm ingham  University  Metallurgical Society.— Symposium on 
Current Departmental Research, Part II. (The University, 
Edgbaston, Birmingham, Thursday, 22 January 1948 , at 5 p.m.)

British Institution of Radio Engineers, Scottish Section.— Dr. 
W . D .  Oliphant: “ Atomic Energy ” . (Heriot Watt College,
Edinburgh, Wednesday, 2 1  January 1948 , at 6.30 p.m.)

Chem ical Society.— Dr. P. Gross : “ The Physical Chemistry 
of Some Vacuum Metallurgical Processes ” . Joint Meeting with 
the University of Swansea Students’ Chemical Society. (Uni
versity College, Swansea, Monday, 19  January 1948 , at 6 p.m.)

xlvii



N E W S  A N D  A N N O U N C E M E N T S

Cleveland Institution of Engineers.—E. F. Brown: “ D e -
siliconization ” . (Cleveland Scientific and Technical Institution, 
Corporation Road, Middlesbrough, Monday, 5 January 1948 , 
at 6.30 p.m.)

E lectrodepositors’ Technical Society.— K. Langford : “ Dyeing 
o f Anodized Aluminium ” . (James Watt Memorial Institute, 
Great Charles Street, Birmingham, Tuesday, 6 January 1948 .)

E lectrodepositors’ Technical Society.— R. C. L. Eveleigh: 
“ Paints on Metallic Surfaces ” . (Northampton Polytechnic, 
St. John Street, Clerkenwell, London, E .C .i, Monday, 19  January 
1948 , at 5.30  p.m.)

Geological Society of London.— Ordinary Evening M eeting. 
(Burlington House, Piccadilly, London, W .i, Wednesday, 14  
January 1948 , at 5 p.m.)

Institute of British Foundrymen, Bristol and W e st  of England 
Branch.—J. L. Howard: “ Bronze Castings” . (Grand Hotel,
Broad Street, Bristol, Saturday, 24 January 1948 , at 3 p.m.)

Institute of British Foundrymen, East M idlands Branch.—  
W. W. Braidwood : “ The Constant Charge System of Cupola 
Operation ” . (Loughborough College, Wednesday, 28 January 
1948 , at 6 p.m.)

Institute of British Foundrymen, Lancashire Branch.-— J. F . B.
Jackson : “ Centrifugally and Precision-Cast Ferrous Alloys for 
Aircraft Applications ” . (Engineers’ Club, Albert Square, Man
chester, Wednesday, 7 January 1948 , at 7  p.m.)

Institute of British Foundrymen, Lincoln Section.— D . Killing- 
worth : “ Venting of Cores and Moulds ” . (Technical College, 
Lincoln, Thursday, 15  January 1948 , at 7 .15  p.m.)

Institute of British Foundrymen, London Branch.—H. Evans, 
Assoc. Met., P. S. Cotton, B.Sc., and J. Thexton, Assoc. Met. : 
“ Precision Casting of High Melting Point Alloys Containing 
Nickel ” , with technicolour film. (Waldorf Hotel, London, W.C., 
Wednesday, 28 January 1948, at 7.30  p.m.)

Institute of British Foundrymen, M idd lesbrough Branch.—
Film presented by W. H. Salmon : “ The Production of High- 
Quality S teel”. (Cleveland Scientific and Technical Institute, 
Middlesbrough, Friday, 16  January 1948 , at 7 p.m.)

Institute of British Foundrymen, New castle Branch.— Past-
Presidents’ Night. (Neville Hall, Newcastle-on-Tyne, Saturday, 
10  January 1948 , at 6 p.m.)

Institute of British Foundrymen, Scottish Branch.— R. S. M. 
Jeffrey, B.Sc. : “ Mechanized Bath Production ” . (Royal T e c h 
nical College, George Street, Glasgow, Saturday, 10  January 
19 4 8 , at 3 p.m.)

Institute of British Foundrymen, Sheffield Branch.— L .  Roy: 
“ The Use of Fulbond in Foundries ” . (Royal Victoria Hotel, 
Sheffield, Monday, 12  January 1948 , at 7.30  p.m.)

Institute of British Foundrymen, W e st  R id ing of Yorksh ire
Branch.— H . Berry : “ Improvements in Conditions and Amenities
in Foundries ” . (Chemistry Lecture Theatre, Leeds University, 
Tuesday, 13  January 1948 , at 7  p.m.)
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Institute of Physics, Industrial Radio logy G roup.—F. P.
Vickers : “ Weld Radiography ” . (Institute of Physics, 47 Belgrave 
Square, London, S .W .i, Friday, 9 January 1948 , at 6.30 p.m.)

Institute of the M o to r  Industry, C o lw yn  Bay Centre.—
— Beynon : “ Oxy-Acetylene Welding for the Use of Vehicle 
Maintenance in All Aspects ” . (Co-operative Hall, Sea View Road, 
Colwyn Bay, Thursday, 22 January 1948 , at 7.30  p.m.)

Institute of the M o to r  Industry, New castle-on-Tyne Centre.—
P. P. Love : “ Bearing Failure—Analysis and Prevention ” .
(County Hotel, Neville Street, Newcastle-on-Tyne, Tuesday, 
20 January, 1948 , at 7 .15  p.m.)

Institute of the M o to r  Industry, Stockton-on-Tees Centre.—
— Cobb : “ Oxy-Acetylene Welding for the Use of Vehicle
Maintenance in all Aspects ” . (Tuesday, 13  January 1948 .)

Institute of W e ld in g .—-Sir William J. Larke Medal Paper. 
(Institution of Civil Engineers, Great George Street, London, 
S.W .i, Wednesday, 28 January 1948 , at 6 p.m.)

Institute of W eld ing, M idd lesbrough Branch.— Instructional 
film (sound) : “ Advanced Arc Welding Technique (Cleveland 
Scientific and Technical Institution, Corporation Road, Middles
brough, Thursday, 8 January 1948 , at 7.30  p.m.)

Institute of W e ld ing, South London Branch.— G. L. Hopkin,
B.Sc. : “ The Practical Importance of Hydrogen in Welding 
Ferrous and Non-Ferrous Metals ” . (Institute of Marine 
Engineers, 85-88  The Minories, London, E.C.3 , Thursday, 
8 January 1948 , at 6.30 p.m.)

Institute of W e ld ing, W e s t  of Scotland Branch.— Film night. 
(Institution of Engineers and Shipbuilders in Scotland, 39 Elm- 
bank Crescent, Glasgow, C.2 , Wednesday, 2 1  January 1948 , at 
6.45 p.m.)

Institution of C iv il Engineers.— C. E. Dunton, M.A., and 
Keith Brinsmead, D.S.O . : “ Design, Installation, and Mainten
ance of Long Welded Rails (The Institution, Great George 
Street, London, S .W .i, Tuesday, 27 January 1948 , at 5.30  p.m.)

Institution of Electrical Engineers.— Discussion (opened by
C. S. Parsons, B.Sc.) on : “ The British Patent System and 
Procedure ” . (The Institution, Savoy Place, London, W .C.2, 
Monday, 26 January 1948 , at 5.30  p.m.)

Institution of Mechanical Engineers.— C. Eatough, B.Sc.Tech. : 
“ Modern Cutting Tools and Machine Tool Design ” . (The 
Institution, Storey’s Gate, London, S .W .i, Friday, 2 January 
1948 , at 5.30  p.m.)

Institution of M in ing and Metallurgy.— General Meeting. 
(Geological Society, Burlington House, Piccadilly, London, W .i, 
Thursday, 15  January 1948 , at 5 p.m.)

Institution of Structural Engineers, M idland C ounties Branch.—
R. G. Braithwaite : “ Some Practical Considerations in Design of 
Welded Structures ” . (James Watt Memorial Institute, Great 
Charles Street, Birmingham, Friday, 23 January 1948 , at 6 p.m.)
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Institution of Structural Engineers, N o rthern  Counties Branch.—
O. Bondy : “ Recent Trends in Structural Welding ” , (Cleveland 
Scientific and Technical Institution, Corporation Road, Middles
brough, Tuesday, 6 January 1948 , at 6.30 p.m.)

Institution of Structural Engineers, N o rthern  Counties Branch.—
O. Bondy: “ Recent Trends in Structural W elding” . (Neville 
Hall, Westgate Road, Newcastle-on-Tyne, Wednesday, 7 January 
1948 , at 6.30 p.m.)

Institution of W o r k s  Managers, G la sgo w  Branch.—A. Miller. 
(Bulls Metal and Melloid Co., L td .): “ Costing as an Aid to 
Management ” . (Institution of Engineers and Shipbuilders in 
Scotland, 39 Elmbank Crescent, Glasgow, C.2 , Monday, 26 
January 1948, at 7 p.m.)

Institution of W o r k s  Managers, Liverpool Branch.—Professor 
T. P. Hilditch : “ Science in the Small Factory ” . (Exchange 
Hotel, Liverpool, Tuesday, 13  January 1948 , at 6.45 p.m.)

Institution of W o r k s  Managers, Y orksh ire  Branch.— T .  N. P. 
Bumess : “ Machine Tool Works Management ” . (White Swan 
Hotel, Halifax, Wednesday, 7 January 1948, at 7  p.m.)

Leeds Metallurgical Society.— Symposium on “ Casting” . 
(Main Lecture Theatre, Chemistry Department, The University, 
Leeds, Thursday, 8 January 1948 , at 7 p.m.)

Manchester Association  of Engineers.—Professor Sir Lawrence 
Bragg, F.R.S. : “ Researches now in Progress in the Cavendish 
Laboratory ” . Fifth Manchester Association of Engineers Lecture. 
(Great Hall of the College of Technology, Sackville Street, 
Manchester, Friday, 9 January 1948 , at 7.30  p.m.)

Manchester Literary and Philosophical Society.— Sir George P. 
Thomson, F.R.S., “ Determinism in the Physical World ” . 
Joule Memorial Lecture. (Reynolds Hall, College of Technology, 
Manchester, Monday, 26 January 1948, at 5.30 p.m.)

Manchester Metallurgical Society.— E. Davis, M.Sc. : “ Some
Metallurgical Aspects of Jointing Non-Ferrous Materials ” . 
(Engineers’ Club, Albert Square, Manchester, Wednesday, 
28 January 1948 , at 6.30 p.m.)

Royal Institute of Chem istry  of G reat Britain and Ireland, 
Bristol and Sou th -W e st Counties Section.— G. H. Osborn: 
“ Recent Developments in the Use of Organic Reagents in Chemical 
Analysis ”. (Chemistry Department, University of Bristol, Wood
land Road, Bristol, Thursday, 15  January 1948 , at 5.30  p.m.)

Sheffield Society of Engineers and Metallurgists.— E. W.
Colbeck, M.A. : “ Some Metallurgical Problems in the Field of 
Atomic Energy ” . Joint meeting with the Sheffield Local Section 
of the Institute of Metals. (Royal Victoria Station Hotel, Sheffield, 
Friday, 23 January 1948 , at 6 .15  p.m.)

Society of Chemical Industry, Chem ical Engineering G roup.—
Dr. C. H. Desch, F .R .S .: “ Abrasion, Erosion, and Corrosion ” . 
(Geological Society, Burlington House, London, W .i, Tuesday, 
20 January 1948 , at 5.30  p.m.)
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Swansea and District Metallurgical Society.—H. Edwards : 
“ The Galvanizing of Sheets and Strips by the Hot-Dip Process 
(Royal Institution, Swansea, Saturday, 10  January 1948 , at 
6.30 p.m.)

W est of Scotland Iron and Steel Institute.—A. B. C. Rankin : 
“ Flaw Detection by Supersonic and Other Non-Destructive 
Methods ” . (Institution of Engineers and Shipbuilders in 
Scotland, 39 Elmbank Crescent, Glasgow, C.2 , Friday, 16  January 
1948 , at 6.45 p.m.)

A P P O IN T M E N T S  V A C A N T

To conform to the requirements of the Control of Engagements Order, 
19 4 7 , these advertisements are published for the information of those only 
who are " excepted persons ” under the Order.
A S S IS T A N T  M E T A LL U R G IST S  required b y  firm  m anufacturing a w ide range o f  a lloy  
heat-resisting ste e ls . Candidates should  be preferably under 30, and previous experience  
in  stee l research is  desirable. Salary  according to age and qualifications. R ep ly  to  B ox  
N o . 218, In stitu te  o f M etals, 4  G rosvenor G ardens, London, S .W .l.

BR IT ISH  N O N -F E R R O U S  M E T A LS  R E S E A R C H  A S S O C IA T IO N  has a vacan cy  for a 
M E T A LL U R G IST for the L iaison and T echnical D epartm en t. A p plicants m u st be British  
and possess equivalent qualifications in  m etallurgy. T h ey  m ust have had som e years’ 
experience in  the w rought copper and copper a llo y  industry and be in terested  in  the applica
tion  o f research resu lts to  industrial practice. Com m encing salary up  to £600 per annum . 
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R E C E N T  D E V E L O P M E N T S  IN  C O R R O S IO N - 1 1 1 7  
R E S IS T A N T  A L U M IN IU M -M A G N E S IU M  
A L L O Y S .*

B y P. BREN N ER,f Dr. Ing., and W. ROTH.J Dr. Ing.

S y n o p s i s .

The paper describes an extensive investigation on the influence of 
chemical composition and thermal treatment on the intercrystalline 
corrosion of aluminium-magnésium alloys containing 5-9% magnesium.

As a result of the investigation, a new method of heat-treatment, 
termed a “  stabilizing treatment ” , is suggested in which the alloy is 
extremely slowly cooled from the homogenizing temperature at a rate of 
about 50° C./hr. Corrosion tests in the laboratory and in the North Sea, 
as well as long-term service trials, indicate that alloys treated by this 
method are immune to intercrystalline-corrosion and stress-corrosion 
failure even at the high temperatures encountered under tropical 
conditions.

While cold reduction generally increases the tendency to inter- 
crystalline corrosion, small additions of copper, manganese, chromium, and 
zinc have very different effects. Some of these additions, e.g. copper, 
reduce the stress-corrosion-resistance in the homogenized state and 
improve it in the aged condition. The high stress-corrosion-resistance 
of alloys containing small additions of chromium instead of the usual 
manganese is of special interest.

The close correlation between the thermal treatment, the micro
structure, and the susceptibility to intercrystalline corrosion and, 
especially, stress-corrosion of these alloys is clearly indicated.

I .— I n t b o d u c t io n .

O f the aluminium alloys, those of the aluminium-magnesium type are 
of special interest, since in both the supersaturated-solid-solution and 
the aged states they show no marked age-hardening, although the 
solubility of magnesium is very large and decreases rapidly with 
decreasing temperature.1’ 2 In  alloys of very high magnesium con
ten t (10%), more marked changes have, of course, been observed, 
especially in the proof-stress and elongation values in the temperature 
range 100°-300° C.3 These changes are preceded by grain-boundary 
precipitation and are accompanied later by precipitation within the 
grains. Despite this, the processes of solubility and decomposition of 
the solid solution in aluminium-magnesium alloys are connected with 
essentially much smaller changes of the mechanical and forming

* Manuscript received 14 March 1947.
t  Metallurgy Department, Royal Aircraft Establishment, South Farnborough, 

Hants.
Î  High Duty Alloys, Ltd., Redditch, Worcester.
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properties than in the case of the age-hardening aluminium alloys, e.g. 
aluminium-copper-magnesium, aluminium-magnesium-silicon, and 
aluminium-zinc-magnesium. For this reason, the aluminium-mag
nesium alloys are frequently referred to as “ non-age-hardening

For practical purposes this property is sometimes a disadvantage 
because these alloys cannot be adapted so easily to the manufacturing 
processes as can the usual age-hardening alloys, which can be used in a 
more-ductile and weaker state or in a stronger and less-ductile state by 
suitable choice of thermal treatm ent. For example, Duralumin sheets 
are formed in the annealed or “ as-quenched ” condition, while in 
service the finished parts are used in the age-hardened condition. I t  
is well known tha t in the aircraft industry Duralumin sheets are formed 
in the fairly soft condition immediately after quenching, and th a t to 
obtain high strength without additional heat-treatm ent the finished 
parts are stored for some days a t room temperature.

Since the mechanical and forming properties of aluminium-mag
nesium alloys are practically unchanged by thermal treatm ent, these 
alloys must be formed in the condition in which they are used in 
service. I f  high strength in the finished structural parts is required, 
a correspondingly highly alloyed material must be used, and all the 
disadvantages resulting from high magnesium content, especially the 
reduced formability, must be accepted.

On the other hand, this eSect allows more freedom in the choice of 
the heat-treatm ent of the aluminium-magnesium alloys than is the 
case with the usual age-hardening aluminium alloys. For example, in 
alloys of the aluminium-magnesium-silicon type a choice has to be 
made between maximum strength or maximum corrosion-resistance, 
since the condition of highest strength does not correspond with th a t 
of maximum corrosion-resistance.4’ 5 The fact th a t in the aluminium- 
magnesium alloys the mechanical properties are practically independent 
of the thermal treatm ent enables the heat-treatm ent to be selected so 
th a t other properties, such as corrosion-resistance, reach optimum 
values. This viewpoint is the basis of the investigations described in 
this paper.

I I . — P k e v io u s  I n v e s t ig a t io n s .

Interesting observations on the influence of heat-treatm ent on the 
sea-water corrosion-resistance of aluminium-magnesium alloys with 
higher magnesium contents were published in 1933 by Sterner-Rainer.6 
Cast, as well as rolled, specimens showed a considerable superiority 
of the homogeneous over the heterogeneous state. Bearing in mind
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the limited stability of the homogeneous state a t the high temperatures 
encountered in tropical service conditions, other authors 7 have recom
mended the use of supersaturated aluminium-magnesium alloys in a 
special heterogeneous state instead of the homogeneous state. This 
special state is produced preferably by annealing a t a temperature

R A N G E  O F  

C O M M O N  A L L O Y S

0 4  8  12 16 20
M A G N E S IU M , W E IG H T  P ER  C E N T

Fig. 1.—Aluminium-Rich Portion of Equilibrium Diagram of the Aluminium- 
Magnésium System.

just below the solid-solubility line in the aluminium-magnesium 
equilibrium diagram (Fig. 1). The purpose of this treatm ent is to 
precipitate a part (about 1%) of the magnesium contained in solid 
solution. Further investigations showed th a t the corrosion-resistance 
of alloys with higher magnesium contents depends not only on the 
quantity but also on the arrangement of the precipitated particles, 
especially a t the grain boundaries. A minimum in the stress-corrosion-
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resistance of these alloys was observed a t low ageing temperatures 
(100°-150° C.), when very fine precipitation occurs.8’ 9

Other efforts have been made to increase the stability of the super
saturated aluminium-magnesium alloys by additions of manganese, 
chromium, titanium, calcium, silicon, and zinc. Favourable results 
are reported, especially with alloys containing about 1% zinc.10 The 
required stability a t elevated temperatures was obtained only when 
the specimens were not quenched in water but were air cooled after a 
homogenizing treatm ent.11’ 12 A valuable contribution by Sterner- 
Rainer 13 gave results which indicated the influence of copper, iron, 
manganese, nickel, and silicon on the stress-corrosion of cast aluminium 
alloys containing 2-5% magnesium. Seemann and W esch14 have 
investigated the effect of copper on the corrosion-resistance of alumin
ium-magnesium alloy sheets containing 7% magnesium. A study of 
the influence of grain-size on the corrosion-resistance of aluminium- 
magnesium alloys is also of interest.15

Another method of increasing the corrosion-resistance of aluminium- 
magnesium alloys is by cladding with magnesium-free aluminium alloys 
which are not affected by elevated temperatures, such as aluminium- 
zinc alloys containing up to 5% zinc, or aluminium-magnesium alloys 
with less than 3% magnesium .16 The same principle is the basis of 
proposals to reduce the magnesium content a t the surface by diffusion, 
thus producing a zone a t the surface which does not tend to form a 
precipitate, because of its low magnesium content.17

I I I .—I n v e s t i g a t i o n  o f  t h e  C o r r o s i o n - R e s i s t a n c e  o f  A lu m in iu m  
A l l o y s  C o n t a i n i n g  5-9%  M a g n e s iu m .

Investigations were planned with the object of determining the 
most suitable heat-treatm ent for aluminium-magnesium alloys con
taining 5-9%  magnesium and of observing the effect of some of the 
most promising additions of small amounts of other metals in com
bination with the heat-treatm ent. Since the results of previous 
investigations were frequently incomplete and were sometimes con
tradictory, experiments were carried out to check the anomalies 
reported. In addition, some fundamental questions as to the influence 
of the amount of magnesium and the purity of the original aluminium 
used for the manufacture of aluminium-magnesium alloys had to be 
resolved.

1. Material Employed.
The alloys were melted in the ordinary way, cast into 150-mm. 

(6-in.)-dia. chill moulds and extruded to bars of a cross-section of



100 X 20 mm. (4 x  0-8 in.) which were hot rolled to 6 mm. (0-24 in.) 
thickness and then cold rolled to the finished gauge. The cold reduction 
between annealing treatm ents a t 380°-400° C. was 20-50%, depending 
on the magnesium content of the different alloys.

2. Corrosion-Testing Methods.
(a) Corrosion Tests Without Stress. The immersion method described 

in the German Specification D.I.N. E4853 was used. The electrolyte, 
which is stirred, is a solution of 3% sodium chloride containing 0-1% 
hydrogen peroxide.18 The immersed specimens (200 mm. long and
1-0 mm. thick) have the shape of the finished tensile test-pieces. The 
corrosion-resistance is measured by the loss of tensile strength and 
elongation after various periods of corrosion. Each of the established 
values is the average of 3 specimens.

This method has proved successful as an accelerated sea-water 
corrosion test for aluminium alloys and has been investigated in con
junction with extensive comparative corrosion tests in the North Sea.19 
Because of its good reproducibility and accuracy and the uniformity 
of the corrosion attack over the whole surface of the specimens, this 
method appears to be particularly suitable for research work.20

(b) Stress-Corrosion Tests. An immersion method described by the 
authors in an earlier paper 8 was employed. The specimens are placed 
in a vertical position with the lower ends fixed a t the bottom of a 
container, while the upper ends of the specimens bear levers loaded by 
weights. Any desired bending stress can be produced in the specimens 
by choice of a suitable weight. The applied bending stresses are 10 
and 15-kg./mm.2. The container is filled with a solution of 3% sodium 
chloride containing 1% by weight of hydrochloric acid. The stress- 
corrosion-resistance is measured by determining the time for which 
the specimens resist a certain bending stress. Failure occurs by 
fracture or by yielding. The type of failure is denoted in the Tables 
of results. Every result is based on tests of two specimens, which 
generally show good agreement.

The fractures always had a brittle appearance, caused by heavy inter- 
crystalline attack (Fig. 4, Plate X V III). The yielding occurred because 
of the increased stresses resulting from the reduction in thickness of 
the specimens by corrosion. The corrosion usually took the form of a 
general attack, which reduced the thickness of the specimen, but some
times uniform penetration by intercrystalline corrosion occurred over 
the whole surface of the test-piece. Since failure is due to the gradual 
increase in deformation of the specimen, it  is less serious than fracture 
occurring suddenly and without warning.
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This method is a much accelerated test for aluminium alloys 
which are susceptible to intercrystalline corrosion because it  gives a 
reliable indication of grain-boundary precipitation, which is one of the 
main causes of intercrystalline corrosion, particularly in aluminium- 
magnesium alloys. Though this method has not been so extensively 
proved as the standard corrosion methods, good results have been 
obtained in its application to research, as well as in the checking of 
material prior to delivery. Considerable quantities of aluminium- 
magnesium alloy sheets tested by this method and shown to be immune, 
did not fail in service.

In  addition, a comparison between results obtained by this method 
after 6 days and those obtained by the standard method (D.I.N. E4853) 
after 450 days showed very good agreement in the case of an aluminium- 
7% magnesium alloy subjected to various heat-treatments 28; this sup
ports the extensive use of this accelerated test in the work described 
in this paper. I t  appears from these investigations tha t stress-corrosion 
and stress-less intercrystalline corrosion of aluminium-magnesium alloys 
are closely related; the results differ mainly in degree, as a consequence 
of the acceleration of intercrystalline corrosion by the application of 
simultaneous stress.

Some of the most important results have been compared with 
stress-corrosion tests in the North Sea on similar specimens, exposed 
a t the coast of the Isle of Sylt in such a manner tha t they were tidally 
immersed and dried.

Where other corrosion-testing methods have been used, further 
descriptions are given.

All specimens were cut out of the sheets transverse to the direction 
of final rolling.

3. Influence of Homogenizing and Ageing.
The term “ homogenizing ” implies heating the alloy, so as to 

obtain a completely homogeneous solid solution, and quenching in water 
in order to retain the alloy in a state of homogeneous solid solution.

First, the stress-corrosion-resistance of an aluminium-9% magnesium 
alloy in the homogenized state and after different ageing treatments 
was investigated. Sheet specimens 2-0 mm. thick were soaked at 
460° C. for different times (1, 3, and 8 hr.) and water quenched. One 
set of these specimens was tested in this state and other sets after 
different ageing treatm ents (3 days a t 75° C., 4 hr. a t 100° 0., 4 days 
a t 100° C., 4 hr. a t 150° C., and 4 hr. a t 300° C.).

As shown in Table I, no effects of the soaking time a t 460° C. could 
be detected after quenching. All homogenized specimens had a high
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resistance to stress-corrosion (> 1 2  days). The microstructure of these 
specimens was homogeneous, no grain boundaries being visible after 
etching by the method described (Fig. 2, Plate X VIII). The samples 
were carefully polished mechanically and etched for 20 min. in a solution 
of 9% orthophosphoric acid (H3P 0 4). Even ageing for 3 days at 75° C. 
or 4 hr. a t 100° C. did not change this structure. Their stress-corrosion-

T a b le  I.—Influence of Homogenizing and Ageing Times on the Stress- 
Corrosion-Resistance of an Aluminium-9% Magnesium Alloy (2 mm. 
Sheet).

Time at
Ageing.

Microstructure.
Stress-Corrosion-

Besistance,*
days.

Type of
460° O., hr.

• 0. hr.
Failure.

1 > 1 2
> 1 2

no failure
St

3 > 1 2
> 1 2 Si

8

8 75° 72

homogeneous, as 
Fig. 2 (Plate ■ 
XVIII).

> 1 2
> 1 2

> 1 2
> 1 2

Si

Si

Si

ss

8 100° 4 > 1 2
> 1 2 Si

8

8

100°

150°

96

4

heterogeneous, as 
Fig. 3 (Plate - 
XVIII).

■ 0-8
1 0

0-4
0-4

fracture

SS

ss

8 300° 4
(  heterogeneous, as 
1 Fig. 5 (Plate 
( XVIII).

1-5
1-8

ss

* Bending stress a =  15 kg./mm.3.

resistance is therefore the same as th a t of the homogenized specimens 
not aged a t elevated temperatures (> 12  days). If  the ageing time at 
100° C. is increased to 4 days, the grain boundaries appear as a fine con
tinuous network (Fig. 3, Plate X V III). As a result of this change in 
the microstructure, the specimens failed with brittle fractures, with a 
resistance of less than 1 day. Specimens aged 4 hr. a t 150° C., showing 
a similar structure, had a still shorter life (<0-5 day). The reason 
for the brittle fractures was severe intercrystalline corrosion (Fig. 4, 
Plate X VIII). After an ageing treatm ent of 300° C. for 4 hr., the pre



cipitate at the grain boundaries coagulates and forms coarser particles, 
and the continuous network is replaced by “ strings of pearls ” (Fig. 5, 
Plate XVIII). In  addition, precipitation occurs within the grains. 
Specimens with this microstructure failed also by intercrystalline cor
rosion, but had a longer life (1-2  days) than the specimens aged at 
150° C. These results agree with the results of a metallographic 
examination of an aluminium-10% magnesium alloy by Fink and 
Smith .23

In  Fig. 8 (®), the stress-corrosion-resistance a t 15 kg./mm .2 of the
2-mm.-thick aluminium-9% magnesium alloy is plotted against the 
ageing temperature and ageing time. In the investigated range (50°- 
150° C., 3 hr.-27 days), the stress-corrosion-resistance decreases with 
increasing temperature and time. Fig. 8 (b) shows the same diagram, 
but determined from specimens cold rolled to 1-6 mm. (20%) before 
ageing. Generally, a lower stress-corrosion-resistance than without 
cold reduction is recorded. Some exceptions, especially a t shorter 
ageing times, are probably due to internal stresses resulting from 
quenching or cold rolling. These stresses are reduced or eliminated at 
longer ageing times or higher ageing temperatures.

Similar results with an aluminium-7 % magnesium alloy, but with
out consideration of the effect of cold reduction, have been published 
by the authors in an earlier paper.8 These investigations were extended 
to ageing temperatures up to 300° C. and showed an increase in stress- 
corrosion-resistance at ageing temperatures above 225° C.

The results obtained show that, under the test conditions described,

(a) homogenized aluminium-magnesium alloys are very resistant 
to stress-corrosion;

(b) the stability of the homogeneous state a t elevated tempera
tures is limited and is decreased by cold deformation before ageing;

(c) minimum stress-corrosion-resistance occurs in the range of 
ageing temperatures 100°-200° C .; beyond this range the stress- 
corrosion-resistance increases with increasing tem perature;

(d) the stress-corrosion-resistance of aluminium-magnesium alloys 
is connected with the decomposition of the solid solution and depends 
on the quantity, arrangement, and size of the precipitate, especially 
a t the grain boundaries.

4. Influence of Magnesium Content.
Because the aluminium-magnesium alloys, even when of high 

magnesium content, are very resistant to stress-corrosion in the homo
geneous state, the influence of magnesium content on the stress-corro-
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sion-resistance was investigated, using low ageing temperature. Table II  
gives the results of stress-corrosion tests (a — 15 kg./mm.2) on 2-0-mm.

Corrosion-Resistant A lum inium -M agnesium  Alloys 167

F i g . 8.—Influence of Ageing Temperature and Ageing Time on the Stress-Corrosion- 
Besistance of Aluminium-9% Magnesium Alloy Sheets.

(а) 2'0 mm. sheet, homogenized and aged.
(б) 1-6 mm. sheet, 20% cold rolled after homogenizing and before ageing.

sheet specimens of aluminium containing 5-2, 6-8 , and 8% magnesium, 
homogenized (annealed 4 hr. a t 450° C. and water quenched), and 
aged for 81 days a t 50°-55° C. The marked decrease in stress-corrosion-
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resistance with increasing magnesium content is very striking. The 
specimens of the alloys containing 5-2 and 6-8% magnesium failed by 
yielding, while the alloy containing 8% magnesium gave brittle frac
tures. In  addition, the 5-2- and 6-8%-magnesium-containing sheets

T a b l e  I I .—Influence of Magnesium Content on the Stress-Corrosion- 
Resistance of Aluminium-Magnesium Alloys.
(After homogenizing, aged for 81 days at 50°-55° C.)

Magnesium,
%•

Cold Keduction, 
%.

Stress-Corrosion - 
Resistance,* days. Type of Failure.

5-2 Nil 10-0 yielding
9-8 it

6-8
r ( )

Nil 7-5 yielding
7-5 »

20 1-5 fracture
20 ”

80 Nil 0-8 fracture
1-4 -

20 0-4
0-4 it

* Bending stress a — 15 kg./mm.2.

were cold rolled to 1-6 mm. between quenching and ageing, with the 
result th a t the stress-corrosion-resistance was further reduced and 
only brittle fractures obtained. Metallographic examinations indicated 
th a t the higher the magnesium content the earlier precipitation occurs 
a t the grain boundaries.

5. Influence of Manganese, Iron, Silicon, and Copper.
The fact th a t nowadays the aluminium-magnésium alloys are manu

factured from virgin aluminium of variable purity, raises the question 
of the influence of impurities on the stress-corrosion-resistance. For 
this purpose, 1-5-mm. sheets of an aluminium-7% magnesium alloy 
were manufactured from aluminium of different degrees of purity 
(99-99 and 99-5%). In addition, some alloys were made with and some 
without manganese. In one alloy, 0-06% copper was also added. The 
chemical compositions of the alloys are given in Table III .

Specimens of each alloy were heat-treated as follows :
(a) homogenized (soaked 4 hr. at 460° C. and water quenched) ;
(b) homogenized, and aged for 1 day a t 100° C. ;
(c) homogenized, and aged for 3 days a t 100° C.



T a b l e  II I .—Stress-Corrosion Résistance of Aluminium-7% Magnésium, Alloys of Différent Purities and Manganèse
Contents.

Alloy
No.

Virgin
Alu

minium,
%.

Chemical Composition. Ageing 
Time at 
100° 0., 

days.

0-2%
Proof

Stress,!
kg./mm.1.

Tensile
Strength,!
kg./mm.a.

Elongation,
11-3VA,!

% .

Stress-
Corrosion-

Eesistance,!
days.

Type of 
Failure.Mg,

%.
Mn,
%•

Si,
%•

Fe,
o//o»

Cu,
%.

1 99-99 6-6 Nil 0-03 0-01 Nil 0

1

3

13-1

12-5

12-7

30-0

29-5

29-3

30-5

31-9 

31-0

>40
>40

22
20

7
6

none

yielding
»»

fracture

2 99-99 7-1 0-35 0-03 0-01 Nil 0 13-3 30-6 27-0 >40 none
>40 „

1 13-7 30-8 29-2 9
9

yielding

3 13-5 30-7 30-0 7
6

fracture

3 99-5 7-0 Nil 0-24 0-20 Nil 0 13-3 30-6 27-0 >40 none
>40 „

1 13-7 30-8 29-2 9
9

yielding

3 13-5 30-7 30-0 5
2 fracture

4 99-5 6-8 0-36 0-29 0-24 Nil 0 14-4 33-6 25-5 10 yielding

1 14-3 32-3 25-3 8 „

3 14-1 32-4 24-5 5
5 fracture

5 99-5 6-9 0-45 0-23 0*26 0-06* 0 15-4 33-4 23-0 19 yielding
12 fracture

1 16-0 33-5 23-0 9
9 yielding

3 16-2 33-1 21-0 5-0 fracture
5-5 ”

•  Upper limit of copper content in aluminium-magnesium alloys : 0-05% (see D . I . N .  1725). f  Average of 3 specimens. % Bending stress a  =  10 kg./mm.«.
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The results of the stress-corrosion tests are collected in Table III. 
Considering first the homogeneous state, alloys 1 and 3 have the same 
high stress-corrosion-resistance (> 40  days). The different purities of 
the virgin aluminium (99-99 and 99-5%), therefore, did not affect the 
results. While the higher-purity alloy containing 0-35% manganese 
(alloy No. 2) is as resistant as the same alloy without manganese (alloy 
No. 1), the stress-corrosion-resistance of the lower-purity alloy (alloy 
No. 3) seems to be reduced by the addition of manganese (alloy No. 4).

In  the aged state, the alloys of higher purity (alloys No. 1 and 2) 
are definitely superior to the alloys of lower purity (alloys No. 3 and 4).
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T a b l e  IV.—Stress-Corrosion-Resistance of Aluminium-1 %  Magnesium 
Alloy Sheet, With and Without 0-9% Copper.

Alloy
No.

Chemical Composition.

Ageing after 
Homogenizing.*

Stress-Corrosion-
Kesistanee,t

days.
Type of 
Failure.Mg,

%•
Mn,
%•

Si,
%•

Fe,
%.

0u,
%•

6 7-0 0-4 0-2 0-1 Nil Room temp.

3 days at 
100° C.

>20
>20

1-5
1 0

none
ft

fracture

7 7-0 0-4 0-15 0 15 0-9 Room temp.

3 days at 
100° C.

6
5-5

7-5
7-5

yielding
fracture

fracture

* 4 hr. at 460° C. and water quenched, 
f  Bending stress a — 10 kg./mm.3.

In  the manganese-containing alloys (2 and 4), this superiority is not as 
marked as in the manganese-free alloys (1 and 3). The small amount 
of copper impurity (0-06%) in the presence of manganese (alloy No. 5) 
has, apparently, no detrimental effect on the stress-corrosion-resistance, 
which is even higher than in the copper-free alloy (alloy No. 4).

Metallographic examination showed tha t the structure becomes 
finer grained with increasing quantities of impurities, and tha t the 
manganese content particularly affects the alloy in this way. There 
was no evidence th a t the purity of the aluminium or the manganese 
content of the alloy affected the rate and distribution of precipitation 
a t the grain boundaries. Adding manganese increases the tensile 
strength and proof stress, but decreases the elongation. Ageing has 
no great effect on these properties (Table III).

The effect of a higher copper content is seen in Table IV. 1-5-mm.-
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thick sheet specimens of aluminium-7 %  magnesium alloy, with and 
without 0-9% copper, were tested in the homogenized state (room- 
temperature aged), and after 3 days ageing a t 100° C. The stress- 
corrosion-resistance of the homogenized specimens decreases very con
siderably with increasing copper con ten t; however, after 3 days age
ing a t 100° C., the opposite effect is shown. The high resistance of the 
copper-free alloy in the homogeneous state decreased after the ageing 
a t 100° C. to less than 2 days, but the copper-containing alloy showed 
an improvement rather than a deterioration under these conditions.
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Fig. 9.—Effect of Corrosion on Strength and Elongation of an Aluminium-7% 
Magnesium Alloy with and without 0-9% Copper. Standard immersion test 
specimens (stirred solution of 3% NaCl containing 0-1% H20 2); specimens 
1-5 mm. thick.

(а) Homogenized (room-temp. aged).
(б) Aged 3 days at 100° C.

K e y .

 with 0-9% Cu.
without Cu.

This surprising result was checked by the standard immersion test 
covered by the German Specification D.I.N. E4853 (see p. 163), and 
good agreement with the stress-corrosion tests was obtained. In 
Fig. 9, the tensile strength and elongation of both alloys are plotted 
against the corrosion time up to 200 days.

The increase in corrosion-resistance of aged aluminium-magnesium 
alloys caused by the addition of copper is difficult to understand 
because the potential of the solid solution becomes more noble when 
copper is added ,22 and the potential difference between the solid solu
tion and the precipitated magnesium-containing phase is therefore 
increased. A large potential difference also exists between the mag
nesium-containing and the copper-containing precipitates, which favours



the development of intercrystalline corrosion. But these factors are 
obviously of little consequence because the corrosion-resistance of the 
solid solution is markedly reduced by the addition of copper, as shown 
by the results obtained with the homogeneous specimens (Table IV). 
The difference between the rate of corrosion of the solid solution and 
the rate of intercrystalline penetration is, therefore, considerably 
decreased, and the corrosion attack becomes more general and less 
dangerous.

6 . Influence of the Cooling Rate.
As in other supersaturated and (especially) age-hardening alloys, the 

cooling rate has a great effect on the corrosion-resistance of the 
aluminium-magnesium alloys. Since the homogeneous state pro
duced by the usual water quenching is not stable if elevated tem 
peratures are encountered in service, other methods of cooling have 
been proposed, such as air cooling and “ interval cooling The term 
“ interval cooling” denotes cooling from the homogenizing tempera
ture to a temperature just below the equilibrium curve of the solid 
solution, holding a t this temperature for a certain time, and then 
water quenching.7

(a) Interval Cooling. Specimens of an aluminium-8-5% magnesium 
alloy sheet (1-5 mm. thick) were treated as follows :

(a) Soaked for 8 hr. at 460° C. and water quenched.
(b) Soaked for 1 hr. a t 450° C., cooled to 295° C. and held for 

1-5 hr. a t this temperature, then water quenched.

The stress-corrosion-resistance of these specimens was tested “ as 
quenched ” , as well as after ageing for 3 days a t 100° C. and ageing 
for 1 day a t 150° C. The results, given in Table V, show tha t the 
corrosion-resistance of the specimens not aged at elevated temperatures 
is seriously affected by interval cooling; they failed by yielding after 
2 days. The specimens aged a t 100° and 150° C. were, however, 
somewhat more resistant after interval cooling than after the normal 
quenching from the homogenizing temperature.

That the homogeneous state, in which the maximum supersaturation 
of the solid solution in the aluminium-8-5% magnesium alloy exists, 
is most susceptible to ageing a t elevated temperatures, is easy to 
understand. By interval cooling, the supersaturation of the solid 
solution is reduced by the precipitation of part of the magnesium, so 
th a t its susceptibility to  ageing a t elevated temperatures may be 
approximately the same as th a t of a homogeneous alloy of a corre
spondingly lower magnesium content. I t  must also be mentioned that
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it  is very difficult to obtain the desired precipitation in all cases by the 
method of interval cooling. For example, one test failed because the 
specimens became homogeneous a t 305° C., the temperature first 
selected for the interval cooling. Only when the test was repeated a t 
295° C. was the desired precipitation (“ string of pearls ” structure) 
obtained, as shown in Fig. 6 (Plate X VIII). I f  the alloy treated in 
this manner is aged a t 100°-150° C., the microstructure changes to 
the dangerous continuous network (Fig. 7, Plate X VIII). For this
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T a b l e  V.—Stress-Corrosion-Resistance of Water-Quenched and Interval- 
Cooled Specimens of an Aluminium-8-5% Magnesium Alloy Sheet 
(1-5 mm. Thick).

Alloy
No.

Chemical Composition.
Cooling

Treatment.

Ageing.
Stress-

Corrosion-
Resistance,*

days.

Type of 
Failure.Mg,

%•
Mn,
%•

Si,
%.

Fe,
%•

• 0 . days.

8 8-5 0-4 0-3 0-2 W a te r 20° > 1 2 n o n e
q u e n c h e d . > 1 2 it

1—
i

o o o 3 0-7 f r a c tu re
0-6 »

150° 1 O S
0-4 »

I n te r v a l

1 &
 

8

2 y ie ld in g
coo led . 2 it

100° 3 1-5 f r a c tu re
1-5 ..

ooto 1 0-5

1 0-5 it

* B en d in g  s tre s s  o  =  15 k g . /m m .2.

reason, the interval-cooled and aged specimens failed in the same way 
as the normally quenched and aged specimens, i.e. by intercrystalline 
fracture.

From these results, interval-cooled aluminium-magnesium alloys, 
after ageing a t 100°-150° C., appear somewhat more resistant to stress- 
corrosion than alloys of the same magnesium content in the normal 
water-quenched and aged conditions. This slight improvement is, 
however, not great enough to encourage the application of this method 
in practice, particularly as the susceptibility to intercrystalline corrosion 
is not removed by this treatm ent. In  addition, the normal water- 
quenched material is far superior to the interval-cooled material in the



un-aged condition, so th a t in all cases where elevated temperatures in 
service are not expected material manufactured by the first and more 
simple method may be preferred.

(b) Air Cooling. I f  air cooling is applied in practice, the cooling 
rate must largely depend on the size of the treated components, as 
thick parts cool much more slowly than thin ones. The movement of
the air also affects the cooling rate, and an experiment was carried out
to test this.

Six specimens of an aluminium-7% magnesium alloy sheet, 1-5 mm. 
thick, were heated for 5 hr. a t 460° C. and then cooled as follows :

(a) by quenching in water,
(b) in moving air,
(c) in calm air,
(d) covered with 2-mm.-thick asbestos,
(e) covered with 5-mm.-thick asbestos,
(/) covered with lO-mm.-thick asbestos.

The cooling rate was measured by thermocouples fixed to the 
specimens, and the results shown in Table VI were obtained.

The results of the stress-corrosion test, carried out (i) without age
ing, (ii) after ageing for 1 day, and (iii) after ageing for 3 days at 100° C., 
are also given in Table VI, and these demonstrate very clearly the 
improvement of stress-corrosion-resistance with decreasing cooling 
speed. If, for example, the cooling speed is reduced from 130° C./min. 
(moving air) to  12° C./min. (10-mm.-thick asbestos cover), the stress- 
corrosion-resistance is improved three times and more. The tendency 
for intercrystalline fracture to occur also decreases, and more specimens 
fail by yielding.

Micrographs of differently cooled specimens, without ageing and after 
ageing for 3 days a t 100° C., are given in Figs. 10-15 (Plate XIX). 
The grain boundaries, which are not visible in the water-quenched 
specimen (Fig. 10) become increasingly apparent a t lower rates of 
cooling, corresponding with the increased decomposition of the solid 
solution (Figs. 12 and 14). The precipitation is in both cases in the 
form of discrete particles, and does not take the form of a continuous 
network. After ageing for 3 days a t 100° C., the microstructure 
changes in tha t the gaps which existed before ageing become filled 
with additional precipitate, and a more or less continuous network is 
formed (Figs. 11, 13, and 15). The tendency to form a continuous 
network is more pronounced in the specimens th a t have been cooled 
faster.

(c) Furnace Cooling. On the basis of the results obtained with the
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P l a t e  XVIII.

F i g s .  2-7.—Typical Microstructure of Aluminium-Magncsium Alloy Sheet. All specimens 
etched in 9% orthophosphoric acid, x  500.

F i g . 2 .— H o m o g e n iz e d , w a te r  q u e n c h e d .
F i g . 3 .— H o m o g e n iz e d , w a te r  q u e n c h e d , a n d  a g e d  4  d a y s  a t  100° C .
F i g . 4 .— I n te r c r y s t a l l in e  c o r ro s io n ;  h e a t - t r e a tm e n t  s a m e  a s  F ig . 3.
F i g . 5 .— H o m o g e n iz e d , w a te r  q u e n c h e d , a n d  a g e d  4 h r .  a t  300° C.
F ig .  6.—Interval cooled; string-of-pearls structure.
F ig .  7.—As Fig. 6, but aged 3 days a t 100° C. ; continuous network.

[To face p . 174.
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F ig s .  10-15.—Influence of the Cooling Rate on the Microstructure of Aluminium-7 %  Magnesium 
Alloy Sheet (1*5 mm. thick). Etched in 9% orthophosphoric acid, x 500.

F ig .  10.—W ater quenched.
F i g . 11 .— W a te r  q u e n c h e d  a n d  a g e d  3 d a y s  a t  100° C .
F i g . 12 .— C o o le d  in  m o v in g  a i r .
F ig .  13.—Cooled in moving air and aged 3 days a t 100° C.
F i g . 14 .— C o o le d  w i th  a  1 0 -m m .- th ic k  in s u la t io n .
F ig .  15.—Cooled with a 10-mm.-thick insulation and aged 3 days a t  100° C.
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F ig s .  16-21.—Micrographs of Aluminium-9% Magnesium Alloy Sheet (2-0 mm. thick) after 
Different Cooling and Ageing Treatments. Etched in 9% orthophosphoric acid. x 500. 

F ig .  16.—Air cooled.
F ig .  17.—Air cooled and aged 3 days a t 100° C.
F ig .  18.—Interval cooled.
F ig .  19.—Interval cooled and aged 3 days a t 100° C.
F ig .  20.—Furnace cooled.
F i g . 21 .— F u r n a c e  c o o le d  a n d  a g e d  3 d a y s  a t  100° C.
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F ig s . 22-26.—Influence of Zinc on the Microstructure of an Aluminium-7 % Magnesium Alloy. 
Etched in 9% orthophosphoric acid, x 500.

F i g . 22 .— A llo y  w ith  1 %  z in c , a i r  c o o led .
F i g . 2 3 .— A llo y  w i th  1 %  z in c , f u rn a c e  c o o led .
F ig .  2 4 .— Alloy w ith  1 %  zinc, furnace cooled and aged 3 days a t  125° C.
F i g . 25 .— Z in c -fre e  a l lo y , fu r n a c e  c o o led .
F i g . 26 .— Z in c -f re e  a l lo y , fu r n a c e  c o o le d  a n d  a g e d  3 d a y s  a t  125° C.
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T a b le  V I.—Influence of the Cooling Rate on the Stress-Corrosion of an 
Aluminium-7%  Magnesium, Alloy (1-5 mm. Sheet).

Cooling.
Cooling Rate, 
° C./min. a t 

300° 0.»
Ageing Time at 
100° C., days.

Stress-Corrosion- 
Resistance,f days.

Type of 
Failure.

Water. 1800° 0 9 yielding
9 ii

1 4 it

4 it

3 2 fracture
2-5 it

Moving air. 130° 0 7 yielding
7 it

1 5 it

5 ti

3 3 fracture
3 it

Calm air. 34° 0 15 yielding
17 ..

1 8 it

12 »

3 6 ti

6 it

2-mm. asbestos 22° 0 14 yielding
cover. 14 ti

1 12
13 »

3 6 ti

7 it

5-mm. asbestos 16° 0 18 yielding
cover. 18 it

1 13 it

13 »

3 9
fracture9

10-mm. asbes 12° 0 21 yielding
tos cover. 22 it

1 17 ti

17 »

3 12 it

12 it

* Specimens cooled from 460° C. 
VOL. LXXIV.

f  Bending stress o ■= 10 kg. /mm.2.
O
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differently cooled specimens, it  would be expected that a further 
improvement in the stress-corrosion-resistance of aluminium- magnesium 
alloys might be possible if the rate of cooling could be reduced still 
further.

For this purpose, specimens of an aluminium-9% magnesium alloy 
sheet (2-0 mm. thick) were extremely slowly cooled in an air-circulating 
furnace. The cooling speed was about 0-5° C./min., as against 
40° C./min. in the case of air cooling. These specimens were com
pared with corresponding specimens which had been water quenched, 
air cooled, and interval cooled. The different specimens were treated 
as follows :

(а) soaked for 3 hr. a t 460° C. and extremely slowly cooled in 
the furnace (“ stabilizing treatm ent ” );

(б) soaked for 5 hr. a t 460° C. and water quenched;
(c) soaked for 5 hr. a t 460° C. and air cooled;
(d) soaked for 1 hr. a t 460° C., cooled to 295° C. and held for

1-5 hr. a t this temperature, and water quenched (interval cooling).

The results of stress-corrosion tests on these specimens are given in 
Table VII. The unaged specimens had the highest stress-corrosion- 
resistance after air cooling (c) and water quenching (6). The furnace- 
cooled specimens (a) yielded after a resistance of 33 days, while the 
interval-cooled specimens (d) had the shortest life (4 days). After 
ageing for 3 days a t 100° C., the stress-corrosion-resistance of the 
furnace-cooled specimens (a) showed no change (33 days); the air- 
cooled (c) and interval-cooled (d) specimens failed in a much shorter 
time, less than 19 and less than 5 days, respectively. The water- 
quenched specimens (b) failed after about 1-5 days, owing to inter
crystalline fracture.

Micro-examination of the differently treated specimens showed that 
precipitation in the aluminium-9% magnesium alloy was more marked 
than in the aluminium-7% magnesium alloy, corresponding to the 
higher magnesium content. After ageing for 3 days a t 100° C., the 
microstructure of the water-quenched and air-cooled specimens changes, 
as already described, to a continuous, or nearly continuous, network 
(Figs. 10, 11, 16, and 17, Plates X IX  and XX). This tendency is less 
pronounced in the interval-cooled specimens (Figs. 18 and 19, Plate 
XX). In  the case of furnace cooling, no change was detected in the 
microstructure after ageing. Both micrographs (Figs. 20 and 21, Plate
XX) show a large amount of precipitation a t the grain boundaries 
as well as within the grains. The grain-boundary precipitation con
sists of coarse isolated particles which do not form a continuous film.



There is a slight difference between the niicrostructures in Figs. 20 and 
21, bu t this was not the case when originally viewed under the micro
scope. The difference now seen can be attributed to under-exposure of 
the prin t used for Fig. 20.

(d) Effect of the Cooling Rate on Alloys Containing Manganese, Zinc, 
and Chromium. In  the course of the investigations described, the 
question arose of the effect of the cooling rate on alloys containing small 
additions of manganese, zinc, and chromium.
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T a b l e  VII.—Stress-Corrosion-Resistance of Aluminium-9% Magnesium 
Alloy Specimens (2-0 mm. Thick) Cooled by Different Methods.

Cooling Method.® Ageing. Stress-Corrosion- 
Resistance,f days. Type of Failure.

Furnace cooled Boom temp. 33 yielding
(stabilized). 33 »

3 days at 100° C. 33 f*
33 >>

Water quenched. Room temp. > 33 none
27 yielding

3 days at 100° C. 2 fracture
1-5 »»

Air cooled. Room temp. > 33 none
> 33 »»

3 days at 100° C. 18 fracture
17 yielding

Interval cooled. Room temp. 2-5 yielding
30 »

3 days at 100° C. 30 »»
40 »»

* Specimens cooled from 460° C. f  Bending stress a =  13-5 kg./mm.2.

To investigate the effects of zinc and chromium, four alloys were 
made, the chemical compositions of which are given in Table VIII. 
Sheet specimens of 1-5-mm. thickness of each alloy were soaked for 
5 hr. a t 460° C. and cooled (a) in water, (b) in air, and (c) in the furnace 
(cooling rate about 0-5° C./min.).

Two specimens of each set were aged a t the temperatures and for 
the times given in Table V III and then tested for stress-corrosion 
(o =  10 kg./mm.2).

The results, collected in Table V III, confirm th a t furnace cool
ing generally produces higher stress-corrosion-resistance than water



T a b l e  VIII. Influence of Zinc and Chromium on the Stress-Corrosion-Resistance of an Aluminium-1 %  Magnesium
Alloy * Subjected to Different Cooling and Ageing Treatments.

Chemical Composition.
0-2% 
Proof 

Stress,f 
kg. /mm.8.

Elonga
tion,

ll-3VA7t
%•

Stress-Corrosion-Resistance (days),J § After Ageing a t :
Cooling
Method.No. Mg,

%.
Zn,
0//o*

Or,
o//o*

Mn,
0//O’

Si,
o//o*

Fe,o//o*

Strength,f 
kg. /mm.8. 20° 75°

3

75°

27

100°

0-3

100°

3

100°

27

125°

0-3

125°

3

150°

0-3

150° C.
for 

3 days.
9 6-8 0-5 Nil 0-4 0-3 0-2 Water quenched. 

Air cooled. 
Furnace cooled.

15-7
15-9
15-5

34-5
34-5
33-8

25-3
24-1
21-7

14
6

13

15
2

12-5

5
1-5
8*5

15
3
8-5

3
2
9-5

0-5
1-0 
8-5

1
2

12-5

0-5
1-5 
7

0-5
5
7-5

1
1*5
7

10 7-2 1-1 Nil 0-4 0-3 0-15 Water quenched. 
Air cooled. 
Furnace cooled.

16-5
16-1
15-2

34-9
34-8
33*7

23-3
23-9
19-8

2
3
8

2-5
3*5

10

3
4 

10

3
4

10-5

3-5
3-5

11

0-2
3-5

10-5

1-5
4-5
9

0-2
6

10

1-5
4

11

1
3

10-5
11 6-5 Nil 0-25 0-4 0-3 0-2 Water quenched. 

Air cooled. 
Furnace cooled.

20-8
21-4
21-2

37-6
36-5
34-9

20-8
19-2
15-7

4
3
5

5
4
4*5

4
3-5
6

4-5
2
6

3-5
2
7-5

2
3-5
7-5

5
3-5
8

3
2-5
7

4
3
7

2-5
2-5
5

12 7-1 Nil Nil 0-4 0-3 0-15 Water quenched. 
Air cooled. 
Furnace cooled.

15-4
14-7
14-5

32-8
32-0
32-6

27-5
25-3
25-3

8
17
16*5

8-5
9-5 

15

1-5
5-5

18-5

7
9-5

19

1-5
3-5

16-5

1
1

11

2
3

14*5

1-5
1

13

1
1

15-5

1
1
6

* l*5-mm.-thick sheet. t  Average of 3 specimens. Î  Bending stress a  =  10 kg./mm.8. § Average of 2 specimens.
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quenching or air cooling. This is the case for all alloys and nearly 
all ageing treatments. The resistance of the water-quenched and air- 
cooled specimens differs very little. Only in the alloy containing 1% 
zinc and in the zinc-free and chromium-free alloy is an improvement in 
the stress-corrosion-resistance, compared with the water-quenched 
specimens, to be seen after air cooling. This agrees with results pub
lished by other investigators.10’ 11 The chromium-containing alloy 
seems to be a little more resistant after water quenching than after 
air cooling.

If  the various alloys are compared, their resistance to stress-corrosion 
differs very little ; it  cannot be said therefore th a t the additions of 
zinc and chromium have a very striking effect, except perhaps over a 
short range of cooling and ageing. Generally, the furnace-cooled alloy 
without zinc and chromium appears to be superior to  the other alloys 
containing these additions.

The great influence of ageing temperature and ageing time on the 
stress-corrosion-resistance of some alloys under certain cooling and 
ageing conditions is very evident. The probable reason for con
tradictions occurring in the literature about the influence of additions 
such as zinc and chromium is th a t investigators have used different 
cooling and ageing treatments.

Metallographic examination showed th a t the water-quenched speci
mens of all alloys were homogeneous in the unaged condition as well 
as after low-temperature ageing (3 days a t 75° C .; 0-3 days a t 100° C.). 
W ith increasing ageing temperature and time, the structure became 
more and more heterogeneous, as already described. More evidence of 
precipitation, especially within the grains, was to be seen in the zinc- 
containing than in the zinc-free alloys.

In  the air-cooled specimens, slight traces of precipitation in the 
grain boundaries could be observed in the unaged condition. Fig. 22 
(Plate XX I) shows this structure in the alloy containing 1% zinc. 
The aged specimens had a structure similar to th a t of the water- 
quenched and aged specimens.

The furnace-cooled specimens showed precipitation in the grain 
boundaries as well as within the grains, but no continuous network 
was formed. Precipitation in the zinc- and chromium-containing 
alloys, especially within the grains, was very pronounced. This is 
particularly evident on comparing the alloy containing 1% zinc (Fig. 23, 
Plate X X I) with the zinc- and chromium-free alloy (Fig. 25, Plate
XXI). The heavy precipitation doubtless resulted from the decrease 
in the solid solubility of magnesium in aluminium caused by the 
additions of zinc, especially a t lower temperatures. For example, at
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200° C. the solubility of magnesium in aluminium is reduced from 
about 3% to 1% by the addition of 0-5% zinc.24

The most important observation of this investigation is th a t the 
microstructure of the furnace-cooled specimens was not changed by 
ageing (cf. Fig. 23 with Fig. 24 and Fig. 25 with Fig. 26, Plate XXI). 
This is contrary to observations on the water-quenched and air-cooled 
specimens, which always tend to form a continuous network on ageing 
a t elevated temperatures.

The mechanical properties of the different alloys after water quench
ing, air cooling, and furnace cooling are also given in Table VIII. 
The zinc- and chromium-containing alloys possess a higher tensile 
strength and proof stress, but a lower elongation, than the alloy free 
from these additions. While the method of cooling has no detectable 
influence on the mechanical properties of the aluminium-7 %  magnesium 
alloy, the zinc and chromium-containing alloys show a somewhat lower 
tensile strength in the furnace-cooled condition.

Since all these alloys contained 0-4% manganese, it was of interest 
to investigate a manganese-free alloy, especially in combination with 
an addition of chromium. Such an alloy was therefore compared with 
a normal aluminium-magnesium alloy with the usual manganese 
content, with and without 20%  cold reduction.

The chemical compositions of the 1-5-mm. sheets employed are 
given in Table IX.

Unfortunately, alloy 2 had a considerably higher silicon content 
than alloy 1, but it is to be expected th a t this would affect the corrosion- 
resistance of alloy 2 unfavourably rather than favourably.35

After soaking for 4 hr. a t 460° 0., the specimens were treated as 
follows :

(a) water quenched;
(b) water quenched and aged for 3 days a t 100° C .;
(e) water quenched and cold rolled, 20%  reduction;
(d) water quenched, cold rolled (20% reduction), and aged for

3 days a t 100° C .;
(e) furnace cooled;
(/) furnace cooled and aged for 3 days at 100° C .;
(g) furnace cooled and cold rolled, 20% reduction;
(h) furnace cooled, cold rolled (20% reduction), and aged for 3

days a t 100° C.

The results, given in Table IX , show tha t the chromium-containing 
alloy has a considerably higher stress-corrosion-resistance than the 
manganese-containing alloy in all conditions of heat-treatm ent and
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cold reduction. The superiority of furnace cooling to water quenching 
when followed by ageing is again confirmed, as well as the detrimental

T a b le  IX .—Stress-Corrosion-Resistance of a Manganese- and a Chrom
ium-Containing Aluminium-1 °/0 Magnesium Alloy (1*5 mm. Sheet).

Chemical Composition.
Cold

Stress-
Corro-

Alloy
No. Mg,

% .
Mn,
%•

Cr,
%•

Si,
%•

Fe,
%•

Cooling
Method.

Reduc
tion,
%•

Ageing. sion-
Resist-
ance,#
days.

Type of 
Failure.

13 7-3 0-42 Nil 0-08 0-16 Water
quenched.

Nil Room
temp.

3 days a t 
100° C.

27
27

6
6-5

yielding

fracture

20 Room
temp.

3 days a t 
100° 0.

26
28

1
1-5

yielding

fracture
»»

Furnace
cooled.

Nil Room
temp.

3 days a t 
100° C.

27
27

23
23

yielding
•i

20 Room
temp.

3 days a t 
100° C.

24
24

11
11

yielding

14 7-2 Nil 0-54 1-09 0-16 Water
quenched.

Nil Room
temp.

3 days at 
100° C.

>30
>30

10
12

none

fracture

20 Room
temp.

3 days a t 
100° O.

>30
>30

2
2

none
»»

fracture

Furnace
cooled.

Nil Room
temp.

3 days a t 
100° C.

>30
>30

>30
>30

none
»

»»

20 Room
temp.

3 days a t 
100° C.

>30
>30

27
27

none

yielding

* Bending stress a  =  10 kg. /mm.2.

effect of cold reduction. After ageing for 3 days a t 100° C., the water- 
quenched specimens failed by intercrystalline fracture, but the furnace- 
cooled specimens yielded after a considerably longer life.
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7. Comparison of Laboratory Tests with Stress-Corrosion Tests in the
North Sea.

The results so far given in this paper have been obtained from 
laboratory tests. To be more certain th a t these results are com
parable with conditions in service, stress-corrosion tests in the North 
Sea were carried out. 2-0-mm. specimens of aluminium-7 and 9% 
magnesium alloys were exposed on the coast of the Isle of Sylt in 
such a manner th a t they were tidally immersed and dried. For com
parison, corresponding specimens were tested by three different stress- 
corrosion methods in the laboratory.

The specimens were subjected to the following tests :
(a) North Sea. The test used was the loop test (Schlaufenprobe), into 

which the test-pieces were bent through an angle of 180° over a radius 
of 16 mm. The free ends of the strips were then fixed together like a 
spring.25 The stresses produced were not determined.

(b) Laboratory Test 1. Loop test as in (a). The specimens were 
exposed to a wet and dry method of corrosion, which involved a cycle 
of 10 min. immersion in a solution of 3% sodium chloride and 50 min. 
drying in air a t about 25° C. and a t a relative humidity of 80-90%.18

(c) Laboratory Test 2. The specimens were 20 mm. long, 10 mm. 
wide, and 2-0 mm. thick. A bending moment was applied by means 
of two arms, in which were slots which fitted tightly over the ends of 
the specimen. The arms were a t right angles to the longitudinal axis 
of the specimen, and the free ends of the arms were brought together 
by a load calculated to provide the required skin stress (30 kg./mm.2) 
in the specimen.

The arms were then locked in this position by means of a clamping 
bolt.26 The corrosion conditions were the same as in laboratory test 1 
(para, (b) above).

(d) Laboratory Test 3. Specimens were stressed in bending and 
immersed in a solution of 3% sodium chloride containing 1% by weight 
of hydrochloric acid, as described earlier (see p. 163). The stress 
produced in the specimens was in this case 60% of the 0 -2% proof stress.

The sheets employed were manufactured in the factory and con
tained, apart from magnesium, about 0-45% manganese, 0-2% silicon, 
and 0-3% iron. After soaking for 5 hr. a t 460° C., separate sets of 
specimens were water quenched (If), air cooled (A), and furnace 
cooled (F ). The cooling in the furnace was a t a rate of 460° to 100° C. 
in 8 hr. Specimens from each set were in addition cold rolled, 15% 
reduction, and aged for 3 days a t 100° C. Three test specimens in 
each condition were then exposed to each corrosion test,
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The results of tests on the aluminium-7% magnesium alloy are 
given in Table X. W ithout cold reduction and without ageing at 
100° C., all specimens had a resistance of more than 140 days in the 
North Sea and in laboratory tests 1 and 2. In  laboratory test 3, 
some air-cooled and some furnace-cooled specimens failed by yielding 
a t between 15 and 20 days, but the water-quenched specimens were 
still resistant after 20 days. After 15% cold reduction and ageing for 
3 days a t 100° C., only the furnace-cooled specimens had a resistance 
of 140 days in the North Sea and laboratory tests 1 and 2, while the 
water-quenched and the air-cooled specimens failed by intercrystalline 
fracture, generally after less than  20 days. In  laboratory test 3, the 
resistance of all cold-rolled and aged specimens was less than 15 days, 
but the superiority of the furnace-cooled specimens was very marked. 
This is in agreement with the results observed in tests (a), (b), and (c).

The aluminium-9% magnesium alloy behaved similarly, but its 
stress-corrosion-resistance was on the whole lower than th a t of the 
aluminium-7% magnesium alloy (see Table X).

These results confirm the high susceptibility of water-quenched and 
air-cooled aluminium-7 and 9% magnesium alloys to stress-corrosion 
after cold reduction and ageing, and the beneficial effect of slow cooling 
from the homogenizing temperature (furnace cooling).

The good agreement of the results of the North Sea tests with 
laboratory tests 1 and 2 is also of special interest. Laboratory test 3 
is shown to be an extremely rapid method of stress-corrosion examina
tion. In  the experiments described, the classification of stress-corro
sion-resistance is similar to th a t obtained from tests in the North Sea 
and in laboratory tests 1 and 2 after long periods of exposure.

8 . Experience in Service.
During the past ten years, aluminium-magnesium alloys have been 

used in Germany to a greater extent than before, especially in the 
construction of seaplanes. At first, the alloys with 7 and 9% mag
nesium were heat-treated by the method referred to in this paper as 
interval cooling. In  service, much trouble arose with this material 
after a comparatively short time. Intercrystalline cracks occurred 
preferentially a t rivet holes and in sections cold formed from sheet or 
strip, as well as in other parts containing internal stresses. In  addition, 
intercrystalline cracks were observed in rivet heads, as shown in the 
paper by Metcalfe.27 Replacing these alloys by an alloy containing 
8% magnesium and 1%  zinc effected no improvement.

The troubles were cured by the introduction of the new method of 
furnace cooling described, and no case of intercrystalline failure was



T a b l e  X . — Stress-Corrosion-Resistance o f A lum inium -1 and  9 %  Magnesium Alloy Sheets  (2-0 mm. Thick), Deter
mined by North Sea and Laboratory Tests.

Method of Testing. Cooling
Method.

Cold
Beduction,

O f
/ O ’

Ageing.

7% Magnesium. 9% Magnesium.

Stress-
Corrosion-
Besistance,

days.

Type of 
Failure.

Stress-
Corrosion-
Besistance,

days.

Type of 
Failure.

North-Sea te s t (loops tidally im- W ater quenched. Nil Boom temp. >140
A A

none >140
A  /A

none
mersed in sea w ater and dried in >140 9 9 >140 99

air). >140 9 9 >140 9 9

15 3 days a t 100° C. 8 fracture 2 fracture
10 9 9 2 9 9

5 99 3 9 9

Air cooled. Nil Boom temp. >140 none >140 none
>140 9 9 >140 99

>140 99 >140 9 9

15 3 days a t 100° C. 4 fracture 7 fracture
14

7
9 9

9 9

4
•  • •

9 9  

• • •

Furnace cooled. Nil Boom temp. >140 none . >140 none
>140 9 9 >140 9 9

>140 9 9 >140 9 9

15 3 days a t 100° C. >140 99 >140 9 9

>140 9 9 >140 9 9

>140 9 9 >140 99

Laboratory te s t 1 (wet and dry loop W ater quenched. Nil Boom temp. >140 none >140
^  A  A

none
test in 3% NaOl solution). >140

>140
9 9

99

>140
>140

9 9

9 9

15 3 days a t 100° C. 4 fracture 2 fracture
3 99 2 99

9 9 9 3 9 9

Air cooled. Nil Boom temp. >140 none >140 none
>140 9 9 >140 9 9

>140 9 9 >140 9 9

15 3 days a t 100° C. 3 fracture 3 fracture
3 9 9 3 9 9

3 99 3 9 9

Furnace cooled. Nil Boom temp. >140 none >140 none
>140 9 9 >140 9 9

>140 9 9 >140 9 9

1 5
3 days a t  100° C. >140

>140
>140

9 9

9 9

9 9

>140
>140
>140

99

99

9 9

Laboratory te s t 2 (wet and dry 
clamp test, bending stress 30 kg./ 
mm.a, 3% NaCl solution).

W ater quenched. Nil Boom tem p. >140
>140
>140

none
9 9

9 9

>140
>140
>140

none
9 9

9 9

15 3 days a t  100° C. >140
8
5

9 9

fracture
9 9  I

3
3
3

9 9

9 9

9 9

A ir cooled. Nil Boom temp. >140
>140
>140

none
9 9

9 9

>140
>140
>140

none
9 9

9 9

15 3 days a t  100° C. 3
2
1

fracture
9 9

9 9

3
3
2

fracture
9 9

9 9

Furnace cooled. Nil Boom temp. >140
>140
>140

none
9 9

9 9

>140
>140
>140

none
9 9

9 9

15 3 days a t  100° C. >140
>140
>140

9 9

9 9

9 9

>140
>140
>140

99

9 9

99

Laboratory te s t 3 (const.-load test, 
bending stress 60% of 0-2% proof 
stress, 3% NaCl solution +  1%

W ater quenched. Nil Boom temp. >  20 
>  20 
>  20

none
9 9

9 9

>  20 
18 
17

none
yielding

9 9

HC1). 15 3 days a t  100° C. 3
4
3

fracture
9 9

9 9

1
1-5
1-5

fracture
9 9

9 9

Air cooled. Nil Boom tem p. 18
19

>  20

yielding
99

none

10
6
6

fracture
yielding

15 3 days a t 100° C. 3
3
2

fracture
9 9

9 9

1-5
1-5
1-5

fracture
9 9

9 9

Furnace cooled. Nil Boom temp. >  20 
>  20 

1 8

none
9 9

yielding

8
10

9

yielding
9 9

9 9

15 3 days a t 100° C. 6

16
13

9 9

99

9 9

1

3
4 
4

9 9

9 9

9 9

1
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encountered during 5 years experience in service of aluminium-7 and 
9% magnesium alloys heat-treated by this method. These materials 
were tested for stress-corrosion-resistance in a solution of 3% sodium 
chloride containing 1% by weight of hydrochloric acid (laboratory 
test 3) before being delivered to the customers. Two specimens of 
each sheet were aged for 3 days a t 100° C. and stressed a t 60% of the
0-2% proof stress; if they broke in less than 3 days, the sheets were 
rejected.

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

The results confirm the close correlation between the microstructure 
and the susceptibility to  intercrystalline corrosion and stress-corrosion 
of aluminium-magnesium alloys. The microstructure largely depends 
on the heat-treatm ent applied. The most pronounced changes in 
microstructure occur in water-quenched alloys during ageing a t up to 
300° C., and are due to water quenching from the homogenizing tem
perature, resulting in a maximum degree of supersaturation in the 
alloy. The decomposition of the solid solution progresses gradually 
with increasing ageing temperature. At low ageing temperatures, 
precipitation starts a t the grain boundaries, forming a fine continuous 
network which corresponds to a minimum of stress-corrosion-resistance. 
At higher temperatures, the precipitate a t the grain boundaries coagu
lates, and the continuous network transforms into a network of coarser 
isolated particles. Precipitation also starts within the grains in the 
form of fine and randomly distributed particles. As a result of these 
changes in the microstructure a t higher ageing temperatures, a con
siderable increase in the stress-corrosion-resistance is observed. After 
air cooling or interval cooling, the changes in the microstructure and 
stress-corrosion-resistance resulting from ageing are less pronounced, 
because a part of the magnesium held in solid solution has already 
been precipitated during cooling. After this retarded cooling, the 
alloys investigated showed a microstructure characterized by more or 
less fine separate particles of precipitate, and as a result the alloys 
are generally fairly resistant to stress-corrosion. During ageing at 
elevated temperatures, however, a continuous network is formed which 
is caused by further precipitation taking place, with the result tha t 
the stress-corrosion-resistance is considerably reduced.

By extremely slow furnace cooling from the homogenizing tem 
perature (about 50° C./hr.), all the magnesium in excess of th a t in 
solid solution a t room temperature is precipitated from the a-crystals. 
The structure of alloys treated in this manner shows heavy precipita
tion in the form of coarse isolated particles a t the grain boundaries
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and numerous fine particles irregularly distributed within the grains. 
This structure has a high stress-corrosion-resistance and, as shown in 
this paper, is very stable up to 100° or 150° C. No transformation 
into a continuous network is possible, because no additional precipita
tion can occur. The method of furnace cooling is therefore also termed 
a “ stabilizing treatm ent ” .

On the basis of these findings, the process of attack of aluminium- 
magnesium alloys by intercrystalline corrosion and stress-corrosion can 
be easily explained, bearing in mind th a t the precipitated phase 
(Al3Mg2) is anodic to aluminium as well as 
to the solid solution. As already men
tioned in an earlier paper, published in 
1940 by one of the authors 21 in connection 
with an investigation into the stress- 
corrosion of aluminium-zinc-magnesium 
alloys, when the network is continuous 
(Fig. 27 (a)) the corrosion starts by dis
solving the anodic precipitated phase a t 
the surface and penetrates between the 
grains, following the continuous film of 
precipitate. The penetration may be 
accelerated by differences in aeration and 
in stress-corrosion caused by stress con
centrations occurring a t the ends of 
these channels, which resemble sharp 
notches.28-29 In the case where precipita
tion occurs in the form of isolated particles, 
distributed a t intervals along the grain F i g . 2 7 .— C o rro s io n P e n e tra tio n  

boundaries (Fig. 27 (&)), only the particles GrainB^undary^^reeip^
at the surface are dissolved and then ta t io n .

further penetration ceases. Obviously,
there is a critical distance between the precipitated particles which the 
corrosion is not able to overcome, and therefore intercrystalline attack 
cannot develop.

The quantity  of precipitation must also be considered, especially 
its effective anodic surface, which influences the attack owing to its 
effect on the current density. The current density, and therefore the 
corrosion rate, is higher the smaller the anodic surface in proportion 
to the cathodic surface, represented by the solid solution exposed to 
corrosion.30 An increase in intercrystalline penetration in the case of 
very fine grain-boundary precipitation, and a decrease in the case of 
additional precipitation within the grains, is therefore to be expected.

CORROSION

( b )  ISOLATED PARTICLES



In  the latter case, the structure approaches homogeneous precipitation, 
with a change from selective attack to a more general corrosion.

In  this connection, an investigation by Lacombe and Chaudron 81 
on an aluminium alloy containing 11-8%  magnesium is of interest. 
They found by X-ray examination th a t the decomposition of the solid 
solution starts a t lower temperatures with the formation of an inter
mediate phase fi', which transforms a t higher temperatures into the 
equilibrium phase p. Corrosion tests showed th a t the [3-phase, having 
a potential near to th a t of the solid solution, is less electro-negative 
than the p'-phase. Compared with the results given in this paper, it 
is very significant th a t the range of the p'-phase covers the field of low 
stress-corrosion-resistance, while the range of the p-phase corresponds 
to higher stress-corrosion-resistance.

The question of the influence on stress-corrosion of internal stresses 
produced by the different cooling m ethods21 requires special con
sideration. For example, internal stresses up to 23 kg./mm .2 have 
been measured in 12-mm.-dia. bars of an aluminium-10% magnesium 
alloy after water quenching.32 Decreasing the cooling rate reduces the 
amount of internal stress considerably, and the stresses are probably 
completely removed in the case of furnace cooling, the application of 
which in practice has the advantage th a t distortion of the heat-treated 
parts is avoided. On the other hand, the beneficial effect of such 
internal stresses should not be under-rated. F o rrest33 indicated tha t 
the fatigue strength in fluctuating bending of aluminium alloys is 
appreciably improved by quenching stresses. Similar conditions exist 
in the case of stress-corrosion, where the tensile stresses in the bent 
specimens are reduced or eliminated by the compression stresses pro
duced in the external zones by quenching. I t  is supposed th a t this is 
also a reason for the high stress-corrosion-resistance generally found 
after water quenching, and for the decreased resistance of the aged 
or cold-rolled specimens, the quenching stresses of which have been 
partly or completely removed by the elevated temperatures or by 
plastic deformation.34 Up to date, no systematic researches have 
been carried out on this question, which is certainly of fundamental 
importance in the field of stress-corrosion. In  addition, nothing is 
known yet about the distribution of stresses in the grain boundaries 
and about the influence of stresses on the rate of precipitation.

I t is difficult to give a reasonable explanation of the effect of small 
additions of, for example, manganese, zinc, and chromium on the 
stress-corrosion-resistance of aluminium-magnesium alloys. One of 
the most interesting facts is the marked changes sometimes observed 
in the microstructure, especially after furnace cooling, in alloys in
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which these elements are present. Another interesting fact is the 
considerable improvement in the stress-corrosion-resistance of alu- 
minium-magnesium alloys in all conditions of heat-treatm ent and cold 
reduction effected by additions of chromium instead of manganese. 
Further investigations on this problem would seem to be merited.
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T H E  C O N S T IT U T IO N  O F  A L U M IN IU M -1118 
C O P P E R -M A G N E S IU M -Z IN C  A L L O Y S  A T  
460° C.*

B y D. J .  STRAW BRIDGE.f B.A., B.Sc., S t u d e n t  M e m b e r ,
W. HUME-ROTHERY.t M .A ., D.Sc., F.R.S., M e m b e r , a n d  
A. T. LITTLE,§ B.Sc., M e m b e r .

S y n o p s i s .

The equilibrium diagram of the quaternary system Al-Cu-Mg-Zn at 
460° C. has been determined by the microscopic examination of alloys 
annealed for long periods. The range of composition investigated lies 
within the limits: zinc 0-8, copper 0-55, and magnesium 0-30%, and 
within this range the only phases encountered are the same as, or are 
derived from, those of the three ternary systems Al-Cu-Mg, Al-Cu-Zn, 
and Al-Mg-Zn. No new quaternary phase has been found. The 8  
phase of the system Al-Cu-Mg dissolves little or no zinc. The TxiMgZn 
and TxiouMs phases are isomorphous and give rise to quaternary 
T AicuMgzn solid solutions. The M  (MgZn2) phase of the binary system 
Mg-Zn is isomorphous with the AlCuMg phase of the ternary system 
Al-Cu-Mg, and quaternary M AicuMgzn solid solutions are formed, which 
may exist in aluminium-rich alloys if the zinc content be sufficiently 
great. The Z  phases of the Mg-Zn and Al-Cu-Mg systems are iso
morphous and give rise to quaternary Zxiamgzn solid solutions. The 
equilibria in the quaternary alloys are exceedingly complicated, and with 
some compositions long periods of annealing are required in order to 
obtain true equilibrium.

I . — I n t r o d u c t io n .

P r e v i o u s  papers 1)2>3>4>5 have described the equilibrium diagrams of 
the system Al-Mg-Mn-Zn.||. The addition of copper to these alloys 
produces an extremely complicated quinary system which can be under
stood only when the various quaternary systems have been established 
securely. The present paper describes an investigation of the 
quaternary system Al-Cu-Mg-Zn a t 460° C .; as previously explained,5 
this temperature was chosen as a standard temperature for the first 
survey of the equilibrium diagrams, and is one sometimes used for 
the heat-treatm ent of alloys of the Al-Mg-Mn-Zn type.

The understanding of the quaternary equilibria involves th a t of
* Manuscript received 1 1  April 1947.
|  Courtaulds, Ltd., Maidenhead, Berks.
I Royal Society Warren Research Fellow, Oxford.
§ Assistant Metallurgical Chemist, Imperial Chemical Industries, Ltd. (Dye- 

stuffs Division), Blackley, Manchester.
|| For abbreviation, the authors have ventured to use chemical symbols in this 

paper. I f  words are used, the constituents of a quaternary alloy are frequently 
spread over two lines of print, and it is suggested that the subject matter is grasped 
more clearly by the use of symbols.
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M AGNESIUM , ATO M IC  PER CENT.

F i g . 1.— T h e  Equilibrium Diagram o f  the System Aluminium-Magnesium.

ZINC ATOMIC PER CENT

F ig . 2.—The Equilibrium Diagram of the System Aluminium-Zinc.
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the various binary and ternary systems involved. For the binary 
systems Al-Mg, Al-Zn, and Al-Cu, the annotated equilibrium diagrams 
prepared by G. V. Kaynor may be accepted, and are reproduced in 
Figs. 1, 2, and 3.

In  the system Al-Mg a t 460° C., the a solid solution in aluminium

ALUMINIUM, ATOMIC PER CENT.

is in equilibrium with the liquid phase. In the system Al-Cu at 460° C., 
the a solid solution is in equilibrium with the phase usually called 
“ CuA12 ” , although the composition corresponding exactly to this 
formula lies just outside the limits of homogeneity of the phase. Many 
investigators have used the symbol 0 for this phase, and this policy 
has been adopted in the diagrams in the present paper. I t  is also 
necessary to consider the equilibrium diagram of the system Mg-Zn, 
and this is shown in Fig. 4, from which i t  will be seen th a t there are 
three intermediate phases in this system. Of these, the zinc-rich phase
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is called MgZn5 or Mg2Znu  by different authors, and, as in the previous 
paper,5 the present authors have used the symbol Z for this phase, and 
M  for the next phase,* MgZn2.

II .—T h e  T e r n a r y  S y s te m  A lu m in iu m - C o p p e r - Z in c .

For the quaternary system Al-Cu-Mg-Zn, it  has been found most 
convenient to draw the diagrams in terms of rectangular co-ordinates, 
and with two exceptions (Figs. 8 and 9) the same policy is adopted for

the ternary systems. As 
the work proceeded, it 
became clear th a t the 
solubility of copper in 
aluminium is increased 
by the presence of zinc, 
and this point was exam
ined in detail. The re
sults for the aluminium- 
rich alloys are shown in 
Fig. 5. In  this and all 
later diagrams, the alloys 
whose compositions were 
determined by actual 
analysis of the specimens 
after annealing are shown 
by full points, while the 
open points refer to 
nominal compositions 
estimated from the 
weights of metals melted 
together. As will be ap

preciated from Section X I, the intended and analysed compositions were 
in very good agreement. The results show clearly tha t the solubility of 
copper increases steadily with increasing zinc content. I t  was necessary 
also to determine the order of the phases in the region of the 0 (CuA12) 
phase, and for this purpose the alloys shown in Fig. 6 (and several not 
shown, of composition very near to “ CuA12 ”), were prepared and exam
ined. Fig. 6 shows th a t the effect of zinc in increasing the solubility of 
copper continues a t least as far as 24% zinc. The experiments also show 
th a t the CuA12 phase is able to take up from 1 to 1-5% of zinc into solid 
s olution. The system Al-Cu-Zn contains a ternary phase which previous

* These symbols were chosen because MgZn2 is the middle phase and MgZn6 
the phase containing most zinc.

Z IN C , W E IG H T  PER CENT.,

F i g . 4.—The Equilibrium Diagram of the System 
Magnesium-Zinc.



Constitution o f A l-C u -M g -Z n  Alloys at 460° C. 195

investigators 6 have called T, but as this symbol has already been used 
for the ternary phase in the system Al-Mg-Zn, the symbol jPou has been 
used here in order to avoid 
confusion. Fig. 6 shows tha t 
the phase fields lie in regular 
order, a -f- 0, a - f  0 -f- liquid,
0 -j- liquid, 0 liquid +  TCu, 
and 0 +  TCu.

I I I .—T h e  T e r n a r y  S y s te m  
A lu m in iu m - M a g n e s iu m -  
ZlNC.
The equilibrium diagram 

of this system has already 4 
been determined a t 500° and 
400° C. The present authors 
have investigated the iso
thermal section a t 460° C., 
and the results are shown in 
Fig. 7. This diagram has 
the general form to be ex
pected from the earlier work. 
In  the alloys of low zinc 
content, the a solubility 
curve represents equilibrium 
between the a solid solution 
and the liquid phase. With 
increasing zinc content, the 
a solid solution comes into 
equilibrium with the T 
phase, which is usually de
scribed as Al2Mg3Zn3, but 
which is actually of widely 
varying composition, the 
characteristic of the struc-
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1 1-------1-------1 M l __ ____i_______
0 1 2  3 1 5

COPPER, W E IG H T  PER CENT.

F i g . 5.—The Aluminium Comer of the System- 
Aluminium-Copper-Zinc at 460° C. The 
solubility of copper in aluminium is 
increased by the presence of zinc.

K e y ,  F i g s . 5 - 1 9 .

O •  =  Homogeneous alloys.
O ■  =  2-phase alloys. 
i i  =  3-phase alloys.
0 ©  =  4-phase alloys.

ture being a ratio of 12 large magnesium atoms to 20 smaller zinc 
or aluminium atoms. The a corner of the three-phase (a -f- T  -f- liquid) 
triangle lies at 8-85% magnesium and 3-8% zinc. The boundaries of 
the a -f- T -f- liquid field lie in the general direction suggested by 
ternary sections and liquidus diagrams of other workers,7’ 9>10 but 
extrapolation from the present results suggests th a t the liquid corner 
of the field lies a t about 5% more magnesium and less zinc than proposed
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by Foster, and 2% less zinc than indicated by Mikheeva. The diagram 
is in good, agreement with th a t obtained by extrapolation to 460° C. of 
the results of Fink and Willey 8 a t 350°, 400°, and 440° C., except

zUJU 
aC
UJ0-
1-

o I“

s  •

|sI -*3

O
£

1 N 3 D  H3d X H 9 I3 M  'D N IZ

th a t the a corner of the three-phase (a - f  T  +  MgZn2) triangle * must 
lie a t a t least 1% more zinc and 0-5% less magnesium than would be 
expected by extrapolation from their diagrams. The dotted lines in

* In Fig. 7, the symbol i) is used for the MgZn, phase.



Fig. 7 show the probable positions of the boundaries in this part of 
the diagram.
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M A G N ES IU M , W E IG H T  PER CENT,

F ig . 7.—The 460° 0. Isothermal Section Across the Equilibrium Diagram of the 
System Alumiuium-Magnesium-Zinc.

IV.—T h e  T e r n a r y  S y s te m  A lu m in iu m - C o p p e r - M a g n e s iu m .

The equilibrium diagram of this system at 460° C. was investigated 
by Little, Hume-Rothery, and Raynor,5 whose diagram is reproduced 
in Fig. 8 . The focal point in this diagram is th a t of the S phase, whose 
composition corresponds almost exactly to  the formula Al2CuMg 
(magnesium 17-1 and copper 44-8 wt.-%). The Z phase, Mg3Cu7Al10, 
is isomorphous with the Z phase (Mg2Znn ) of the binary system Mg-Zn, 
the common characteristic being 6 large magnesium atoms to about 33 
or 34 smaller atoms of copper, aluminium, or zinc. In the system 
Al-Cu-Mg, the Z  phase a t 460° C. is never in equilibrium with the a 
solid solution, bu t in the quaternary system Al-Cu-Mg-Zn, alloys are 
obtained (see p. 202) in which a is in equilibrium with Z. The T  phase
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in the Al-Cu-Mg system is usually called Al6CuMg4, and is isomorphous 
with the T  phase, Al2Mg3Zn3, of the Al-Mg-Zn system, the common

M A G N E S IU M . W E IG H T  PER CENT.

X over a point represents the result of X-ray research.
F i g . 8.—The 460° C. Isothermal Section Across the Equilibrium Diagram of the 

System Aluminium-Copper-Magnesium (according to Little, Hume-Rothery, 
and Raynor).

characteristic being a ratio of 12 large magnesium atoms to 20-21 
smaller atoms of aluminium, copper, or zinc.

In  the previous paper,5 the phase fields surrounding S were examined



in detail only so far as was necessary for the understanding of the alu
minium-rich alloys, and the order of the remaining phase fields was 
sketched in tentatively. In  the present work, it  has been necessary 
to examine this question in greater detail, and the results obtained are 
shown in Fig. 9. This diagram is drawn in triangular co-ordinates so
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M A G N ES IU M . W E IG H T  PER CENT.

0  10 20

M A G N ES IU M . W E IG H T  PER CENT.

Fiq.9.—The 460° C. Isothermal Section Across the Equilibrium Diagram of the 
System Aluminium-Coppeiv-Magnesium in the Region of the S  Phase.

th a t direct comparison can be made with Fig. 8 . Fig. 9 includes 
points for many of the alloys in Fig. 8 (some of which have been re
examined microscopically), together with new alloys prepared for the 
present work. Comparison of these two Figures leads to the following 
eonclusions :

The (a +  0 - f  S), (9 +  S), (6 +  Z  +  S), and (Z +  S) fields are 
confirmed as occurring in this order, but the (Z +  S) field is narrower



than  was suggested before, because tbe boundary between the 
(9 +  Z +  S) and (Z +  S) fields is displaced to the right.

The alloy (copper 55, magnesium 5%) which was previously described 
as (9 -f- Z) was re-examined and found to contain particles of S  as 
well as of 9 and Z. This means th a t the boundary between the 
(9 +  Z +  S) and (9 -f- Z) fields slopes upwards more steeply than is 
shown in Fig. 8 , and the Z phase must contain somewhat more copper 
than is indicated by the formula Mg3Cu7Al10 given by Laves and W itte ,11 
although the ratio of large to small atoms need not be affected by the 
change. I t  may be th a t the electron concentration of the Z phase 
(isomorphous with MgZn6) is much nearer to 2 than previously 
indicated.*

In  the previous work,5 it was suggested th a t the phase denoted X  
might be AICuMg, although the direction of the boundaries of the 
(S +  X) fields would confirm this suggestion only if the phase were of 
widely varying composition. The present work has shown tha t X  is 
almost certainly based on AICuMg, and X-ray methods have shown 
th a t its crystal structure is the same as th a t of the M  (MgZn2) phase in 
the binary Mg-Zn system, and the symbol M  has therefore been substi
tuted for X  in the present paper. An alloy of composition AICuMg 
(copper 55-3, magnesium 21-2%) was prepared and annealed for 8 days, 
and was found to consist almost entirely of M  with only small amounts 
of S ; the point for this alloy is shown in Fig. 9 as lying just outside the 
region of the homogeneous M  phase. The alloy previously described 
(Fig. 8), consisting of (S +  X), must have been accidentally etched so 
th a t X  (i.e. M) and Y  were not distinguished.

W ith diminishing copper content, the phase fields in the region of 
S  lie in the order (S  +  M), (S +  M  +  Y), (S -f- Y), (S +  Y  4- T), and 
(S +  T). The composition of the Y  phase is in the region of copper 37, 
magnesium 28% ; the nearest simple whole-number ratio of atoms is 
Al7Cu3Mg6 (copper 36-3, magnesium 27-8%), in which the ratio of large to 
small atoms is 3 : 5. This is interesting, in tha t the ratio (3 : 5) is one of 
the factors considered to account for the isomorphism of TAiouMg and 
TiiMgZn- Moreover, the electron concentrations of Y  and 7'A1CuMg 
both lie within the limits of tha t of the elongated TilMgZn phase.

I t  was also found desirable to re-determine the aluminium corner 
of the Al-Cu-Mg diagram, and the results are shown in Fig. 10, which is 
drawn in rectangular co-ordinates for comparison with later diagrams. 
In  Fig. 10, the results of the present investigation are shown in the form 
of large circles and squares, while the small points refer to the earlier

* The 1 large : 5 small atoms line intersects the electron concentration =  2 
line at about 65-6% copper and 8-6% magnesium.
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work. The effect of the new experiments is to raise the a solubility 
curve by about 0 -1%  copper.

V .— T h e  Q u a t e r n a r y  S y s t e m  A l u m in iu m - C o p p e r -M a g n e s iu m -  
Z in c  : I n t r o d u c t io n .

In  the quaternary alloys which the authors have studied, only 
phases which are the same as, or derived from, those of the three ternary 
systems have been found ; and no new quaternary phase has been

M A G N ES IU M , W E IG H T  PER CEN T ,

F ig . 10.—The 460° C. Isothermal Section Across the Equilibrium Diagram of 
the System Aluminium-Copper-Magnesium. Aluminium-rich alloys.

encountered. The following points should be appreciated in order to 
understand the very complicated equilibrium diagrams :

(1) The CuAl'2 or 0 phase is found in quaternary alloys containing 
only a small percentage of magnesium and is able to take up from
1- 2% of zinc into solid solution.

(2) The S  phase of the system Al-Cu-Mg is formed in a wide range 
of quaternary alloys and dissolves little or no zinc. This point is of 
importance, because it  means th a t in quaternary alloys of the (a -j- S) 
type, the whole of the zinc is contained in the a solid solution. In  
the region of the S  phase, seven alloys containing 1% zinc, and 5 
containing 4% zinc, were examined. No homogeneous S  alloys were 
found, and the occurrence of a in equilibrium with M  confirmed the 
absence of a homogeneous S  region in each of these planes (see 
Table I).

(3) The TAiMgZn an(l  TAiCuMg phases are isomorphous and give 
rise to quaternary TA1CuMgZn solid solutions.

(4) The M  (MgZn2) phase of the binary system Mg-Zn is iso
morphous with the AlCuMg phase of the ternary system Al-Cu-Mg;



quaternary M AioUMgZii solid solutions are found, and may exist in 
aluminium-rich alloys if the zinc content is sufficiently great.

(5) The Z phases of the systems Mg-Zn and Al-Cu-Mg are iso- 
morphous and give rise to quaternary ZAicuMgZn solid solutions.
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T a b l e  I .—The Effect of Zinc on the S Phase.

Alloy No.

Composition, wt.-% 
(none analysed). Annealing 

Time, days. Constitution.*
Cu. Mg. Zn.

F 7 45 16 1 8 S  +  Z  +  31 v s a
F 8 45 17 1 8 8  +  M  +  Z  v s a
F 10 45 18 1 8 £  +  M  +  Y  sa
I ' l l  R 44-5 16-7 1 49 S  -j- M  -j- Z  v s a
1 1 2  R 44-2 17 1 49 8  +  M  -|- a mt
F 13 44 18 1 8 8  +  M  +  Y  and/or T  f
R38 44-5 17 1 8 8  +  31
R 5 7 R 43-7 15-23 4 49 8  +  Z  +  a. +  31 sa
R58 R 42-3 16-93 4 49 8  +  31 +  a v s a
R60 45-5 15 4 8 8  +  Z  +  31 sa
R61 44 16-5 4 8 8  -j- 31 +  Z  mt
R62 42-5 19 4 8 8  +  M  +  Y  and/or T  f

* vsa =  very small amounts; sa ■ small amounts; mt =  minute trace, 
f  As only 3 quaternary alloys possibly containing Y  and/or T  were examined, 

it was impossible to distinguish Y  and T  with certainty here.

VI.—T h e  Q u a t e r n a r y  S y s te m  A lu m in iu m - C o p p e r - M a g n e s iu m -  
Z in c  : A l l o y s  w i t h  4 %  Z in c .

I t  was found convenient first to investigate the quaternary system 
by examining sections across the quaternary model a t constant per
centages of zinc. The resulting structures may then be compared with 
those of the ternary system Al-Cu-Mg, the diagram of which may be 
regarded as lying in the basal plane of a 3-dimensional quaternary 
model. If this procedure is adopted, the region of the S  phase lies in 
the basal plane, because this phase takes little or no zinc into solid 
solution.

Fig. 11 shows the results obtained for alloys containing 4% zinc, 
while Fig. 12 shows the aluminium-rich corner on a larger scale. From 
Fig. 12, it  will be seen tha t so far as the aluminium-rich alloys are con
cerned, the effect of 4% zinc is to change the predominantly (a - j-  S) 
type of diagram of the system Al-Cu-Mg (Fig. 10) into a diagram with 
(a +  5), (a +  S  +  T), and (a -fi T) fields. This general tendency has 
been predicted previously,5 and the present work establishes the 
diagram accurately in this region. W ith higher percentages of copper, 
the effect of 4% zinc is to introduce alloys containing the Z phase, and, 
as will be seen from Fig. 11, the phase fields occur in the order (a +  6),
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Fiq. 1 1 .—The Quaternary System Aluminium-Copper-Magnesium-Zinc at 
460° C. Alloys containing 4% zinc.
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(a +  6 +  Z), (a +  0 +  Z +  S), (a +  Z +  S), and (a +  S). The
occurrence of the Z phase is the result of the fact th a t the 0 (CuA12)
phase can dissolve only small quantities of zinc, while the solubility of 
zinc in the S  phase is very small. This means th a t the two-phase 
(0 -f- S) field in the ternary Al-Cu-Mg system (Figs. 8 and 9) can project 
only a small way into the quaternary model, and cannot cut the section 
at 4% zinc. The fact th a t the 0 (CuA12) and S  phases contain little
or no zinc implies th a t alloys in the (a -f- 0 -f- S) and (a -j- S)

204 Strawbridge, Hume-Rothery, and Little :

M A G N ES IU M . W E IG H T  PER CENT,,

F iq. 12.—The Quaternary System Aluminium-Copper-Magnesium-Zino at 460° C.
Aluminium-rich alloys containing 4% zinc.

fields of Figs. 11 and 12 will contain nearly all of their zinc in the a 
phase, which will therefore contain more than 4% zinc.

The experiments suggested tha t after 8 days annealing the majority 
of the alloys in Fig. 11 were in a state of equilibrium, or very nearly so. 
There was, however, evidence tha t alloys in or near the region of the 
4-phase (a +  0 +  Z  +  S) field were not always in equilibrium after 
this treatm ent, and for these alloys the annealing treatm ents were 
extended up to five weeks.

In  a quaternary system a 4-phase field is bounded by the plane faces 
of a tetrahedron,* and consequently the boundaries of the (a +  0 +  
Z  +  S), (a -f- S  +  Z  - f  M), and (a +  S  +  M  +  T) fields in Fig. 11

* This applies whether the quaternary diagram is drawn with the percentages 
of copper, magnesium, and zinc on three mutually perpendicular axes, or if the 
model of a regular tetrahedron is used.
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must be straight lines. The boundaries between the 2-phase and
3-phase fields need not be straight lines, and the results indicate 
a definite curvature of the line between the (a -j- S  +  T) and (a -f- T) 
fields, and suggest a slight curvature in the lines separating the (a -f- S) 
field from the (a -f- S  -f- T) and (a. -f- S  -+- M) fields.

Fig. 11 shows th a t in the region concerned, the If-phase fields enter 
the 4%-zinc section in the form of thin wedges including (a S  -f- 
Z  +  M), (a -f- S  +  M), and (a - f  S  -f- M  +  T) fields. The alloys 
prepared did not contain the M  phase, and these boundaries have been 
inserted as the result of calculations based on other sections through the 
quaternary model. These calculations are discussed in Section X, and 
the crosses on the (a -f- S) boundaries marked a, b, c, d, f ,  g, h, i, j ,  k, 
I, and m were calculated in this way.

V II.—T h e  Q u a t e r n a r y  S y s te m  A lu m in iu m - C o p p e r - M a g n e s iu m -  
Z in c  : A l l o y s  C o n t a i n i n g  6 %  Z in c .

The results for the section through the quaternary model a t 6% zinc 
are complicated, and the work was made more difficult by the long 
periods required for the attainm ent of equilibrium in some regions. 
I t  has been necessary to examine alloys whose compositions differed 
only very slightly, and for this reason several illustrations are required 
in order to show how the diagram was established.

Fig. 13 shows the equilibrium diagram for the aluminium-rich 
alloys as indicated by annealing periods of several weeks. When 
Fig. 13 is compared with Fig. 11, i t  will be seen th a t on increasing the 
zinc content from 4 to 6% , the (a -j- T) field has increased a t the expense 
of the (a -)- S) field, in agreement with the prediction th a t increasing 
zinc content would change the diagram from the (a -f- S) to the (a -j- T) 
type. At the same time, the fields involving the Z  phase, which in the 
4%-zinc alloys had entered from the top of the diagram (Fig. 11), have 
a t 6% zinc penetrated so far th a t they reach the a solid-solubility curve. 
The a solid-solubility curve a t the aluminium-rich corner is divided 
into the four sections representing equilibrium between a and 0, Z, S, 
and T, respectively, and after prolonged annealing the various 2-phase 
and 3-phase fields were convincingly established. I t  will be seen th a t 
the (a -f- Z) field is very narrow, and this characteristic is discussed 
later (see p. 214). A group of 18 alloys in the region where the (a - f  Z) 
and a fields meet was examined. Of these, the 14 most critical alloys 
were analysed, and it will be seen tha t in spite of the very small com
position differences involved, the microscopic and analytical results 
are in excellent agreement.

Fig. 13 refers to alloys annealed to what appears to be nearly true
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equilibrium, but with, alloys annealed for only 8 days the structures 
obtained were as shown in Fig. 14. The characteristic of Fig. 14 is 
th a t 4-phase alloys of the (a -(- 0 +  Z +  S) type are found and change 
only very slowly to the equilibrium state.

Fig. 15 shows the general form of the section a t 6% zinc; and 
Fig. 16 shows the lower portion of Fig. 15 in the region where the scale 
of the latter is too small to show the composition of the alloys examined.*

M A G N ES IU M . W E IG H T  PER CEN T.

Fig. 13.—The Quaternary System Ahiminium-Copper-Magnesium-Zinc at 
460° C. Aluminium-rich alloys containing 6% zinc.

Reference to Fig. 15 shows tha t in the alloys of low magnesium content 
a very narrow (a -f- Z) field exists over almost the whole length of the 
diagram. This was shown by the existence of the three (a -|- Z) alloys 
shown in Fig. 13, and the one alloy a t 12-2% copper in Figs. 15 and 16. 
I t  was further confirmed by the fact th a t in some other alloys where 
slight transverse segregation was shown, the portions of the alloy con
sisting of (a +  6 +  Z) and (a -f- Z -)- S) did not merge into one another 
(see p. 219), but were separated by a region consisting of (a - f  Z).

In  the region of high magnesium content, the phase fields fall in 
the order (a +  liquid), (a +  T  - f  liquid), and (a +  T), and it  will be 
seen th a t two alloys containing 6% zinc were found to consist of

* Fig. 13 contains many points which have had to be omitted from Fig. 16, 
and Fig. 16 contains points too close together to be shown in Fig. 15.
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homogeneous T. This confirms th a t the T  phase of the Al-Cu-Mg 
system can take up zinc into solid solution, and it is probable th a t this 
quaternary T  phase extends across the diagram to the T-phase region 
of the Al-Mg-Zn system.
At higher percentages of 
copper, a homogeneous M  
alloy was obtained whose 
composition was magnesium 
21-6, copper 52-4, zinc 6, and 
aluminium 20%. The atomic 
composition may be written
^ g C ' U 0‘9 2 8 ^ n 0 1 0 3 - ^ V 8 3 5 1  > ^ h c  

corresponding electron con
centration is 1-96, while the 
ratio of small atoms : large 
atoms is 1-87. I f  the M  
phase in the Al-Cu-Mg 
system is AlCuMg, it  will be 
seen th a t zinc is taken up in 
such a way th a t the electron 
concentration, rather than 
the ratio of small and large 
atoms, remains approxi
mately constant.

From Fig. 15 it  will be 
seen th a t a 4-phase (a +  Z 
+  S  -f- M) field exists over 
a considerable range, and a 
number of 4-phase alloys 
were obtained in the region 
of 42% copper and 14% 
magnesium. The form of 
the lower portion of this 4- 
phase field was established 
by the calculations described in Section X. The crosses marked b, c, d, 
/ ,  g, h, i, j ,  k, and I in Fig. 16, and those m arked/, n, p, and I in Fig. 15 
are from these calculations.

0 1 2 3 4 5

M A G N ES IU M . W E IG H T  PER CEN T.

F ig  . 14.—The Quaternary System Aluminium- 
Copper—Magnesium-Zinc at 460° C. The 
constitution of aluminium-rich alloys 
containing 6% zinc after annealing for 
8 days.

V III.—T h e  Q u a t e r n a r y  S y s te m  A lu m in iu m - C o p p e r - M a g n e s iu m  
Z in c  : A l l o y s  C o n t a i n i n g  8 %  Z in c .

The constitution of the section across the quaternary model a t 8% 
zinc is shown in Fig. 17, while Fig. 18 shows the structures of the 
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MAGNESIUM, W EIGHT PER CENT.
Fig. 15.—The Quaternary System Aluminium-Copper-Magnesium-Zinc at 460° C. 

Alloys containing 6% zinc.
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aluminium-rich alloys. The increase in zinc content from 6 to 8% 
has produced the expected broadening of the (oc -f- T) area and narrowing

M A G N ES IU M , W E IG H T  PEA CENT.

Fie. 16.—The Quaternary System Aluminium-Copper-Magnesium-Zine at 460° 0. 
Alloys containing 6% zinc.

of the (a +  S) field. At the same time, the (a +  Z) field has widened, 
and the fields involving M  have extended so far th a t they reach the 
a-boundary. The diagram is thus very complicated, and the a solid- 

VOL. LX X IV . q  2



solubility curve in Fig. 18 is divided into five sections, representing 
equilibrium witli the 6, Z, S, M, and T  phases, respectively. As will

210 Strawbridge, Hume-Rothery, and L itt le :

M A G N ES IU M . W E IG H T  PER CENT.

Fie. 17.—The Quaternary System Aluminium-Copper-Magnesium-Zinc at 
460° Ć. Alloys containing 8% zinc.

be seen from Fig. 18, the microstructures are very satisfactorily con
sistent with the results of the chemical analyses.

Fig. 17 shows all the results obtained for the alloys containing 8% 
zinc, and is almost self-explanatory. As in the previous diagrams, the 
lettered crosses refer to the calculations in Section X.
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IX .—T h e  Q u a t e r n a r y  S y s te m  A lu m in iu m - C o p p e r - M a g n e s iu m -  
Z in c  : A l l o y s  C o n t a i n i n g  6-5% C o p p e r .

As will be appreciated from Section X, the boundaries of some of the 
phase fields are very nearly parallel to the Al-Cu-Mg basal plane of the 
quaternary model, and are thus very sensitive to slight changes in the 
zinc content. As it  was not practicable to have all the alloys analysed 
for several metals, it was desirable to check the results described in 
Sections VI, VII, and V III by a section a t a constant percentage of

zIUu

To

ou

m a g n e s i u m , w e i g h t  p e r  c e n t

F i g . 18.—The Quaternary System Aluminium-Copper-Magnesium-Zino at 
460° C. Aluminium-rich alloys containing 8% zinc.

copper, to ensure th a t slight errors in the zinc content had not involved 
an erroneous placing of the boundaries in the preceding diagram. A 
series of alloys containing 6-5% copper was therefore prepared and 
examined after annealing for six weeks, and the critical alloys were 
analysed. The results are shown in Fig. 19, where the crosses mark the 
positions of the boundaries in the 4%- and 6%-zinc diagrams. As a 
further precaution, the alloys under which arrows are placed were 
annealed for an additional 4 weeks, making a to tal of 10 weeks in all. 
This treatm ent might be expected to  result in a very slight loss (of the 
order 0 - l-0-2%) of magnesium, and hence to change the composition 
in the direction shown by the arrows. After this treatm ent, the alloy 
marked m showed slight traces of Z  which had not been present in the
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specimen annealed for 6 weeks;. this change was in the direction to be 
expected from a slight loss in magnesium. The alloy marked n showed 
less of 0 after 10 weeks annealing than after 6 weeks; this change is in 
the opposite direction from th a t to be expected from a loss of magnesium, 
and is presumably the result of a closer approach to  equilibrium. This 
one alloy was analysed after the 10-weeks anneal; the analytical result 
and the intended composition are both indicated, with the arrow 
representing loss of magnesium joining the symbols. In  all other cases,

M A G N ES IU M . W E IG H T  PER CENT.

F ig . 19.—The Quaternary System Ahiminium-Coppep-Magnesium-Zinc at 460° C. 
The constitution of alloys containing 6-5% copper after annealing for 10 weeks.

the analyses in Fig. 19 refer to the specimen after the 6-weeks anneal. 
The structures of the remaining alloys were unchanged by the 
additional 4-weeks anneal. I f  true equilibrium were established, 
the 4-phase (a - f  0 +  Z +  S) area in Fig. 19 should be a triangle 
bounded by straight lihes, but actually one boundary has to be drawn 
slightly curved if all the structures are to  be included. This suggests 
th a t even after IQ weeks annealing, equilibrium has not yet been 
completely established,* and this conclusion is also suggested by the

* So far as Fig. 19 is concerned, all of the 4-phase (a +  0 Z  -f- S) alloys 
would be included in a triangle if the composition of one alloy were shifted by
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calculations of Section X. I t  was not, however, possible to continue 
the annealing for longer periods, and Fig. 19 should thus be regarded as 
a constitutional diagram based on annealing treatm ents of 10 weeks.

The previous Sections have described the results obtained for the 
460° C. isothermal sections across the quaternary Al-Cu-Mg-Zn model 
a t 4, 6, and 8% zinc, and a t 6-5% copper. So far as the authors can 
judge, the results refer to  alloys which are very nearly in equilibrium, 
except for the small region of the 4-phase (a -f- 0 -f- Z -f- S) field where

Al
Fig. 20.—Perspective Sketch Showing the Disposition of Single-Phase Regions 

in the Quaternary Model.

a slight uncertainty exists. The general accuracy of the work may be 
checked in several ways, of which the most simple is the examination 
of the various 4-phase regions. For this purpose, a 3-dimensional 
model may be imagined in which the Al-Cu-Mg system of Figs. 8 and 
10 occupies the basal plane, and the axes are arranged as shown in 
Fig. 20, so th a t the right-hand face represents the Al-Mg-Zn system 
a t 460° C. (Fig. 7), while the left-hand face represents the system Al- 
Cu-Zn (Fig. 6). For abbreviation, expressions such as “ X  lies close 
to  F  ” are used instead of the more correct “ the point indicating the 
composition of X  . . .”
0-1% magnesium. This difference is of the same order as the experimental error, 
but, as will be appreciated from what follows, there are other indications that 
true equilibrium was not reached.

X .—D is c u s s io n  o f  R e s u l t s .

Zn

Cu
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On the base of the model there are the phases a, 9, S, Z, M, Y , 
and T  (cf. Figs. 8 , 9, and 10). The 0 (CuA12) phase dissolves from 1-5 
to 2-0% zinc, and little or no magnesium; and its extent is represented 
by a small area on the left-hand (Al-Cu-Zn) side of the diagram. The 
S  phase dissolves little or no zinc, and is represented by a small area on 
the basal plane (Fig. 20). The ZA10aMg phase gives rise to a quaternary 
^AiCuMgZn solid solution extending in the direction of the composition 
corresponding to MgZns in the binary Mg-Zn system ; but there cannot be 
a solid solution extending the whole way from ZA1CuMg to MgZn5 because 
the la tter melts below 460° C. The M AioUMg phase forms a quaternary 
solid solution stretching as a thin column in the direction MgZn2. 
The l̂iouMg phase extends from an area 4 or 5% in dia. on the base of 
the model, widening out to the elongated JIiMgzn region on the front 
face of the model. The F AiOuMg phase lies on the base of the model 
on the side of T  remote from the a boundary, and the fact th a t the 
ÂiCuMgZn region extends upwards through the model suggests tha t 
Y  does not come into equilibrium with a. Fig. 20 shows clearly how 
the (0 -f- S) field cannot rise above 1-5% zinc, and enables one to 
understand the extreme sensitivity of the aluminium-rich alloy 
structures to the exact zinc content. Fig. 20 also shows how the thin 
wedge-shaped areas arise in the sections a t constant zinc content.

In  a quaternary system, under conditions of true equilibrium a t a 
given temperature, a 4-phase field is a tetrahedron whose corners give 
the compositions of the single phases which exist in equilibrium with 
one another throughout the tetrahedron. We may consider a hypo
thetical (A -f- B  -(- G +  D) 4-phase tetrahedron, whose corners A, B, 
C, and D  give the compositions of the four phases in equilibrium. The 
three edges AB, AC, and AD  are straight lines which converge on A. 
If, therefore, there are two plane sections through the quaternary 
model which cut the lines AB, AC, and AD, the equations of these 
lines can be calculated, and if equilibrium has been established they 
should meet a t a point which will be the point A. I f  true equilibrium 
has not been established, the lines will in general not converge to a 
point. I f  more than two plane sections through the model are available, 
we can test whether the different points which should lie on AB  do 
actually lie on a straight line; while if independent evidence indicates 
the composition of the point A, further checks can be obtained as to 
whether the different sectional diagrams satisfy the conditions for true 
equilibrium.

The reasoning above may now be applied to the present system, and 
for simplicity in representation we may imagine the three straight 
lines AB, AC, and AD  to be projected on the Al-Mg-Zn and Al-Cu-Zn
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faces of the 3-dimensional model of Fig. 20. The projections of these 
straight lines should then be straight lines meeting the projections of 
the point A  on the two faces, and the conditions for equilibrium can 
be tested.

1. The (a -f- 0 Z -(- S) Tetrahedron.
The 9 corner of this tetrahedron must lie within 1-5% zinc of the 

binary (Al-Cu) 0 phase, while the S  corner must lie within 1% zinc of 
the S  phase. In  the 4%-zinc diagram of Fig. 11, the (a -f- 0 +  Z  -J- S) 
field is a triangle, while in the 6%-zinc diagram of Fig. 15, there is a
2-phase (a -f- Z) field. I t  follows th a t the aZ edge of the ccdZS te tra 
hedron runs from a point on Z  below 4% zinc to  a point on a between 
4 and 6% zinc. By a similar examination of the diagrams for 0 and 
4% zinc, and 6-5% copper, the following indications are obtained of
some points on the a0, coS’, and aZ  edges of the a QZS tetrahedron

Edge. End Phase. 4% Zinc. 6-5% Copper.
aO 53% Cu 

<1-5%  Zn 
No Mg

12-13-5% Cu 
4% Zn
S  1% Mg

6-5% Cu 
4-3-4-5% Zn 
=  1% Mg

aS 44r-45% Cu 
< 1%  Zn 
16-17% Mg

14-15% Cu 
4% Zn 
5-4-5-7% Mg

6-5% Cu 
4-3—4-7% Zn 
2-4-2-5% Mg

a Z ~  58% Cu 
<  4% Zn 
S  10% Mg

38-5-44% Cu 
4% Zn 
6-7% Mg

6-5% Cu 
5-4-5-6% Zn 
l-7-2-0%  Mg

The projections of these points on the AlMgZn and AlCuZn sides of the 
model are shown in Fig. 21 (a) and (b). The lines should meet a t the 
a corner, and from the a-boundary diagrams it  is clear th a t the a 
corner must be very near to  2-8% copper and 1*2% magnesium. In  
Fig. 21 (a), it will be seen th a t the aCuAl2 and a<S lines intersect a t 1-2% 
magnesium, in agreement with the a solid-solubility curve, bu t the aZ 
line lies distinctly higher. In  Fig. 21 (h), the a0 and aS lines can again 
be drawn so as to intersect a t the correct point on the a-boundary, but 
the angle between them is so small tha t this is not a critical te s t ; the 
aZ line is again slightly too high. From this, it  is concluded tha t 
even after annealing treatm ents of 10 weeks, the alloys have not yet 
reached complete equilibrium, although the discrepancy is not very 
great. In the course of the work, a series of alloys in this region, con
taining 5% zinc, was prepared and gave erratic results even after 
annealing treatm ents of 7 weeks. The above considerations make it 
clear th a t this was due partly  to lack of complete equilibrium, and 
partly because the aZ edge of the 4-phase field lay roughly a t 5% 
zinc in the region investigated, with the result th a t the structures were 
extremely sensitive to  slight variations in the zinc content.



Z
IN

C
. 

W
E

IG
H

T
 

PE
R 

C
E

N
T

.

Projections o f :

Points on a  ~ 6  edge S 3

a -  S E22

» a -  z " □
Boundary o f a  with 

ne ighbouring 3-phase 

re g ion s  -----

0 2 4 6 8 10 12 14 16

C O P P E R ,  W E IG H T  PER C E N T .

F ig. 21.—Projections of Three Edges of the a 0 +  Z  -(- S  Region on Two Faces of the Quaternary Isothermal, 
(a) Projection on the AlMgZn face. (6) Projection on the AlCuZn face.
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2. The (ot-f i S Z - f -  M ) Tetrahedron.

Methods analogous to those described above have shown that this 
4-phase field is an elongated tetrahedron rising from S  (at copper 44, 
magnesium 16-6, and zinc 0-5%) to a (at copper 3 ^  0-5, magnesium
1-95 ±  0-2, and zinc 10-8 4: 0-2%), with the Z corner of the region at zinc 
14 i  2, copper 50, and magnesium 11%, while the M  corner probably 
lies at a much higher percentage of zinc. The results suggest that 
equilibrium has been reached in the aluminium-rich alloys.

3. The (a -f  S  +  M  +  T) Tetrahedron.

Similar methods show that in this 4-phase field the S  edge rises 
from 5  to a (at copper 1-2, magnesium 3, and zinc 7-45%), the a corner 
being established with some precision. The M  corner involves a long 
extrapolation, but the results are consistent, and indicate a composition 
of copper 39, magnesium 20, and zinc 25 i  2%. The T  corner can 
only be estimated as lying at approximately copper 10-25, magnesium 
30, and zinc 20 i  5%. The results suggest that equilibrium has been 
reached in the aluminium-rich alloys.

4. Equilibrium with the S Phase.
In the ternary system Al-Cu-Mg, the S  phase exists as a small 

elongated area, from which the various phase fields radiate as shown in 
Fig. 9. The S  phase dissolves only 
small percentages of zinc, and the 
results suggest that the phase may 
be regarded as rising very slightly 
above the base of the quaternary 
model, and as possessing ridges 
dividing the areas in equilibrium 
with the different phases as shown 
in Fig. 22. The intersections of 
these ridges at the points q, / ,  and 
I represent the 5-corners of the
4-phase (a 9 +  S  +  Z), (a +
5  +  Z  +  M ), and (a -f S  +  M  +  T) tetrahedra. The ridges represent 
the compositions of S  in the various 3-phase regions, while the difierent 
slopes of the “ S  hill ” include the compositions of S  concerned in the
2-phase alloys. The present work has established the boundaries of 
(a -f- S) over a considerable range, and a series of points can be taken 
on the (a -f- S) slope of Fig. 22, and on the a-phase boundary, and by 
trial and error pairs of points can be selected whose tie lines intersect

Fio. 22.—Sketch Showing the Form of 
the S-Phase Region in the Quaternary 
Isothermal.



the different sectional diagrams in best agreement with the facts. 
A general examination of these will decide whether the results are con
sistent. It can readily be shown that S  and a are so far from one another 
that the exact zinc content of S  is unimportant.

In Fig. 22, /  is the S  corner of the (a +  S  -f- Z  -f- M) tetrahedron, 
whose a corner was described above (see p. 217). When these points 
are joined by a straight line, this line intersects the 8%-zinc section of 
Fig. 17 at the point marked/, and is in good agreement with the observed 
microstructures. The intersection of the same straight line with the 
6%-zinc section of Fig. 15 is again marked/, and agrees with observation, 
although there is no very close bracket. The intersection of the same 
straight line with the 4%-zinc section is shown in Fig. 1 1  by the point/, 
and as explained previously (see p. 205), it was in this way that the 
corner of the 4-phase triangle was placed in Fig. 1 1 . The remaining 
lettered crosses in these Figures were obtained in the same way for 
other tie lines; a given letter refers to the intersection of a particular 
straight line with the different plane sections through the quaternary 
model. Several calculations have been made to check the equilibrium 
of the quaternary model, using the ruled surfaces of 3-phase fields, and 
the plane sides of the 4-phase tetrahedra. The general conclusion 
reached from these calculations is that, with the exception of the exact 
boundaries of the (a -f 9 -f S  +  Z) region, the results are consistent 
with the conditions for true equilibrium. This is, of course, not a proof 
that equilibrium was established, but it would be a remarkable 
coincidence if the different plane sections fitted together so well for 
alloys which were not reasonably near to equilibrium.

XI.—E x p e r i m e n t a l  D e t a i l s .

1. Materials Used.

The aluminium used in the present work was super-purity aluminium 
supplied by the British Aluminium Company, Ltd., while the zinc was 
of 99-99% purity, obtained from the National Smelting Corporation. 
The copper was from a batch of specially pure metal kindly presented 
to the authors some years ago by the British Non-Ferrous Metals 
Research Association. The magnesium metal was either of 99-95% 
purity, supplied by the Magnesium Metals and Alloys Company, Ltd., 
or of 99-979% purity, from a Canadian source.

2. Preparation of Alloys.

The alloys were prepared by melting under flux in crucibles lined 
with alumina-fluorspar mixture. They were cast into heavy copper
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moulds which gave cylindrical ingots of J or ^  in. dia. The methods 
of annealing in sealed evacuated glass tubes, quenching, grinding, and 
polishing were in general the same as those described in previous 
papers.1>3> 5 In the course of the work, it was found that polishing 
could be carried out more quickly by using a “ Brasso ” type of polish 
on a rotating wheel, followed by a short light hand-polish with “ Brasso ” 
on chamois leather, and then with white spirit on chamois leather. 
Specimens were usually washed in a bath of alcohol and dried by wiping 
on a clean cotton rag. When a particularly good finish was required, 
the surface was washed with a jet of benzene, and then with a jet of 
alcohol, and finally gently wiped on soft chamois leather; this gave 
better results than drying in a current of warm air.

3. Microscopic Examination.
The constitutional diagrams presented are based almost entirely 

on the results of microscopic examination. In all cases it was found 
desirable to examine the specimen thoroughly in the unetched state, 
since much information could be gained from variations in the colour, 
shade, smoothness, hardness, and relief of the different phases. 
Systematic examination gave no evidence of longitudinal segregation 
in the annealed ingots, but slight transverse segregation was noted in 
some alloys, and could often be used to give valuable information. 
For this purpose, a pantographic attachment was devised which was 
screwed to the travelling stage of the microscope, and indicated the 
relative movement of the specimen and objective on a magnification of 
4 dia. A pencil was fixed to the long arm of the pantograph, so that 
when the surface of the specimen was scanned, a pencil mark could be 
made on a piece of paper to indicate the position at which a particle of 
a particular phase was noted. In this way, a general survey of the 
surface of a specimen could be drawn at a magnification of 4 dia., and 
this was often of great assistance to the work. If, for example, the 
outside of the specimen consisted of (A -f  B  -f  C), while the inside 
was (A  +  B), it was possible to turn off the outside or to drill out the 
inside, after which analysis of both samples would give a close com
position bracket of the line separating the 2-phase and 3-phase fields.* 
The systematic examination by means of the pantograph device also 
showed that in some alloys where the outside consisted of (a +  Z  -f- S), 
and the inside of (a -j- Z  -f- 0), there was a narrow 2-phase (a -(- Z) 
zone between the two 3-phase regions, and this clearly suggested the 
jgiistence of a 2-phase (a -f- Z) field in the part of the diagram con-

* This method assumes th a t the annealing treatm ent was sufficient to produce 
local equilibrium a t any one region in the alloy.



cerned. In contrast with, this, other alloys were found in which 
(a +  Z S) and (a -)- Z  +  0) regions overlapped and this clearly 
suggested the existence of a 4-phase (a -f- Z  -j- S  -f- 0) field.

4. Chemical Analysis.
The analyses of the specimens were carried out by Messrs. Johnson, 

Matthey and Company, Ltd., and the authors must express their 
indebtedness to Mr. A. R. Powell for his continual help and supervision. 
Specimens sent for analysis were always examined at both ends in 
order to ensure that longitudinal segregation was absent. It was not 
possible to have all specimens analysed for magnesium, zinc, and 
copper, and the policy adopted was to have magnesium determined in 
all cases, since this constituent might be lost, both during prolonged 
annealing treatments at 460° C., and also as the result of accidental 
overheating during the melting process. The results showed that 
losses of the order of 0-1 or 0-2% magnesium might occur during a 
4-weeks annealing treatment, but otherwise no loss in magnesium 
occurred, and the magnesium contents of the alloys as determined by 
analysis were usually about 0-1 % higher than had been intended. 
The results suggested that in general the magnesium content was 
satisfactorily controlled by using a strictly standardized melting 
technique in which overheating was prwflnted. The zinc contents of 
a number of alloys were determined, and the results suggested that in 
general the intended and actual zinc contents would not differ by more 
than 0-2%, and would usually agree within 0-1%. The copper contents 
of a number of alloys were also checked, and a good agreement was 
again found between the intended and actual percentages.

It will be appreciated that in alloys where slight segregation was 
noted, the procedure of determining magnesium alone was often not 
sufficiently precise, since if the segregation affected the magnesium 
content of the inside and outside of the alloy, it might also afiect the 
percentages of zinc and copper. Prom the earlier Sections, it will be 
seen that in most parts of the diagrams with which the present paper 
is concerned, an error in the zinc content of an alloy has much more 
serious results than a corresponding error in the copper content. For 
this reason, nearly all of the alloys whose centres were drilled out were 
analysed for zinc as well as for magnesium, while the copper contents 
were determined in a number of cases.

5. Etching Technique.

The great majority of specimens were etched by simple immersion 
in the reagent concerned, the specimen being held in a glass spoon.
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In some cases, good results were obtained by etching in nitric acid 
vapour, and for this purpose the specimen was placed in a glass spoon 
whose handle was bent at right angles and suspended from a cork 
which closed a jar containing a little of the concentrated acid.

The most useful etching reagents were 1-2% aqueous hydrofluoric 
acid, Keller’s reagent, concentrated nitric acid, 10% aqueous caustic 
soda, and a reagent which was called <Jj-molybdate. This consisted of 
an aqueous solution of 1-44 g. ammonium nitrate, 9-4 c.c. concentrated 
nitric acid per 100 c.c. of water, shaken up with excess of molybdic acid 
(Mo03), and left for one or two days with occasional shaking; the 
solution was used diluted with an equal volume of water. This reagent 
was adopted because experience showed that the ordinary “ ammonium 
molybdate ” solutions used in analytical chemistry often gave incon
sistent results which appeared to depend on the age of the solution.

With many alloys, the first etch of a polished surface tended to give 
spurious results, and it appears desirable always to repeat the polishing 
and etching processes until it is certain that the true structure is being 
observed. The etching characteristics of the different phases are 
summarized in Table II. The exact behaviour of the phase is not 
always the same in alloys of high aluminium content as in alloys with 
high percentages of copper. Dealing first with the aluminium-rich 
alloys, the following points may be noted.

The CuA12 or 9-phase is characterized by being unetched, or very 
lightly outlined, by normal times of etching in the acid reagents, but is 
turned brown with a black outline by immersion in 10% aqueous 
sodium hydroxide for 30-60 sec. When CuA12 is present in small 
amounts in aluminium-rich alloys of the (a +  9) type, it may also be 
etched to a very faint brown colour by the above treatment, and the 
a solid solution often becomes tarnished if the etching time is prolonged 
sufficiently to turn the CuA12 phase a dark brown. In the aluminium- 
rich alloys, the S  and Z  phases come into equilibrium with CuA12. Both 
these phases are outlined in black by aqueous sodium hydroxide; it is 
perhaps more correct to say that the a solid solution is outlined when 
in contact with S  or Z, because no outline is seen where crystals of 
S  and Z  touch one another. Aqueous sodium hydroxide turns the S  
phase bright mauve-white, and the Z  phase bright bluish-white, so that 
they are readily distinguished from the CuA12 phase, although not from 
one another.

The S  and Z  phases are distinguished by immersion for 10-20 sec. in 
Keller’s reagent, or for 1-2 min. in ^-molybdate. The S  phase is 
outlined and turned smooth black, while small crystals may be dissolved 
out, particularly if the zinc content is high (8%). The Z phase is out-



T a b l e  II .—Etching Characteristics of the Phases 0, Z, S, M, and T.
The general characteristics most useful for distinguishing between the phases are shown in black type.

m^«■fe*

CuA l, (= 6). Z. S. M. T.

U netched. Pale lilac grey, scratched. Sm ooth lavender-grey. 
B righ t and  in  relief in 
d ilu te  alloys, becom ing 
dim  w ith  m ore copper.

M auvish-grey, scratched. P ale lilac-grey, slightly 
scratched. Dim in 
copper-rich alloys.

F a in t lilac-grey, 
scratched.

10% N aO H , 30 
sec.

Outlined Brown. Some
tim es only fa in t brown 
especially* in  d ilu te 
alloys.*

Black O utline ; Bright 
Bluish-White. (Only 
interfaces w ith  a are 
outlined).

Black Outline ; Bright Mauv- 
ish-White. (Only interfaces 
w ith a are outlined).

O u tlined ; bluish-w hite. O utlined ; bluish-w hite.

K eller’s  etch , 
10-20 sec.

Very Thinly Outlined. Black Outline ; Bright Grey 
to  Salmon-Brown Tarnish ;
usually incomplete.-)-

Outlined ; Smooth Black.
Tendency to  dissolve in  8% - 
zinc alloys.

H eavily outlined or dis
solved.

Black.

»//-Molybdate, 
1-2 min.

Unetched. Sometimes 
slightly outlined.

Brown. Liable to  vary  
from  p itted  pale-brown to  
d ir ty  black in  8% -zinc 
alloys.-)-

Black. Sometimes very  dark  
brown.

Black. Usually w ith  a 
chocolate tin t.

B lack ; sometimes dis-, 
solved.

10-30 sec. U netched. U netched. Brown-Pitted Grey to  Dirty 
Light-Brown.

Black Outlined ; Smooth 
“ Pale Black ” .

Black Outlined ; Smooth 
“ Pale Black

D ilu te H F  (1 - 
2% ), 10-30 
sec.

U netched. U netched. A ppears b right
ened in  copper-rich alloys.

U sually Light-Brown Scratchy 
Tarnish. Not Outlined.
Local p itting  or darkening.

Thinly Outlined ; Pale 
Grey. (Slightly p itted  
in copper-rich alloys.)

Black. U sually  sm ooth 
w ith various tin ts .J

Cone. H NOs, 
6-10 sec.

Slightly outlined, o ther
wise unetched.

S lightly outlined, o ther
wise unetched.

Unetched. Perhaps paler. Dissolved (or p itted  
black).

Black Outlined ; Pale 1 
Light-Brown. F ain ter 
w ith increasing zinc.§

3-5 sec. U netched. U netched. Unetched. Heavily Outlined ; or 
Partly Dissolved.

Unetched, or Thinly 
Outlined. §

* In  d ilu te  (a +  0) alloys, the  0 is som etim es n o t brow ned a t  all.
f  F requently  n o t browned in  very d ilu te  alloys.
t  Often various local colours, especially th e  larger crystals, which are heavily outlined brown.
§ P its , and  dissolves in  8%-zinc, magnesium-rich alloys.
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lined in black and turned bright grey, which tends to become tarnished 
brown with increasing copper content.

In quaternary alloys, the M  phase is blackened by immersion for 
1-2 min. in ^-molybdatc. With a shorter period of immersion (10-30 
sec.), the M  phase is outlined and turned a smooth grey-black colour; 
under the same conditions, Z  is unattacked, and S  is turned a brown- 
pitted grey or dirty light-brown.

The T  phase is attacked by all the acid reagents. Immersion for 
15 sec. in ^-molybdato makes T  almost indistinguishable from M. 
Immersion for 10-30 sec. in 1-2% aqueous hydrofluoric acid turns T  
black; its appearance is usually smooth, while sometimes various tints 
of red, blue, or green are obtained, although these are not reproducible. 
The same reagent does not blacken M , but lightly outlines the M  
crystals, which become pale grey and sometimes slightly pitted. With 
the 4-phase (a -f S  +  T  - f  M ) alloys, it was found satisfactory to 
etch first in dilute hydrofluoric acid and to examine for T  and M , and 
then, without repolishing, to etch in ip-molybdate for 15 sec., when T  
and M  are smooth and outlined with olive-green or chocolate tints, 
while the S  is tarnished pale brown, but not outlined.

The S  and T  phases are distinguished by immersion for 6-10 sec. in 
concentrated nitric acid, in which S  is unattacked, while T  is outlined 
and turned pale light-brown which becomes fainter with increasing 
zinc content. In the alloys containing zinc 8, copper ca. 1, and 
magnesium 3%, the T  phase tends to be dissolved. The M  phase is 
always heavily pitted or dissolved by the above treatment in concen
trated nitric acid. Except in the 8%-zinc, 3%-magnesium region of 
composition, the M  and T  phases may be distinguished by a shorter 
etch in concentrated nitric acid, which heavily outlines and partly 
dissolves the M  phase, but leaves T  unattacked except occasionally for 
a thin outline. This etching treatment can be followed by an immersion 
in dilute hydrofluoric acid, which blackens the T  and tarnishes the S, 
while leaving M  grey with a heavy outline. This method enables small 
amounts of M  to be detected among S  and T . Nitric acid vapour was 
used to distinguish liquid in (a +  liquid) and (a -f- T  +  liquid) alloys. 
With about 1-2 min. etching, the fine-structure chilled liquid showed 
up pale-straw coloured, while the T , when present in more than small 
amounts, was heavily pitted in rather remarkable black spots, which, 
with the straggling lace-like structure of T  near the solidus, caused some 
confusion at first between T  and liquid. The effect was similar to, 
though rather less marked than, the behaviour of the Y  phase in 
hydrochloric acid (see p. 224).
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6. Etching Characteristics of Aluminium-Copper-Zinc Alloys of 
High Copper Content.

In alloys of composition in the region of that of CuAl2, the phases 
ÂiCuZn. *)aicu (“ CuAl ”), and liquid were found. Liquid was clearly 

etched by 15-sec. immersion in concentrated nitric acid to a bright 
mottled brown; the t] phase was darker unetched than 0, and the 
ternary phase was darker grey.

7. Etching Characteristics in the Region of the S Phase.

The etching characteristics of the different phases in the alloys of 
high copper content were in general similar to those described above; 
but the effects of the reagents differed greatly in degree, and where the 
phases were of widely varying composition, regular changes in the 
etching characteristics could often be traced.

The S  phase is darkened by the action of dilute hydrofluoric acid, 
often with the production of local spots of brown tarnish. Immersion 
for 1-2 min. in ip-molybdate turns the S  crystals brown; the different 
grains usually show up in slightly different shades, but are never so 
dark as in the aluminium-rich alloys.

In alloys of low zinc content, the Z  phase was unattacked after a 
1 -2  min. immersion in <Jj-molybdate; but with increasing zinc content, 
this phase was outlined and was sometimes partly turned brown or 
grey.

The behaviour of the M  phase on etching with (p-molybdate shows a . 
regular change with increasing zinc content. In the ternary Al-Cu-Mg 
alloys, the M  phase etches to a thinly outlined pale-straw colour. In 
the 1 %-zinc alloys, the M  phase is outlined and appears light brown 
to dark olive-brown. On increasing the zinc content of the alloys to 
4 and 6%, the crystals of M  become more darkly outlined, and the 
colour changes from dark olive-brown to olive-black and dark black.

The T  phase is blackened by 30-sec. immersion in. <];-molybdate, and 
is outlined by dilute hydrofluoric acid, which colours the crystals blue 
to brown; the intensity of etching varies greatly with the composition. 
The Y  phase of the system Al-Cu-Mg behaves very similarly to the T  
phase, and a distinction between the two is often difficult. On etching 
with dilute hydrofluoric acid, the tints of the brown obtained on T  
and Y  vary greatly, but in general Y  is etched to a darker shade. A 
point which should be noted is that in some of the ( F +  T) and 
(Y  +  T  +  S) alloys, spurious effects are obtained by etching Y  in 
dilute alcoholic hydrochloric acid. In this reagent, the S  was either 
unattacked or slightly browned, while the Y  became covered with



large black spots which were quite different from the usual pitting 
effects, and which readily gave the impression that the crystals of Y 
consisted of two phases. Careful examination of specimens etched for 
increasing times of immersion showed this effect to be spurious, although 
the etching is so clean that a misleading conclusion is easily drawn.
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I.-PR O PE R T IE S OF METALS

♦Stress Relaxation Across Grain Boundaries in Metals [Internal Friction in 
Aluminium]. T ’ing-Sui K e (Phys. Rev., 1947, [ii], 72, (1), 41-^46).—;K e’s view 
(ibid., 1947, 71, 533; Met. Abs., 1947, 14, 305), th a t grain boundaries in 
metals behave in  a viscous manner, is tested  by experiments on the tem p, 
dependence of the internal friction and rigidity modulus of 99-991% aluminium 
a t different frequencies of torsional vibration, using specimens w ith different 
grain-sizes. For the same specimen an increase in the frequency of vibra
tion shifts the internal-friction curve and rigidity-relaxation curve to higher 
temp. A t const, frequency, an increased grain-size shifts the two curves to 
higher tem p. The observed phenomena agree w ith the hypothesis of stress 
relaxation across grain boundaries, arising from the viscous behaviour of the 
grain-boundary material. The observations lead to  a  heat of activation 
H  =  32,000 cal./mol. associated w ith the stress relaxation.—W. H .-R .

*0n the Oxidation of Aluminium in a Dry Amosphere. Nicolas Cabrera, 
Jean  Terrien, and  Jean  Hamon (Com.pt. rend., 1947, 224, (22), 1558-1560).— 
The authors describe the oxidation of aluminium and  comment on the various 
mechanisms suggested by N. F . M ott (Trans. Faraday Soc., 1940, 36, 472; 
Met. Abs., 1940, 7, 297) : (a) the passage of ions is easier than  th a t of elec
trons, (b) the passage of electrons is easier than  th a t o f ions (M ott leans 
towards hypothesis (a)). They obtained transparent films of aluminium 
by evaporation in  vacuo and  traced the variation of factors of transmission 
and reflection as a  function of the tim e. The results indicated th a t aluminium 
corresponds more to  hypothesis (b). W. W elkenhorst (Z. techn. Physik, 
1941, 22, 14) a ttribu tes the acceleration of oxidation in  the presence of u ltra 
violet light to  the formation of ozone. Experim ents show, however, th a t 
even in the presence of ozone, the oxidation is controlled by the diffusion 
of the Al+++ ions and is independent of the ozone or oxygen pressure.—J . H. W.

*0n the Oxidation of Aluminium at High Temperature. Nicolas Cabrera 
and Jean  Hamon (Compt. rend., 1947, 224, (24), 1713-1715).—The authors 
discuss a new theory of oxidation by M ott (in the press), which supposes th a t 
the electrons pass easily through the oxide film and thus produce in  the film 
an electric field, which favours the diffusion of the Al+++ ions. This theory 
would lead one to  expect a very rapid  increase in the ra te  o f oxidation a t 
200° C. Experim ents on alum inium films, prepared as previously described 
(see previous abstract), show th a t the ra te  o f oxidation does, in  fact, increase 
a t  200° C., becoming very rapid a t  400° C. Above 200° C., aluminium films 
of this thickness (approx. 200 mp) are no t continuous, b u t have a granular 
structure. C. and  H . discuss G. H aas’s experiments (Optik, 1946, 1, 134) 
on the variation o f the oxide film a t  high tem p, and deduce equations for the 
electron energy.—J . H . W.

Beryllium as an Alloying Compound. N. W. Bass (Indust. Plastics, 1946, 
1, (11), 16-18, 36 ; C. Abs., 1946, 40, (11), 3088).—The production of beryl
lium -copper m aster alloy and  the physical properties of beryllium are dis
cussed.

♦ Denotes a paper describing the results of original research, 
f  Denotes a first-class critical review.
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♦Rapid and Direct Measurement oi Vapour Pressure of Liquid Metals [Vapour 
Pressure of Bismuth at 989-6° K.]. A. H . Weber and Gonzaga Plantenberg 
(.Phys. Rev., 1946, [ii], 69, (11/12), 649-651).—A rapid direct method for 
measuring the vapour pressure of liquid metals is described in which a 
stream  of vapour from the surface of the metal is allowed to  impinge on the 
bottom  of a glass bucket suspended from a helical quartz spiral, the resulting 
up thrust being measured. The theory of the method is described, and the 
vapour pressure of bismuth a t  969-6° K . is determined as 0-0166 ±  0-0017 mm. 
mercury. The errors of the method are discussed.—W. H.-R.

♦The Effect of Temperature on the Intensity of X-Ray Reflection [of Gold, 
Copper, and Aluminium], E. A. Owen and R. W. Williams (Proc. Roy. Soc., 
1947, [A], 188, (1015), 509-521).—The effect of tem p, on the intensity of 
X-ray reflection by pure gold, copper, and aluminium was studied by making 
microphotometric measurements on lines in X -ray spectra obtained w ith 
powder specimens in  a  Debye-Scherrer camera. The cylindrical powder 
specimens, 0-8 mm. dia. and of uniform particle size, were held together 
w ithout adhesive and were free from a  core of foreign material. They were 
m aintained in  vacuo a t  tem p, up to  ~900° K ., the temp, being estim ated 
from lattice-param eter measurements. The prim ary beam was standardized 
using a flat-plate X -ray camera furnished w ith a  plate o f pure gold, which 
provided a spectrum whose lines could be accurately measured. The observed 
fall o f intensity o f X -ray reflection by gold and copper as the tem p, is raised 
up  to  ~900° K . was found to  be in  accordance w ith the equation, 0 r  =  
© d l — a y(T  — T i)], where ©r  and  0 X are the characteristic tem p, a t  temp. 
T  and T u a  is the cubical coeff. of therm al expansion, and y  is the Griineisen 
constant. The equation was found to  hold also for aluminium up to  ~600° K ., 
bu t beyond this the fall in  intensity  exceeds th a t to  be expected, and this 
m ay be due to  the removal of energy from the prim ary beam to form extra 
reflections. The characteristic tem p, a t  room tem p. (293° K.) were found 
to  be : gold 175° K ., copper 314° K ., and aluminium 395° K . These values 
show good agreement w ith those obtained by specific-heat and  electrieal- 
conductivity measurements.—E. N.

*A Re-Determination of the Lattice Constant of Lead. H arold P . K lug 
(J. Amer. Chern. Soc., 1946, 68, (8), 1493-1494).—Lead of 99-999+%  purity  
was examined by X -X-radiation. The lattice constant a t  25 +  0-1° C. is 
4-9408 +  0-0001 kX . units.—J . B. C.

♦Creep Rate of Various Industrial Leads. J . Neill Greenwood and J .  H. 
Cole (Metallurgia, 1947, 36, (215), 233-235).—Creep tests were carried out on 
several brands o f industrial lead to  determine whether results were in  accord
ance w ith those obtained previously w ith synthetic laboratory products. No 
unexpected results were obtained. The behaviour o f the m etal under pro
longed stress depended more on the nature o f impurities present than  on their 
to ta l content. A 100-days test a t  500 lb./in.2, supplemented by a  te s t for 
em brittlem ent, is suggested as a  means of classifying industrial lead alloys.

—M. A. V.
♦Propagation of U.H.F. Sound in Mercury. G. R . Ringo, J .  W. Fitzgerald, 

and  B. G. H urdle (Phys. Rev., 1947, [ii], 72, (1), 87-88).—A note describing 
measurements of the velocity and attenuation of sound in  mercury in the 
frequency range 100 to  1000 Mc./s. The results for the velocity varied from
1-44 x  105 to 1-47 x  105 cm./sec. a t  tem p, between 24° and  28° C., and did 
no t show any definite dependence on the frequency. The values for the 
frequency-free pressure absorption coeff. varied from 4-7 to  6-0 +  1-0.

—W. H .-R.
♦The Adsorption of Vapours on Mercury. I.—Non-Polar Substances 

[Benzene, Toluene, and «-Heptane]. C. Kemball and E . K . Rideal (Proc. 
Roy. Soc., 1946, [A], 187, (1008), 53-73).—Reversible results for the adsorp
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tion of pure benzene, toluene, and  »-heptane vapours on mercury were obtained 
using the m ethod of sessile drops. Isotherms were normally obtained a t  25° 
and 50° C., b u t in  the case of benzene vapours some measurements were made 
a t  75° C. The films were found to  be gaseous and  obeyed the Volmer equa
tion F (A  — b) — kT , where F  =  spreading pressure, A  =  area per molecule, 
and 6 =  co-area. The possibility th a t the films might be immobile was 
considered, and  the Langmuir equation was applied bu t was found to  be 
unsatisfactory. A standard  s ta te  for the surface phase is defined which is 
independent o f tem p, in the same m anner as the standard  pressure of one 
atmosphere is independent o f tem p. Values for the free energy, to ta l energy, 
and entropy of adsorption of the various substances a t  the various tem p, 
are evaluated. I t  is shown th a t the heat of adsorption increases w ith the 
am ount on the surface. A fter the completion of monolayer adsorption, 
which is stable up to  high values of p/po, p  being the vapour pressure and p 0 
the saturation vapour pressure, a  num ber o f phase changes occur, the most 
striking being interpreted as the change from “ flat ”  to  “ vertical ”  adsorp
tion of the toluene molecule. Others are thought to  he either two-dimen
sional condensation or adsorption of a  second layer.—E. N.

*The Adsorption of Vapours on Mercury. II.—The Entropy and Heat of 
Adsorption of Non-Polar Substances. C. Kemball (Proc. Boy. Soc., 1946, 
[A], 187, (1008), 73-87).—Equations are derived which enable the entropy 
of adsorption on mercury of benzene, toluene, and »-heptane and the heat 
o f adsorption of benzene to  be calculated. The values obtained were of the 
same magnitude as the experimental values (see preceding abstract) and 
indicate w ith fair accuracy the am ount o f translational and  rotational 
freedom possessed by the substances on the surface of the mercury. Benzene 
appears to  ro tate only in the plane o f the ring and has no th ird  degree of 
translational freedom, the surface mobility of toluene is considerably hindered, 
and the molecules of »-heptane are partially  rolled up.—E. N.

*The Adsorption of Vapours on Mercury. III.—Polar Substances [Water, 
Acetone, Alcohols]. C. K emball (Proc. Boy. Soc., 1947, [A], 190, (1020), 
117-137).—Cf. preceding abstract. Using methods previously described, 
determinations were made of the adsorption of water, acetone, and normal 
alcohols from m ethyl to  hexyl on mercury a t  25° and 50° C. All substances 
gave reversible adsorption, and, w ith the exception of water, as had been 
found w ith non-polar substances, the first region of the adsorption isotherm 
was always a gaseous monolayer obeying the Volmer type of equation. 
Methyl and ethyl alcohol both formed second layers, the double layer having half 
the co-area of the original monolayer, while the higher alcohols from »-butyl 
upwards formed condensed films. Acetone gave rise to  a  double and finally 
a  triple layer. Contrary to  the results o f previous workers, w ater vapour 
was found to  be adsorbed on mercury, although no t strongly a t  50° C. I t  
showed no inclination to  form a second layer, only a monolayer being formed 
a t  high ratios o f p /p 0. The large entropy (35-9 1-1 cal./deg. mol.) and
heat o f adsorption of w ater are evidence for the association of the adsorbed 
w ater molecules on the surface of the mercury, and  this probably occurs to 
some extent w ith m ethyl alcohol as well.—E . N.

*The Activated Adsorption of Nitrogen on a Finely Divided Tungsten Powder. 
Raym ond T. Davis, J r . (J. Amer. Chem. Soc., 1946, 68, (8), 139.3-1402).— 
The adsorption of nitrogen on tungsten powder was studied in a  pressure 
range of 1(T8 to  35 mm. and a  tem p, range of 400°-750°. A t saturation there 
was one molecule of nitrogen for every four surface atom s of tungsten. The 
thermodynam ics o f the tungsten-nitrogen system are discussed.—J . B. C.

*The Plastic Deformation of Non-Cubic Metals by Heating and Cooling. 
W. Boas and  R . W. K . Honeycombe (Proc. Boy. Soc., 1946, [A], 186, (1004), 
57-71).—A comparative study of the properties of tin-base and lead-base
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bearing alloys revealed th a t a fter alternate heating and cooling, surface 
roughening and cracking occurred on the formerly smooth surface of the 
tin-base bearing, which increased w ith the num ber of treatm ents, whereas 
the surface of the lead-base bearing remained quite smooth. The phenomenon 
was found to  be due to  an inherent property of the alloy or its constituents. 
In  order to  make a fundam ental study of the phenomenon, specimens of pure 
metals, relieved of residual stresses set up by previous cold work, were sub
jected to  cyclic therm al treatm ent between 30° and  150° C. The non-cubio 
metals, zinc, cadmium, and  tin  showed signs of plastic deformation—slip 
lines, some evidence of twinning, roughness of the surface, and intensification 
of grain boundaries—after a small number of cycles, the effect becoming 
more pronounced the greater the number of cycles. The phenomenon was 
not observed in lead, which has a cubic crystal structure. I t  is shown t h a t :
(1) factors which influence the distortion are, duration and  number of cycles, 
tem p., and orientation of the crystals, (2) the deformation is independent of 
grain-size, (3) lattice distortions produced by the plastic deformation of the 
specimen are no t removed by the cyclic treatm ent bu t remain in the specimen 
and, therefore, become more extensive as the number of cycles increases, 
(4) grain-boundary migration occurs w ith tin  and cadmium but no t with 
z in c ; it  is dependent on the duration of the cycle and occurs to  a  much 
greater exten t during the cooling phase of the cycle, (5) slip lines continue 
through the crystals to  the grain boundaries, where they are emphasized. 
I t  is concluded th a t the cause of the deformation is the anisotropy of therm al 
expansion in  hexagonal and tetragonal crystal systems, and an  estimation 
was made of the order o f magnitude of the stresses set up, based on con
siderations of the linear boundary element between two crystals. Mention 
is made of some of the theoretical and  practical applications o f the pheno
menon : the difficulty of obtaining completely strain-free zinc and cadmium 
a t  room tem p., the failure of certain bearing alloys, and the effect of such 
stresses superimposed on externally applied stresses, e.g. fatigue and creep 
conditions.—E. N.

*The Anisotropy o! Thermal Expansion as a Cause of Deformation in Metals 
and Alloys. W. Boas and R. W. K . Honeycombs (Proc. Roy. Soc., 1947, 
[A], 188, (1015), 427-439).—The work described in an earlier paper (see 
preceding abstract) has been extended to  the tem p, range — 190° to  250° C. 
As the temp, range is increased, the extent of deformation increases. Cyclic 
treatm ent of tin , cadmium, and zinc between room temp, and th a t of liquid 
air results in  complex slipping and twinning, bu t grain-boundary migration 
is practically absent. Cooling from the liquid state, which represents half a 
therm al cycle, sets up stresses in  metals possessing anisotropy of thermal 
expansion, e.g. zinc, cadmium, and tin , and leads to  plastic deformation. 
In  cadmium subsequent annealing results in marked grain growth. Duplex 
alloys o f tin-rich tin—antimony, consisting of a tin-rich m atrix  in which 
particles of a  hard  second phase of cubic crystal structure are embedded, show 
considerably smaller deformation in the region of the boundaries between 
crystals of the two phases than  th a t in  the region of the crystal boundaries 
of the anisotropic m atrix . Similar results are obtained w ith tin-base bearing 
alloys.—E. N.

*The Theory of Wedge Indentation of Ductile Materials. R. Hill, E. H. Lee, 
and S. J . Tupper (Proc. Roy. Soc., 1947, [A], 188, (1013), 273-288).—As a 
first step towards the correlation of hardness-test resuits w ith the deformation 
properties of a material under conditions of stress, e.g. the tensile test, a 
theoretical solution is given for the deformation produced by a  rigid, friction- 
less wedge penetrating a plastic m aterial. The solution determines the form 
of the lip and the deformation of the material squeezed out towards the 
surface. The variation w ith wedge angle of the force required for penetration
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is determined in term s of the yield stress in the tensile test, and the average 
strain due to  wedge indentation corresponds to  an  equivalent reduction of 
area in a  tensile test, which increases w ith increasing wedge angle. The theory 
is compared w ith experiments in which lead blocks were indented by steel 
wedges coated w ith vaseline, and  satisfactorily predicts the deformation of a 
grid of squares ruled on a  cross-section of the block.—E. N.

*Deformation oi Metals During Single and Repeated Tensile Impact. J . A. 
Pope (J . Iron Steel Inst., 1947, 157, (1), 31-54).—P. trea ts  m athem atically 
the case of a bar, one end o f which is struck by a hammer, the other end 
being rigid. Prom  consideration of the stress-wave reflections and deforma
tions taking place a t  the ends of the bar, generalized curves are derived for 
the variations w ith tim e of the rates o f deformation and energies absorbed 
a t  the two ends of the bar. A system of dimensionless units is employed in 
plotting these curves. In  developing the theory a num ber of assumptions 
were made : (1) th a t the load on the bar remains const, a fter the metal has 
yielded (equal to  the dynamic yield stress), (2) th a t the stress waves are 
reflected perfectly, (3) th a t the weight of the specimen is small compared 
with th a t of the hammer, and (4) th a t the kinetic and elastic energies of the 
bar are negligible in comparison w ith the plastic energy absorbed. P . 
describes the results of tests carried out on m ild steel (carbon 0-22, manganese
0-49%) and Lowmoor iron (0-085% carbon), using a falling-tup im pact 
machine. Stops were fitted to  the machine so as to  lim it the am ount of 
extension on the gauge length, the remaining energy in the tup, which greatly 
exceeded th a t required to  deform the specimen, being absorbed by th a t p art 
of the specimen outside the gauge length. I t  was thus possible (a) to  split 
a  single im pact into stages by subjecting a number of specimens to  different 
extensions, and  (b) to  carry out repeated-im pact t(ests a t  approx. const, 
velocity. A fter im pact, hardness explorations and microscopical exam ina
tions were performed on the specimens. The spread of deformation during 
im pact was shown to be fundam entally different from th a t in a  static  test. 
The increase in hardness a t  the centre of the impacted specimens was greater 
than  th a t a t  the edge by a  larger am ount than  was the case w ith static speci
mens. S tatically tested Lowmoor iron specimens show more slip bands than 
those tested in im pact. In  specimens of m ild steel, under both single and 
repeated im pact, necking a t  both ends occurs initially. A fter a small ex ten
sion the necks disappear and the specimen again becomes paralle l; eventually 
a  single neck occurs near the centre o f the specimen and leads to  fracture. 
Specimens in Lowmoor iron also show double necking, bu t deformation does 
no t spread to  the centre until considerable extension has occurred, and 
the specimen generally breaks a t  one of the original necks. The ratio
impa,ot elongation, jg function 0f  gauge length and is not a fundam ental 
static elongation, %

property of the material. P . concludes th a t, in  general, the experimental 
results are in accord w ith the m athem atical th eo ry ; such discrepancies as 
exist are a ttribu ted  to  the inaccuracy of assumption (1), which precludes 
deformation other than  a t  the specimen ends.—R. W. R.

*Experiments on the Elastic Properties of Metals by Means of Two Oberbeck 
Resonance Pendulums. C onstantin Salceanu (Compt. rend., 1947, 224, (25), 
1756—1758).—The elastic properties of iron, aluminium, silver, copper, and 
brass, were studied by means of the resonance exhibited by two pendulums 
of the same length connected by a wire of the m etal being studied. One 
pendulum is made to  oscillate and is followed by the other. The time between 
two minima of oscillation of one pendulum is measured and plotted against 
the tension. In  all cases, tim e-saturation was obtained. The order of the 
metals given by this method does not correspond to  any of the known elastic 
properties o f the metals, and S. suggests th a t his results are indicative o f a
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property analogous to  th a t of viscosity in liquids. Another set of experi
m ents on the same metals, involving torsion under const, tension, gives an 
order inverse to  th a t given by the first set.—J . H . W.

♦The Application of the Method of the Resonant Pendulum to the Measure
ment of the Coefficient of Rigidity of Metals. Constantin Salceanu (Com.pt. 
rend., 1947, 224, (26), 1810-1811).—The resonance of equal pendulums con
nected by a  wire of the metal to  be studied (see previous abstract) was used to 
measure the coeff. of rigidity of nickel, iron, steel, nickel-chrome, copper, 
silver, aluminium, and brass. The static method, involving torsion under 
const, tension (see above), showed th a t if  C is the constant of torsion (given 

Or4by yd =  C -j-, where g is the tension, r the dia. of the wire, I the length, and 0

the torsion) and T  the  time, then C -j- T  is a constant within the limits of 
experimental error. The effect of heating the specimens is described for 
each metal.—J . H . W.

♦Finite Elastic Strain of Cubic Crystals. Francis Birch (Phys. Bev., 1947, 
[ii], 71, (11), 809-824).—M umaghan’s (Amer. J . Math., 1937,49 ,235 ; Met. Abs., 
1938, 5, 468) theory of finite strain is developed for a  medium of euhic sym
m etry subjected to  finite hydrostatic compression plus an arbitrary homo
geneous infinitesimal strain. The free energy is developed for cubic sym
m etry to  include term s of the th ird  order in  the strain components. The 
effect of pressure upon the second-order elastic constants is found and com
pared w ith experiment, w ith particular reference to the compressibility. 
The compressibility data  for numerous metals are tabulated  and discussed. 
In  general, the data  confirm the theory, bu t there is an indication th a t Bridg
m an’s results a t  pressures above 50,000 kg./cm .2 are no t directly comparable 
w ith those a t  lower pressures. The results are also compared w ith some of 
the calculations based on Bom ’s lattice theory, and some developments of 
the la tte r by other workers are criticized.—W. H .-R.

A Thermodynamic Criterion for the Fracture of Metals. Edward Saibel 
(Phys. Bev., 1946, [ii], 69, (11/12), 667).—A note. The difficulties in account
ing for the difference between the. calculated and observed strengths of metals 
are outlined. A new theory by S. is based on the following assumptions :
(1) All of the strain energy is available for the abolition of cohesive strength.
(2) The heat of fusion is uniformly partitioned throughout the vol. of the 
substance. (3) The quantity  of energy required for the abolition of cohesive 
strength is th a t fractional p art of the energy of fusion which is associated 
w ith the change in vol. on passing from the solid to  the liquid state. These 
assumptions enable the criterion for fracture to  be expressed in  the form 
U =  JQ A V /V , where U is the strain energy per un it vol., Q is the la ten t heat 
of fusion in kg.-cal./mole, V  is the vol. occupied by a  mole of the substance, 
A F  is the change in vol. per mole on passing from solid to  liquid, and J  is the 
mechanical equivalent of heat. Good agreement is shown for some substances 
which fail by brittle  fracture, and reasonable agreement where plastic flow 
precedes fracture.—W. H.-R.

Nature of Strength and Failure in Brittle Solids. Eugene F. Poncelet 
(Colloid Chem., 1946, 6, 77-88; C. Abs., 1946, 40, (9), 2375).—An ideal 
brittle solid can be visualized as a  collection of identical particles held a t 
definite spacings by electrostatic bonds. The Morse curve is the graph repre
senting the resultant of the simultaneously existing and changing attractions 
and repulsions. A broken bond arises when a critical distance between par
ticles is exceeded. The following factors are considered : the physical nature 
of fa ilu re ; failure under tension; fracture under compression; mixed 
stresses; the physical nature of strength is solids; and the fundamental 
difference between viscous and plastic flow. The “ flaws ”  assumed by Griffith, 
Smekal, Orowan, and  others are no t essential to  fracture. Compressive
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strength exceeds tensile strength eight times or more (in glass between nine 
and fifty times).

*The Statistical Aspect of Fatigue of Metals. A. M. Freudenthal (Proc. 
Boy. Soc., 1946, [A], 187, (1011), 416—429).—Fatigue of metals, or the more 
adequate term  “ progressive failure ”  is the expression on a macroscopic 
scale of the progressive destruction o f the cohesive bonds as a  result of the 
repetitive action of an  external load. As such i t  has the typical features of 
a mass phenomenon, for both the cohesive bonds and  the load repetitions 
are collectives in  the statistical sense. By applying the fundam ental rules 
o f the theory of probability, m any of the established relations between the 
principal variables, e.g. am plitude, frequency and  num ber of load cycles 
sustained, notch effect, &c., are theoretically deduced from the purely formal 
assumption o f the separation-strength of cohesive bonds. The principal 
practical application is the evaluation of the damaging effect of repeated 
load cycles of varying am plitude and  of the effect of overstress, which are the 
main problems in the design of structures.—E . N.

*The Relationship Between Fatigue and Stress Concentration. R. B. Hey- 
wood (Aircraft Eng., 1947, 19, (217), 81-84).—H. discusses the effect o f stress 
concentration a t  notches on the elastic stress and  fatigue properties. He

deduces, from observed values, th a t the expression : - = — 1 =  --??? (where
K f V  r

K  is the elastic-stress-coneentration factor, i.e. the max. stress in  the notch 
divided by the nominal stress; Kf  is the fatigue-stress-concentration factor, 
i.e. the endurance lim it o f un-notched specimens divided by th a t o f notched 
specimens; and  r  is the radius of the stress raiser) gives fair agreem ent for 
carbon steels. F o r other classes o f material, other values of the constant, 
which H . refers to  as the “ augmented constant ” , are used.—H. S.

A Summary of Published Literature on Internal Stresses in Metals. ------
(B .S .A . Group Research Centre, Sheffield, Publ., 1947, (GRC/S. 29), 45 pp.).— 
185 abstracts are given of articles dealing with the occurrence, effects, measure
m ent, and control of internal stresses, covering the period 1938-1946.—J. L. T.

*Kinetic Friction in or Near the Boundary Region. I.—Apparatus and 
Experimental Methods. B. Chalmers, P . G. Forrester, and E . R . Phelps 
(Proc. Roy. Soc., 1946, [A], 187, (1011), 430—439).—An apparatus is described 
and illustrated  for obtaining relatively pure boundary friction, which is done 
by controlling the conditions of load, speed, and contact area, so th a t little  
or no opportunity  is given for fluid-film formation. One specimen (the 
plate) is driven a t  a  fixed velocity and a second specimen (the slider) is applied 
to  i t  by a dead load. The force required to  restrain the second specimen is 
measured by balancing against a variable dead load, instability  being sup
pressed by fluid damping. A direct reading of the coeff. of friction is thus 
obtained by a null method. Reproducibility of determinations is generally 
within 10%, the limiting factor being the accuracy w ith which exactly similar 
surfaces can be reproduced. The method of preparing the specimens is 
described; the tests can be conducted a t  tem p, up to  150° C. w ithin an 
accuracy of ±  1° C. of th a t required.—E. N.

♦Kinetic Friction in or Near the Boundary Region. II.—The Influence of 
Sliding Velocity and Other Variables on Kinetic Friction in or Near the Boundary 
Region. P. G. Forrester (Proc. Roy. Soc., 1946, [A], 187, (1011), 439-463).— 
Using the apparatus described (see preceding abstract), a  study was made of 
the causes underlying the change of friction w ith sliding velocity. Measure
ments were made of the friction of several different combinations of materials, 
m ainly tin-base B abbitt (with 7% antim ony and  3 |%  copper) running on 
steel and  w ith hard  steel on phosphor bronze, a t  velocities between 0-01—
2-25 cm./sec. and  under three different conditions : dry, with th in  films of 
various lubricants applied by two different methods, and w ith excess of
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lubricants. The lubricants used were oleic acid, medicinal paraffin, and
I.C .E. (crank-ease) oil. The experiments show th a t changes in friction with 
velocity m ay be derived from a t  least three different sources: (1) From 
the properties of clean metal surfaces. Certain combinations show, when 
unlubricated, a  decrease in friction w ith increasing velocity. This is 
most marked when one component is a soft metal of low m.p., which 
suggests th a t it  may be associated w ith reduction in shear strength of the 
m etal w ith increasing tem p. (2) From  the partial destruction of the film 
under boundary conditions. This leads to  an increase of friction w ith increas
ing velocity, as the rate  of destruction rises w ith increasing sliding speed.
(3) From  the transition from boundary to  fluid-film conditions. This tendency 
is also most marked when one component is a  soft metal, in which case the 
real area of contact is greater and the local pressures lower than  for two hard 
metals. I t  results in a  decrease of friction w ith increasing velocity. “ R un
ning-in ”  brings about changes in the physical conditions and geometry of 
the metal surfaces and also in the state of the lubricant film ; it  may influence 
the friction either way, bu t its influence is always much greater w ith rough 
plates than  w ith smooth. The influence of surface finish is wholly through 
its  effect on the lubricant film ; i t  accelerates the onset of fluid lubrication 
and has more influence on the combination B abbitt/steel than  in the com
bination steel/bronze. The practical implications of the results are dis
cussed.—E . N.

*Kinetic Boundary Friction. J .  R. Bristow (Proc. Roy. Soc., 1947, [A], 
189, (1016), 88-102).—Using an apparatus which is described, curves of 
boundary friction against velocity (CM>5 cm./sec.) for various sliding surfaces 
(steel on steel and phosphor bronze, brass or tin  on hard steel) were deter
mined for a number of lubricants. The results show th a t smooth sliding 
and relaxation oscillations, or “ stick-slips ” , under boundary-lubrication 
conditions, when frictional forces are measured by the deflection of an elastic 
system, are due to  the dependence of kinetic friction on velocity. In  cases 
giving smooth sliding, kinetic friction decreases as velocity decreases, a t  very 
low speeds; in cases giving relaxation oscillations, kinetic friction increases 
as velocity decreases. Thus, sliding under boundary conditions is no t in 
herently discontinuous; any discontinuous motion is due to  the dynamics 
o f the measuring instrum ent as a  result of the kinetic friction increasing as 
the velocity decreases. Generally the friction falls continuously w ith increas
ing molecular weight for a  series of esters of fa tty  acids, and is dependent on 
the percentage of fa tty  oil in a compounded lubricant such as oleic acid in 
mineral oil, and on tem p, for a  pure substance such as ethyl palm itate, and a 
mineral oil. The temp, a t  which relaxation oscillations first occur depends on 
the speed of sliding, and i t  appears, therefore, th a t measurements of the temp, 
a t  which relaxation oscillations s ta rt a t  a  const, sliding speed are not a  measure 
of the tem p, a t  which there is a  discontinuity in the properties of the boundary 
layer.—E. N.

The Surface of Solids and Liquids and the Films that Form on Them. II.—  
Solids and Absorption at the Surface of Solids or Liquids. W. D. Harkins 
(Colloid Chem., 1946, 6, 1-76; C. Abs., 1946, 40, (9), 2371).—A review of 
fifteen years’ work which deals w ith : classes of so lids; effect of sub-phase 
on metallic film s; calculation and  determination of surfaee-energy values 
illustrated by diam ond and  ionic crystals; absorption a t  interfaces in solid, 
liquid, and gaseous systems ; w ater/o il; the application of the Gibbs equation 
to solid surfaces ; experimental procedures ; areas of solids from adsorption 
isotherm s; extension of the attractive energy of a solid into a liquid and the 
thickness o f adsorbed films ; theories o f adsorption; desorptions ; multi- 
molecular films and other ty p e s ; experimental methods for determination 
of energy of adhesion, adsorption, heat of immersion, & c.; contact angle,



theory, data , and  experim ental methods for determining i t ;  graphite as a 
hydrophobic so lid ; topochem istry ; chemical changes a t  crystal corners, 
edges, and  interfaces. Besides 68 numbered references, there are given 113 
references to  papers by H arkins and his school, classified chronologically.

Colloidal Behaviour in Metals and Alloys. Reginald S. Dean (Colloid 
Chem., 1946, 6, 561-578; C. Aba., 1946, 40, (9), 2427).—A discussion o f:
(1) Gases in m eta ls : physicochemical nature of metallic interfaces; gas- 
metal systems as colloids; degasification of m e ta ls ; grain-size con tro l; 
hydrogen em brittlem ent. (2) Slag-m etal systems : the Aston wrought-iron 
process; steelmaking reactions; powder m eta llu rgy ; magnetic, electric, 
and mechanical properties o f m etal compacts. (3) Dispersions of metals in 
metals : solid metals in solid m eta ls ; ordering in  a lloys; dispersion-harden
ing ; internal friction or vibration-dam ping capacity o f metals. 78 references 
are given.

*A New Method oi Determining Electro-Negativity from Other Atomic 
Properties. W alter Gordy (Phys. Rev., 1946, [ii], 69, (11/12), 604-607).—

The empirical relation x  =  0-31 +  0-50 has been found to  connect

the electro-negativity, x, of an element according to  Pauling’s revised scale, 
with n  the  num ber o f electrons in its  incompletely filled (valence) shells, and 
r its single-bond co-valeht radius measured in  A. This relation does no t hold 
for copper, silver, or gold, bu t is in good agreement w ith results for many 
elements, and is used to  construct a  table of electro-negativities for 52 elements. 
The theoretical justification is discussed.—W. H .-R .

Magnetic Dipole Fields in Unstrained Cubic Crystals. L. W. McKeehan 
(Phys. Rev., 1947, [ii], 72, (1), 78).—Numerical errors and misprints in an 
earlier paper (McKeehan, Phys. Rev., 1933, [ii], 43, 913; J . Inst. Metals 
(Met. Abs.), 1933, 53, 441) are corrected. These mistakes involve the paper 
by L uttinger and Tisza (Phys. Rev., 1946, 70, 954).—W. H .-R.

*Theory of Long-Period Magnetic Relaxation. Charles K itte l (Phys. Rev., 
1946, [ii], 69, (11/12), 640-644).—Long-period changes in the magnetization 
of a  mild-steel specimen are discussed. I f  a  specimen in a const, field of the 
order of 0-5 gauss is subm itted to  alternating stresses for a period of the 
order of 5 years, i t  approximates to  a sta te  of infinite effective permeability. 
I f  the applied field is changed suddenly, a  considerable fraction o f the m ag
netization changes alm ost instan taneously ; this fraction is determ ined by 
the ordinary perm eability, and by the demagnetization coeff. Following this 
sudden change, a  further slow change in  m agnetization occurs w ith a  tim e 
constant of the order of 3 months, while the rem ainder of the m agnetization 
changes w ith a period of the order of 5 years. A formal treatm ent of the 
phenomena is given following the lines of the time-dependent barrier potential 
used by Snoek (Physica, 1938, 5, 663; Met. Abs., 1938, 5, 656).—W. H .-R.

*Transverse Magnetization in Ferromagnetic Crystals in Relation to Domain 
Structure. A. von Engel and  M. S. W ills (Proc. Roy. Soc., 1947, [A], 188, 
(1015), 461—484).—Although the formal theory of ferromagnetic anisotropy 
is in good agreement w ith experimental results as regards the components of 
magnetization parallel to  the field, similar results are not obtained w ith the 
transverse component for the planes (100), (110), and (111), where experi
m ental results for single crystals show th a t i t  diminishes to  zero in very weak 
fields, instead of increasing according to theory. However, if  the directions 
of magnetization of domains (small regions spontaneously magnetized to  
saturation) are trea ted  as being distributed continuously in angle ra ther than  
as restricted to  a  lim ited num ber o f particular directions, and, assuming th a t 

Hhe proportions of the volumes of domain magnetized in  any  direction are 
larger the lower the energy of magnetization in th a t direction, then reasonable 
agreement between theory and experim ental results is obtained.—E. N.
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*The Theory oi the Magneto-Resistance Effects in Metals. E . H. Sond- 
heimer and  A. H. Wilson (Proc. Boy. Soc., 1947, [A], 190, (1023), 435—455).— 
General formulae are obtained for the effect of a magnetic field on the electrical 
and  therm al conductivities of a m etal in  which there are two overlapping 
partially  filled electron bands of norm al form, the s- and d-bands, in each 
o f which the energy is proportional to the square of the wave number. I t  
is assum ed th a t s—d  transitions are negligible, as is the quantization of the 
electron orbits due to  the magnetic field. The formulae, though not strictly  
valid for all tem p, and fields, are further developed for the limiting cases of 
very high and  very low tem p, and for very strong magnetic fields; a t  very 
low tem p, they are in  fair quantitative agreement w ith experimental results 
on cadmium. The behaviour of th e  electrical resistance a t  low tem p, is 
discussed, and i t  is shown t h a t : (1) the formulae explain the fact th a t in 
certain cases the resistance may pass through a  minimum as the tem p, is 
increased, provided th a t the magnetic field is large enough, e.g. cadmium a t 
liquid-helium te m p .; and (2) Matthiessen’s empirical rule, th a t electrical 
resistivity consists o f two parts, cannot be expected to  be valid except more 
or less by accident. Considering the electronic therm al conductivity, in 
general the Lorenz num ber is increased by the presence of a  magnetic field, 
which is in agreement w ith the experimental facts, whereas the therm al 
conductivity of the lattice is unaffected by a  magnetic field.—E. N.

*An Experiment on the Mechanism of Supraconductivity. J . G. D aunt 
and  K . Mendelssohn (Proc. Boy. Soc., 1946, [A], 185, (1001), 225—239).— 
Using an  apparatus which is described, the Thompson coeff. of supraconductive 
lead was determined and found to  be zero ( < 4  x  10-9 V./deg.). This leads 
to  the conclusion th a t the electrons engaged in the supraconductive current 
remain energetically a t  absolute zero, and sustains the authors’ previous 
assumption th a t the apparent electronic specific heat, Cs, of a supraconductor 
is due to an excitation of electrons from the lowest state. I t  is shown th a t

Cs =  jp 'z T \  where y  is the coeff. of the Sommerfeld electronic specific heat 
0and T c is the transition tem p., a  result borne ou t by Keesom and van Laer s 

calorimetric experiments on tin . Thus, the whole mechanism of supra
conductivity seems to  imply the existence of a small gap (~10-4 eV.) in the 
energy distribution between the lowest sta te  occupied by the supraconductive 
electrons and the higher states to  which they  can be therm ally excited. The 
frictionless transport o f electrons is due to  metastable states w ithin the gap 
in  which energy cannot be dissipated. Calculated results show th a t (1) the 
number of electrons which are capable a f  such frictionless transport is only 
about 10~3 of the number o f atoms, and (2) the depth X to which a  magnetic 
field can penetrate into a  supraconductor is about 10-4 cm. for lead. I t  is 
concluded th a t the remarkable similarity between the frictionless transport 
in supraconductors and th a t in liquid helium I I  is due to  the fact th a t they 
are caused by very similar mechanisms—an aggregation of freely mobile 
particles o f zero therm al energy, irrespective of whether the particles in 
question are electrons or atoms.—E. N.

Physical Interaction of Electrons with Liquid Dielectric Media. The Pro
perties of Metal-Ammonia Solutions. Richard A. Ogg, J r . (Phys. Bev., 
1946, [ii], 69, (11/12), 668-669).—A note describing theoretical considerations 
which preceded recent work (R. A. Ogg, J r .,  J .  Amer. Chum.. Soc., 1946, 68,155; 
J . Chem. Phys., 1946, 14, 114, 295; Phys. Bev., 1946, [ii], 69, 243) on the 
properties of m etal-am m onia solutions. The basis of the treatm ent is the 
model of K raus (“ The Properties of Electrically Conducting Systems ” , 
Chemical Catalogue Co. : 1922) of an electrolyte-like character for the solute 
metal in ammonia solutions, the negative ion constituent being the “ solvated ” 
electron. A t low concentrations, individual electrons are “ self-trapped ”  in
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physical cavities in the solvent, and the treatm ent shows th a t the lowest 
energy is given if  the electrons are trapped in pairs, two electrons in each 
cavity. A t higher concentrations, unpairing of the electrons occurs.—W. H .-R.

*The Magnetic Susceptibility of Sodium in Liquid Ammonia Solutions at 
Low Temperatures. R. B. Gibney and  G. L. Pearson (Phys. Rev., 1947, [ii], 
72, (1), 76—77).—A note. The claims made by Ogg (ibid., 1946, 69, 243; 70, 
93) regarding the supposed supraconductivity of frozen solutions of sodium 
in liquid ammonia a t  180° K . were based on the detection of persistent currents. 
This method is regarded as unsatisfactory because the results may be affected 
by cracking of the sample. Measurements o f magnetic susceptibility are not 
affected by small cracks, and give a  sensitive test for the existence of supra
conductivity. Experim ents made w ith solutions of different concentrations 
indicated th a t if  any supraconducting material was present, its am ount was 
no t greater than  1 p art in 10,000 by vol. Other methods also gave negative 
results for the existence of supraconductivity.—W. H .-R.

Erratum : Transition from Classical to Quantum Statistics in Germanium 
Semiconductors at Low Temperature. Vivian A. Johnson and  K . Lark- 
Horovitz (Phys. Rev., 1947, [ii], 71, (12), 909).—Corrections to  an earlier 
paper (Phys. Rev., 1947, [ii], 71, 374; Met. Abs., 1947, 14, 306).—W. H .-R.

II.— PROPERTIES OF ALLOYS

*The Intermetailic-Compound Phases of the System Aluminium-Man- 
ganese-Zinc. G. V. Raynor and D. W. W akeman (Proc. Roy. Soc., 1947, 
[A], 190, (1020), 82-101).—The alum inium -m anganese-zinc system was 
examined in the range 0-95%  zinc and 0-3%  manganese. The alloys were 
prepared from pure aluminium, zinc, and aluminium-manganese m aster 
alloys, which were melted in an electric furnace, using a  crucible lined 
with alum ina-fluorspar mixture, and  then slowly cooled in the furnace a t
1-2° C./min. All alloys were examined micrographically, after which prim ary 
and secondary crystals were extracted by an electrolytic method and then 
subjected to  micrographic, X -ray, and analytical examination. According 
to  the composition, the succession of phases deposited on passing along the
eutectic valley towards the ternary  eutectic is : MnAl6 — >- T x —->  MnAl4 >-
T 2 — >- T 3 — ->  MnAl3. Up to  a zinc content of ~35%  a t 2%  manganese or 
43% a t 3% manganese, the prim ary phase is MnAl6, which can take up 
small quantities (~0-8% ) of zinc. In  a region from 35 to  ~69%  zinc, for 
manganese contents between 1 and 3%, the ternary  compound T x crystallizes 
as the primary constituen t; i t  is characterized by a  ratio  of four aluminium 
atoms to  one of combined solutes, and  an electron : atom  ratio of 1-85, cal
culated on the basis of the Pauling theory of transitional metals. According 
to this theory, transitional m etal atom s have vacancies for electrons in their 
atomic orbitals, and the present experiments, in conjunction w ith earlier 
work, suggest th a t these may be filled up as a consequence of alloy formation. 
The compound T x is analogous to  the ternary  compounds observed in the 
aluminium-manganese-nickel and aluminium—manganese-copper systems. 
The primary MnAl4 field extends, a t  low manganese contents, only from 
~69—76% zinc and will dissolve zinc up to  a lim it of ~5-2% . The ternary  
phases T 2 and T 3 may be represented respectively by the formulae Mg2ZnAl9 
and (Mn.Zn^.AL, or Mn2.8Zn2.2Alu . MnAl3, which can dissolve small quan
tities of zinc, enters into equilibrium a t a ternar}? eutectic (Zn 95, Mn 
0-05%; a t 378° C.) w ith the prim ary solid solutions in zinc and aluminium 
respectively. Specimen photomicrographs are reproduced, together w ith 
diagrams showing the form of the surfaces o f prim ary separation.—E. N.
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*The Compressive Strength of Short Circular Tubes [Aluminium Alloys].
I . G. Bowen (Aircraft Eng., 1947, 19, (218), 128-129).—A brief digest of 
M.A.P. Scientific and  Technical Memoranda 17/44. Reliable estimates of 
the strength of axially loaded tubes in compression, with friction opposing 
displacement of the ends, can be gained by the use of Donnell’s equation where 
thin-walled tubes are concerned, and in the case of medium and thick tubes by 
the use of equations deduced by B. for steels and aluminium alloys.—H. S.

Beryllium as an Alloying Compound. (Bass). See p. 137.
Contributions to the Theory of Beta-Phase Alloys [Brass]. Clarence 

Zener (Phys. Rev., 1947, [ii], 71, (12), 846-851).-—(1) The theory of the a/[i 
brass equilibrium is discussed and extended. The original theory of H. Jones 
(Proc. Phys. Soc., 1937, 49, 243, 250; Met. Abs., 1937, 4, 237) is correct in 
predicting the approx. position of the a /a  +  ¡3 and a +  (3/(3 phase boundaries 
in  alloys of the copper-zinc type. I t  does not, however, predict the correct 
variation w ith tem p., and  Z. regards J . ’s work as involving an error in com
putation. (2) The high elastic anisotropy of single crystals of [3-brass is dis
cussed. The anomalously low value of the (C n-C lz)/2 shear coeff. of (3-brass 
results from the combination o f a  body-centred cubic lattice w ith ions con
taining only closed shells. I t  is to  be expected th a t all (3-type alloys w ith 
closed inner shells will have a similarly low value of this shear constant. 
The susceptibility of a  body-centred cubic structure to  mechanical instability 
w ith respect to  a  (100)[110] type shear explains the lim itation of body- 
centred cubic lattices to  elements in certain places in the Periodic Table. 
The same line of argum ent explains the positive value of the tem p, coeff. 
of E lm in [3-brass.—W. H .-R.

Copper-Manganese-Aluminium Alloys.  (Engineer, 1947, 183, (4766),
470).— A  short review of some recent publications dealing with alloys con
taining copper 60, manganese 5—25%, and zinc remainder, and with the 
solid-solution area of the copper—manganese-aluminium system.— R. G e .

*Note on a Variation with Frequency of the Torsional Modulus of German- 
Silver Wire and Its Relation to Gyromagnetic Measurements. S. J .  B arnett 
and D. S. W ebber (Phys. Rev., 1947, [ii], 71, (12), 896-902).—The dynamic 
torsional modulus, M d, of German-silver wire was measured a t  frequencies 
ranging approx. from 17 to  50 c./s., and a t much lower frequencies, the 
periods of which ranged from 4 to  28 sec. No change in modulus could be 
detected in either the high-frequency or the low-frequency range, bu t the 
modulus in the high-frequency range was about 1% smaller than  th a t for 
oscillations of period 5 sec. This variation is in the right direction to  account 
for p art of the difference between results for the gyromagnetic ratios obtained 
by S. J .  B arnett (Proc. Amer. Acad. Arts Sci., 1940, 73, 401; 1944, 75, 109; 
Met. Abs., 1945, 12, 107; 1946, 13, 204) and by Bates and by Sucksmith 
(Proc. Roy. Soc., 1923, [A], 104, 499; 1925, [A], 108, 638; J . Inst. Metals, 
1925, 34, 347), because the la tte r work involved the assumption th a t the 
torsional modulus o f a rapidly vibrating German-silver wire was the same as 
the static value. The greater p art o f the discrepancy m ust, however, be due 
to  some other cause.—W. H .-R.

*The Intermetallic Compound Mg4Na4Pb3. George Calingaert, Hymin 
Shapiro, and Iv a r T. Krohn (J. Amer. Chem. Soc., 1946, 68, (3), 520-521).— 
A note giving details o f experimental melts, testing, and microscopical 
analysis of the compound. Some of its properties are mentioned.—J . B. C.

Joint Discussion on the Papers : “ Graphite Formation in Cast Iron and 
in Nickel-Carbon and Cobalt-Carbon Alloys ” , by H. Morrogh and W. J. 
Williams, and “ A Note on the Occurrence of Tellurium in Cast Iron ” , by
H. Morrogh. ------ (J. Iron Steel Inst., 1947, 156, (4), 491-196; 157, (2),
193-197).—Cf. J . Iron Steel Inst., 1947, 155, (3), 321-371; see Met. Abs., this 
vol., p. 35.—J. L. T.
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♦Ferromagnetic Resonance at Micro-Wave Frequencies [Supermalloy].
W. A. Yager and R . M. Bozorth (Phys. Rev., 1947, [ii], 72, (1), 80-81).—A 
note. The resonance phenomenon discovered by Griffiths (Nature, 1946, 158, 
670; Met. Abs., 1947, 14, 4) for ferromagnetic materials was interpreted 
theoretically by K itte l (Phys. Rev., 1947, [ii], 71, 270; Met. Abs., 1947, 14, 
310). Experim ents have been made on Supermalloy in order to  test K itte l’s 
theory and to  evaluate the gyromagnetic ratio. The results indicated a 
Lande splitting factor, g, greater than  2, and  as this is no t to  be expected, a 
refinement of K itte l’s theory will be necessary. Some results were in better 
agreement w ith Frenkel’s (J . Physics ( U .S.S.R .), 1945, 9, 299) form of damping 
term  than  w ith th a t o f K ittel.—W. H .-R.

*High-Temperature Heat Contents of Titanium Carbide and Titanium 
Nitride. B. F . Naylor (J. Amer. Chem. Soc., 1946, 68, (3), 370-371).—High- 
tem p. heat contents above 298° K . of these compounds were measured from 
about 360° to  1735° K . Specific-heat equations, heat contents, and entropies 
are given for each substance.—J . B. C.

Order-Disorder Phenomena in Ferromagnetics and Binary Alloys. J .  de 
Boer (Ned. Tijdschr. Natuurkunde, 1947, 13, (3), 29^49; (4), 57-74).— [In 
Dutch], A critical consideration of modern theoretical treatm ents of 
these phenomena. The exactness w ith which various param eters, calculated 
from the viewpoint of different theories, approach practical conditions is 
discussed. Among these param eters are : specific heat, spontaneous m ag
netization, and  transition tem p. Considerable space is devoted to  a  dis
cussion of the mathem atical problems involved. I t  is shown th a t Onsager’s 
rigorous treatm ent of the phenomenon (Phys. Rev., 1944, [ii], 65, 117 ; Met. 
Abs., 1944,11 ,253) as an “ eigenvalue” problem approaches reality  most closely, 
and th a t there are serious errors if  one of the numerous approx. treatm ents is 
used. This is particularly true  as regards the representation of discontinuous 
param eters in the region of their discontinuity (transition point).—S. M.

Thermodynamic Equilibria of Higher Order. E. F . Lype (Phys. Rev.,
1946, [ii], 69, (11/12), 652-665).—Theoretical.—W. H.-R.

♦X-Ray Reflections from Dilute Solid Solutions. K . Huang (Proc. Roy. 
Soc., 1947, [A], 199, (1020), 102-117).—A theoretical study  was made of the 
effects on the X -ray reflection of deviations of the atom s from the ideal 
lattice sites, caused by the presence of random ly-distributed foreign atoms 
in a dilute solid solution. I t  is shown th a t the reflections should be modified 
in a manner similar to  th a t caused by therm al agitation, producing (1) a 
weakening of the ordinary interference maxima, and (2) the presence of 
“ diffuse maxima ” . The results are discussed w ith regard to solid solutions 
of gold and copper (10 and 20%), which are of the cubic, face-centred lattice 
type, and it  is concluded th a t although i t  should be possible to  detect the 
first effect experimentally, the second effect m ay be masked by therm al 
diffuse maxima.—E. N.

Colloidal Behaviour in Metals and Alloys. (Dean). See p. 145. 

III.— STRUCTURE 
(Metallography; Macrography; Crystal Structure.)

[For all abstracts on the constitution of alloy systems, including X -ray 
studies, see I I .—Properties of Alloys.]

♦On the Determination of the Deformation of Single Crystals in Polycrystal
line Metals by X-Ray Methods [Aluminium]. Adela Kochanovska (Rev. M R.,
1947, 43, (7/8), 192-196; discussion, 196—197).—K . describes the use of 
reflection photographs, taken  a t  wave-lengths so chosen th a t reflections on 
0 =  90° are obtained from three crystallographic directions, for the determ in
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ation of the cell dimensions in cubic crystals. In ternal standards (reflections 
from silver) were used on each plate in order to  obtain the requisite high 
accuracy. The method was used for the study of the effect of deformation on 
the single crystals in polycrystalline steel and aluminium. In  aluminium, the 
u n it cells were compressed, bu t no t deformed, i.e. they remained iso tropic; 
in steel, on the other hand, they became anisotropic.—S. M.

*On the Relation Between Deformation and Recrystallization Texture of 
Nickel-Iron with Cubic Orientation. J .  F. H. Custers (Physica, 1947, 13, (1/3), 
97-116; and Lab. N . V. Philips’ Gloeilampenfabrie. Eindhoven, Separaat, 
1947, 1727).— [In  English]. W ork was undertaken to  find a  satisfactory 
explanation for the fact th a t while nickel-iron (50 : 50) and  aluminium, 
when rolled in  the same direction, give rise to  the same deformation structures, 
their structures become markedly different after subsequent recrystallization. 
The deformation structure o f aluminium and nickel—iron, cold rolled in  the 
[110] direction parallel to the (100) plane, is a  combination of (110)[112] and 
(112)[111] orientations. While aluminium recrystallizes in this same orienta
tion, nickel-iron orientates w ith a  (100) plane parallel to  the rolling plane 
and a  [100] direction parallel to  the rolling direction. I t  is thought th a t this 
recrystallization arises from fragments in this orientation situated on the 
slip planes acting as crystallization nuclei. No direct evidence for this could 
be found, however, so th a t the work in  this sense m ust be called negative. 
I t  is held, however, th a t the quantitative da ta  collected confirm Burgers’s 
theory of recrystallization if  allowance is made for some modifications due 
to  B arrett.—S. M.

Grain Boundaries in Metals. ------  (Engineer, 1947, 184, (4779), 196-
197)..—A discussion of the work of Professor Zener and his co-workers a t  the 
U niversity of Chicago on the viscous behaviour of grain boundaries.—R. G r.

*Stress Relaxation Across Grain Boundaries in Metals [Internal Friction in 
Aluminium]. (T’ing-Sui Ke). See p. 137.

*A Dynamical Model of a Crystal Structure. (Sir) Lawrence Bragg and 
J .  F . Nye (Proc. Boy. Soc., 1947, [A], 190, (1023), 474-181).—The crystal 
structure of a  metal can be represented by an assemblage of bubbles 2-0-0-1 
mm. in dia. floating on the surface of a soap solution. The bubbles are blown 
from a fine pipette beneath the surface, w ith a  const, air pressure and are 
rem arkably uniform in size. These small bubbles are sufficiently persistent 
for experiments lasting an  hour or more, they slide past each other w ithout 
friction and  they can be produced in large numbers. This model most nearly 
represents the behaviour of a metal structure, because the bubbles are of one 
type only and are held together by a general capillary attraction  which repre
sents the binding force of the free electrons in the metal. The assemblage 
shows structures which are supposed to  exist in m etals and simulate effects 
which have been observed. Photographs are given which show grain boun
daries, dislocations and other types of fault, slip, recrystallization, annealing, 
and  strain  due to foreign bodies.—E. N.

*Finite Elastic Strain of Cubic Crystals. (Birch). See p. 142.
*A Simple Technique for the X-Ray Determination of Fibre Axes in Electro

deposited Metals. M. R. J .  Wyllie (Rev. Sci. Instruments, 1947, 18, (6), 
425—429).—The method described was specially developed so as to  avoid 
stripping o f the deposit. I t  therefore uses a glancing-beam method w ith a 
circular, fairly high camera in order to  be able to record the largest possible 
num ber of lines. Methods of calculation for use in  the interpretation of such 
photographs are given.—S. M.

Stability and Spectrum in the Wave Mechanics of Lattices. Aurel W intner 
(Phys. Rev., 1947, [ii], 72, (1), 81-82).—A theoretical note.—W. H.-R.

*Transverse Magnetization in Ferromagnetic Crystals in Relation to Domain 
Structure, (von Engel and Wills). See p. 145.



1947 V.—Powder Metallurgy 1 5 1

V.— POWDER METALLURGY

Sinter-Alumina.—I. Felix Singer and  Hans Thum auer (Metallurgia, 1947, 
36, (215), 237-242).—Previous work on the production of ceramics from pure 
oxideB is briefly reviewed, and  the mechanical properties of sintered alum ina 
described.—M. A. V.

Carbide Cutting Tools. ------  (Amer. Exporter (Indust.), 1946, 138, (6),
s24).— Cemented carbides are produced by powder-metallurgy methods from 
the carbides of tungsten, titanium, and tantalum, together with a suitable 
binding material such as cobalt. The highly abrasive aluminium-silieon 
alloys n o w  used for pistons are examples of the type of material n o w  being 
easily machined by cemented-carbide-tipped tools.— H. P l .

*Rate of Sintering of Copper Powder. A. J .  Shaler and  J .  Wulff (Phys. 
Rev., 1947, [ii], 72, (1), 79-80).—A note. Frenkel (J. Physics (U .S .S .R .), 
1945, 9, 392; Met. Abs., 1946, 13, 249) has proposed th a t the sintering of 
m etal powders is caused by the driving force of surface tension which accounts 
for a  flow having the linear relation between strain  ra te  and stress character
istic of viscous liquids. The phenomenon of self-diffusion entails the exist
ence of such a  viscous flow. By extending the analysis of Frenkel, expres
sions have been derived for the ra te  o f shrinkage a t  various tem p, o f powder 
aggregates having pores of uniform size. Equations have also been obtained 
which include the presence of foreign gases inside the pores and  outside the 
aggregate. Experim ental results for the sintering of uniform spherical 
copper particles in  argon and  in a  vacuum  are in qualitative agreement 
with those ideas, bu t indicate a  heat of activation of self-diffusion of copper 
of over 85,000 cal. instead o f the 57,000-61,000 cal. reported by B arrer 
(“ Diffusion in  and through Solids ” ). The effects when both large and 
small pores are present are discussed.—W. H .-R.

Metallic Hydrides [Production and Uses of Titanium], ------  (Amer.
Exporter (Indust.), 1946, 139, (3), s30).—Pure titanium  m etal is being made 
by Metal Hydrides, Inc., from the powdered hydrides pressed into briquettes 
and heated in  vacuo to  between 400° and 500° C. Sintered titanium  has an 
electrical resistivity about 100 times th a t of copper so th a t i t  can be used 
in special conditions for electrical resistors for tem p, much higher than  those 
permissible for Nichrome and  the other high-resistivity alloys. T itanium  m ay 
prove a valuable substitu te for tin  in  the production of special bronzes. A t 
900° C., i t  spreads like oil in  a th in  layer over a copper surface, and on cooling 
presents a coating much harder th an  pure copper. A layer o f copper in 
which titanium  is diffused by heat-treatm ent adheres very firmly to  thin 
plates o f iron and provides a  protective coating on the inner surfaces of 
condenser tubes, &c. Zirconium, thorium , tantalum , chromium, and 
oolumbium of 99% purity  are also produced by the hydride process.—H. P l .

Packing of Material in Bulk. Douglas Rennie Hudson (Machinery (Lond.), 
1947, 70, (1807), 617-622; (1809), 681—683).—Investigations on the packing 
densities o f spheres, polyhedral materials, and irregular materials are re 
viewed. W ith actual spheres the packing is no t nearly as close as in such 
metallic lattices as gold, silver, copper, alum inium (cubic), magnesium, 
[¡-calcium, and  [1-chromium (hexagonal); th e  voidage in  the former case is 
approx. 37%, in metallic lattices i t  is approx. 26%.—J . L. T.

Modem Powder Metallurgy. H. W. Greenwood (Engineering, 1947, 163, 
(4246), 492).—G. reviews the general progress made in  powder metallurgy 
up to the present and particularly during the war years in Germany, America, 
and Britain. He states th a t the progress made during the empirical era has 
been steady if  not spectacular. F u ture  fundam ental investigations should 
provide valuable knowledge for wider fields of application. The possibilities
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of powder metallurgy are beyond the range of conditions governed by the 
crucible and  furnace, which means th a t the lim itations of the phase rule, as 
indicated in the equilibrium diagram, do no t hold.—R. Gr .

Powder Metallurgy : Some Queries. H. W. Greenwood (Engineer, 1947, 
183, (4766), 471).—G. discusses the average figures for the mechanical pro
perties of powder products, lim itations of form and dimensions of components, 
cost and life of dies, and the advantages of powder methods.—R. G r.

Powder Metallurgy [the Key to High-Temperature Power Applications].
 (Ame.r. Exporter (Indust.), 1946, 139, (1), s26.—See Met. Abs., th is
vol., p. 106.—H . P l .

VI.— CORROSION AND RELATED PHENOMENA

Resistance of Aluminium Alloys to Fresh Water. D. W. Sawyer and 
R . H . Brown (Corrosion, 1947, 3, (9), 443—457).—A review of recent experi
ence and published data .—M. A. V.

Bearing Corrosion. H. H. Zuidema (Oil Gas J .,  1946, 44, (41), 100-108); 
(42), 151-158; (43), 66-72; Machines et Metaux, 1947, 31, (343), 104-106; 
C. Abs., 1946, 40, (10), 2775).—A general discussion and literature review. 
A description is given of the ten  groups of bearing metals, classified according 
to  composition : tin-base B abbitt, lead-base B abbitt, alkali-hardened lead, 
cadmium alloy, copper-lead, bronze, silver, aluminium alloy, zinc alloy, and 
sintered powdered metals. Z. discusses also test methods, the mechanism of 
corrosion, factors influencing corrosion, and control o f corrosion. Com
pounds for which inhibition of bearing corrosion is claimed in 163 repre
sentative U.S. patents are listed, together w ith the concentration required. 
42 references are given.

*Anodic Corrosion of Brass. J .  M. Bialosky (Corrosion and Material Pro
tection, 1947, 4, (1), 15-16).—A series of experiments have been performed 
using Muntz metal, naval brass, arsenical Muntz, and  arsenical naval brass 
w ith applied anodic current in  various aqueous solutions a t room tem p, to  
determine the dezincification characteristics of these alloys. The results 
indicate th a t arsenical Muntz and arsenical naval brass resist this type of 
a ttack , and th a t naval brass is more resistant than  Muntz m etal under the 
conditions explored. The initial dezincification occurs in the (3-phase and 
a ttack  of the a-phase follows. The dezincification reaction which was pro
duced in these tests m ust have been due to  selective attack  of the zinc, ra ther 
than  to redeposition of copper, which could not plate out on the anode of 
the cells.— A u t h o r .

*A Study of the Corrosion of Copper Alloy Condenser Tubes. N. W. 
Mitchell (Corrosion, 1947, 3, (5), 243-251).—The electrochemical and chemical 
corrosion, stress-corrosion, corrosion-fatigue, and im pact erosion of copper 
alloys used in condenser tubes in petroleum refineries are described and 
illustrated  by photomicrographs. A table is given showing the loss in tensile 
strength, due to sulphur corrosion of antimonial A dm iralty brass (72% 
copper), A dm iralty brass (71% copper), red brass, 20% cupro-nickel, 30% 
cupro-nickel, aluminium brass, and Muntz metal, after various periods of 
exposure in different parts o f the plants. D ata  are also given of corrosion 
by water, and certain chemicals.—M. A. V.

*Copper-Base Alloy Tubes in Power Plants. C. L. Bulow (Southern Power 
and Ind., 1946, 64, (5), 54-59, 76, 98; C. Abs., 1946, 40, (13), 3713).— 
Recently, some replacement tubes in condensers and heat exchangers have 
failed much more rapidly than  the original tubes of the same alloy. Among 
the causes o f this are the longer hours of operation, higher water velocities, 
and chlorination. The average life o f condenser tubes in sea water of pH
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7-8 is norm ally shorter than  in  fresh w ater of the same pH . A dm iralty tubes 
are satisfactory w ith pH  ranging up to  10; oopper-nickel is satisfactory in 
alkaline waters o f p H  7—14. Acid gases and ammonia have an  adverse 
effect. Organic and  suspended m atte r and  their decomposition products 
m ay increase corrosion. Increased localized corrosion m ay be due to  uneven 
deposition of corrosion products; an  endeavour should be made to  secure 
the formation and  maintenance of a  thin, continuous, uniform film on the 
surface of the proper alloy. Im pingem ent corrosion is reduced by the use 
of aluminium brass, 7 0 :3 0  copper-nickel containing about 0-5% iron, 
“  Duronze IV  ” , and  special inserts. Corrosion m ay be due to  stresses : 
where these cannot be controlled, copper, 70 : 30 copper-nickel, or duplex 
tubes should be used. Cyclic stresses due to  vibration m ust be eliminated. 
Corrosion in  heat exchangers can be minimized by keeping tubes clean and 
operating a t  the minimum tem p. The elimination of carbon dioxide, ammonia, 
and hydrogen sulphide m ay also be necessary.

A Survey of High-Temperature, Gas-Atmosphere Corrosion of Iron-Nickel- 
Chromium Alloys.—I, —II. Jam es T. Gow (Corrosion, 1947, 3, (7), 311- 
324; (8), 383—403; discussion, 403-405).— (I.— ) The available literature on 
the structure, properties, and  corrosion-resistance of iron—nickel—chromium 
alloys of various compositions is reviewed. Corrosion by ho t oxygen, steam, 
carbon dioxide, sulphur dioxide, carbon monoxide, hydrocarbons, and  
hydrogen sulphide is considered. (II.— ) Recent work by Brasunas, Gow, 
and H arder on the effect o f nickel content on hot-air corrosion of alloys of 
various fixed chromium contents is discussed. Results of H atfield’s and 
Avery’s researches on furnace-atmosphere corrosion are summarized, and the 
work of various investigators on scaling, sub-surface corrosion, and  the 
nature of the oxide layer discussed. In  conclusion, the complex nature of 
gas-atmosphere corrosion, and  the present lack of understanding of its 
fundam entals, are emphasized.—M. A. V.

Chemical Corrosion-Resistance of Lead. ------  (Corrosion, 1946, 2, (6),
330-333).—A list of chemical corroding agents, and  their effects upon lead.

—M. A. V.
Discussion of Paper on Chemical Corrosion-Resistance of Lead. H. H .

Uhlig (Corrosion, 1947, 3, (3), 149—150).—Cf. preceding abstract. A note on 
the toxic effect o f corrosion of lead piping.-—M. A. V.

Further Discussion of Paper [on] Chemical Corrosion-Resistance of Lead.
R obert L. Ziegfeld (Corrosion, 1947, 3, (7), 347-348).—Cf. preceding abstract. 
Z. discounts Uhlig’s warning as to  the toxic effect o f corrosion of lead piping.

—M. A. V.
*The Rate of Dissolution of Magnesium and Zinc in Acids. Cecil .V. King, 

Henry Wishinsky, and  H arry  Bloodgood (J. Amer. Chem. Soc., 1946, 68,
(2), 238-239).—The rates o f solution of magnesium and zinc chips in  acids 
are independent o f the stirring speed. These rates are compared w ith those 
obtained w ith sheets of m etals suspended in  similar acid solutions.—J . B. C.

Resistance of Some Nickel-Containing Alloys to West Texas Crudes.
B. B. Morton (Corrosion, 1947, 3, (1), 23-36).—The corrosion-resistances o f 
metals and alloys used in W. Texas oil-producing equipm ent are reviewed. 
These include nickel-plated sucker rods, Monel m etal polished rods, chromium- 
plated nickel-copper alloys for pumps, K-Monel metal wire and gas-lift 
equipment, copper-nickel vessel linings, Inconel and  70 : 30 copper-nickel 
condenser tubes, and  Ni-Resist, S-Monel, and K-Monel pum p parts.—M. A. V.

Corrosion—The Great Destroyer [Galvanized Tanks].—B. J .  Fergus 
(Corrosion, 1947, 3, (2), 55-66).—The problem of corrosion of galvanized steel 
hot-water tanks is discussed. I t  is concluded th a t the best counter-measure 
is cathodic protection by magnesium, which, in  addition to  its galvanic 
action, generates protective films on the tank  walls.—M. A. V.

M
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Failures of [Galvanized] Domestic Hot-Water Storage Tanks. Charles P . 
Hoover (Corrosion, 1947, 3, (4), 185-191).—See Met. Abs., 1946, 13, 390.

—M. A. V.
Corrosion of Galvanized Hot-Water Storage Tanks. J . M. Bialosky (Cor

rosion, 1947, 3, (4), 192-197).—See Met. Abs., this vol., p. 39.—M. A. V.
Corrosion of Hot-Water-Storage Heaters. Chris Goldkamp (Cas, 1946, 

22, (2), 33-35; C. Abs., 1946, 40, (8), 2098).—An im portant cause of corrosion 
is galvanic couples, caused by the use of galvanized tanks w ith w ater pipes 
and intake pipes of copper. Local corrosion can be caused by defects in the 
galvanizing and by lead in the coating. Corrosion occurs rapidly if  the salt 
concentration of the w ater is high, and increases rapidly w ith tem p., the 
rate  o f corrosion being twice as great a t 180° F . (82° C.) as a t  140° F . (60° C.). 
Other minor causes are listed. The use of non-ferrous metals throughout 
the tanks and piping would solve the problem ; vitreous enamel and plastic 
coatings might be effective.—J . L. T.

Corrosion-Resistant Processing Equipment of Clad Steels for Chemical 
and Allied Industries. E verett C. Gosnell (Corrosion, 1946, 2, (6), 287-306).— 
An account of the corrosion-resistant properties and applications o f various 
clad steels. The cladding metals include nickel, Moncl metal, Inconel, 
aluminium, and silver.—M. A. V.

Mechanical and Metallurgical Control of Sulphuric Acid Corrosion in 
Petroleum Processes. E. R. Wilkinson (Corrosion, 1947, 3, (5), 252-262).— 
The corrosion rates of steel, nickel-chromium alloys, copper alloys, and 
lead in sulphuric acid of varying concentrations a t  100° F . (38° C.), and in 
45% sulphuric acid a t  50°-350° F . (10°—177° C.), are presented graphically, 
and the suitability of various materials for specific applications shown in 
tabu lar form. The selection of materials is discussed in the light of these 
data .—M. A. V.

The Electrical Engineer’s Responsibility for Recognizing Corrosion as a 
Factor in the Design of Electrical Structures. M. C. Miller (Corrosion, 1947, 
3, (7), 341-346).—M. A. V.

*Thermogalvanic Corrosion. N. E . Berry (Corrosion, 1946, 2, (5), 261- 
267).—The question of electrochemical corrosion due to  a  tem p, difference 
between two separated areas is considered thermodynamically, and  tests w ith 
a copper/copper sulphate cell, in  which dE/cLT was measured, are reported. 
The observed values agreed well w ith theoretical calculations.—M. A. V.

Corrosion Ratings for Metals. H. D. Holler and R . A. Frye (Corrosion, 
1947, 3, (1), 8 -21 ; discussion, 22).—A number of common metals and alloys 
are listed in order in  an electromotive series, and their corrosion ratings, 
against the a ttack  of various corroding agents, are tabulated.—M. A. V.

Corrosion Criteria—Their Visual Evaluation. Marc Darrin (Corrosion,
1946, 2, (5), 268-272).—See Met. Abs., 1946,13, 297 ; 1947,14, 261.—M. A. V.

Economic Aspects of Corrosion Problems. F. A. Rohrman (Corrosion,
1947, 3, (2), 67—72).—A general discourse.—M. A. V.

VII.— PROTECTION 
(Other than by Electrodeposition.)

War-Time Aircraft Finishes Used by the Army Air Force [Protection of 
Aluminium Alloys]. Louis Pereny (Nat. Paint, Varnish, Lacquer Assoc., Sci. 
Sect. Circ., 1946, (714), 8 -25 ; C. Abs., 1946, 40, (13), 3911).—A review of the 
performance of aircraft finishes, together w ith some comments on the m ilitary 
requirements and considerations involved and some very general references 
to  the types of composition th a t were found most successful. General results
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of pain t tests are summarized. Included in  the discussion are : effectiveness 
of pa in t coatings in retarding corrosion; causes of corrosion in  order o f 
im portance ; conclusions resulting from laboratory tests of surface pre-treat
m ent of aluminium alloys ; problems in  the measurement of specular gloss ; 
chalking; and  fading problems in low-gloss camouflage paints.

Continuous Galvanizing [of Pipes]. A. D. S tout, Jr . (Iron Age, 1947,
160, (9), 79-80).—S. describes a  continuous pipe-galvanizing process capable 
of coating 600 tons o f 2-in. pipe every 24 hr. I t  is said to  produce greater 
smoothness, lustre, and uniformity than  previous processes.—J . H. W.

Zinc-Plate Corrosion. New Phosphating Process.  (Chem. Age, 1946,
55, (1420), 325).—The W estinghouse Company has found th a t the use of a 
-pre-dip o f di-sodium phosphate containing traces o f titanium  gives greatly 
improved results.—M. A. V.

Rust-Proofing of Metals [“ Banox ’ ’ Process for Steel and Zinc], ——  (Amer. 
Exporter {Indust.), 1946, 139, (5), s32).—A brief description of the “ B anox” 
process, a  chemical method of producing a protective phosphate coating on
steel, zinc, and other metals and alloys.—H. P l .

Phosphating Metallic Surfaces. I.—History and Pre-Treatments. W. G. 
Cass {Chem. Age, 1946, 55, (1410), 5-8).—A brief history of the process, 
w ith particular reference to  patents.—M. A. V.

Phosphating Metallic Surfaces. II.—Baths and Compositions : Accelerat
ing Methods. III.—Finishing Treatment. W. G. Cass {Chem. Age, 1946, 55, 
(1411), 35-38 ; (1412), 67-70).—Cf. preceding abstract. A review of pa ten t 
literature.—M. A. V.

Phosphating Metallic Surfaces. IV.—Anti-Trust and Patent Litigation in 
the U.S. W. G. Cass {Chem. Age, 1946, 55, (1413), 101-104).—Cf. preceding 
abstract.—M. A. V.

The Prevention of Metallic Corrosion. G. Fitzgerald-Lee {Aeroplane, 
1947 , 73, (1 8 9 0 ), 2 5 1 -2 5 3 ) .—T hirty  methods of corrosion prevention are 
mentioned. Cadmium plating is the best process for the treatm ent of steel 
parts and is widely used for aero-engine cylinder barrels, valve springs, studs, 
nuts, &c. The B engough-Stuart anodizing process is the best process for 
aluminium and  its alloys. Anodizing is better for wrought than  for cast 
alloys, because differences in grain-size of the castings cause variations in 
the thickness o f the film. Chromate pickling is particularly used for m ag
nesium alloy castings. Bengough has originated a  bath  containing selenium 
dioxide and  sodium chloride for the treatm ent of magnesium alloys to  speci
fications D.T.D. 5 9 a ,  8 8 b , 1 3 6 a , and 2 5 9 .— H. P l .

Designing to Prevent Corrosion. R . B. H ears and R . H . Brown {Corrosion, 
1947, 3, (3), 97—118; discussion, 119—120; (6), 299-300).—The prevention of 
corrosion by avoiding the setting up of galvanic couples or the contact of 
dissimilar metals, is discussed. Cathodic protection, protective coatings, and 
inhibitors receive attention .—M. A. V.

Fundamental Factors in Corrosion Control. H erbert H . Uhlig (Corrosion, 
1947, 3, (4), 173-184).—See Met. Abs., 1947, 14, 261.—M. A. V.

The Protection of Lighting Fittings Against Weathering and Corrosion. 
W. E. H arper and  6 . A. Morton (C.E.C. J ., 1946, 14, (2), 111-120).—H. and 
M. review the nature of atmospheric corrosion and  discuss the standard  
methods of protection used for the various materials utilized in  making 
lighting fittings. The im portance of proper maintenance is stressed.

—J . B. C.
Protective Coatings on Bell-System Cables. V. J . Albano and Robert 

Pope (Corrosion, 1947, 3, (5), 221-226).—An account o f the construction, 
efficacy, and  application of various types of cable protection, including tape- 
armoured cable, gopher-protected therm oplastic covered cable, and copper- 
jacketed cable.—M. A. V.
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Maintenance of Oil-Field Equipment. D. R . Hiskey (Corrosion, 1946, 2, (5), 
235-247 ; discussion, 247-248).—Corrosion of oil-fieldequipment and its preven
tion are discussed generally. Non-ferrous metals are often used for instrum ent 
cases; these m ay well be protected by plastic-base coatings.—M. A. V.

Plastic Coatings to Control Metal Corrosion—A Review. S. P . Wilson 
(Corrosion, 1947, 3, (3), 141—148).—The characteristics and  applications of 
numerous types of plastic coating are outlined.—M. A. V.

*Chemical Reaction in Metal Protective Paints. E. J .  Dunn, J r . (Corrosion, 
1947, 3, (8), 374-382).—Investigations are reported on the chemical changes 
in anti-corrosive paints during drying and weathering. The formation of 
lead soaps has a  beneficial effect.—M. A. V.

Cathodic Protection of 138-kV. Lead-Sheathed Power Cables of the Los 
Angeles Department of Water and Power. Irwin C. Dietze (Corrosion, 1947, 
3, (9), 432—442).—The main problems to  be solved in  designing cathodic 
protection for the system were the maintenance of the entire cable system 
a t  an adequate negative p o ten tia l; providing a voltage step between cable 
sheaths and ground a t  each end of the line to  pass fault currents bu t restrict 
drainage cu rren ts; and equalizing sheath potentials of other systems to  pre
ven t current a t  crossing points.—M. A. V.

*Galvanic Aluminium Anodes for Cathodic Protection. R. B. Hoxeng, 
E . D. Verink, and  R . H. Brown (Corrosion, 1947, 3, (6), 263-274).—Progress 
in  the development of aluminium anodes for cathodic protection of under
ground steel structures is reviewed. Zinc, which is anodic to  aluminium, 
has been found a useful alloying element. Results of laboratory and service 
tests are quoted, and it  is concluded th a t, in the present stage of development, 
aluminium alloy anodes can be constructed to  give 675 amp. hr./lb ., a  per
formance superior to  magnesium or zinc.—M. A. V.

*Magnesium Anodes for the Cathodic Protection of Underground Structures. 
H . A. Robinson (Corrosion, 1946, 2, (4), 199-218; and  (abridged) Metal 
Progress, 1947, 51, (5), 814, 818).—The strongly anodic solution potential of 
magnesium and its low electrochemical equivalent suggest th a t i t  is well 
suited for the cathodic protection of most common structural metals. An 
extensive series of laboratory and field tests was undertaken to  determine 
the performance of magnesium anodes. Laboratory tests showed th a t a 
good performance should be expected of magnesium -6%  alum inium -3%  zinc 
anodes; field tests, although no t yet complete, generally support laboratory 
data .—M. A. V.

*A Magnesium-Anode Installation for Preventing the Corrosion of Lead 
Cable Sheath. H. A. Robinson and R . L. Featherly (Corrosion, 1947, 3, (7), 
349-357).—The Dow Chemical Company has developed and tested a galvanic 
magnesium anode for protecting underground lead cable. Results of tests 
are presented. The tes t installation showed no sign of deterioration after 
21 months of service.—M. A. V.

Construction and Ratings of Copper Oxide Rectifiers for Cathodic Protection 
of Pipelines. L. W. Burton and  C. E . H am ann (Corrosion, 1947, 3, (2), 75- 
95).—The construction, electrical characteristics (including ageing), and 
practical use of copper oxide rectifiers are described.—M. A. V.

Selenium Rectifiers for Cathodic Protection. W. E. Bonner (Corrosion,
1946, 2, (5), 249-260).—The construction, characteristics, and application of 
selenium rectifiers are described. Single-phase power is generally used for 
cathodic protection.—M. A. V.

Cathodic-Protection Rectifiers. W. L. Roush and  E . I . Wood (Corrosion,
1947, 3, (4), 169-172).—Factors affecting the service life o f self-cooled, fan- 
cooled, and  oil-immersed rectifiers are considered. Experience shows the 
oil-immersed type to  be the most adaptable for all atmospheric conditions.

—M. A. V.
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Cathodic Protection. C. H. McRaven (Corrosion, 1946, 2, (6), 320-329).—  
A general discourse.—M. A. V.

Contributions of Sir Humphrey Davy to Cathodic Protection. I. A. Denison 
(Corrosion, 1947, 3, (6), 295-298).—An historical review.—M. A. V.

V I I I .-  ELECTRODEPOSITION

Colloid Factors in the Electrodeposition of Metals. Louis Weisberg (Colloid 
Chem., 1946, 6, 579-586; C. Abs., 1946, 40, (9), 2394).—W. discusses in ter
ference w ith crystal growth, colloid formation a t  the cathode, colloidal and 
surface-active addition agents, brighteners, stress and  em brittlem ent, and 
anodic effects. 47 references are given.

Some Impressions of Electroplating in the U.S.A. A. W. H othersall 
(Oalvano, 1947, 16, (128), 7-11).—See Met. Abs., th is vol., p. 47.

*A Simple Technique for the X-Ray Determination of Fibre Axes in Electro
deposited Metals. (Wyllie). See p. 150.

IX.— ELECTROMETALLURGY AND ELECTROCHEMISTRY 
(Other than Electrodeposition.)

*Oxide Coatings. The Effect of the Coating Core Interface on ConJuctivity 
and Emission [Coatings on Nickel]. D. A. W right (Proc. Boy. Soc., 1947, 
[A], 19 J, (1022), 394-417).—Measurements were made of the electrical con
ductivity and emission of typical barium /strontium  oxide coatings on a base 
of nickel containing small amounts of magnesium or aluminium, under con
tinuous current conditions a t  low c.d. I t  was found th a t a  potential barrier 
occurs a t  the interface, leading to  rectifier action, this barrier restricting the 
flow of current from m etal to semi-conductor. The barrier layer, <  l t r 4 cm. 
thick, is probably a semi-conducting layer, of nickel-containing magnesium 
oxide, w ith a higher resistance than  th a t of the bulk coating. The rapid 
decay of emission immediately following the application of anode voltage is 
also to  be associated with the barrier, and it  is possible th a t an adsorbed film 
of barium is present on the nickel surface, in equilibrium, which reduces the 
work function of the nickel and  consequently reduces the height of the barrier. 
The results are discussed and applied to  the operation of cavity magnetrons.

—E. N.

X.— LEFINING

The Story of Malleable Platinum. M. Schofield (Endeavour, 1947, 6, (23), 
125-128).—-To the early Spanish gold miners, platinum  was merely an objec
tionable im purity. S. deals with the history of the attem pts to  fabricate 
platinum and their ultim ate success. There is special reference to  the work 
of W. H. Wollaston, who applied powder-metallurgical methods.—J. B. C.

XI.— ANALYSIS

Recent Developments in Analytical Chemistry.—XVII. [Detection and
Determination of Copper].    (Chem. Age, 1946, 55, (1415), 163-166).—
Notes are given on recent methods of detecting and  determining Cu, including 
spot-tests for Cu in steel, using a-benzoin oxim e; the separation of Cu and
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Cd by Evans, G arrett, and Quill’s volumetric method, and Bishop’s chromato
graphic m ethod; the electrolytic estim ation of Cu in bronzes, brasses, and 
A1 alloys ; the  rapid  volumetric determ ination of Cu in steel ; and polaro- 
graphic, colorimetric, and spectrophotometrio methods. The Baker and 
Reedy test for Ag and the Evans and Higgs volumetric method are also 
described.—M. A. V.

Distinguishing the Be-Cu Alloys. Frank  C. Bennett, J r . (Metal Progress, 
1947, 52, (2), 250).

*Two Very Sensitive Qualitative Tests for Metallic Mercury and Tin. Georges 
Denigès (Compt. rend., 1947, 224, (26), 1799-1801).—Three reagents are 
described. Reagent A  : a  5%  aqueous solution of Hg(CN)2 ; reagent B  : an 
aqueous solution of mercury potassium iodide ; reagent C : reagent B  - f  an 
equal am ount of 15% NaCl, which stabilizes the solution. D. gives details 
of the use of these reagents in the identification of metallic Hg and Sn, and 
its  practical applications.—J . H . W.

“"Applications o£ the Polarograph to Metallurgical Analysis. III.—Further 
Studies on a Folarographic Method for the Determination of Lead in Copper- 
Base Alloys. G. W. C. Milner (Metallurgia, 1947, 36, (215), 287-289).—Cf. 
Met. Abs., 1947, 14, 394. Polarographic methods of determining Pb  in  Cu
base alloys, previously described, are no t completely satisfactory if  Mn is 
present. A new method is described, in which the interfering Mn is converted 
by triethanolam ine into a  complex which is stable in the alkaline cyanide 
medium required for Pb  determination.—M. A. V.

Polarography. The Electrochemical Analysis of Metals. L. Sanderson 
(Chem. Age, 1946, 55, (1419), 289-292).—The basic principles o f the process 
are outlined.—M. A. V.

*A Study of the Effect of the Microstructure of the Electrodes on the Repro
ducibility of Spectrographic Analysis of Al-Cu-Mg-Si Alloys. J .  M. Pouvreau 
(Bep. 7me. Congr. Groupement Avancement Méthodes Anal. Spectrograph. 
Produits Métallurg. (Jan. 21-23), 1947, 61-63).—Al alloys containing 4%  Cu, 
w ith Mg, Mn, Si, and Fe each < 1 % , were cast in 6-mm. rods in Cu chill 
moulds, and other samples were remelted and cast in slowly cooled graphite 
cylinders. 40 spark spectra were recorded from each sample, and the standard 
deviations of the concentration of the elements Mg, Mn, Si, and Fe were 
worked out from the microphotometric measurements of stepped spectra for 
each element. They ranged from 3-4 to  4-8% for the chill-cast samples and
8-11%  for the remelted samples.— E . v a n  S.

*The Spectrochemical Analysis of Nickel Alloys. Edwin K. Jaycox (J. 
Opt. Soc. Amer., 1947, 37, (3), 159-165).—To get over the difficulty of com
paring various forms of wrought Ni and its alloys, they are treated  by dis
solving in H N 0 3 and  evaporating to  give a m ixture of n itra te  and oxide, 
which is mixed w ith carbon dust so th a t it  can be smoothly arc-ed in a graphite 
crater. W ave-lengths for the estim ation of B, Cu, Mg, Mn, Fe, Si, Ti, Pb, 
and Zn are given w ith details and a few examples of analytical results. B 
can be estim ated down to 0-0003% and the other elements down to 0-005%.

-—E. VAN S.
*Report on Tests of the Spark Generator for Spectrographic Analysis Made 

by M. R. Durr in the Spectral-Analysis Section of the Research Department of 
the Ugine Steelworks. R. Castro (Bep. 7me. Congr. Groupement Avancement 
Méthodes Anal. Spectrograph. Produits Métallurg. (Jan. 21—23), 1947, 79- 
85).—A controlled-spark generator of the Feussner type, w ith a ro tary  
in terrupter in the discharge circuit, was compared w ith the Feussner generator 
by recording spectra from the two circuits on the same plate, using nominally 
the same values of capacitance and  inductance in the discharge circuit. The 
différences observed appear to  be due to  different values of the indicated 
current in the H .F. circuit, and  i t  is suggested th a t if  this current, as well



as the capacitance and inductance, are specified, the spectrographic value of 
a  spark can be completely described so th a t i t  can be reproduced by other 
workers. In  reproducibility o f spectra, the D urr source is similar to  the 
Feussner one.—E. v a n  S.
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X II— LABORATORY APPARATUS, INSTRUMENTS, &c.
(See also “ Testing ” and “  Tem perature M easurement and Control ” .)

“"Measurement of Metal-Polish Performance. Frank  E. Clarke and R obert
C. Adams (Bull. Amer. Soc. Test. Mat., 1947, (147), 57-02).—A method of 
giving a standard degree o f tarnish to  a polished specimen, and then polishing 
away the tarnish under specific conditions, is described. The degree of 
tarnish and polish is measured by the reflectivity of the specimen. The 
efficiency of the m etal polish is taken as the percentage restoration of reflec
tiv ity  after standard  polishing. Abrasion, caking, and other tests are also 
mentioned.—J . B. C.

Fisher Hi-Temp. Bath.  (Laboratory, 1947, 17, (2), 57).—The bath  is
cast in aluminium and has a  built-in therm ostat. I t  can be used for dis
tilling, extracting, and melting.—J . L. T.

A New Polarograph. Jam es H . Schulman, H . Bruce B atty , and  Demetrius
G. Jelatus (Rev. Sci. Instruments, 1947, 18, (4), 228-231).—Electrical and 
mechanical details of the construction of a polarograph are given. The 
essential feature is the use of a  new type of D.C. amplifier, which perm its 
instantaneous records to  be obtained on a  perm anent ink-track recorder 
giving full deflection for 0-5 m .am p. The tim e lag in this current-recording 
system is o f the order of 0-5 sec., so th a t accurate records <san be obtained even 
a t high rates o f voltage change.—S. M.

“"The Measurement of the Intensity Ratios of Spectral Lines with Electron- 
Multiplier Photo-Tubes. K. G. Kessler and R . A. Wolfe (J. Opt. Soc. Amer., 
1947, 37, (3), 133—144).—A  detailed description of the properties of some 
available photo-m ultiplier tubes and of a new circuit for measuring the ratio  
of the intensity  of two spectrum lines. Each line illuminates one tube, and 
the photo-currents from the tubes are taken to  calibrated potential dividers, 
followed by narrow band-pass filters tuned to  twice the A.C. frequency. 
These raise the signal: noise ratio  from the tubes. A fter one more stage of 
amplification each ou tpu t is rectified, and they are fed in opposition to  a 
valve voltm eter, used as a null instrum ent to  balance the two circuits. The 
variable actually  observed is the potential-divider reading in  one of the 
circuits, and  the precision of reading is about as good as photographic methods 
for Cr in Fe. One analysis takes about 2 min.— E. v a n  S.

“"Method of Correcting Low-Angle X-Ray Diffraction Curves for the Study 
of Small Particle Sizes. Jesse W. M. Du Mond. (Phys. Rev., 1947, [ii], 72, 
(1), 83-84).—A note. The reflection-type focusing, curved-crystal spectro
meter of Guinier (Ann. Physique, 1939, [xi], 12, 161; Met. Abs., 1940, 7, 
66) is described, and also a new two-crystal spectrometer for the study of 
low-angle X -ray diffraction. The diffraction patterns obtained in both cases 
require a correction in  order to  obtain the true radial intensity  distribution. 
A method for making this correction is described.—W. H .-R.

*An Investigation of the Properties of Evaporated [Nickel] Metal Bolometers. 
R. H. Billings, W. L. Hyde, and E . E . B arr (J. Opt. Soc. Amer., 1947, 37,
(3), 123-132).—Strips of nickel less than  1 [i. thick, deposited on a  plastic 
base by evaporation, form one of the m ost sensitive methods of detecting
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radiation, and a useful comparison w ith therm istor bolometers, dielectrio 
bolometers, and  thermocouples is given. A theoretical analysis o f the per
formance of bolometers is complicated by the fact th a t both the coeif. of 
resistivity and the tem p, coeff. of resistivity of evaporated nickel are func
tions o f the film thickness in  the range 100-500 A. Useful details on the 
determ ination of electrical resistivity and film thicknesses are given : an 
interferometrie estim ate of thickness is recommended since the films are 
somewhat porous.—E . v a n  S.

XIII.— PHYSICAL AND MECHANICAL TESTING, INSPECTION, 
AND RADIOLOGY

♦Conducting-Paint Electrodes for Dielectric Measurements. E. Gerald 
Meyer and Myron A. E llio tt (Bull. Amer. Soc. Test. Mat., 1947, (147), 63-64).— 
Various types of conducting materials, including tin-foil, zinc, and “  con
ducting silver pain t ” , are compared as electrode materials for dielectric- 
constant and  power-factor measurements on polystyrene. A convenient 
method of preparing and applying the pain t as a quick-drying spray is 
described. There is no damaging of the surface of the specimen by this 
method.—J. B. C.

Non-Destructive Thickness Measurements.  (Metal Finishing, 1947,
45, (10), 87).—Engineering data  sheet.—J . L. T.

*The Micro-Sclerometer : A New Micro-Hardness Tester. R. Girschig 
(Metallurgia, 1947, 36, (215), 269-273).—An abridged translation of Rev. 
Met., 1946, 43, 95-112; see Met. Abs., this vol., p. 25.—M. A. V.

*New Apparatus for Axial-Load Fatigue Testing. William N. Findley 
(Bull. Amer. Soc. Test. M at., 1947, (147), 54-56).—A fatigue-testing machine 
is described which permits testing of specimens in axial tension or com
pression. The machine is designed so th a t strains, introduced into the 
specimen when clamped, may be detected and corrected. Hence, the stress 
in the specimen may be made more nearly uniform over the cross-section 
than  is usually possible.—J . B. C.

*Reproducibility of the Single-Blow Charpy Notched-Bar Test. N. A. K ahn 
and E . A. Imbembo (Bull. Amer. Soc. Test. Mat., 1947, (146), 66—74).— 
Charpy test-specimen blanks, completely machined bu t not notched, were 
prepared from a uniformly stress-relieved mild steel. 24 blanks were sent 
to  seven different laboratories. E ach prepared 12 specimens w ith the key
hole notch and 12 w ith the V-notch. 6 of each type were tested a t  the 
laboratory and 6 by the authors. The tem p.—im pact relationship for both 
types of notch was determined. Evidence is presented which indicates 
definite superiority of the keyhole notch over the V-notch for the material 
tested, w ith respect to  the reproducibility of the Charpy energy values and 
revelation of the transition zone in the tem p.-im pact relationship.—J . B. C.

The Notched-Bar Impact Test-Fiece. ------- (Engineer, 1947, 184, (4779),
197).—Schnadt, as quoted by J .  A. Haringx, proposes to  remove the material 
in the region which would become the compression zone in an im pact test- 
piece, by drilling a  hole in the specimen and inserting a loose-fitting hardened 
steel pin. The pendulum strikes against the steel pin instead of the softer 
m aterial of the test-piece. This proposal is discussed. The study made by 
K ahn and Imbembo on the reproducibility of results obtained in the single
blow Charpy test w ith two types of notch (see preceding abstract) is also 
summarized.—R. Gr .

*The Effect of Notching on Materials of Construction Under Static and 
Dynamic Tension. Georges W elter (Metallurgia, 1947, 36, (215), 283-286).— 
Static and dynamic tensile tests are reported on notched specimens, of various
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sizes and  shapes, of alum inium, aluminium alloy, copper, brass, AM57S 
magnesium alloy, zinc, Monel RB, and steel. Loading speeds in the dynamic 
tests were 11-78, 16-68, and  29 ft./sec. W ork of previous investigators 
(which is reviewed) showed the resistance to  increase generally w ith testing 
speed.—M. A. V.

Engineering Significance o£ Metal Testing. Blake D. Mills, J r . (Iron  
Age, 1947, 160, (6), 78-83).—M. discusses several types of physical-testing 
methods, including tension, compression, notched-bar, high-velocity, creep, 
and fatigue tests, w ith particular reference to their correlation w ith engineer
ing practice, and describes the use of statistical methods of checking material 
quality.—J . H . W.

*Deformation of Metals During Single and Repeated Tensile Impact. (Pope). 
See p. 141.

Inspection in a Mechanized Foundry. P. Cook (Proc. Inst. Brit. Found., 
1945-46, 39, B32-B45).—See Met. Abs., 1946, 13, 307.—J . E . G.

R A D  10LO O T

Radiography in the Die-Casting Industry. R. W. Dively (Indust. Radio
graphy Non-Destructive Test., 1947, 6, (1), 20-21, 39).—A 140-kV. X -ray un it 
is utilized to  determine the presence of porosity, cold shuts, inclusions, and 
shrinks in aluminium and zinc die-castings up to 5 in. and f  in. in thickness, 
respectively, w ith a sensitivity of 0-5%. Inclusions of a precipitated sludge 
of A l-Si-Ee-M n have been found in aluminium alloy die-castings.—L. M.

Sliding Scales to Increase the Usefulness of Radiographic Exposure Charts.
G. M. Corney (Indust. Radiography Non-Destructive Test., 1947, 6, (1), 44 - 
46).—A standard  radiographic-exposure chart for any given m etal and X -ray 
equipm ent m ay be readily used for different films, other film densities, and 
increased or decreased focus-film distances, by substituting a sliding scale 
for the fixed scale on the exposure axis. A fixed m ark on the sliding scale is 
moved to coincide w ith reference marks on the exposure axis, which are fixed 
from a knowledge of the changes of exposure resulting from use of a  different 
film, density, or focus-film distance.—L. M.

A Densitometer of Unusually High Sensitivity. Monroe H. Sweet (Indust. 
Radiography Non-Destructive Test., 1947, 6, (1), 47-48).—A brief description 
of a  densitom eter for measuring film densities, e.g. in X -ray sensitometry, 
up to  6-0.—L. M.

Engineering Radiography. V. E . Pullin (Engineer, 1947, 184, (4784), 
319).—P. states th a t in future radon or radium  emanation for radiography 
will become generally available. I t  has advantages over radium  salt, which 
he enumerates.— R. G r .

High Speed X-Ray Photography.  (Machinery Lloyd, 1946, 18, (10),
87).—The Westinghouse Electric Corporation has perfected an X -ray tube 
capable of making exposures of a millionth of a second. In  arc welding, it  
is possible to  take X -ray photographs which are not in the least blurred by 
the light from the electric arc, and thus the transfer of m etal during welding 
can be studied.—H. P l .

XIV.— TEMPERATURE MEASUREMENT AND CONTROL

Temperature Determination of Molten Metal. G. Vennerholm and L. C. 
Tate (Amer. Foundryman, 1947, 11, (5), 56-63).—Recent developments in 
the construction and application of radiation and immersion pyrometers, for 
measuring molten-metal tem p, in the range 2200°-3200° E. (1204°-1760° C.), 
are discussed.—V. K .
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Temperature Measurement by Means of an Immersion Pyrometer. E.
H unter, A. R . Parkes, and J .  W. Dews (Proc. Inst. Brit. Found., 1945—16, 39, 
B75-B81).—See Met. Abs., 1946, 13, 133.—J. E . G.

An Air-Operated Automatic Controller. ------  (Engineer, 1947, 184,
(4778), 171-173).—A description is given of a controller for tem p., pressure, &c. 
I t  is designed to  perform the following kinds of control : proportional, float
ing and  proportional, proportional and first derivative, and  floating plus 
proportional plus first derivative.—R. G r .

XV.— FOUNDRY PRACTICE AND APPLIANCES

Casting Magnesium in Metal Moulds. H erbert Chase (Iron Age, 1947, 
160, (13), 73-76).—C. describes the practice followed in a large p lant for 
producing magnesium parts as die-castings and in perm anent and semi
perm anent moulds, stressing the need for close control of the casting cycle, 
especially ejection. He also describes a magnesium die-casting alloy w ith 
improved ductility  and im pact strength.—J . H. W.

Gating Magnesium Alloy Castings. H. E. E llio tt and F. G. Mezoff (Amer. 
Foundryman, 1947, 11, (5), 71-79).—A modification of the side-gating method 
is described. The main feature of this method is an annular screen loosely 
filled w ith coarse steel wool through which the m etal flows before entering 
the slot gate. Soundness and freedom from inclusions in the casting are 
claimed to result from the unidirectional solidification and non-turbulent 
flow of m etal which are obtained by the application of this type of gate.—V. K.

Elektron Moulding Boxes. ------  (Found. Trade J .,  1947, 83, (1624),
127-128).—A brief account of the design, manufacture, and  utilization of 
E lektron moulding boxes.—J . E. G.

Melting Aluminium Scrap in the Low-Frequency Induction Furnace. 
(Tama). See p. 164.

*[Ageing oi] Aluminium Sand-Casting Alloys. (Quadt). See p. 164.
Fluidity Testing of Foundry Alloys. K. L. Clark (Proc. Inst. Brit. Found., 

1945—46, 39, A 52-A63; discussion, A64—A 71).—See Met. Abs., 1946, 13, 
402.—J . E . G.

Standard Test Bars for the Non-Ferrous Foundry. Frank  H udson (Proc. 
Inst. Brit. Found., 1945^6, 39, A72—A78 ; discussion, A78—A88).—See Met. 
Abs., 1946, 13, 368; 1947, 14, 26, 223.—J . E . G.

Duplex Pump Castings. R. H. Brown (Proc. Inst. Brit. Found., 1945-46, 
39, B4^B14).—See Met. Abs., 1946, 13, 309.—J. E . G.

The Technological Principles of Casting Design. Victor M. Shestopal 
(Proc. Inst. Brit. Found., 1945-46, 39, B51—B 6 3 ; discussion, B63—B65).— 
See Met. Abs., 1946, 13, 100, 309.—J . E . G.

Gates and Risers. N athan Janco (Amer. Foundryman, 1947, 11, (6), 
57-60).—A method of calculation of sizes of gates and risers is suggested. 
The ratio  of the area of section of casting to the perimeter of the same 
section is defined as its cooling factor, and this m ust he smaller than  the 
cooling factor of the riser, or gate which serves as a riser.—V. K.

*New Process Chemically Treats Moulding Sand. Thomas W. Curry (Amer. 
Foundryman, 1947, 11, (6), 51-56).—Large-scale trials on specially treated 
moulding sand were carried out under industrial conditions. The sand is 
initially mulled w ith a high carbon resin which is soluble in suitable chemicals 
(the compositions are not given). I t  is claimed th a t the sand so treated  
gives better moulding and casting properties, resulting in an overall saving 
in production costs.—V. K.

*Foundry-Sand Reclamation. J . M. Cummings and W. M. Armstrong 
(Amer. Foundryman, 1947, 12, (1), 35-39, 65).—Small-scale experiments
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were carried ou t to  determine the costs of full reclamation of foundry sands. 
I t  was found th a t a  satisfactory process requires three stages, viz. scrubbing, 
classification, and calcining, and th a t it  becomes economically advantageous 
when transport charges are considerable.—V. K .

*[Testing of] Moulding Sands. C. R. Gardner (Amer. Foundryman, 1947,
11, (6), 34-38).—Standard  properties of two types of synthetic sands were 
measured as functions of moisture content and degree o(*ramming. G. sug
gests th a t the graphs thus obtained could be used as a basis for non-destructive 
testing o f sand in a mould.—V. K .

Determination of “ Gas Content ”  of Sand Cores.  (Proc. Inst. Brit.
Found., 1945-46, 39, A192-A194).—See Met. Abs., 1946, 13, 336.—J . E . G.

Sand Supply to Moulding Machines for Overhead Hoppers. N. C. Blythe 
(Proc. Inst. Brit. Found., 1945-46, 39, B l—B 2 ; discussion, B2—B3).—See 
Met. Abs., 1946, 13, 136.—J. E . G.

Mould and Core Materials. N. J . Dunbeck (Western Metals, 1946, 4, 
(Sep.), 51-52, 54-56, 58-62 ; and Nassau, 1947, 9, (4), 3 -11 ; (5), 3-11).—A 
review, presented to  the Southern California Chapter of the American 
Foundrym en’s Association.—J. L. T.

Liquid Phenolic Resins for Casting. C. R . Simmons (Amer. Foundryman, 
1947, 11, (5), 94-96).—The technique of producing patterns in phenolic resins 
is discussed.—V. K .

Making Plastic Patterns. E. J .  McAfee (Amer. Foundryman, 1947, 12, 
(1), 26-31).—The technique of producing m ounted and unm ounted patterns 
in various types of phenol plastics is described. Such patterns could be used 
for hand or machine moulding and have certain advantages over standard 
pattern  m aterials, w ith which they are also competitive for duplication, 
intricate work, and mass production.—V. K .

The Application of Ethyl Silicate to Foundry Practice. Clifford Shaw 
(Proc. Inst. Brit. Found., 1945—46, 39, B 99-B 101; discussion, B101-B104).— 
See Met. Abs., 1946, 13, 136.—J . E . G.

Abrasive Blasting of Castings. R. L. O rth (Amer. Foundryman, 1947,
12, (2), 22-25).—Blasting equipm ent, its selection, operation, and  maintenance 
are discussed.—V. K .

The Handling and Transport of Materials in a Modern Factory. W. L. 
Beeby and  W. Symes (Trans. Manchester Assoc. Eng., 1946-47, 147-163; 
discussion, 164—172).—See Met. Abs., this vol., p. 56.—J. L. T.

Hampton Court Clock. ------  (Found. Trade J ., 1947, 83, (1620), 54).—
Notes regarding restoration work carried ou t on the H am pton Court clock 
and  facts about early bell-founding are given.—J . E . G.

The Present Position of Centrifugal Casting. [—II]. Jacques Boucher 
(Fonderie, 1947, (15), 553-563).—Cf. Met. Abs., th is vol., p. 56. B. reviews 
recent developments in this field. Mention is made particularly of the casting 
o f thin-walled tubes on horizontal slow-speed machines, w ith special refer
ence to  small-diameter tubes (18-25 mm.) in lengths up to  3 m. Compositions 
for perm anent moulds in cast iron (carbon 3-3-2, silicon 1-5-2, manganese 
0-9—1% ; or carbon 3-2, silicon 2-3, manganese 0-7, nickel 3-5, molybdenum 
0-5%) and  in steel (various steels w ith carbon 0-25-0-4, molybdenum 0-25- 
0-5%, w ith or w ithout chromium and  vanadium ) are given. The casting of 
bronzes in  semi-permanent graphite moulds is described. Examples of 
centrifugal-pressure castings, e.g. gear-wheels and squirrel-cage rotors, are 
discussed. Speeds range up to  300 m./m in.—S. M.

The Formation of Banded Structures in Horizontal Centrifugal Castings. 
H . 0 . Howson (Proc. Inst. Brit. Found., 1945—46, 39, B110-B118; discussion, 
B118-B121).—See Met. Abs., 1946, 13, 135, 309.—J . E . G.

Precision-Casting Small Aluminium Impellers. Eugene M. Cramer (Amer. 
Foundryman, 1947, 12, (2), 36-38).—The technique of casting small impellers
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of an aluminium alloy containing zinc 5-25 and magnesium 0-5%, in a plaster 
mould, is described. A  combination of centrifugal and static  methods was 
applied.—V. K .

Casting Reflections. D. Howard W ood (Proc. Inst. Brit. Found., 1945-46, 
39, A17-A20).—See Met. Abs., 1946,13, 335.—J . E . G.

Castings and Weldings. (Sir) Claude D. Gibb (Proc. Inst. Brit. Found., 
1945-46, 39, A21-A27).—See Met. Abs., 1946, 13, 335.—J . E . G.

Technical Records in the Foundry. B . D. Lawrie (Proc. Inst. Brit. Found., 
1945-46, 39, B82-B 84; discussion, B84-B91).—See Met. Abs., 1946, 13, 
309.—J .  E . G.

Apprentice Training in the Foundry. John  B. Longmuir (Proc. Inst. Brit. 
Found., 1945-46, 39, B66-B70).—See Met. Abs., 1946, 13, 336.—J. E . G.

Foundry Education and Recruitment. D. H. Ingall (Proc. Inst. Brit. 
Found., 1945-46, 39, B 92-B 95; discussion, B95-B98).—See Met. Abs., 1946, 
13, 309.—J .  E . G.

XVI.— SECONDARY METALS : SCRAP, RESIDUES, &e.

Melting Aluminium Scrap in the Low-Frequency Induction Furnace.
Manuel Tama (Iron Age, 1947, 160, (10), 77-78).—T. describes low-frequency 
melting and explains its advantages in producing high recovery rate  (96%) 
in melting aluminium scrap. He also discusses the characteristics of oxide- 
coated particles and their effect on heat transfer in the furnace.—J . H . W.

XVII.— FURNACES, FUELS, AND REFRACTORY MATERIALS

A Lead-Melting Furnace. -------  (Engineer, 1947, 184, (4781), 255).—A
description is given of a gas-fired lead-melting furnace for cable sheathing. 
The melting rate  is 7000 lb ./hr. when loaded in batches of 1800 lb. Con
structional features such as stirrer arrangem ent and flame control are de
scribed.—R. Gb .

Electronic Frequency Converters for Induction Melting Furnaces. S. R.
D urand (Iron Age, 1947, 160, (13), 64—67, 134).—D. describes several furnace 
installations, using electronic frequency-changing equipment, for melting 
both alloy steel and non-ferrous alloys.—J .  H . W.

“ Infra-Red ” Heating by Gas : Its Development and Practice To-Day. 
[—H]. J .  B. Came (Metallurgia, 1947, 36, (215), 245-249).—Cf. Met. Abs., 
th is vol., p. 59. Illustrated  descriptions are given of a few industrial, gas- 
fired infra-red radiant ovens.—M. A. V.

Fuel Saving in Metal Making. Direct Operation Methods. Leslie Aitchi- 
son (Chem. Age, 1946, 55, (1427), 535-537).—Report of a paper “ Fuel Con
siderations in the Fabrication of Non-Ferrous Metals and Light Alloys ” , 
presented a t  the Conference on “ Fuel and the Future ”  in October 1946.

—M. A. V.

XVIII.— HEAT-TREATMENT

*[Ageing of] Aluminium Sand-Casting Alloys. H. A. Q uadt (Amer. Foundry- 
man, 1947, 11, (6), 39—42).—Q. studied the effect of the time interval between 
the quenching and  artificial ageing treatm ent on the mehanical properties of 
artificially aged aluminium casting alloys. He found th a t the properties of 
alloys containing Mg2Si are sensitive to  the length of this time interval, the
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alloys having a low ductility  if  artificially aged immediately after the 
quenching.—V. K .

Heat-Treatment of High-Tensile Aluminium Alloy Sheet. J . G. Gwatkin 
(Aircraft Prodn., 1946, 8, (97), 527-528).—The properties and heat-treatm ent 
of the strong light-alloy sheets covered by specifications D.T.D. 546b  (Alclad), 
and  D .T.D. 646, both  o f which are double heat-treated , and those of the 
naturally  aged sheets D.T.D. 610 (Alclad) and  D.T.D. 603 are discussed in 
relation to  shop handling and  routine treatm ent.—H. S.

The Bright Annealing of Copper. Ivor Jenkins and S. V. Williams (O.E.C. 
J .,  1946, 14, (2), 90-96).—The authors discuss : the normal burn t tow n’s gas 
and bum t-am m onia atmospheres w ith reference to  oxygen and  hydrogen; 
the effect o f sulphur contained in rolling o ils; and the effect of steam  in con
ta c t w ith the annealing chamber (Fo +  H 20  ^  FeO +  H 2). Furnace pots 
can be sprayed w ith copper or aluminium to  prevent hydrogenation of organic 
sulphur compounds which m ay be introduced into or formed inside the pot.

—J . B. C.
Classification of Prepared Atmospheres. C. C. Eeles and M. E . Shriner 

(Metal Progress, 1947, 52, (2), 256-B).—D ata sheet.—J . L. T.

XIX.— WORKING

Die Design for Aluminium Alloys. E. W. Mason (Machinist (Eur. Edn.), 
1947, 91, (20), 632-634).—An abstract of an  address to  the Toledo d istrict of 
the Pressed Metal Institu te . M. describes the workability o f seven wrought 
aluminium alloys commonly used in m etal forming, and discusses die design 
in relation to  the object to  be formed.—J . H. W.

Forming of Aluminium Alloys. Use of the Rubber Die Press. ------
(Chem. Age, 1946, 55, (1414), 137-139).—A digest of Aluminium Development 
Association Inform ation Bulletin No. 11.—M. A. V.

*Dimpling Light-Alloy Sheet [75S]. -------  (Aircraft Prodn., 1946, 8, (97),
536-540).—Experim ental work on ho t dimpling o f sheets in the high-strength 
aluminium alloy 75S for flush riveting, a t  the University o f California, is 
described. The methods include local resistance heating and  forming during 
the last p a rt of the heating cycle between cooled dies, and  also forming between 
ho t dies, which provide the heat required. Descriptions of the apparatus 
used and the operational features are given w ith illustrations.—H. S.

The Use of Zinc Alloys for Blanking Dies. J .  W. Sladden and H . S. 
W alker (Machinery (Lond.), 1947, 71, (1824), 407-408).—Summ ary of Sheet 
Metal Ind ., 1947, 24, (239), 567-581, 586; see Met. Abs., 1947, 14, 407.

—J .  L. T.
Design and Production Technique. V.—Principles Involved in Pressing.

A. J . Schroeder (Aircraft Eng., 1946, 18, (211), 320-323; (212), 357-362).— 
Cf. Met. Abs., 1944, 11, 273. The production of components by cold and  hot 
pressing of m etals is described, as well as the pressing of ceramic materials 
and  plastics. Design features are considered and  economic aspects dis
cussed.—H . S.

Aluminium Alloy Machining Practice. ------  (Amer. Exporter (Indust.),
1946, 139, (6), s32-s33).—W rought alum inium alloys have considerably 
better machining properties than  commercially pure alum inium because of 
their complex structure. Most strong heat-treatable alloys containing fairly 
high percentages of copper can be machined to  smooth finishes a t high speeds 
and  feeds with a low ra te  of tool wear.—H. P l .
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XX.— CLEANING AND FINISHING

Preparation of Metals for Painting : A Review. R. E . Gwyther (Corrosion, 
1947, 3, (4), 201—207).—Solvent degreasing, alkaline cleaning, mechanical 
cleaning, pickling, and flame cleaning methods are reviewed, and the pre
treatm en t of iron and steel, zinc, aluminium, and magnesium considered in 
detail.—M. A. V.

Machining and Finishing Die-Castings. Recommendations for Magnesium 
Alloys.    (Mech. World, 1947, 122, (3168), 348-351).—The au thor de
scribes machining and surface-finishing techniques recommended for m ag
nesium alloys by the Stew art Die-Casting Division of the Stewart—W arner 
Corporation, U.S.A. Finishing methods discussed include dichromate tre a t
m ent, “  Manodyzing ” , and painting.—R. W. R.

XXI.— JOINING

Induction Heating [for Soldering Fuses]. —  (Amer. Exporter (Indust.), 
1946,138, (6), s22).—Induction heating is used in soldering the fusing elements 
o f plug fuses to  their brass screw shells. Small wedges of solder are inserted 
between the fusing element and the shell of the assembled plug. The assem
blies are then conveyed past an induction-heating coil, and the solder flows 
down into the element slot.—H. P l .

Application of High-Frequency Heating to Silver Brazing and Silver Solder
ing. Herman A. Folgner (Western Metals, 1946, 4, (3), 35-37; C. Abs., 
1946, 40, (11), 3092).—The advantages of induction heating for silver brazing 
are simplicity of operation, low cost, high speed, and better control of heat. 
The conductor is usually a  coil in which cooling w ater can circulate. To 
make a good brazed joint, all surfaces m ust be heated above the m.p. of the 
brazing alloy. The coil should be spaced sufficiently far away from the 
surfaces to  be joined to  give a slow, soaking heat ra ther than  a surface heat, 
since the la tte r causes overheating of the outer surface before the inner 
surface has been brought up to  brazing tem p. r, mj \

Aluminium Parts Assembled by Brazing. ------- (Machinist (Eur. Edn.),
1947, 91, (19), 585-587).—The materials and technique used in furnace and 
dip brazing in the assembly of aluminium and aluminium alloy components 
are described. The method is economical and can often be applied to  parts 
too th in  to  be welded.—J . H . W. _

Surface Treatment in Fusion Welding, Pressure Welding, Brazing, and 
Soldering'. John J . Crowe and F . C. Saacke (Colloid C h e m 1946, 6,
593; C. Abs., 1946, 40, (9), 2431).—Chemical treatm ent of surfaces and  the
selection and use of fluxes are discussed.

Flying-Boat Repairs. I. W. G. Reynolds (Aircraft Eng., 1947, 19, (216),
co (\r7\

Welded Magnesium [Aircraft] Tanks. —I, —II, —HI-
craft Prodn., 1947, 9, (99), 28-33; (100), 71-75;_ (101), 97-102).— (I.— ) 
Low specific gravity, availability, weldability, specific strength, and other 
features of magnesium alloys are advantages for tank  construction. An 
auxiliary tank  for York aircraft having a capacity of 625 gal. has a 
w eig h t: capacity ratio  of 0-167 lb./gal. Another tank  for Shetland aircraft 
has a  capacity of 2200 gal. C. gives comparative information on aluminium 
and  magnesium alloy tanks and describes the testing of tanks to m eet the 
requirements. (II.— ) For joints in  the shell of magnesium alloy tanks, butt
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welds are used to  avoid risk of flux inclusions. The main members of the 
tanks are I-beams and  other sections, one flange of which is butt-welded 
into the skin o f the tank. The design and arrangem ent of these members 
and of baffles are described in detail. Sumps are provided, and these are 
fitted w ith inhibitor cartridges containing chromates so th a t adventitious 
w ater does no t cause corrosion. (I II .— ) C. describes the weld tes t in which 
a round disc is welded into the centre o f a  disc firmly clamped round the 
edges, to  gain information on w eldability and weld-cracking tendency, if 
present, in magnesium alloy sheets. H ot pressings and  gas welds are used 
extensively, tacking being avoided by the use of a two-operator technique. 
H ot hammering is applied to  the welds to  obtain good form, and  rectification 
of adjoining parts  is effected in the same way. The properties in  and about 
the welds are improved by the correct technique. F lux residues have to  be 
removed by thorough washing, after which the tanks are chrom ate-treated 
and  varnished.—H. S.

Precision Sheet-Metal Work.—II. ------  (Aircraft Prodn., 1946, 8, (96),
465—476).—Cf. Met. Abs., 1947, 14, 29. Production of gas-turbine assemblies 
by Joseph Lucas, L td ., is described and  fully illustrated . Nozzle-ring 
assemblies and exhaust units are dealt w ith in some detail. High-alloy steel 
castings and  formed pieces o f sheet are used, welding being employed ex ten 
sively.—H. S.

Oxy-Arc Cutting [of Nickel and Copper],  (Engineer, 1947,184, (4784),
317).—A stream  of oxygen is fed through the hollow core of a coated elec
trode to  augm ent the energy in a high-temp. arc. I t  is claimed th a t there is 
little  distortion in the heat-affected zone and th a t the process has been suc
cessfully applied to  the piercing and cutting of Monel metal, nickel, and 
copper, among other metals.—R. Gk .

Inert-Arc Welding with Direct Current. R. P . W yer (Iron Age, 1947, 
160, (8), 68-70).—W. describes the technique of inert-arc welding for sta in 
less steel, copper, aluminium, and magnesium, and gives details of current, 
welding speed, helium consumption, electrode size, type of gas, welding 
generator, electrode and electrode Holders, and otlier equipm ent best suited 
to  the process.—J . H . W .

Contact W elding. P . C. van der W i l l i g e n  { P h i l ip s  T e c h n .  T i jd s c h r . ,  1 9 4 6 ,  
8, (6), 161—163).—W. describes the development of arc contact electrodes, 
which are perm anently held in actual contact w ith the work-piece. The 
core is arranged to  m elt away in advance of the coating. Self-ignition is 
obtained by incorporating p a rt o f the metal, in the form of powder, in the 
coating.—S. M.

Industrial Electronics. Visit to B.T.H. Rugby Works.  (Chem. Age,
1946, 55, (1413), 105-106).—A brief reference is made to  an electronically 
controlled 390-kVA. spot-welding machine.—M. A. V.

Powder Welding.  (Amer. Exporter (Indust.), 1946, 139, (5), s28).—
M ixtures of powdered metals, together w ith suitable fluxes, are projected 
through the flame cone of a torch on to  the work surface. Fuel gas, oxygen, 
and a processing gas are used together to  control the tem p, of the flame.

— H .  P l .
* Metal-Ceramic Vacuum Seals. Neal T. W illiams (Rev. Sci. Instruments,

1947, 18, (6), 394—397).—For certain types of electrical equipm ent (e.g. 
magnetrons), insulating vacuum  seals having electrical characteristics a tle a s t  
equal to  those of glass-m etal seals, b u t more refractory and mechanically 
more robust, were required. A method of joining a steatite-type ceramic to 
m etal was developed. In  order to  keep the ceramic always under compres
sion, a  50 : 50 nickel-iron alloy was chosen for ceramic-inside-metal, and a 
42%  nickel, 5-5% chromium, 52-5% iron alloy for metal-inside-ceramic seals. 
The ceramic was metallized as follows : the clean m aterial was dipped into
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1 : 1 nitric acid and  washed, and then painted w ith a paste containing metal 
30 w t.-%  (molybdenum 96, iron 4% , both of 3-¡x grain-size) and  binder 70 
w t.-%  (10% nitrocellulose in ethylacetate). The parts  were then fired a t  
1400° C. in  an  atmosphere containing 70% nitrogen and  30% hydrogen. 
The oxygen contained as an  im purity in the commercial nitrogen was an 
essential feature of the process, in th a t i t  oxidized a  small proportion of the 
molybdenum, which then  formed the bond. A fter cooling, the parts were 
painted w ith a  nickel paste, which was then fired on a t  1000° C. in hydrogen 
for 15 min. A fter this second firing, the ceramic was hard-soldered to  the 
metal components. N ickel-iron components were previously nickel plated. 
Hydrogen brazing is the preferred jointing method.—S. M.

A New Jointing Compound. A. T. B. P . Squires (Aircraft Eng., 1946, 
18, (213), 379-384).—A fter making tests and trials of proprietary jointing 
compounds, the Rolls-Royce Laboratory developed one for use in sealing 
joints against the action of oil and petrol a t  100° C. Tests o f various joints 
in  Merlin engines sealed w ith the new preparation showed it  to  be effective. 
The substance retains its elasticity and does not become brittle  or hard  when 
m aintained for long periods a t  tem p, below its  m.p. (195° C.), and is non- 
corrosive to  steel and  aluminium and copper alloys. I t  is insoluble in  petrol, 
paraffin, engine lubricating oils, trichlorethylene, and the more common 
industrial organic solvents.—H . S.

The British Welding Research Association. Planned Research in the 
Welding Industry. P . A. Pox (Metallurgia, 1947, 36, (215), 264-267).
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Industries-Clefs. (Matières premières, 2.) 17 x  12 cm. Pp. 63, 
illustrated. 1947. Paris (7e) : Éditions Elzévir, 73 bis, Quai d ’Orsay. 
(45 francs.)

*Christen, Hermann. Herausgegeben von. Werkstoff begriff. Eine Erläu
terung werkstofftechnischer Begriffe zum Gebrauche an technischen Mittel
schulen und zum Selbstudium. D ritte, durchgesehne Auflage. . 0-5 x  15 
cm. Pp. 197, w ith 174 illustrations (including 28 plates). 1947. 
Frauenfeld, Switzerland : Verlag H uber & Co. A.G. (Einzelpreis geb. 
Swiss fr. 7.50 ; Schulpreis geb. Swiss fr. 6.)

*Copper and Brass Research Association. Standards. Second edition. 
[Loose-Leaf.] Demy 4to. Pp. 216. 1947. New York : The Associa
tion, 420 Lexington Avenue, 17.

[The s ta n d a rd s  ap p ly  to  m ill p ro d u c ts  o f  copper, b rass , b ronze , a n d  re la te d  alloys, 
inc lud ing  p la tes , sheets, s trip s , rods , bars , w ire, p ipe , tubes, a n d  shapes.]

Cozzo, Giusseppe. Le Origini della Metallurgia ; i  Metalli e Gli Dei. Pp. 343.
1945. Rome : G. Bardi.

Davies, Owen L. E dited by. Statistical Methods in  Research and Production. 
Pp. xii +  292. 1947. London and  Edinburgh : Oliver and  Boyd, 
98 Gt. Russell St., London, W .C.l. (28s. net.)

*Direccion General de Normas. Norma Oficial para Alambres de Cobre de 
Sección Circular desnudos. (Para Energía Eléctrica.) (No. J2—45.) 
[Mimeographed.] Cr. 8vo. Pp . 10. 1944. Mexico City : Secretaria 
de la Economía Nacional.

*Du Mont, Charles S. Bibliography on Titanium, its Production, Properties, 
and Uses (1900-1946). [Mimeographed.] 4to. Pp. [vi] +  180.
1947. Columbus, O. : Battelle Memorial Institu te . (Limited circula
tion.)
[T he 26 sections u n d e r  w h ich  th is  va lu ab le  b ib liog raphy  is com piled  dea l respec

tiv e ly  w ith  : phy sica l p ro p erties  of ti ta n iu m ; m e ta llu rgy  a n d  p ro d u c tio n  of pu re  t i ta n iu m  ; 
p ro d u c tio n  a n d  uses of ti ta n iu m  a lloys as  a d d itio n  agen ts , inc lud ing  references to  th e  
sy stem  F e -T i ;  sm elting  titan iferou3  o re ; ti ta n iu m  as  a n  alloy ing  e lem en t in  s tee l; 
ti ta n iu m  in  c a s t iro n ; a lloys of ti ta n iu m  a n d  a lu m in iu m ; tita n iu m -c o p p e r  a llo y s; 
p roduc tion , uses, a n d  phy sica l p ro p ertie s  of ti ta n iu m  carb ides a n d  n itr id e s  ; ti tan iu m - 
con ta in in g  non-ferrous a lloys  o th e r  th a n  a lum in ium  a n d  c o p p e r; equ ilib rium  d iag ram s 
fo r va rio u s  ti ta n iu m  alloy  sy stem s; th e  geology, cry sta llo g rap h y , m ineralogy, a n d  
occurrence of ti tan iu m -b earin g  m inerals, inc lud ing  co n cen tra tin g  m e th o d s ; chem ical 
m e th o d  fo r th e  ana ly sis  of ti ta n iu m ; p h o to m e tric  a n d  sp ec tra l ana ly sis  of t i ta n iu m ; 
uses of ti ta n iu m  a n d  its  com pounds in  chem ical reac tio n s  ; ch em is try  of ti ta n iu m  a n d  its  
com pounds ; phy sica l a n d  chem ical p ro p ertie s  of ti ta n iu m  diox ide ; p ro d u c tio n  of t i ta n iu m  
d iox ide  ; ti ta n iu m  diox ide p igm en ts  in  p a in t, ru b b e r, p ap e r, a n d  cosm etics ; use of 
t i ta n iu m  in  enam els, glass, glazes, a n d  ce ram ic  bodies ; sp ec tra l ana lysis  of t i ta n iu m  in  
a s tro n o m y ; ti ta n iu m  in  p la n ts  a n d  so ils; ti ta n iu m  in  m ed ic ine; genera l in fo rm ation  
o n  th e  p roduc tion , econom ics, a n d  uses of ti ta n iu m  ; ti ta n iu m  com pounds in  th e  te x tile  
a n d  le a th e r  in d u s tr ie s ; a n d  th e  ti ta n iu m  a rc , inc lud ing  p a te n ts  covering  ti ta n iu m - 
con ta in ing  electrodes a n d  filam ents.

T h e  b ib liog raphy  inc ludes references to  th e  p a te n t lite ra tm e .]
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*Dunkley, G. T. Controlled Atmospheres in  Heat-Treatment, Their Methods 
o f Production and Uses in  the Metal Industries. Demy 8vo. Pp. 
v i +  70, w ith 32 illustrations. 1947. London : Sir Isaac Pitm an 
and Sons, L td . (Is. 6d. net.)

Federal Standard Stock Catalogue. Federal Specification for Copper Anodes. 
(No. Q Q -C -493.). 1946. W ashington, D.C. : Superintendent of
Documents. (5 cents.)

Federal Standard Stock Catalogue. Federal Specification for P latinum  ; Foil, 
Dental. (No. QQ-P-428.) 1946. W ashington, D .C .: Superintendent
of Documents. (5 cents.)

Federal Standard Stock Catalogue. Federal Specification for Zinc-Base Alloy ; 
Die-Castings. (No. QQ—Z-363.) 1946. W ashington, D.C. : Super
in tendent of Documents. (5 cents.)

*Federation of British Industries. Industry and Research. The F u ll R eport 
of a  Two-Day Conference Arranged by the Federation of B ritish 
Industries and H eld a t  the Kingsway H all, London, W.C.2, March 27th 
and 28th, 1946. Demy 8vo. Pp. viii +  136, w ith frontispiece and  
3 illustrations in the tex t. 1946. London : Sir Isaac P itm an and  
Sons, L td . (10s. 6d. net.)

*Garrido, Julio, and Joaquin Orland. Los Rayos X  y  la Estructura F ina de 
los Cristales. Fundamentos Teóricos y  Methodos Prácticos. Prologo 
del Julio  Palacios. Demy 4to. Pp. xiii +  260, w ith 237 illustrations.
1946. M adrid : Dossat, S.A., Plaza de Santa Ana 9. (148 pesetas.)

*Graves, Howard B., Jr. The Mineral Key. 8vo. Pp. viii +  178. 1947.
New Y ork: McGraw-Hill Book Co., Inc. ($4.00); London: McGraw- 
H ill Publishing Co., L td . (20s.).

[T he o b je c t o f  th is  book  is to  enab le  th e  a m a te u r  m inera log is t to  iden tify , a n d  becom e 
b e t te r  ac q u a in te d  w ith , h is  m in era l specim ens w ith o u t th e  use o f  expensive eq u ip m en t o r 
special tra in in g  in  m inera logy . T he n um erous  tab les  sh o u ld  be usefu l to  p ro sp ec to rs , 
m in ing  engineers, a n d  p ro fessional m inera log is ts  fo r m in e ra l iden tifica tion  w here la b o ra 
to ry  fac ilities  a re  n o t ava ilab le .]

Griffiths, E. Methods of Measuring Temperature. Third edition, revised and 
reset. 8vo. Pp. x  4- 223, illustrated. 1947. L o n d o n : Charles
Griffin and Company, L td . (20s.)

Honeycombe, R. W. K., and D. S. Kemsley. The Electrolytic Polishing o f 
Metals. (Serial No. 150. Physical M etallurgy R eport No. 3.) [Folio.] 
Pp. 29. 1946. Canberra, A u stra lia : Council for Scientific and
Industria l Research, Section of Tribophysics.

*Jimeno, Emilio. E l Problema de la Corrosion Metálica. 23'5 x  17 cm. 
Pp. 237, w ith 5 illustrations. 1947. Madrid. Ministerio de Marina, 
Institu to  Español de Oceanografía.

Johnson, Carl G. Metallurgy. Third edition. Pp. 418, illustrated . 1946- 
Chicago, 111. : American Technical Society, Drescel Avenue and 58th 
S treet. ($5.00.)

Kirk, Raymond E., and Donald F. Othmer. E dited  by. Encyclopedia of 
Chemical Technology. Volume I. Cr. 4to. Pp . 960. 1947. New
York : The Interscience Encyclopedia, I n c . ; London : Interscience 
Publishers, L td ., 2a Southam pton Row, W .C .l. (£5 5s.)

Kleinschmidt, B. Schlief- und Poliertechnik. Handbuch des gesamten Schlief- 
und Polierwesens. B and I . Das Schliefen in  der Metallbearbeitung.
2. Auflage. 8vo. Pp. xi +  574, illustrated. 1944. B erlin : Tech
nischer Verlag H erbert Cram.
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Maréchal, J. R. Les Métaux et Alliages. (Traité de Métallographie.) 8vo. 
Pp. 303, illustrated. 1945. Liège : Éditions Soledi. (345.)

*Mason, Clyde W. Introductory Physical Metallurgy. A Series o f Lectures 
on Introductory  Physical M etallurgy Presented to  Members of the 
A.S.M. During the Twenty-Ninth N ational Metal Congress and  E x 
position, Chicago, October 18-24 1947. Med. 8vo. Pp. [v] +  134, 
w ith 76 illustrations. 1947. Cleveland, 0 . : American Society for 
Metals, 7301 Euclid Avenue. ($3.00.)

*Mersereau, Samuel Foster. Materials of Industry : Their Distribution and 
Production. F ourth  edition, revised by Calvin G. Keen and K enneth 
L. Holderman. Demy 8vo. Pp. xxiii -f- 623, w ith 246 illustrations.
1947. New Y ork : McGraw-Hill Book Co., Inc. ($2.80); London: 
McGraw-Hill Publishing Co., L td . (145.).

Ministerio del Aire. Conferencia Sobre Fatiga de Corrosion. 8vo. 1943. 
Madrid : Publicaciones del Institu to  Nacional de Tecnica Aeronautica.

*Mond Nickel Company, Ltd. Nickel Cast-Iron. Data on Production, Pro
perties, and Application. [Loose-Leaf.] Foolscap 8vo. [1947.] 
London : The Company, Grosvenor House, Park  Lane, W .l. (Gratis.)
[T his is a  rev ised  a n d  am plified  ed ition , in  loose-leaf fo rm , o f  th e  “  N ickel C ast-Iron  

D a ta  B ook  ” , firs t p ro d u ced  in  1939.]
♦Morucci, Ramiro. Trattamenti Termici dei Metalli. (Ricottura, Normalizza- 

zione, Tempra, Rinvenimento, Cementazione, Nitrurazione, Invecchia- 
mento, ecc.) 24*5 X  17 cm. Pp. viii - f  250, w ith 86 illustrations in the 
tex t and 12 plates. 1946. Milano : Ulrico Hoepli. (Lire 350.)

XXV.— BOOK REVIEWS

Les Bases de la Résistance Mécanique des Métaux et Alliages. By P. Laurent, 
J .  Valeur, and S. Bogroff. 25 X 16 cm. Pp. xiv -f- 288, w ith numerous 
illustrations in the tex t. 1947. Paris : Dunod.
I n  a  ra p id ly  develop ing  field such  as  th a t  o f  s tre n g th  a n d  p la s tic ity , th e  need  fo r a n  up - 

to -d a te  te x t-b o o k  is p a rtic u la r ly  a c u te ;  a t  th e  sam e tim e , th e  v a s t n u m b e r o f  poo rly  con
n ec ted  fac ts  m akes  th e  w ritin g  o f  a  book  v e ry  d ifficu lt. T h is  is th e  reaso n  w hy  S chm id  a n d  
B o as’s classical “  K r is ta l lp la s t iz i tà t ”  o f  1935 has  so fa r  rem ain ed  th e  on ly  de ta iled  te x t-b o o k  
av a ilab le . A  sizab le book  on  th e  su b je c t w as p ub lished  in  G erm any  b y  K ochendorfer in  
1941 ; how ever, its  v a lue  is  m u ch  reduced  b y  th e  la rge  space g iven  to  th e o re tica l specu la tions 
re s tin g  on  a  slen d e r ex p e rim en ta l basis . Since th e  b o u n d a ry  b etw een  th e  tw o  is o ften  in 
sufficiently  em phasized , K o chendô rfer’s book  m a y  be dangerous  to  beg inners a n d  to  th e o re ti
c ian s  seek ing  fac tu a l in fo rm atio n .

T h e  a u th o rs  o f  th e  p re sen t book  s tu d ie d  th e  G erm an  li te ra tu re  on  s tre n g th  a n d  p la s tic ity  
a s  p risoners o f  w ar in  Oflag X V II a ; th e y  lec tu red  a b o u t th e  su b jec t in  th e  cam p  u n iv e rsity , 
a n d  w ro te  th e re  m u ch  o f  th e  p re sen t w ork . T h is begins w ith  a  genera l in tro d u c tio n  in to  
c ry s ta llo g rap h y , e las tic ity , a n d  th e  dynam ics a n d  th e rm odynam ics  o f  c ry s ta l la ttices  (pp . 
1-42) ; i t  dea ls w ith  th e  p la s tic ity  a n d  s tre n g th  o f  m e ta l single cry s ta ls  (pp . 43-101) ; theories 
o f  p la s tic ity  a n d  s tren g th  (pp . 102-130) ; fa tig u e  a n d  s tra in -h a rd en in g  o f  single c ry sta ls  (pp. 
131-140); p la s tic ity  o f  p o ly c ry sta ls  (pp . 141-159); K u n tz e ’s th e o ry  o f  cohesive s tren g th  
(p p . 160 -173 ); p la s tic ity  a n d  s tre n g th  in  te ch n ica l te s t in g ; tensile , hardness , a n d  im p ac t 
te s tin g  (p p . 174-212); creep , p lasto -e las tic  effects, a n d  fa tig u e  (pp . 213-265); an d  te x tu re s  
in  m e ta ls  (p p . 266-282). T he usefu lness o f  th e  book  w ould  be g rea tly  enhanced  b y  th e  inclusion 
o f  a n  index .

T he book is w ell w ritte n  a n d  illu s tra ted . O w ing to  th e  c ircum stances in  w hich  i t  arose, 
i t  con ta in s  m ostly  second-hand  know ledge, a n d  nobody , how ever ab le , can  be  expected  to  
sep a ra te  th e  w h ea t from  th e  chaff in  th is  field a f te r  a  b o o k -s tu d y  o f  4 o r 5 years. A ccordingly, 
th e  q u a lity  o f  th e  c h a p te rs  depends g rea tly  on  th e  source from  w hich  th e y  a re  d raw n. T he 
genera l d iscussion o f  c ry s ta llog raphy , e las tic ity , a n d  the rm o d y n am ics  is good ; so is the  
e x p e rim en ta l p a r t  o f  s ing le -crysta l p la s tic ity  w hich  is  b ased  on  S chm id a n d  B oas. A fte r th is, 
th e  influence o f  books b y  K ochendorfer, Sm ekal, an d  K u n tze  becom es p rev a len t, a n d  in 
accuracies ab o u n d . I t  is im possible to  g ive here  a  com plete lis t o f  these , b u t  a  few  in s tances  
o u g h t to  be m en tioned .
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I t  is s ta te d  (pp . 66-67) t h a t  p la s tic  glide in  c ry sta ls  is a lw ays d iscon tinuous (je rky). 
A c tua lly , je rk y  ex tension  has  been  o bserved  on ly  w ith  a  few  c ry sta ls . T h e  tre a tm e n t o f 
X -ra y  effec ts  is in a d e q u a te ; th e  fu n d a m e n ta l difference b etw een  phen o m en a  observed  w ith  
w h ite  a n d  w ith  m o noch rom atic  ra d ia tio n  is n o t em phasized . T h e  fa c t th a t  a lum in ium  show s 
li ttle  line b ro ad en in g  a t  room  te m p e ra tu re  is reg ard e d  as  im p ly ing  th a t  a lum in ium  cry sta ls  
do n o t show  L au e-as te rism  (p . 90). Tw o ch a p te rs  on s tre n g th  a re  d ev o ted  to  K u n tz e ’s theories, 
w h ich  h a v e  suffered  to ta l  eclipse as  a  consequence o f  re c e n t B ritish  a n d  A m erican  w ork . 
N o tch  b r it tle n ess  is a t t r ib u te d  to  th e  speed  o f  th e  defo rm atio n , a  v iew  th a t  w as p o p u la r tow ards  
th e  end  o f  th e  la s t  c e n tu ry , b u t  h a d  to  b e  ab a n d o n ed  w hen  i t  b ecam e clear th a t  b r it t le  frac tu re  
also occurs in  slow bend ing . T he re  is no  m e n tio n  o f  th e  L u d w ik -D av id en k o v  th e o ry  a n d  of 
th e  ro le  o f  tr i -a x ia l tension , w h ich  a re  d o m in a tin g  th e  field a t  p resen t. I n  th e  t r e a tm e n t o f  
creep, th e  b asic  d is tin c tio n  be tw een  tra n s ie n t (c ry sta lline , “  co ld  ” ) a n d  v iscous (am orphous, 
“  h o t  ” ) creep  is ignored , a n d  th e  fu n d am en ta l w ork  o f  A n d rad e  a n d  R . B ecker n o t m en tioned . 
In s te a d , h az y  specu la tions, b a sed  on K u n tze  a n d  K ochendO rfer, a re  p resen ted .

T hese exam ples cou ld  b e  m u ltip lied  fo r pages. A g rea t p a r t  o f  th e  book  being  based  
on  re c e n t G erm an  lite ra tu re , i t  reflects  a  sa d  p ic tu re  o f  th e  decline w h ich  G erm an  scientific 
research  suffered  a f te r  1932.

T h ro u g h o u t th e  book  th e  te rm  “ a c c ro c h a g e ”  is u sed  fo r “ d is lo c a tio n ” ; i t  h as  been 
fash ioned  a f te r  D eh linger’s “  V erh ak u n g  T h e  G erm an  te rm , how ever, m eans  hook ing-on 
after a displacement, w h ile  th is  e ssen tia l m ean ing  is m issing  from  “  accrochage ” . S ince th e  
E ng lish  “  d is location  ” , in tro d u ced  b y  A . E . H . Love, h a s  been  ta k e n  from  geology, w here 
th e  sam e expression  is u sed  in  F ren ch , i t  w ou ld  h av e  been  b e t te r  to  re ta in  th is  w ord  ra th e r  
th a n  to  a d o p t an  im p erfec t tra n s la tio n  o f  a  G erm an  w ord .

M any  a u th o rs  w ill find, on read in g  th e  book , th a t  som e o f  th e ir  b es t-know n  ach ievem en ts  
h a v e  been  ascribed  to  w rite rs  o f  tex t-b o o k s. Thus, B au sch ’s d iscovery  th a t  pu re  shear 
does n o t give rise  to  as te rism , a n d  C zochralsk i’s observ a tio n  th a t  a s te rism  is red u ced  b y  reverse 
d efo rm ation , a re  a t t r ib u te d  to  K ochendo rfer (p . 90). T he m o s t s tr ik in g  in s tan ce , how ever, 
is th a t  G riffith’s th e o ry  o f  s tren g th , th e  f irs t classic in  th is  field, as  w ell as  th e  fam ous fo rm u la  
o f  G riffith, a re  a t t r ib u te d  to  S m ekal (p p . 106-108).

T he au th o rs  apologize in  th e  fo rew ord  fo r th e  om ission o f  m u ch  B r it ish  a n d  A m erican  
w ork  to  w hich  th e y  h a d  no  access in  th e  cam p. A fte r read in g  th e  book , one w ishes th a t  
th e y  h a d  deferred  p u b lica tio n  u n ti l  a f te r  consu lting  E ng lish  li te ra tu re . A s i t  is, th e  book 
con ta in s  m u ch  v a lu ab le  m a te ria l fo r ex p e rts  w ho can  re a d  i t  w ith  a  c ritic a l e y e ; beg inners, 
a n d  sc ien tis ts  w ork ing  in  o th e r  fields, shou ld  use i t  w ith  ca u tio n .— E . Or o w a n .

Surface Stressing of Metals. Lectures by H . F . Moore, W. M. Murray, 
J .  0 . Almen, 0 . J .  Horger, and P. R. Kosting. Med. 8vo. Pp. [iv] +  197, 
illustrated. 1947. Cleveland, 0 . :  American Society for Metals, 7301 Euclid 
Avenue. ($3.50.)
A t th e  T w en ty -S ev en th  N a tio n a l M eta l Congress o f  th e  A m erican  Socie ty  o f  M eta ls he ld  

a t  C leveland  in  F e b ru a ry  1946, a  series o f  five ed u c a tio n a l le c tu res  w as delivered  on  th e  effec t 
o f  surface stress ing  on  th e  endu rance  o f  m e ta ls  u n d e r re p e a te d  loadings. T hese lec tu res  h av e  
now  been  reco rded  in  book  fo rm  a n d  m ake a  usefu l ad d itio n  to  th e  li te ra tu re  on th e  su b jec t. 
H . F . M oore firs t d iscusses th e  genera l fea tu re s  o f  fa tig u e  fa ilu re  a n d  th e  effec ts  o f  cold w o rk 
ing o f  th e  su rface  up o n  th e  p ro p erties  o f  th e  su rface  zone. F ro m  th e  fa c t t h a t  sh o t peening  
increases th e  life o f  fa tig u e  specim ens even w hen  th e  fa tig u e  c rack  s ta r ts  in  a  region o f  com 
pressive stress, i t  is conc luded  th a t  th e  sim ple p ic tu re  o f  res id u a l com pressive stresses res is ting  
app lied  ten sile  stresses is n o t a d e q u a te , a n d  th a t  cold w ork ing  b y  sh o t peen ing  m u s t ac tu a lly  
s tren g th en  th e  m e ta l in  th e  su rface zone.

W . M. M urray  gives a  usefu l d escrip tive  su m m a ry  o f  th e  m e th o d s  av a ilab le  fo r th e  
m easu rem en t o f  su rface stress , w hile J .  O. A lm en discusses th e  effec t o f  design  a n d  in te rn a l 
stresses u p o n  th e  fa tig u e  o f  m e ta ls . I t  is refresh ing  to  find  th a t  th is  a u th o r , a n  engineer, 
com m ences h is  a rtic le  w ith  th e  ca tego rica l s ta te m e n t t h a t  fu lly  90%  o f  fa tig u e  fa ilu res 
are  due to  fa u lty  design  a n d  p ro d u c tio n  defec ts , a n d  th a t  on ly  th e  rem ain in g  10% , due 
to  defec tive  m a te ria l, m a te ria l specifications, o r  h e a t- tre a tm e n t, can  b e  reg ard e d  as  th e  
responsib ility  o f  th e  m e ta llu rg is t. A s m ig h t be ex p ec ted , he ta k es  th e  eng ineer’s v iew po in t 
th a t  th e  on ly  sa tis fa c to ry  fa tig u e  te s ts  a re  those  done in  th e  fu ll-scale  m ach ine  p a r ts , an d  
em phasizes th e  im p o rtan c e  o f  check ing  th e  re su lts  o f  such  la b o ra to ry  te s ts  b y  com parison  
w ith  serv ice experience . H e  is fu lly  aw are  o f  th e  difficulties en c o u n te red  in  a t te m p tin g  to  
ap p ly  th e  resu lts  o f  such  te s ts  in  design, a n d  th e  t r e a tm e n t w h ich  h e  gives w ill be  re a d  w ith  
in te re s t b y  those  w ho are  concerned  w ith  th is  a sp ec t o f  th e  sub jec t.

I n  th e  a rtic le  on  “  S tressing  A xles a n d  O th er R a ilro ad  E q u ip m e n t b y  Cold R olling  ” , 
0 .  J .  H o rger gives a  m o s t in te re s tin g  acco u n t o f  th e  m e th o d s b y  w hich  su rface com pressive 
s tresses can  be deve loped  in  a  w ide v a r ie ty  o f  p a r ts , rang ing  from  axles a n d  connecting  rods 
to  th re ad s  a n d  oil holes, in  w hich  h igh  fa tig u e  res is tance  is req u ired . E x c e llen t illu s tra tio n s  
m ake th e  m e th o d  o f  w ork ing  th e  su rface in  d iffe ren t cases q u ite  clear.
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I n  th e  final a rtic le , P .  R . K o stin g  describes th e  “  P rogressive S tress D am age ”  w hich  is 
associa ted  w ith  th e  in i tia tio n  a n d  p ro p ag a tio n  o f  cracks  in  gun  b arre ls  as a  re su lt o f  th e  
m echan ica l s tresses im posed b y  re p e a te d  firing . D u ring  firing, th e  su rface  fibres a t  th e  bore 
in te rface  a re  genera lly  s tressed  bey o n d  th e  endu rance  lim it o f  th e  m a te ria l, a n d  a  crack  sy stem  
develops d u rin g  th e  n o rm a l life, w hich  is seldom  m ore th a n  10 ,000-20,000 rounds. T he 
cond itions  in  g un  barre ls  h av e  been  s im u la ted  b y  hyd rau lic  fa tig u e  te s ts , an d  these , to g e th e r 
w ith  rep ea ted  b end ing  te s ts , h ave  show n th a t  th e  sloping  cu rve  o f  th e  S -N  d iag ram  is m oved in 
th e  d irec tion  o f  sh o rte r  life i f  th e  im p ac t resistance  o f  th e  stee l is low, a lth o u g h  no  correlation  
is possib le a t  low er stresses. H igher im p ac t res is tan ce  n o t on ly  gives increased , th o u g h  still 
fin ite , life, b u t  causes th e  gun  b arre l to  fissure in s te ad  o f  failing  b y  frag m en ta tio n .

T he em phasis  o f  all five lec tu res  is on  th e  engineering  ra th e r  th a n  th e  m eta llu rg ica l asp ec t 
o f  fa tigue , a n d  m o s t o f  th e  exam ples q u o te d  re fe r to  stee l. T he series as  a  w hole, how ever, 
m akes  a  usefu l su rv ey  o f  th e  field, a n d  to  th e  m e ta llu rg is t i t  w ill be o f  v a lue  chiefly because 
th e  eng ineer’s v iew poin t is expressed  so clearly .— A. G. Qu a r r e l l .

Histoire de l ’Aluminium. Métal de la Victoire. By Robert P itaval. Med. 
8vo. Pp. 207. 1946. Paris : Publications Minières e t Métallurgiques,
86 rue Cardinet (17e). (300 francs; foreign price, 325 francs.)
F ro m  th e  p u b lish e r’s p re lim in ary  announcem en t, th a t  th e  h is to ry  o f  a lum in ium  is recoun ted  

“  com m e u n  film p ass io n an t d ’in té rê t , d o n t l ’apo théose  se s itu e  dans  u n  ciel parsem é d ’esca
d rilles ”  one w ould  n a tu ra lly  ex p e c t a  sensational, n o t to  say  flam boyan t, p resen ta tio n . A c tu 
a lly , th e  book is a  b a lan ced  a n d  w ell w ritte n  acco u n t o f  th e  d eve lopm en t o f  th e  in d u s try , an d  
is m oreover scrupu lously  fair, g iving due c red it to  th e  p ioneers, o f  w h a tev er n a tio n a litie s , an d  
to  th e ir  successors w ho m an ag e  th e  in d u s try  to -d ay . I t  m akes no  a t te m p t to  cover th e  ap p lica 
tio n s  o f  th e  m e ta l a n d  its  alloys, gives no  ac co u n t o f  alloy  deve lopm ents, a n d  con ta in s  m erely  
th e  b rie fe s t sum m ary  o f  th e  m ore im p o rta n t chem ical a n d  physica l p roperties.

So fa r  as  th e  rev iew er is ab le  to  judge , th e  ac co u n t g iven  o f  th e  deve lopm en t in  th e  various  
co un tries  is co rrec t a n d  u n b iased , an d , fo r so sm all a  book , con ta in s  a  su rp ris ing  am o u n t of 
d e ta il. S ta tis tic s  are , o f  course, inc luded , b u t  th e  p ill is w ell su g ared  b y  th e  in te re s t o f th e  
n a rra tiv e . '

T h e  on ly  critic ism  th a t  can  be m ade  is th a t  th e  spelling  o f  th e  p lace nam es is occasionally  
in  need  o f  rev ision  : one learns, fo r in s tan ce , th a t  th e  B rit ish  Is les  co n ta in s  such  p laces as 
M on tm ou tsh ire  a n d  D olgarrod . These, how ever, a re  m ino r b lem ishes in  a n  excellen t p re 
sen ta tio n .— H . W . L . P h il l ip s .

Conoscere l’Alluminio. By G. Simoni. 1947. Pp. 99, illustrated (lire 380) ; 
Conoscere l’Aeciaio. By I. Bartoli and F. Masi. 1945. Pp. 94, illustrated 
(lire 350). 23*5 X 17 cm. Milano : Poligono Società Editrice, Via Cesare 
B attisti 1.
T hese books give a  b r ie f  a c co u n t o f  th e  h is to ry  o f  th e  respective  industries , follow ed b y  a  

copiously il lu s tra te d  d escrip tion  o f  m ode rn  fab rica tio n  processes, covering  a ll s tages from  
th e  m in ing  o f  th e  ore to  th e  fin ished  p ro d u c t. S ections a re  inc luded  on te stin g , ty p ica l p ro 
perties , m icrog raphy , a n d  app lica tio n s . T he p re se n ta tio n  is necessarily  b r ie f  a n d  is “  p o p u la r ’* 
in  ch a ra c te r, a n d  th e  in fo rm atio n  g iven  is, in  genera l, a c cu ra te . A few  o f  th e  figures qu o ted  
shou ld  be rev ised  in  la te r  ed itions , as  fo r in s tance  678° C. fo r th e  m elting  p o in t o f  a lum in ium .

— H . W . L . P h il l ip s .

Electronic Methods of Inspection of Metals. Lectures by H . P . Hamburg, 
J .  L. Saunderson, R . S. Segsworth, E . O. Dixon, C. M. Lichy, C. S. B arrett, 
and H. T. Clark. Med. 8vo. Pp. iii +  189, w ith 22 illustrations. 1947. 
Cleveland, O. : American Society for Metals, 7301 Euclid Avenue. ($3.50.)
This book  con ta in s  th e  substance  o f  a  series o f  seven  lec tu res  g iven  to  m em bers o f  th e  

A m erican  S ocie ty  fo r M eta ls du rin g  th e  T w en ty -E ig h th  N a tio n a l M eta l C ongress he ld  a t  
A tla n tic  C ity  in  N ovem ber 1946. A v e ry  free  in te rp re ta tio n  h as  been  g iven  to  th e  te rm  
“  E lec tron ic  M ethods ” , a n d  th e  su b jec ts  covered  ran g e  from  th e  res is tance  w ire s tra in -gauge 
to  th e  C yclograph a n d  th e  m easu rem en t o f  stee l b a th  te m p era tu re s  b y  qu ick-im m ersion  
te chn iques . T he tre a tm e n t th ro u g h o u t is pu re ly  descrip tive, a n d  th e  m ost com plete ch a p te rs  
a re  those  on  “  S pectrochem ical A nalysis  o f  M eta ls a n d  A lloys b y  D irec t In tensity -M easu re- 
m e n t M ethods ” , b y  J .  L . Saunderson , an d  “  T he E lec tron  M icroscope a n d  I t s  A pp lica tion  to  
M eta ls ” , b y  C. S. B a rre t t .  T he  first o f  these , a f te r  o u tlin ing  th e  basis  o f  spectrochem ical 
ana lysis  a n d  th e  ad v a n tag es  to  be gained  b y  rep lac ing  th e  p ho tog raph ic  p la te  b y  a  d irec t- 
record ing  m e thod , describes th e  e lec tron -m u ltip lie r pho to -cell an d  its  use in  b o th  th e  scann ing  
a n d  in teg ra tin g  m e th o d s o f  ana ly sis . D e ta ils  a re  given o f  th e  perfo rm ance o f  th e  d irec t- 
record ing  eq u ip m en t u sed  b y  th e  a u th o r  a t  th e  D ow  Chem ical Com pany.
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I n  h is  w ell il lu s tra te d  a rtic le , C. S. B a r re t t  gives a  rev iew  o f  c u r re n t p rac tice  in  th e  ap p lica 
tio n  o f  e lec tro n  m icroscopy  to  m e ta ls , a n d  h is  c lea r desc rip tio n s  o f  th e  va rio u s  rep lica  m e thods 
sh o u ld  p rove usefu l to  m a n y  w ho w ish  to  know  m ore  a b o u t th e  te ch n iq u e  w ith o u t p rac tis in g  
i t .  T h e  a u th o r  does n o t a t te m p t to  m inim ize th e  d ifficu lties assoc ia ted  w ith  e lec tron  m e ta llo 
g rap h y , b u t  d iscusses m a n y  o f  th e  ap p lica tio n s  to  d a te  a n d  gives a  usefu l se lec ted  bibliography.

A rtic les on  th e  C yclograph, superson ic m e th o d s  o f  te s tin g , a n d  th e  d e te rm in a tio n  o f  seam s 
in  s tee l b y  m ag n e tic  ana ly sis  consis t chiefly o f  exam p les  o f  th e  successful use o f  these  techn iques  
r a th e r  th a n  o f  d esc rip tions  o f  th e  m e th o d s  them selves. N o d o u b t som e read e rs  w ill find  th is  
usefu l because  i t  m a y  suggest possib le  m e th o d s  o f  in v e stig a tin g  th e ir  ow n p rob lem s, b u t  th e  
genera l re a d e r  is le ft w ith  th e  feeling  th a t  th is  is an  ill-a sso rted  collection  o f  a rtic les  w h ich  is 
un lik e ly  to  All a n y  rea l need , a n d  w hich , fo r th e  m o s t p a r t ,  do n o t  ju s ti fy  th e  excellen t p ro 
d u c tio n  s ta n d a rd  u su a lly  assoc ia ted  w ith  A .S.M . p u b lica tio n s .— A . G. Qu a r r e l l .

Cold Working of Brass, with Special Reference to Cartridge (70 :30) Brass.
By L. E . Gibbs. Med. 8vo. Pp. vi +  104, w ith 54 figures, including 6 
illustrations in colour. 1946. Cleveland, 0 . : American Society for
Metals. ($2.00.)
T his book  is p ub lished  in  a  n e a t a n d  good b ind in g . T he p r in tin g  is on  good p ap e r, in  a  

bo ld  a n d  clear ty p e , a n d  th e  book  is w ell fu rn ish ed  w ith  d iag ram s a n d  illu s tra tio n s . T he 
m icrographs, w h ich  inc lude som e K odach rom e p h o to g ra p h y , are  p a r tic u la r ly  clear. T he 
index  is com prehensive, b u t  i t  m ig h t le ad  th e  read e r to  ex p e c t m u ch  m ore com plete  tre a tm e n t 
th a n  is g iven  in  th e  104 pages w h ich  com prise th e  book . T he s ty le  o f  w ritin g  is good, a n d  th e  
E ng lish  c lea r a n d  precise.

Com ing now  to  th e  su b jec t o f  th e  book , th e  read e r w ho expec ts  to  find  d eta iled  in fo rm atio n  
u p o n  th e  cold w ork ing  o f  b rass , o r  even especially  o f  70 : 30 b rass  (as in d ica ted  in  th e  su b 
title ) , w ill be  d isap p o in ted . N o in fo rm atio n  a t  a ll is g iven  o n  th e  de ta ils  o f  cold w orking , 
a lth o u g h  th e  p rinc ip les u n derly ing  th a t  su b jec t a re  v e ry  clearly  d e a lt w ith . I t  is som ew hat 
d ifficult to  see fo r w h a t class o f  read e r th e  book  w as in ten d ed , as th e  m eta llu rg ica l s tu d e n t w ill 
a lread y  h av e  access to  th e  in fo rm atio n  in  gene ra l m eta llu rg ica l tex t-b o o k s.

O n m a tte rs  o f  de ta il, th e  influence o f  ready -to -fin ish  grain-size is w ell b ro u g h t o u t, a n d  its  
im p o rtan ce  v e ry  p roperly  in s is ted  on . T h e  m o s t in te re s tin g  c h a p te r  is N o. 3, dea ling  w ith  
20-m m . ca rtrid g es . T he m icrographs, in  th is  case, a re  p a r tic u la r ly  good, b u t  th e  m agn ifica tion  
is n o t a lw ays s ta te d .

I n  C hap ter 5, on  Season Cracking, th e  d e ta iled  s ta te m e n t on  th e  e ffec t o f  am m ines on  th e  
crack ing  o f  70 : 30 b rass  seem s h a rd ly  su ita b le  fo r th is  ty p e  o f  book.

I n  C h ap te r 6, th e  reference to  F ig . 28 shou ld  b e  o m itte d , as  i t  does n o t refer to  th a t  F ig u re  
in  th e  p re sen t book.

T h e  colour p h o to g ra p h s  a re  v e ry  good, b u t  in  som e cases th e y  ap p e a r  to  h a v e  been  in se rted  
m ore  because  o f  th e ir  excellence th a n  because o f  th e ir  re levance  to  th e  su b jec t o f  th e  book .

W hile  th e  p u b lica tio n  o f  th is  book  could b e  ju stified  in  th e  U n ited  S ta te s , w here p ap e r  a n d  
m a te ria ls  a re  m ore  p len tifu l, th is  w ould h a rd ly  be  th e  case in  E ng lan d , u n d e r o u r  ow n 
a u s te ritie s .— E . A . B o lt o n .

Dictionary of Machine-Shop Terms. By A rthur C. Telford. 5 J x  3 in. 
Pp. [vi] +  292. 1946. Chicago, 111.: American Technical Society,
Drescel Avenue and 58th S tre e t; L ondon : Technical Press, L td ., 
Gloucester R d., K ingston Hill, Surrey. (5s. net.)
T he defin itions in  th is  A m erican  d ic tio n a ry  a re  te rse  a n d  g enera lly  v e ry  clear, b u t  m a n y  

o f  th e  w ords inc luded  a re  b y  no  m ean s  p ec u lia r  to  th e  eng ineering  tra d e . T h e  om ission o f  
such  com m onplace w ords as “  p e rio d  ” , “  p e rfec tion  ” , a n d  “  p erfo rm  ” , to  q u o te  th re e  th a t  
a p p e a r  o n  th e  sam e page , w ould  h av e  m ade  room  for th e  inc lusion  o f  genu ine  eng ineering  te rm s 
such  as  “  to o lm ak e rs ’ b u t to n  ” , “  to m m y  b a r  ” , a n d  th e  a p p a re n tly  co n tra d ic to ry  “  ta p e r  
p a ra lle l ” .

I n  th e  p reface to  th e  d ic tio n a ry , s tress  is la id  on  th e  f a c t t h a t  ev e ry  tr a d e  h as  a  language 
o f  i ts  o w n ; i t  is  eq u a lly  tru e  th a t ,  a lth o u g h  E n g lish  is th e  com m on to n g u e  o f  A m erica  a n d  
B rita in , th e  eng ineering  te rm s  in  th e  tw o  co u n tries  a re  o fte n  v a s tly  d iffe ren t. F o r  exam ple, 
th e  A m erican  use o f  “  bu lldozer ”  fo r “  fo rg ing  p ress  ” , “  frozen  ”  fo r “  seized  ” , a n d  “  h a y  ”  
fo r “  s w a r f ”  w ou ld  confuse th e  E ng lish  read e r.

H ow ever, d esp ite  th e se  few  critic ism s, th is  p o cke t-s ized  v o lum e covers a  w ide field a n d  
shou ld  be o f  considerab le help  to  a  new com er to  th e  A m erican  eng ineering  tra d e .— T . I t .  Oa k l e y .

Welding Symbols. By Vincent C. Gourley. Demy 8vo. Pp. ix +  115, 
illustrated. 1947. Milwaukee, Wis. : Bruce Publishing Company.
($2.50.)
T h e  rev iew  o f  a n y  book , w h e th e r  te ch n ica l o r o therw ise , sho u ld  consider firs t th e  p lo t o r 

su b je c t m a tte r , a n d  second  th e  s ty le  o r m e th o d  o f  p re se n ta tio n , th e  la t te r ,  in  th e  case o f
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te ch n ica l books, d u ly  ta k in g  in to  ac co u n t illu s tra tio n s , exam ples, tab les , &c., supp lem en ta ry  
to th e  te x t .  I n  th e  p re sen t case, how ever, th e  su b jec t m a tte r  is pu re ly  th e  use o f a n  already - 
ex istin g  A m erican  sy stem  o f  nom enc la tu re , th e  m erits  a n d  d isad v a n tag es  o f  w h ich  h av e  been  
fre q u e n tly  rev iew ed  in  th e  p a s t ; a n d  i t  is, th e re fo re , logical fo r th e  m e th o d  o f  p re se n ta tio n  
to be considered  as  th e  p r im ary  o b je c t o f  th e  rev iew .

T he boo k  is d iv ided  in to  th re e  p a r ts , th e  f irs t consisting  on ly  o f  one b r ie f  c h a p te r  sum 
m ariz ing  th e  “  dos a n d  d o n ’ts  ”  fo r d rau g h tsm en , th e  second  dea ling  w ith  arc- a n d  gas-w elding 
sym bols, a n d  th e  th ird  being  dev o ted  to  sym bols used  in  res is tance  w eld ing . B eing  an  A m erican  
p u b lica tio n  describ ing  a n  A m erican  sy stem , i t  is no  d o u b t p rim arily  in ten d ed  fo r A m erican  
u se , w hich  exp la in s  w hy  som e o f  th e  “  dos a n d  d o n ’ts  ”  a re  a t  v a rian ce  w ith  B ritish  p rac tice , 
a t  a n y  ra te  in  so fa r  as  s tru c tu ra l w ork  is concerned  ; a t  th e  sam e tim e , th is  ca n  scarce ly  be a  
cause  o f  critic ism , fo r th e  sam e reason .

T h e  ad d itio n  o f  tw o  A ppendices, c learly  show ing th e  d ifference b etw een  w elds a n d  jo in ts , 
w ou ld  ap p e a r  to  in d ica te  t h a t  th e re  is, in  th is  respect, som e confusion  in  th e  U .S .A . a s  w ell 
as  in  th is  co u n try  ; a n d  th e  a u th o r  is to  b e  co n g ra tu la te d  on  c larify ing  th e  p osition  an d  th u s  
rem oving  th e  m a in  source o f  f re q u e n t m isu n d e rstan d in g s . T h e  inc lusion  o f  a n  index , an  
u ncom m on fe a tu re  in  a  vo lum e o f  th is  size, is a n o th e r  w elcom e ad d itio n  w hich  w ill m ake th is  
w ork  a  reference bo o k  as  w ell as  a  tex t-book .

T he su b jec t m a tte r  is described  in  sim ple a n d  d ire c t language a n d  th e  te x t  is pro fusely  
il lu s tra te d  th ro u g h o u t. T h e  illu s tra tio n s , m oreover, a re  in v a riab ly  in  tw o  p a r ts  : th e  firs t 
show ing how  th e  w elds a n d  jo in ts  w ill be seen on  th e  d raw ing , a n d  th e  second  p rov id ing  a  
v isu a l e x p lan a tio n  b y  m eans o f  a n  isom etric  sketch . T he re  is th u s  no  possib ility  o f  m is
u n d e rs ta n d in g  th e  w ay  in  w hich  th e  sym bols a re  in ten d ed  to  b e  used, a n d  th e re  is li ttle  d o u b t 
th a t  th is  m e th o d  o f  p re sen ta tio n  w ill b e  w elcom ed b y  a ll th e  m a n y  d iffe ren t ty p e s  o f  s tu d en ts  
fo r w hom  th e  book  is in ten d ed .

T he w eld ing  sym bols, a  d escrip tion  o f  w hich  fo rm s th e  su b jec t o f  th is  book , h av e  been  p u t  
fo rw ard  b y  th e  A m erican  W elding  S ocie ty  a n d  a re  sa id  to  be ac cep te d  in  th e  U .S .A . as  a  s ta n 
d a rd  fo r m echan ica l a n d  s tru c tu ra l d raw ings. T he sy stem  h a s  been  in  ex istence  fo r som e 
tim e  a n d  h as  o ften  been  described , critic ized , a n d  re fe rre d  to  in  th e  te chn ica l p ress in  th is  
co u n try  as  w ell as  in  th e  U .S .A . I t s  m e r P v in d  d isad v a n tag es  a re  s till d is tin c tly  con troversia l 
m a tte rs  so fa r  as th is  co u n try  is concerned^ a n d  i t  seem s d o u b tfu l w h e th e r th is  sy stem  w ould  
be  accep tab le  in  E n g lan d  because o f  th e  com plete  re-ed u ca tio n  o f  b o th  draw ing-office a n d  
shop  personnel w hich  such  accep tance  w ould  necessarily  en ta il . T h is  opin ion  w ould  a p p e a r  
to  be su b s ta n tia te d  b y  th e  f a c t th a t  a  som ew hat s im ilar sy stem , in tro d u ced  in  th is  co u n try  
as  a  B ritish  S ta n d a rd  in  1933, h a s  fo u n d  on ly  a  v e ry  lim ited  app lica tio n , a n d  th e  w hole su b jec t 
o f  w eld ing  sym bols a n d  no m en c la tu re  is a t  p re sen t u n d er rev ision  b y  th e  B rit is h  S ta n d a rd s  
In s titu tio n .— S. M. R .

Modem Assembly Processes : Their Development and Control. By J .  L.
Miller. W ith a  foreword by E . A. W atson. Second edition, revised. 
Demy 8vo. Pp. xii - f  199, w ith 170 illustrations. 1946. London : 
Chapman and Hall, L td . (18s. net.)
I t  is encouraging  to  find th a t  a  rev ised  ed itio n  of th is  excellen t p rim er, rev iew ed orig inally  

in  Met. Abs., 1941, 8 ,355 -356 , h a s  been  needed  T he o p p o rtu n ity  h a s  been  ta k en  to  inco rpo ra te  
a n  a c co u n t of som e rece n t deve lo p m en ts  in  w elding a n d  r iv e tin g  m e th o d s a n d  to  enlarge all 
th e  ch a p te rs  s ligh tly . T he sec tions on so ft a n d  h a rd  so ldering  a n d  b raz ing , th o u g h  now  m ore 
d e ta iled , a re  s till p e rh ap s  n o t t r e a te d  so ex tensively  as  th e y  should  be fo r engineering  s tu d e n ts . 
I n  genera l, th e  book  rem ains a n  excellen t in tro d u c tio n  to  th e  s tu d y  of m ass-p roduction  m e thods 
of jo in ing  sm all p a r ts , c learly  w ritte n , a n d  n o te w o rth y  fo r th e  a t te n t io n  g iven  th ro u g h o u t b y  
th e  a u th o r  to  first princ ip les.— J .  C. C h a s to n .

Vocabulaire Technique Anglais-Français et Français-Anglais : Métallurgie, 
Mines, Électricité, Mécanique, Sciences. By Francis Cusset. Second 
edition. Foolscap. 8vo. Pp. 591. 1947. Paris : Éditions Berger-
L evrault, 5 rue Auguste-Comte. London : H . K . Lewis and  Company, 
136 Gower Street, W .C .l. (12s. 6d.)
T he com pile r h a s  done a  usefu l serv ice in  p rep a rin g  th is  sm all d ic tio n a ry  o f  techn ica l 

te rm s, a n d  th e  g round  i t  covers is p ro b ab ly  ad e q u a te  fo r th e  m a jo rity  o f  users . U n fo rtu n a te ly , 
how ever, i t  lacks com pleteness. F o r  in s tan ce , in  a  d ic tio n a ry  pub lished  a f te r  th e  w ar i t  is 
s tran g e  to  find  no m en tio n  o f  “  iso topes ” , “  n eu tro n s  ” , o r “  fission ” ; such  com m only  used  
te rm s  as  “  filage à  la  presse ” , “  alliage m ère ” , a n d  “  s idéru rg ique  ”  a re  overlooked ; a n d  th a t  
s tu m b lin g  b lock  o f  o u r y o u th , “  h yd rogen  perox ide ” , is ignored . T he read e r w ill also be 
su rp rised  to  lea rn  th a t  th e  on ly  k in d  o f  “  p h ia l ”  recognized  is  th e  “  L eyden  ja r  ” , a n d  th a t  
th e  n o rm a l E ng lish  eq u iv a len ts  o f  “  ê tre  en équ ilib re  ”  are  “  to  be  in  equipoise ”  o r “  to  
lib ra te  ” . P ro o f  read in g  also leaves a  li ttle  to  b e  desired  ; we are , fo r in s tance , g iven  such  
p h o n e tic  renderings  a s  “  k lockw ise ”  a n d  “  b leech ing  ” .— H . W . L . P h il l ip s .
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