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T h e  Kodak School of Industrial 
and Engineering Radiography

KODAK SCHOOL 
OF

INDUSTRIAL
AND

ENGINEERING
RADIOGRAPHY

announces :

A  special instructional course in 
w eld radiography has been or­
ganised in accordance with the 
specific requirements of Lloyd's 
Register of Shipping. It is intended 
to be a standard course for radio­
graphers who may be engaged in 
carrying out radiographic exami­
nations of welded pressure vessels 
coming under the survey of Lloyd's 
Register, but is also suitable for 
surveyors and inspecting engi­
neers who, although not experi­
enced radiographers, may desire 
to obtain a specialised knowledge 
of the subject, both in theory and 
practice.

The syllabus for this course, 
covers a period of two weeks.

Applications for enrolment may 
now be accepted. Full particulars 
of the course and syllabus w ill be 
supplied on request.

Courses in the radiography of 
ferrous and non-ferrous castings, 
and in the radiography of welded 
ship construction, are contem­
plated and w ill be announced later.

KODAK LIMITED
THE WORKS - WEALOSTONE 

HARROW • MIDDLESEX



★ ★  ★ ★ ★ ★ ★

Fo r  s m a l l  c a s t in g s  o r  t r ia l  m e l t s ,
the advantages o f electric melting in the model 

‘N ’ BIRLEC-DETROIT rocking arc furnace are allied 
to economical operation. Thorough mixing and low 
oxidation losses result in uniform , controlled 
analysis, and freedom from  blow-holes while high 
pouring tem peratures may be reached rapidly, giving 
ideal m elting conditions for a  wide range o f ferrous 
and non-ferrous alloys.

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 .  2-1



Contain sufficient lubricant to meet wide variations of speed and load over 
protracted periods of actual service. The accuracy of the finished dimensions 
can be maintained to closer tolerances than possible with machined bearings.

THE MANGANESE BRONZE & BRASS CO. ETD
HANDFORD WORKS, IPSW ICH t e l e p h o n e - i p s w i c m  z »2 7  t e l e c r a m s  " b r o n z e  i p s w i ^ h "

B R O N B II A R I N G  S



get
- jiv ing  characteristic properties and typical 
applications of the aluminium bronzes, 
manganese bronzes, phosphor bronzes and 
gunmetals, and of chromium bronze, guoling 
24 special and standard specification alloys.

your copy from
J.
& C O M PA N Y LTD
DEPTFORD • LONDON • S • E • 14



In your post-war planning 

leave your

P R E S S I N G
problems to

F I S H E R
A N D

L U D L O W
L I M I T E D

—

Head Offices 

Rea Street • • • Birmingham, 5

Established 1852
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C o m p ara tiv e 'Finished W eights:
ELEKTRON \  94 1b.
Aluminium Equivalent 155 Ib. 
Cast Iron Equivalent 388 Ib.

Com parative Finished W eights:
ELEKTRON 33 Ib.
Aluminium Equivalent 49J Ib. 
Cast Iron Equivalent 1301b.

ELEKTRON
qiue Strenqtk 
with Liqhtness

MAGNESIUM ALLOYS

Heavy V ehicle Engine C rankcase and Sum p for 
Road T ran sp o rt and  Passenger Vehicles 
in ELEKTRON M agnesium  Alloy,

VÜ



viii

E L E C T R O N IC
C O N T R O L

H IG H  A C C U R A C Y

RESISTANCE THERMOMETER
* „  CAD /-OECD

CONTROLLER
FOR CREEP 
TESTS, ETC.

T h is  is  a  p u r e 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 t io n a l  to th e  
d e v ia t io n  o f th e  te m p e r a tu r e  f ro m  th e  
d e s i r e d  v a lu e .  I t  o p e r a te s  u p  to  8003 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 e n s itiv ity  o n e  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 r a 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  R ESISTA N C E T H E R M O M E T E R  
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 r a 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 i s ta n c e  
th e r m o m e te r s .  F o r  d e ta i l s ,  p le a s e  r e q u e s t  
t e c h n ic a l  p u b lic a t io n  R T  10 ‘50.

S U N V I C  C O N T R O L S  L T D . ,  S tanhope H ouse , K ean S tree t, L ondon , W .C .2 .

TAS/SC 117



GEAERRL REFRACTORIES
L I M I T E D

G E N E F A X  H O U S E  • S H E F F I E L D  10  T E L E P H O N E  • 5 H E F F I E L D  3 1 1 1 3
168

FIREBRICKS • BASIC BRICKS 
ACID-RESISTING MATERIALS 
INSULATION - SILLIMANITE 
AND HIGH ALUMINA BRICKS 
SILICA BRICKS ■ PATCHING 
AN D  RAMMING MATERIALS 
REFRACTORY CEMENTS • SANDS

TO S L AG  P E N E T R A T I O N
SLAG penetration  of refractory materials, normally accompanied 

by erosion, surface spalling, shrinkage, etc ., is frequently 
responsible for the  ultim ate failure of refractories. To reduce 
the destructive effect of slag penetration , volum e-stable, dense, 
low-porosity, low perm eability bricks, w ith th e  co rrec t 
chemical composition, m ust be used. A characteristic of G.R. 
products is that they possess these necessary qualities and thus 
ensure minimum slag penetration . The services of G.R. 
engineers are available on request, to  users, on th e  choice and 
application of refractories.



Symbolic of

COPPER
The old Egyptian “ ankh s ig n ”  stands fo r  
copper. So, to o , does the  fam ilia r
B O LT O N  tr ia ng le . Behind th a t sym bol 
stands ove r 160 years o f e xp e rim e n t 
and success in the  p ro d u c tio n  o f copper 
and copper base alloys. In q u a lity  o f 
m a te ria l and in technica l re finem ents, 
B O L T O N ’S m eet all th e  requ irem en ts  

o f th is  exacting mechanical age.

COPPER & COPPER-BASE A LLO Y S  FOR 

ELECTRICAL & GEN ERAL E N G IN EE R IN G

In all form s 

W IR E , S TR A N D , SHEETS, STRIP, TUBES, 
RODS, C O M M U T A T O R  BARS, FORGED 

&  M A C H IN E D  C O M P O N E N TS , Etc,

ESTABLI SHED 1713

Thomas Sons Ltd

HEAD OFFICE: W ID NES, LANCS. 
Telephone : Widnes 2022 

London Office : 168, Regent S treet, W . I 
'Phone : Regent 6427/8/9

s o l v e s  
m a n y  p r o d u c t i o n  
p r o b l e m s

There are distinct advantages 
in the use of hot brass stampings 
compared with rough sand 
castings.
Sometimes machining is elimi­
nated entirely by the employ­
m ent of McKechnic stamped 
parts.
This may be a reason why “  the 
other people ”  sometimes seem 
to be producing quicker, cheaper 
and even better than  you had 
thought possible.

M C K e c h u le
BROS. LTD.

ROTTON PARK  ST., BIRMINGHAM, 16

'P hone; Edgbaston 3581 (7 lines)

Branches : L o n d o n  — 62, Brook S tree t, 
W .l .  ’P h o n e : M ayfair 6182/3/4. L e e d s  
— P ru d en tia l B uild ings, P ark  Row. 
’P h o n e : Le,eds 23044. M a n c h e s t e r  — 
509-513, Corn E xchange B uild ings, 4. 
’P hone : B lackfriars  5094. N e w c a s t le -  
o n - T y n e —90, Pilgrim  S tree t. ’P h o n e : 
N ew castle  22718.

W'W'W A
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fo r  I n d u s t r i a l  

R e - c o n v e r s i o n

Alum inium  is now available 
to industry in huge quantities. 
It is the m etal for engineers 
and industrial designers. It 
has high strength, low weight, 
resistance to corrosion and 
shock. Aluminium made the 
modern fighter and bomber. 
Already it  is dispossessing  
old-established m aterials in 

many engineering fields. It can provide the solution' to many 
urgent industrial problems. It often helps to cut down production 
tim e, save m oney, increase output, and improve technical pro­
cesses. With regard to cost, the price of aluminium  has now 
fallen to nearly 30% below the pre-war level. Have you explored 
the potentialities of aluminium and its  alloys ? A s k  us about uses and  

supplies.

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 .

ALUMINIUM UNION LIMITED
A fu lly -o w n ed  subsid iary of A lu m in iu m  L im ited , M o n trea l, C anada

xi



TELEPHONE: 23831-4 Lines

N O W  A V A IL A B L E
in experim ental quantities

C A L C IU M -M A G N E S IU M  B A R IU M -M A G N E S IU M  

C A L C IU M -C O P P E R  B A R IU M -L E A D

C A L C IU M -L E A D  S T R O N T IU M -M A G N E S IU M

C A L C IU M -Z IN C  Enquiries for other Alloys are invited.

Ca, S r a n d  B a A L L O Y S

For samples and information apply to:
IM P E R IA L  C H E M IC A L  IN D U S T R IE S  L IM IT E D  

L O N D O N , S .W .l.

P r e s s u r e  D ie  C a s t in g s

WOLVERHAMPTON DIE-CASTING CO., LTD
GRAISELET HILL WOLVERHAMPTON

J
IN Z IN C  A LLO Y — “  M A Z A K  ”  O F COURSE

O

TELEGRAMS: OIE CASTINC, WOLVERHAMPTON.

xii



“— such stu ff as dreams are made on ”

Roll up, roll up . . . bearded ladies, fa t  ladies . . . raucous voices . . .
polished brass, striped paintwork . . . blaring steam organs . . . giddy I  jljv
roundabouts, di^gy swings . . . coconut shies, ginger pop and rifle cracks.
How we loved to go to the Fair !

On reflection a little gaudy perhaps, but who would omit the 
fairground from memories of early days? Doubtless it will return 
for the benefit of future generations of wide-eyed children 
Other good things will come back. Aluminium, domestic standby 
and obvious choice for many industrial duties, was most severely 
conscripted for war. Its reappearance is being welcomed, for it is 
destined to fill new important roles. Light, strong, durable, non- 
rusting and attractive, Aluminium is the modern metal for modern 
processes. We KNOW Aluminium and have contributed a good 
share to the past development and present availability of the pure 
metal and alloys in many forms. Our Development and Technical 
Service Sections will co-operate, in the fullest sense, w'ith anybody 
needing advice or information concerning the use of Aluminium in 
any form for any trade or industry.

Shape the Future with
BRITISH ALUMINIUM

Issued by  T H E  B R IT IS H  A L U M IN IU M  C O . L T D ., S A L ISB U R Y  H O U S E , L O N D O N , E.C .2

xiii
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UNITED ANODISING LIMITED
(Controlling Alumilite and Alzak Ltd., Aluminium Protection Company 

Limited, British Anodising Limited.)

ELECTRO-BRIGHTENING, SULPHURIC ACID 
ANODISING, DYEING AND SEALING

The processes now owned or controlled by the United Anodising Group of Companies have played 
a vital part in the w ar effort.

Members of the Group own or are exclusive Licencees for the United Kingdom, India, A ustralia 
and the Union of South A frica.

B R IT IS H  P A T E N T S  N o s .
378 ,521 4 0 1 ,5 7 9 4 3 6 ,154 4 1 2 ,1 9 3 5 4 0 ,1 4 6 4 4 9 ,175
3 8 1 ,4 0 2 4 06 ,988 436 ,481 4 1 2 ,2 0 5 5 5 8 ,9 2 6 4 6 3 ,790
3 8 7 ,8 0 6 4 0 7 ,2 0 8 4 40 ,287 4 7 9 ,0 6 3 5 59 ,393 4 8 3 ,776
3 9 1 ,903 4 09 ,679 4 89 ,169 4 8 3 ,7 2 7 5 59 ,394 5 2 5 ,7 3 4
3 9 3 ,9 9 6 4 07 ,457 4 91 ,974 4 8 9 ,2 2 0 3 5 9 ,4 9 4 5 2 8 ,314
3 9 6 ,2 0 4 4 1 3 ,8 1 4 4 96 ,613 5 3 7 ,4 7 4 3 82 ,287 4 7 4 ,6 0 9
4 0 1 ,2 7 0 4 3 3 ,4 8 4 5 2 8 ,748 5 5 8 ,9 2 5 4 2 9 ,3 4 4 476 ,161

The A ustralian, Indian and Union of South A frica P atents Numbers will be given on application.
The A uthorisations given by the M inister of A ircraft Production or o ther Goverment D epartm ents 

for the use of patented processes for w ar purposes do not of course cover ordinary com mercial use.
In view of the extended use of anodising, including use of the processes covered by the patents 

mentioned above, favourable consideration w ill be given to  grants of licences and sub-licences to 
approved m anufacturers.

A ll enquiries should be addressed to :—
U N ITE D  A N O D ISIN G  L T D ., 40, Brook S tree t, London, W .l. M ayfair 4541.

THE B A K E R  PL A T IN U M  LA BO R A TO R IES

fo r  the study o f  problems involving precious metals,

are now at the service o f  peacetime industry,

a fter  /  years devoted exclusively (and successfully) to the

solution o f  problems arising out o f  the recent war.

BAKER PLATINU M  LTD .. 52, H igh H o lborn , London, W .C .I. T e lepho ne : Chancery 8711



k  Electroforming on 
non -conductors

★  Sprayed dry film 
lubrication

k  Prevention of 
screw thread seizure

★  Lubrication of 
metal-forming dies

k  Impregnation 
and surface coatings

Because of its unusual physical and chem ical properties 6 dag ’ 
colloidal graphite solves m any problem s in  m anufacture or operation 
over a  very wide range of industries.

Those problems listed give some idea of its versatility. Information 
explaining its applications as a dry film, high temperature lubricant, a 
parting compound and impregnating medium, and its uses in the
electrical and electronics field is available in addition to a more general
booklet “ New Dispersions in Industry” .
This information will be supplied to you, bu t in order th a t we may give
all possible assistance, please let us have details of your
particular problem so th a t our Technical Department can 
make sure you receive all relevant data.

When u-riting please quote Y P f34

E. G. ACHESON LIMITED, 9 GAYFERE STREET. ,
WESTMINSTER. S.W.I.

XV



THE 
BRIT ISH  M E T A L  
C O R P O R A T I O N  

LIMITED

PRINCES HOUSE,
93 GRESHAM STREET,

L O N D O N , E.C.2 
Tel. N o . Monarch 8055

47, W IN D  STREET, 17 SUMMER R O W , 
SW ANSEA BIRM ING HAM
Tel. N o . Swansea 3166 Tel. N o . Centra l 6441

E S T A 8 L IS H E O  1872 
I A D M IR A L T Y . A .I .O  A N D  W A R  O F F IC E  L IS T S

p a k  s p averso n  ltd .
Meta/ Merchants. Smelters, and Alloy Manufacturers

PA&KHI1AI& GLASGOW. E.fl

B E R Y L L I U M -  

COPPER  

4% Be

BERYLLIUM SMELTING
C O ., LTD.

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

L a r g e  S to c k s  o f  T e c h n ic a l B o o k s .

S to c k  o f  n e a r ly  3 M il l io n  V o lu m e s .

B o o k s  B o u g h t.

Q u ic k  P o s ta l  S e r v ic e .

N e w  a n d  S e c o n d h a n d  B o o k s  o n  
E v e r y  S u b je c t .

119-125, CHARING CROSS ROAD 
L O N D O N ,  W .C .2

Telephone : G erra rd  5660 (16 lines). 
Open 9-6 in c lu d in g  S a tu rd a y



^  A y  ? to t f e l  y o u A  p i< y  'e c Ż s ?

ALUMINIUM ALLOYS
cut maintenance  costs  h e r e - - -

N ships that go clown to  th e  sea, 
A lum inium  and A lum inium  Alloys 

play th e ir notable part. Shrew d m en build 
and operate  ships, study costs, review  
m aintenance charges. In A lum inium  
Alloys they have a m etal that is n o n ­
m agnetic, does n o t ru st, resists the 
action of sea w a te r and po llu ted  
atm ospheres. N o r is that all. Many 
A lum inium  Alloys need  no painting for 
p ro tec tio n , o r, if  pain ted , need  in ­
frequen t renew al because o f the  absence 
o f the  “ c r e e p ”  action o f rust. F u rther, 
A lum inium ’s lightness w ith  streng th

reduces top  ham per and increases 
payload.

T hat is A lum inium  in ships . . . what 
o f your p ro d u c t ? Have you analysed it ? 
W o u ld  it be b e tte r  ru s t-free?  Does it 
have to operate  in po llu ted  atm ospheres ? 
W o u ld  its non-m agnetic  p rop erties  be 
o f value ? W ould  lightness w ith  strength  
benefit your custom ers ?

T he A lum inium  D evelopm ent Asso­
ciation  exists to  answ er these questions. 
R eports have been p repared , films 
have been m ade, technical data are 
available at your request.

T H E  A L U M IN IU M  D EVELO PM EN T A S S O C IA T IO N

S I X T Y - S E V E N  • B R O O K  S T R E E T  • L O N D O N  • W.  I

xvii



The R ototh crm  principle o f tem pera­
tu re  m easurem ent allows o f a m ore 
rob ust design w ithout sacrificing sen­
s itiv ity  or. accuracy. Elements and 
scale readings to  su it alm ost ev ery  
industrial and com m ercial requ ire­
m ent can be supplied.

Pitchfords 3323

INSIST ON

PRODUCTS

“ Yes, 1 have,” replied Mr. Midlander, without 
a moment’s hesitation. “ The best method 1 
know involves three simple processes. First you 
clean the article, then spray a coating of suitable 
metal, and finally, and if necessary, paint. 
Every job of course calls for its own treatment, 
but that’s the general idea. Grit blasting is the 
recognised method for cleaning. Metallisation 
Limited can give all the advice on choosing and 
spraying the metal coating, and as for the paint, 
all you need is a man with a brush.”
“ You make it sound easy,” said the Quiz 
Master.
“ It is easy,” said Mr. Midlander, “ and easier 
still if you work with people who have made a 
life’s work of fighting corrosion.”

Brass & Copper 
Tubes Sfrip & 
Sheer.

Q U IZ  No 2

„ C o r r o s i o n  M
, p r e v e n t  3-

p r a c t i c a l  i d e a s  • 
Any P rd -

W rite  to  M eta llisation L im ited fo r  booklets 
and in fo rm ation .

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

Sales Office, Barclays Bank Cham bers, Dudley.

XVlll



F1RTH-VICKERS STAINLESS STEELS LTD SHEFFIELD

F I R T H  -  V I C K E R S

FREE M ACHIN ING  
STAINLESS STEELS

THI OIFFTCULTY O f MACHINING STA1N1ESS STEELS IS NOW A THING OF THE PAST
it  F o r  h ig h  jp« :*d  r t ia ch m in g  *  A t  «3*» ly m ach in e«* as C a r b o n  S tee l

*  F u l l  r e s i s t a n c e  t o  c o r r o s i o n  *•  W o w  a v a l la b t e  I n  S t a i n l e s s  f.C .S .* ,

*  «ix.n,- -*•«»»«-* «•«•*•<
tF.CA.—TW* «-the Free C»tt>̂  k e e s y :

qwofty o f  w .  v c ?  W w *  F.G. . „ r - e b /  <xf vc-L lui-ovo " S*.«y-
S teel. z fcr te  ’ F iX P . ty p o  «üfM ogr^tion;

ptOC.? ito.-i.

THE KLIP ĤydraulicSTRETCHING MACHINE
straightens bars

THE ECLIPSE TOOL CO. IINWOOD NR. GLASGOW
PH0NES: 80,8l ELDERSLIE. GRAMS'- REID, LINW OOD, RENFREW SHIRE.

A N D  M ETAL W IN D O W  A STR AG ALS IN  
A  FEW  SECONDS.

•  3,000 lbs. per square Inch w o rk in g  pres­
sure on ram.

•  A u to m a tic , qu ick-ac ting , hyd rau lic  g r ip  
and release.

•  G rips  and main cy lin d e r co n tro lle d  by 
same valve.

•  Safety t r ip  prevents ram o ve rtra ve l.

•  S ta tiona ry  griphead po s itio n  adjustable 
on bed.

•  Self-contained m o to r  and s ilen t w o rm  
drive ,

•  Length o f bar and to ta l ram pressure to  
s u it requ irem ents.

xix



For In fo rm a t io n  on L O W
T E M P E R A T U R E  

B R A Z IN G
WITH

EASY-FLO
SILVER BRAZIN G  ALLOY 
M ELT IN G  AT 630°C.

SIL-FOS
SILVER BRAZIN G  ALLOY 
M ELT IN G  AT 705°C.

SILBRALLOY
SILVER BRAZIN G ALLOY 
M ELT IN G  AT 694°C.

A N D  T E N A C IT Y  FLU XES
APPLY TO

J O H N S O N ,  M A T T H E Y  & CO.  L I M I T E D
73/83 H A T T O N  GAR D EN , L O N D O N ,  E.C.I.

A N D  71/73 V IT T O R IA  S T R E E T , B IR M IN G H A M  I.

I:
W.  W A T S O N  & S O N S ,  L T D .

Established 1837
3 1 3 ,  H I G H  H O L B O R N ,  L O N D O N ,  VV. C. l  

M anufacturers o f  M IC R O S C O P E S  & ALL A LLIED  A PPA R A TU S
P H O T O G R A P H IC  L E N SE S, C A M ER A S, etc.

O P T IC A L  E L E M E N T S for all purposes
Watson’s output is controlled at present, many new and interesting 
designs are being developed. Send your enquiries for your require­
ments. an indication of delivery date and price will be quoted.

Temporary Address: 14, H adley Grove, B arnet, H erts. Telegrams: o p t i c s ,  b a r n e t .

FOSTER
Specialists in the manufacture  
o f  Pyrometers fo r over 30 years.

FOSTER IN S T R U M E N T  CO., LTD., L E T C H W O R T H , HERTS
'Phone :  Letchworth 984 (3 lines). Cram s :  “  R esilia ,”  Letchworth.
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Y E S L T D

P H O S P H O R B R O N Z E  
A N D  G U N M E T A L

BEARINGS 
& BUSHES

<<

OF THE HIGHEST Q U A L ITY  
CAST BY THE

E A T O N IA ”
(W A TE R -C O O LE D )

P R O C E S S
Castings and Bars and Finished Machined 

Parts Supplied to  the Leading 
A E R O P L A N E  E N G IN E  M A K E R S  
M O T O R  V E H IC L E  E N G IN E  & 
M A R IN E  E N G IN E  B U IL D E R S  

Contractors to all Government Departments

I O R K S H I R E  E N G I N E E R I N G  W U P P L I E S  
L T D .

ironze Foundries, W O R T L E Y ,  LE E D S ,  12

Phones: Arm ley, 38234, 38291 .
Grams : 11 Yes, Leeds."

o  UR specialised know­
ledge is offered to you in 
castings of PHOSPHOR 
B R O N Z E , G U N M ETA L, 
A L U M I N I U M ,  M A N ­
G A N ESE-BR O N ZE , 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.

NON-FERROUS
4 BIRSO ’ C h ill Cast Rods and Tubes, 
C en trlfu g a lly  Cast W o rm -W h e e l Blanks, 
Finished P rope lle rs  and Precision 
Machined Parts, Ing o t Metals, etc.

C A ST IN G S
Fully approved by Adm iralty and A .I.D .

T.M.BIRKETT&SONS E ? Hanley,STAFFS.
'PHONE: ST OKE-ON-TRENT 2 I84 - - 5 -6 .  ‘GRAMff: BIRKETT, HANLĘ.Y.



MS3f/R

BUYING PROPERTIES
The engineer designer is concerned primarily with proper­

ties; he may want, for example, a material which will have 

a certain strength under certain conditions, or he may 

desire certain mechanical properties at high temperature, or 

combinations of properties to meet special conditions of 

heat, wear or corrosive conditions. It is our business — for 

which we maintain a large staff of experts — to relate these 

properties to materials and to show how the materials may 

be made and applied to give the best results.

T H E  M O N D  N I C K E L  C O M P A N Y  L T D
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
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L E T T E R  T O  T H E  
E D IT O R  
Proof Stress.

D e a r  Sin,
A ccording to  B ritish  S tan d ard  

Specification No. 18-1938 (am ended 
Ju n e , 1940), th e  p ro o f stress o f  a  
given m ate ria l is “  th e  stress w hich is 
ju s t  sufficient to  p roduce  a  p e rm an en t 
elongation  equal to  a  specified p e r­
cen tage  o f th e  original gauge-leng th .” 
T his seem s to  bo perfec tly  sa tis ­
fac to ry  for e ith e r ferrous dr non- 
ferrous alloys.

T he specification goes on to  s ta to  
“  I t  c an  be  de te rm in ed  (a) b y  d irec t 
m easu rem en t o f tho  gauge leng th  
a f te r  various loads hav e  been  app lied  
to  th e  test-p iece  a n d  rem oved, or (6) 
from  th e  load-o longation  curve by  
draw ing a  line paralle l to  th e  s tra ig h t 
po rtio n  o f th e  curve a n d  d is ta n t from

i t  b y  an  a m o u n t represen ting  tho 
req u ired  p e rm an en t e longation , th u s  
d e te rm in ing  th e  load  a t  w hich tho 
lino cu ts  tho  curvo. (See F ig . 1).” 
T he specification  F ig . 1 is rep roduced  
below.

T he m eth o d  qu o ted  in  clause (6) 
o f th e  la t te r  p a rag rap h  is, no  dou b t, 
sufficiently  n e a r fo r m o st steels, b u t  
i t  is certa in ly  considerab ly  in  erro r 
for m an y  m agnesium -baso alloys, 
owing to  th e  un load ing  b ran ch  of 
tho  s tre s s -s tra in  curvo lacking tho 
stra igh tnoss w hich is norm ally  asso­
c ia ted  w ith  th e  s tre ss -s tra in  cu rve  of 
steel a n d  th u s  p roducing  a  less p e r ­
m an e n t se t th a n  corresponds to  tho 
offset s tra ig h t line. As tho  “ p e r­
m an e n t se t ” lim ita tio n  seem s to  bo 
used q u ite  w idely as a  basis o f design, 
how ever (i.e. as p roof stress p roper), 
w ould i t  n o t bo b o th  logical and 
tim e ly  to  m odify  B .S.S . 18-1938 so 
as to  c larify  th is  p o in t an d  d is tin ­

F ig . 1.— L oad E x ten sio n  D iagram .
I f  A  =  O riginal C ross-Sectional A rea o f  th e  Test-P ieco , L im it o f P ro p o r­

tio n a lity  S tress =  ^  (see Clause 1). Y oung’s M odulus is ob ta in ed  from  tho 

Slope o f th e  L ine O -a  (see Clause 7).
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guish  betw een tho  tru o  or “  p e rm a n ­
e n t se t ”  p roof stress a n d  tho  “ offset ” 
p ro o f stress?

F u rth e r , a s  th e  to ta l  s tra in  incu rred  
in  p roducing  e ith e r th e  p e rm an en t 
s e t  p ro o f stress o r tho  offset p roo f 
s tress is considerab ly  g re a te r  th a n  
e ith e r th e  p e rm a n en t se t o r th e  offset, 
could  th e  a irc ra ft m an u fac tu re rs  be 
induced  to  s ta te  w hich o f th e  th ree  
s tra in s  is rea lly  in ten d ed  to  be  taken  
in to  consideration  in  th e ir  designs ?

Y ours fa ith fu lly ,
A r t h u r  F i s h e r .

D eputy C hief M etallurgist, 
M agnesium  Elcktron, L td .

M anchester,
A ugust 21, 1946.

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

Journal.
I t  is th e  desire o f th e  Council to  
resum e th e  pre-w ar custom  of p ro ­
vid ing m em bers w ith  b ound  volum es 
o f th e  Journa l an d  M etallurgical 
Abstracts, in add itio n  to  th e  m o n th ly  
Journal. As will be rem em bered, 
th e  p re -w ar p rocedure  had  to  be 
abandoned  owing to  p ap er shortage.

T h e  P a p e r C ontro ller h as now  
au th o rized  ad d itio n a l supplies o f 
p a p e r for th e  In s t i tu te ’s p u b lic a tio n s ; 
in consequence, i t  h as been decided 
to  t ry  im m ediately  to  re-com m ence 
th e  p rac tice  o f p re-w ar days, in  th e  
hope th a t  th e  au tho rized  p a p e r m ay  
b e  ob ta in ab le  from  th e  m an u factu re r. 
I t  is in ten d ed  th a t  th e  first bound  
volum e to  be  issued in th is  w ay 
(Vol. L X X II I ,  1947) shall con ta in  
a ll th e  papers th a t  will be  availab le  
for selection fo r discussion a t  th e  
M arch, 1947, m eeting  o f tho  In s ti tu te . 
T he A ugust, 1946, issue o f th e  m o n th ly  
Journal, in  w hich w ere p u b lished  th e  
la s t o f th e  pap ers  availab le  for 1946 
general m eetings o f th e  In s titu te , is 
therefore  th e  las t to  contain  papers 
for Vol. L X X II , 1946. T h a t  volum o 
w ill bo com pleted b y  th e  publication  
o f a  special issue, w hich will con ta in  
tho  re p o rt o f th e  "business and  d is­
cussions a t  tho  Septem ber, 1946, 
m eeting , as well a s  tho  usual t itle  
pages, in tro d u c to ry  m a tte r , a n d  index  
o f th e  volum e. M em bors w ill be ab le

to  o b ta in  in  due  course, p o st free, 
copies o f tho b ind ing  case, on a p p li­
cation  for it.

Tho p ag ina tion  o f th e  pap ers  in tho 
p re sen t issue o f th e  m o n th ly  Jo urna l 
(w hich con ta ins th e  first o f  th e  pap ers  
th a t  m ay  norm ally  be considered for 
discussion a t  th e  M arch, 1947, m ee t­
ing), com m ences a t  page 1, while th a t  
o f M etallurgical Abstracts will con ­
tin u e  on tho  Ja n .-D e e . basis, as was 
tho  caso before th e  war.

M em bors should  keep th e ir m o n th ly  
issues o f tho  Journal, for b inding as 
a t  p resen t, u n til a  definite an n o u n ce­
m e n t can  be  m ade th a t  tho  p ap er 
supp ly  is assured  a n d  th a t  bound 
volum es are  certa in  to  be  issued to  
m em bers, in add ition  to  th e  m on th ly  
Journal, during  th e  p re sen t financial 
year.

Birmingham Local Section.
Mr . E . H . B u c k n a l l ,  M .Sc., has 

been ap p o in ted  H o n o ra ry  S e c re ta ry -  
T reasu re r o f  th e  Section, in succession 
to  Mr . J o s i a h  W . J o n e s ,  M .Sc., who 
has resigned on leaving th e  d istric t.

London Local Section.
D r . J .  H . W a t s o n ,  M.C., A .R .S.M .,

B.Sc., V ice-C hairm an, h as assum ed 
th e  A cting C hairm ansh ip  o f th e  
Section, in consequence o f th e  d e a th  
o f  tho  C hairm an, Mr . S. V. W i l l i a m s ,
B.Sc.

Joint M eeting w ith M anchester 
Metallurgical Society.

A jo in t m eeting  has been a rranged  
be tw een  th e  M anchester M etallurg ical 
Society, th e  In s t i tu te  o f M etals, an d  
th e  I ro n  a n d  S teel In s t i tu te ,  on  W ed ­
nesday , D ecem ber 4, 1946, a t  the  
E ngineers’ Club, A lb ert Square, M an­
cheste r, a t  6.30 p .m .

A p ap er will be read  by  D r. R . W . 
B ailey , M etropolitan-V ickers E le c tr i­
cal Co., L td ., on “  T he F u n c tio n  o f 
D u c tility  in  E ngineering  Dosign.” 
I t  is hoped th a t  th e re  will be  a  large 
a tten d an co  o f m em bers, a n d  th a t  
th ere  w ill be a  good discussion.

P E R S O N A L  N O T E S
M r .  J o h n  F r y ,  on tho  occasion of 

his sev en tie th  b ir th d a y , was p re ­
sen ted  by  tho s ta ff a n d  w orkpeople o f 
F r y ’s M etal Foundries, L td ., w ith

"V
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his p o r tra it  p a in ted  in  oils b y  Mr. 
F ran c is  H odge, R.O.T. I n  m aking  
tho p resen ta tio n , Mr. P . M. Parish , 
who has been associated  w ith  M r. F ry  
a lm ost from  th e  fo rm ation  o f tho 
firm , a n d  M r. F .  L eech, tool-room  
forom an, spoke of tho  insp iration , 
encouragem ent, an d  friendship  w hich 
M r. F ry  h ad  g iven to  a ll who had  
w orked w ith  him .

P r o f e s s o r  N . P .  G a n d h i ,  H o n o r­
a ry  C orresponding M em ber to  tho 
Council for In d ia , w as elected  first 
P re s id e n t o f  th e  B om bay  M etal­
lu rg ical Society, w hich w as form ed 
in  Ja n u a ry , 1945. H is te rm  of office 
is fo r tw o years.

D r .  J .  L . H a u o h t o n  a n d  D r .  
M a r i e  L. V. G a y l e r  ( M r s .  J .  L. 
H a u o h t o n )  resigned th e ir  p b sts a t  th e  
N a tio n a l P h ysica l L ab o ra to ry  in 
A pril, 1946, a n d  now  reside a t  H igh 
View, F ishponds, C harm outli, D orset, 
to  w hich all correspondence should  
be  addressed . D r. H au g h to n  has 
accep ted  th e  p o s t o f C onsu ltan t to  
E ssex  Aero, L td ., o f G ravesend, 
K e n t, an d  h as assum ed th e  ed ito rsh ip  
o f  th e  Jo urna l o f the' B ritish  Astro- 
nom ical Association.

Mr . J o s i a h  W . J o n e s ,  M.Sc., h as 
been app o in ted  Senior L ec tu re r  in  
M aterials an d  M etallu rgy  a t  tho  new  
A eronau tica l College a t  Cranfield.

MEMBERSHIP ADDITIONS.
T hese w ere e lected  on  Sep tem ber

10, 1946 :
As Members.

B a t e s ,  F red erick  Jo h n , W orks D irec­
to r, B .S.A . Tools, L td .,  B irm ing­
ham .

B o t h ,  G erardus J a n  Jacobus, D ele­
g a te  M em ber o f th e  B oard  of 
D irectors, A lum inium  R olling  Mill 
an d  E x tru s io n  W orks, L td ., 
U tre ch t, H olland.

B r o w n ,  W illiam  R ., B .M et.Eng., 
C hief D evelopm ent M etallurgist,
A.C. Spark  D ivision, G eneral 
M otors C orpn., F lin t, M ich., U .S.A .

C h a p m a n ,  R ussell M artin , B .M et., 
Scientific Officer, M etallurgy D iv i­
sion, R o y a l A ircraft E stab lish ­
m en t, F a rn b orough , H an ts .

C o c h r a n e ,  R eginald  S tu a r t, B .Sc. 
(Eng.), C hem ist, R oyal A rsenal, 
W oolwich.

D a v i e s ,  F ran c is  T hom as Leslio, 
M etallurgist, B ritish  A coustic  F ilm s, 
L td ., D rybrook , Glos.

E m l e y ,  E d w a rd  F rederick , B .Sc., 
M etallu rg ist, M agnesium  E lek tro n , 
L td .,  C lifton Ju n c tio n , n r. M an­
chester.

H o l l e a u x ,  Jacq u es, In g én ieu r en 
Chef, Cie G énérale du  D ura lum in  
e t  d u  Cuivre, P a ris , F ran ce.

K r i s h n a n ,  Professor S ir K aria - 
m an ik k am  Srin ivasa, D .Se., F .R .S ., 
P rofessor o f Physics, U n iv ersity  of 
A llahabad , In d ia .

K y l e ,  Professor P e te r  E d w ard , M .E ., 
M .S., P rofessor o f A pplied  M etal­
lurgy, Cornell U n iversity , I th a c a , 
N .Y ., U .S.A .

M a n n ,  E d w ard  T hom as, M etallu rg ist 
a n d  Chem ist, R en ald san  B ros, an d  
T ip p e tt  P ty . ,  L td .,  B a lla ra t, V ic­
to ria , A ustralia .

M e h t a ,  R a tila l K ., B .Sc., Chief E n ­
gineer, K am an i G roup o f In d u s ­
tries, B om bay , In d ia .

M i n u t e ,  Cyril, P la n t  D evelopm ent 
E ngineer, Salem  E ngineering  Co., 
L td ., M ilford, n r. D erby .

M i r a v e d  D e l  V a l l e ,  P rofessor J u a n  
José, P rofessor o f  M etallurgy, 
M ining School o f  M adrid, M adrid, 
Spain.

M u k e r j i ,  J .  B ., M .Sc., C ontro 
Officer, Physics B ranch , O rdnance 
L ab o ra to ry , C aw npore, In d ia .

P r i t c h a r d ,  T hom as, Assoc.M .C.T., 
Chom ist-in-Chargo, I.C .I. M etals 
D ivision, B rough ton  Copper W orks, 
M anchester.

P r z e g a l i n s k i ,  Stanislaw , M etallu r­
g ist, H u tn iczy  I n s ty tu t  R ad a- 
wczy (M etallurgical R esearch I n ­
stitu te ) , Gliwice, Po land .

R o i i n e r ,  F erd in an d , P h .D ., R e ­
search Chem ist, A lum inium  In d u s­
trie , A .G ., N euhausen , Sw itzerland.

S p u r g e o n ,  C hristopher E d w ard ,
C .B .E ., Chief In sp ec tin g  E ngineer, 
E g y p tia n  G overnm ent, London.

V a c h e t ,  P ie rre , D irec teu r d u  Service 
des R echerches, Cie. de  P ro d u its  
C him iques e t  E lec tro m éta llu r­
g iques A lais, Froges e t  C am argue 
C ham bery , (Savoie), F ran ce.

V e y a e t ,  E m m anuel, (Croix de 
G uerre), C hef de Fonderie , Com ­
pagnie  F rançaise  des M étaux , 
Sèrifontaino, (Oise), F rance.

W a l k e r ,  George H en ry , C hief A n­
a ly s t, Jo sep h  Lones L abora to ries, 
Sm ethw ick.
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As Students.

B r a d s h a w ,  R ow land P a trick , Stu- 
d e n t, C hrist’s College, C am bridge. 

C l a r k  B r o u g h ,  Leo M ichael, B .M ot.E ., 
R esearch  S tu d en t, .Metallurgy 
School, U n iversity  o f M elbourne, 
A ustra lia .

D e w h i r s t ,  D avid  W ., S tu d en t, 
C hrist’s College, Cam bridge.

D u c e ,  A lan Godfrey; S tu d e n t o f  
M etallurgy, S t. J o h n ’s College, 
Cam bridge.

H i p k i n s ,  M aurice Georgo, B .Se., 
R esearch  M etallurgist, M ond N ickel 
Co., L td ., B irm ingham .

J a c k s o n ,  B rian  R ichard , A ssistan t 
R esearch  M etallurg ist, D ep t, of 
R esearch  a n d  T echnical D evelop­
m en t, S tu a r ts  a n d  L loyds, L td ., 
C orby, N orthnn ts.

K o z l o w s k i ,  H en ry  Ju lian , B .Sc., 
M etallurg ist, Physica l M etallurgy 
R esearch  L aborato ries, B u reau  of 
Mines, O ttaw a, C anada. 

L a n c a s t e r ,  J o h n  F . ,  B .E ng ., M etal­
lurgist, A lum inium  P la n t a n d  Ves­
sel Co., L td ., London.

L u m s d e n ,  F rederick , S tu d o n t of 
M etallurgy, B a tte rsea  P o ly tech ­
nic, London.

M a x w e l l ,  D onald , S tu d en t o f  M etal­
lurgy, E m m an u el College, C am ­
bridge.

O g i l v i e ,  Graem o Jo h n , B .M et.E ., 
R esearch  S tu d en t, U n iv ersity  of 
M elbourne, A ustra lia .

T a i t ,  D onald  B lakie, B .Se.(Eng.), 
S tu d en t o f M etallurgy, B a tte rsea  
Po ly technic, London.

W a l t e r s ,  R o y  E dw in  Seaby, S tu d en t, 
C hrist’s College, Cam bridge.

As Associate.
A v e r b a c h ,  B . L ., M .M et.Eng., R e ­

search  A ssistan t, D ep artm en t o f 
M etallurgy, M assachusetts In s t i­
tu te  o f Teclm ology, C am bridge, 
M ass., U .S.A .

SYMPOSIUM ON THE FAILURE  
OF METALS BY FATIGUE.

A sym posium , in five sessions, on 
th e  failure o f m eta ls  by  fa tigue  will 
be  hold u n d e r th e  auspices o f  th e  
F a c u lty  o f E ngineering , U n iv ersity  
o f M elbourne, A ustra lia , in  a  w eek 
be tw een  N ovem ber 18 a n d  D ecem ber 
13, 1940. T here  w ill also be  ex cu r­
sions to  th e  M unitions S upp ly  L ab o r­

a to ries , M arybyrnong, a n d  th o  A ero ­
n au tic s  D ivision o f th e  Council for 
Scientific a n d  In d u s tr ia l  R esearch , 
F ish e rm en ’s B end. P ap e rs  to  be 
p resen ted  for discussion are  :
J .  N e i l l  G r e e n w o o d  : “ T he F a ilu re  

o f M etals b y  F a tig u e .”
H . F . M o o r e  : “  M etallography,

F a tig u e  o f M etals, a n d  C onven­
tio n a l S tress A nalysis.”

W . B o a s  : “  T heories o f tho  M echan­
ism  of F a tig u e  F a ilu re .”

H . S u t t o n  : “  F a tig u e  P rob lem s A s­
sociated  w ith  A irc ra ft M ateria ls.”  

C. W . G e o r g e ,  S. F . G r o v e r ,  and
B. C h a l m e r s  : “  T he F a c to rs  C on­
tr ib u tin g  to  F a tig u e  F a ilu re  in 
A irc ra ft.”

A. G. P u g s l e y  : “  R ep ea ted  L o ad ­
ing on  S tru c tu re s .”

S t a f f  o f  t h e  B a t t e l l e  M e m o r i a l  
I n s t i t u t e ,  C o l u m b u s ,  O . ,  U .S.A . : 
“ S tru c tu re s  L iable to  F a tig u e  
F a ilu re  a n d  Somo C onsiderations 
in  th e ir  D esign.”

U . R . E v a n s  : “  Tho E lectro ch em is­
t ry  o f C orrosion-Fatigue.”

C. W . O r r  : “  Tho D e tec tio n  o f
F a tig u e  C racks.”

F . W . H o o t o n  : “  T he M easurem ent 
o f  D ynam ic  S tra in .”

W . W . J o h n s t o n e :  “ M ethods of
In v es tig a tin g  tho  F a tig u e  P ro ­
p erties  o f  M etals.”

F . S. S h a w  : “  D e term in a tio n  of 
S tress C oncentration  F a c to rs .”

W . H . H . G i b s o n :  “ P h o to -E la s­
tic ity  a n d  S tress C o n cen tra tio n .”  

A. L . P e r c i v a l  a n d  R . W e c k  : 
“  F a tig u e  T ests  on F o u r W elded 
H -B eam s.”

G. S a c h s  : “  R esidual Stresses, T h eir 
M easurem ent and  T h eir E ffec ts on 
S tru c tu ra l P a r ts .”

G. G. M c D o n a l d  : “  T h e  D esign o f 
C ylindrical S h afts  Subjected  to  
F lu c tu a tin g  L oad ing .”

J .  G. R i t c h i e  : “  F a tig u e  o f B o lts 
a n d  S tu d s .”

C. J .  O s b o r n  : “ T ho F a tig u e  o f 
W elded S teel T u b in g  in  A irc ra ft 
S tru c tu re s .”

M. S. P a t e r s o n  : “  N otch-Sonsitiv- 
i ty  o f  M etals.”

D . O . M o r r i s  : “  C om position and  
P h ysica l P ro p e rtie s  o f S teel in 
R e la tio n  to  F a tig u e .”

R . W . K . H o n e y c o m b e  : “  C ondi­
tio n s L ead ing  to  F a tig u e  F a ilu re  
in  Sleeve B earings.”
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News and Announcements
A. R . E d w a r d s  : “  F a tig u e  P ro b ­

lem s in  tho  G as T u rb in e  Aero 
E n g ine .”

J .  G. B r o o k m a n  an d  L .  K i d d l e  : 
“  T he P rev en tio n  of F a tig u e  F a il­
u res in  M etal P a r ts  by  Shot 
Peoning .”

H .  O ’N e i l l  : “  F a ilu re  o f  R ailw ay  
M aterial by  F a tig u e .”

G. W . C. H i r s t :  “ T he E ffec t o f 
P ress  F its  on th e  E n d u ran ce  L im it 
o f Axles a n d  C rank P in s .”

E . C o n n o r  : “  F a tig u e  F ailu ro  of
A xles o f  C ar an d  W agon R ailw ay  
R olling  S to ck .”

D .  O ’D o n n e l l  a n d  A. S. B u n d l e  : 
“ Som e P ra c tica l A spects o f  W ire 
F a tig u e  in A erial T elephone L ines.”

H . C. L e v e y  and  P . R . B r e t t  : 
“ T he V ib ra tio n  o f T elephone L ine 
W ires.”

S. D .  C h i v e r s  : “  F a tig u e  F a ilu res  o f 
L ead  T elephone Cable S h ea th in g .”
T ho pap ers  will bo p rin ted  in full 

a n d  will be d is tr ib u te d  to  subscribers 
before th e  m eeting . Spoken and  
w ritten  co n trib u tio n s to  th e  discus­
sion a re  in v ited .

T ho com plete  p ap ers  w ith  d iscus­
sion will finally  be  p rin te d  in  tho 
form  o f a  b ound  volum o. T ho su b ­
scrip tion  ra te  before tho  Sym posium  
is £1 os. an d  includes th e  r ig h t to 
rocoive a  full so t o f  adv an ce  copies, 
a tte n d an c e  a t  th e  m eeting , a n d  a  
copy o f th e  bound  volum e. E x tra  
copies o f  tho  volum e can be ordered 
before tho  m eeting  a t  tho  advance- 
copy ra te  o f  £1 Is. T he charge for 
volum es o rdered  a f te r  th e  m eeting  
will bo £2 2s.

All enquiries a n d  orders should  bo 
addressed  to  P rofessor J .  Neill G reen­
wood (C hairm an o f  th e  Convening 
C om m ittee), R esearch  School o f 
M etallurgy, Tho U n iversity , Mel­
bourne, A ustra lia .

FRENCH SCIENTIFIC LIBRARY.
A sm all lib ra ry  o f c u rre n t scientific 

periodicals an d  recen tly -issued  sci­
entific books is to  be  estab lished , in 
tho n ear fu tu re , a t  th e  I n s t i tu t  
F ran ça is  in  L ondon. T he facilities 
to  bo offered by  th e  lib ra ry  a re  : (a) 
co n su lta tion  o f pub lica tions in th e  
lib ra ry ; (6) loans by  p o s t;  an d  (c) 
o b ta in ing  from  F ran ce , so fa r as 
possible, books a n d  periodicals th a t  
m ay  be req u ired  b u t  n o t availab le  in 
tho  L ib rary .

M em bors o f th e  In s t i tu te  o f M etals 
who w ould like to  ta k e  ad v an tag e  of 
these  facilities a re  requested  to  com ­
m un ica te  d irec t w ith  th e  L ib rarian , 
I n s t i tu t  F rançais, Q ueensberry  
P lace , Sou th  K ensing ton , London, 
S.W .7. T h ey  will th e n  be  enrolled 
on  th e  register, a n d  will bo sen t an y  
catalogue th a t  m ay  bo issued.

LIBRARY OF CATALOGUES.
T he B irm ingham  E xchange, S te ­

phenson P lace , B irm ingham , 2, as 
one o f its  efforts to  p ro m o te  th e  
recovery  o f trad e , has fo rm ed a 
lib ra ry  o f catalogues, w hich have  been 
classified and  indexed  so th a t  th ey  
m ay  form  a  read ily  availab le  source 
o f reference for thoso  w ishing to  find 
th e  nam es o f p roducers o f  a n y  p a r­
tic u la r  articles.

W hile th e  lib ra ry  can n o t y e t  claim  
to  be com plete (as p a p e r shortage 
has p rev en ted  m an y  firm s from  
issuing catalogues), tho  p re se n t col­
lection  covers a  g re a t range o f p ro ­
d u cts , a n d  includes th e  non-ferrous 
an d  ferrous m ate ria ls  used  in  th e  
heavy  industries.

T he facilities a re  n o t confined on ly  
to  m em bers o f th e  E x ch an g e ; th e  
s ta ff will answ er enquiries from  any  
sourco (Telephone : M ID  19141.

L O C A L  S E C T IO N  M E E T I N G S
I

L o n d o n  L o c a l  S e c t i o n . —D r. J .  H . W atson , M.C., B .Sc., A .R .S .M . : 
“  T he P u rp le  A lloy o f Gold and A lum in ium .”  (4 G rosvenor G ardens, L ondon,
S .W .l, T h u rsd ay , O ctober 10, 1946, a t  7 p .m .)

S c o t t i s h  L o c a l  S e c t i o n . — P . T . H olligan  : “  M odem  T ren d s in  B earing  
M etals.”  (In s titu tio n  o f E ngineers a n d  S h ipbuilders in  Sco tland , 39 E lm b an k  
C rescent, Glasgow, C.2, M onday, O ctober 14, 1946, a t  2.30 p.m .)
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News and Announcements

M E E T I N G S  O F  O T H E R  S O C IE T IE S
M a n c h e s t e r  M e t a l l u r g i c a l  S o c i e t y . —P resid en tia l A ddress. (E n ­

g ineers’ Club, A lb ert Square , M anchester, W ednesday , O ctober 9, 1946, a t  
6.30 p.m .)

M a n c h e s t e r  M e t a l l u r g i c a l  S o c i e t y . — D r. S .  J .  K e n n e tt  : “  T he
E lec tro n  M icroscope as an  A id to  M etallu rgy .”  (E ngineers’ C lub, A lb ert 
S quare , M anchester, W ednesday , O ctober 23, 1946, a t  6.30 p.m .)

S o c i e t y  o f  C h e m i c a l  I n d u s t r y ,  L o n d o n  S e c t i o n . — D r. W . H . J .  V ernon,
O .B .E . : C hairm an’s A ddress on  “ C hem ical R esearch  a n d  Corrosion C ontrol ; 
Som e R ecen t C on tribu tions o f  a  Corrosion R esearch  G roup .” (Chemical 
Society, B u rlin g to n  H ouse, P iccad illy , L ondon , W .l, M onday, O ctober 7, 
1946, a t  6.30 p.m .)

A D V E R T I S E M E N T S
D uring  th e  w ar years, ad v ertisem en ts  in  th is  Jo u rn a l  hav e  h ad  to  be 

re s tr ic ted  d rastica lly  because o f sh o rtage  o f pap er. I n  consequence, m an y  
advertise rs  were unab le  to  o b ta in  space.

T he p a p e r s itu a tio n  has now  im proved considerably , a n d  in ten d in g  a d ­
v ertise rs should  com m unicate  w ith  th e  In s t i tu te ’s agen ts, Messrs. T . G. S co tt 
and  Son, L td ., T a lb o t H ouse, A rundel S tree t, L ondon, W .C .2, fo r p a rticu la rs  
o f  ra te s , &c.

A P PO IN T M E N T S R E Q U IR E D  A N D  VACANT.

Metallurgical E n g in eer  and T echnical 
Sales Manager offers his services in  London, 
export or overseas travelling, and  is fully 
experienced in  non-ferrous alloys from  raw 
m aterials to  finished articles. 15 years’ works 
experience, 12 years’ sales experience home and 
abroad. Box No. 174, In s titu te  of M etals, 4 
Grosvenor G ardens, London, S. W .l.

Analytical Chem ist  fo r N on-Ferrous Works 
Laboratory  in  London area. M ay be required 
to  do sh ift work. M ust have a t  least In te r  B.Sc. 
A pply, giving particu lars of age, experience, and 
salary  required, to  Box No. 179, In s titu te  of 
M etals, 4 Grosvenor G ardens, London, S .W .l.

Applications are  inv ited  for th e  position of 
Chief M etallurgist. A pplicants m ust have prac­
tical experience in  a ircraft ligh t alloys and steels, 
and  th e ir  h ea t and  protective treatm ents. A 
good knowledge of w orks’ practice is required, 
w hich should include fusion and  resistance 
welding. A fully  qualified m etallurgist is pre­
ferred b u t is n o t essential. A pplications by 
le tte r  to  Airspeed, L td ., C hristchurch, H ants.

A pplications are invited  for a  M etallurgist 
having  practical experience in a ircraft ligh t alloys 
and  steels and  fam iliar w ith  th e ir  h ea t and  pro­
tective trea tm en ts, and  able to  ca rry  o u t routine 
analyses and checks on works’ processes, w ith 
some experience in  the  exam ination of fusion

welds. C andidates need n o t be fully qualified 
m etallurgists. A pplications by  le tte r  to  Air­
speed, L td ., C hristchurch , H ants.
E ditorial Assistant ( J un ior) required for 
publications of a m etallurgical society. K now ­
ledge of m etallurgy and  of G erm an essential, b u t 
previous editorial experience is n o t necessary. 
Box No. 178, In s titu te  of Metals, Grosvenor 
G ardens, London, S .W .l.
Graduate w anted w ith  knowledge of m etal­
lurgy o r chem istry, for executive position in ­
volving correspondence and  interview ing in  a 
M etal Spraying Com pany in  W est London. 
Salary £500-£700 p.a. Box No. 177, In s titu te  
of Metals, 4 Grosvenor G ardens, London, S .W .l. 
Lead Sh eet  and P ip e  Manufacturers— 
Works Manager required London a r e a ; know­
ledge of im proving and  refining an  advantage. 
W rite fully, s ta tin g  age, experience, and  salary 
required. Box No. 175, In s titu te  of Metals, 
4 Grosvenor G ardens, London, S .W .l. ------
Manager required to  take charge of a  non- 
ferrous Wire Mill a t  Birm ingham  W orks of 
H enry  Wiggin & Co., L td . Age n o t to  exceed 
40 years. E xcellent position for experienced 
man w ith good organizing ability . Apply, 
s ta tin g  experience and  salary  required, to 
M anaging D irector, Wiggin S tree t, Birm ing­
ham  1C.
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ATOMIC T H EO R Y
for Students of Metallurgy

By

W IL L IA M  H U M E -R O T H E R Y , F.R.S.
Royal Society Warren Research Fe llo w ; Lecturer 
In M eta llurg ica l Chem istry, University o f  Oxford

294 pages, with 124 illustrations, 5 | x 8 |

7 s .  6 d . ,  p o s t - f r e e

“ ["HIS book, which is No. 3 of the Monograph and 
Report Series of the Institute of Metals, provides 

in admirable detail almost all that is necessary to 
allow the student to appreciate the fundamental 
basis of metal theory, and to acquire a sufficient 
knowledge of the modern approach to follow 
subsequent developments in the subject.

[IVERY Member, Student Member and Associate 
of the Institute is entitled to one free copy of this 

Monograph, on application to the Editor.

C O N T E N T S  :

Genera l Background. B r illo u in -Z o n e  T h eo ry  o f
S tru c tu re  o f  the  Free Metals.

A to m .
Assemblies o f A tom s. r , , ,, ,
Free E lec tron  T h e o ry  E lectrons, A tom s, Metals

o f M etals. and A llo ys .

I N S T I T U T E  O F  M E T A L S
4 Grosvenor Gardens, LONDON, S.W.I
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NOTICE TO AUTHORS OF PAPERS
1. Papers will be considered for publication from non-members as well as

from members of the Institute. T h ey  a re  accep ted  fo r pu b lica tio n  in  
th e  Jo u rna l, a n d  n o t necessarily  for p re sen ta tio n  a t  an y  m eeting  of th e  
In s t i tu te ,  an d  shou ld  be addressed  to  Tho E d ito r  o f P u b lica tio n s , T he 
In s t i tu te  o f M etals, 4 G rosvenor G ardens, L ondon, S .W .l.

2. Papers suitable for publication m ay  be classified as :
(а) P ap e rs  record ing  th e  re su lts  o f orig inal research  ;
(б) F irs t-c lass  review s of, o r accoun ts of, progress in  a  p a rticu la r  field ;
(c) P ap e rs  descrip tive  o f w orks m eth o d s, o r recen t developm ents in

m eta llu rg ica l p la n t an d  practice .
3. Manuscripts and illustrations m u st bo su b m itte d  in  dup lica te . MSS.

m u st bo ty p ew ritten  (double-lino spacing) on  one side o f  th o  p ap er 
only , an d  a u th o rs  are  req u ired  to  sign a  d ec lara tion  th a t  n e ith e r th e  
p ap er n o r a  su b s ta n tia l p a r t  th e re o f h as been  p u b lished  elsewhere. 
MSS. n o t  accep ted  w ill be re tu rn e d  w ith in  6 m o n th s  o f rece ip t.

4. Synopsis. E v ery  p ap er m u st hav e  a  synopsis (no t exceeding 250 w ords
in leng th), w hich, in  th o  case o f re su lts  o f research , should  s ta te  its 
ob jec ts, th o  g round  covered, an d  th e  n a tu re  o f th e  resu lts . T he sy n o p ­
sis will a p p ea r a t  th o  beg inn ing  o f th e  p a p e r a n d  will also be p rin ted  
in  th e  Jo urna l as soon a s  possible a f te r  th e  final decision o f th o  P u b li­
ca tio n  C om m ittee to  accep t tho  p aper.

5. References m u st be  collected a t  th e  end  o f th e  p ap er, a n d  m u s t be  num bered .
In itia ls  o f  a u th o rs  m u st be  g iven, an d  th e  In s t i tu te ’s official ab b rev ia ­
tio n s for periodical title s  (as used  in M et. Abs.) should  be  used whore 
know n. R eferences m u st bo se t o u t in  th o  sty le  :

1. \V. H o fm ann  an d  W . Jiinicho, Z . M etalllcunde, 1936, 28, 1 (i.e. year, 
volum e, page).

6 . Illustrations. E a c h  illu stra tio n  m u st have  a  n u m b er a n d  descrip tion  ;
on ly  one se t o f n u m bers m u st be  used  in  ono paper. Tho se t o f line  
figures sen t for rep ro d u c tio n  m u st be d row n in  In d ia n  in k  on sm ooth  w hite  
B risto l board , trac in g  cloth, o r good-quality  d raw ing pap er. C o-ordinate 
p ap er is n o t desirable, b u t  if  used  m u st be  blue-lined  w ith  th e  co -ord inates 
to  be rep roduced  fin e ly  d raw n  in  In d ia n  ink . All le tte rin g  an d  num erals, 
&c., m ust be in  pencil. F igu res should  be d raw n  ap p ro x im ate ly  tw ice 
th e  size in ten d ed  for rep roduction . Photographs m u st be  re stric ted  in 
num ber, owing to  th e  expense o f rep roduction , an d  m u st bo trim m ed  to  
th e  sm allest possible o f th o  following sizes, consisten t w ith  ad eq u a te  
rep resen ta tio n  o f th e  su b jec t : 3 in. deep b y  4 in. w ide (two p h o tom icro ­
g rap h s to  a  p la te ) ; 3 in. deep by  2 J in. w ide (four to  a  p la te ) ; 2 in. deep 
b y  2 J in. w ide (six to  a  p la te ). M agnifications o f photom icrographs m u st 
bo given in each  cose. P h o to g rap h s for rep ro d u c tio n  shou ld  be loose, 
n o t p a s te d  dow n, a n d  th e  figure n u m b er should  be w ritten  on  th e  back  
of each. L en g th y  descrip tions to  pho tom icrographs should  be avo ided  
w here possible, owing to  th o  very  lim ited  space availablo  on th e  p la tes.

7. Tables or Diagram s. R esu lts  o f experim en ts, & c .,m a y b e g iv e n in tlre fo rm
o f tab le s  or figures, b u t  (unless th e re  a re  excep tional reasons) n o t b o th .

8 . Overseas Authors. A u th o rs  residen t in  coun tries d is ta n t from  G rea t B rita in
are  req u ested  to  nam o, if  possible, ag en ts  in  B rita in  to  w hom  m ay  be 
referred  m a tte rs  concerning th e ir  pap ers , including proofs for correction . 
T ran sla tio n s from  foreign languages should  p re fe rab ly  be accom panied  
by  a  copy of th e  MS. in  th e  language o f th e  au th o r.

9. Reprints. In d iv id u a l a u th o rs  a re  p resen ted  w ith  50, tw o  au th o rs  w ith  70,
a n d  th re e  w ith  90, rep rin ts  (in cover) from  th o  Jo urna l. A dditional 
rep rin ts  can  bo supplied  a t  ra te s  to  be  o b ta in ed  from  th e  E d ito r.
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OBSERVATIONS ON THE RATE AND 
MECHANISM OF RECRYSTALLIZATIO N 
IN COPPER.*

By M AURICE COOK.f D.Sc., Ph .D ., M e m b e r ,  and T. LL. R IC H A R D S,!
B.Sc., Ph.D ., M e m b e r .

S y n o p s i s .

The rates of reerystallization in copper strip  on annealing a t  27°, 50°,
72°, 100°, and 125° C. have been studied using the same m aterial as th a t 
employed in a  previous investigation on the  self-annealing of copper, 
namely, strip  with initial grain-sizes of 0-015-0-02, 0-025, and 0-06 mm., 
cold rolled w ith reductions of 80, 90, 95, and 97-5%. The results indicate 
th a t the  softening of heavily cold-rolled strip  takes place by a  two-stage 
activated  process : recovery followed by recrystallization. The process 
occurs both in copper strip  w ith tw in textures which anneals to  a  single- 
tex ture  structure, and in copper in which the tw in textures rccrystallize 
independently, the  activation energy of tho former being approxim ately 
tw o-thirds th a t  of the  latter. I t  appears th a t  when recrystallization 
takes place by a  merging of the  twin textures tho energy of lattice  dis­
tortion due to  the twin relationship contributes one-third of the  activation 
energy required. A t the  tem peratures considered, i.e. 27°-125° C., tho 
size of tho recrystallization nucleus varies from about 3-5 to  5-5 X 10~5 
cm. W hen strip  is cold rolled with reductions which decrease the  initial 
mean diam eter of the  crystals to  thicknesses less th an  these values tho 
m aterial recrystallizes by a  merging of the  cold-rolled twin textures, the 
critical thickness to  which i t  is necessary to  reduce the  crystals for this 
to happen being directly proportional to  the absolute annealing tem pera­
ture.

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

T h e  conditions under which cold-rolled copper strip recrystallizes and 
softens at ordinary temperature, i.e. self-anneals, tvere established in a 
previous investigation,1 in the course of which observations were made 
on the changes in structure and properties which occurred over prolonged 
periods. Reerystallization and softening at room temperature occur 
only in cold-rolled strips which recrystallize to a single-texture structure 
when annealed in the normal way. In the cold-rolled condition the 
metal possesses a twin-fibre texture in which the crystals have been 
elongated into long, flat strips orientated with the (110) plane parallel 
to the strip surface and either the [112] or [112] axis parallel to the 
rolling direction. The double-fibre textures are not true crystallo- 
graphic twins but bear a twinned relationship, the common twinning 
plane being the octahedral or (111) plane normal to the strip surface

* M anuscript received Jan u ary  29, 1946.
f  Director, Metals Division, I.C .I., L td ., W itton , Birm ingham  6.
!  Research Physicist, Metals Division, I.C .I., L td ., W itton , Birmingham 6.
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2 Cook and Richards : Observations on the
and parallel to the rolling direction. During self-annealing the structure 
is completely reoriented to form the single-texture structure in which 
a {100} plane is parallel to the strip surface and a < 100>  axis in 
the rolling direction, the mechanism of this recrystallization at room 
temperature being similar in character to that which takes place at 
high temperature and differing only in the rate at which it proceeds. 
The formation of the single-texture structure on annealing appears to 
be the result of interaction between the two twin-fibre textures present in 
the rolled strip, the process being governed not only by the annealing 
temperature but also by the average thickness of the crystals in the 
strip .1,2 If the average grain thickness is greater than a certain critical 
amount then recrystallization takes place within each grain independ­
ently and a double-texture structure is formed. The slow rate of the 
self-annealing process at room temperature enables the changes in 
structure to be examined in detail; the variations in mechanical 
properties of the strip closely follow the changes in structure. The 
present investigation was undertaken to establish the precise quanti­
tative relationship between the rate of the recrystallization process 
and such factors as the initial grain-size of the strip, the degree of cold 
rolling, and the annealing temperature.

With this end in view, isothermal annealing curves have been 
determined by diamond pyramid hardness tests on H.C. copper strips 
with three different grain-sizes, cold rolled with reductions ranging 
from 80-98-75%, and maintained for prolonged periods at controlled 
temperatures ranging from 27°-125° C.

E x p e r im e n t a l .

The copper used was identical with that used in the previous 
investigation,1 its composition being copper 99-95, oxygen 0-044, 
silver 0-003, and iron 0-001%. Three lots of strip were prepared 
according to the rolling scheme detailed in Table I of the previous 
paper,1 with a thickness of 0-67 in. and grain-sizes of A, 0-015-0-02, 
B, 0-025, and C, 0-06 mm., respectively. Erom this stock material 
strips were cold rolled as required, with total reductions of (1) 80, (2) 90, 
(3) 95, (4) 97-5, and (5) 98-75%, respectively, of the initial thickness of 
0-67 in. The samples were numbered with a letter and number 
indicating the initial grain-size and the final rolling reduction, 
respectively. Thus, sample B3 had an initial grain-size of 0-025 mm. 
at a thickness of 0-67 in. and was cold rolled with a reduction in thickness 
of 95% to a final thickness of 0-033 in.

The rate of recrystallization was followed by diamond pyramid



T a b l e  I .—Estimated Degree of Recrystallization and Corresponding 
Hardness Values.

Rate and Mechanism of Recrystallization 3

Diam ond Pyram id  H ardness 
N um bers (10 kg. load). F raction  Becrystallized.

122 0’0
121 0-02
116 0-15
94 0-45
73 0-67
64 0-82
55 0-92
49 099

hardness tests and the relation between hardness and degree of 
recrystallization was determined from the results given in the previous

FRACTION RECRYSTALLIZED [X]

F i g .  1.—Relationship between H ardness and Degree of R ecrystallization.
H 0 - H z



4 Cook and Richards : Observations on the
paper.1 The fraction of the strip A i  recrystallized at a particular 
stage in the process of self-annealing was determined by visual estimation 
of tAc proportion of the total area of the corresponding micro­
graph occupied by the white recrystallized regions (see Figs. 7-21 
of previous work 1 showing typical microstructures of samples A4 at 
various stages of self-annealing). The mean values of the estimates

T a b l e  I I .— Diamond Pyramid Hardness Values of Strips Al, B l,
and Cl.

Time, hr.

Annealing Temp., ° 0.

27° 50° 7 2° 100° 125°

A . n. C. A . S . A . J!. A . B . A . B.

As rolled. 120 120 120 120 120 120 120 120 120 120 120
1 122
1-5 122
2 118 124
3 122 90 123
4 124 79 115
6 122 57 94
8 119 124 54 82

12 122 100 61
16 91 125 52 57
24 74 120 55
32 122 6 4 110 52 54
48 124 53 94
64 52 89 54
96 122 71

128 120 124 52 60
192 122 111
256 108 55
384 100 124
512 122 54
768 124 90 l i s

1024 82 112
1536 120 l ib 121 122 124 76 103
2048 120 73 98
3072 121 121 121
4096 l ib 123 60 8 8
6144 122 122 121 116 54 79
8192 123 123 123 109 121 53 74

of five different observers are given in Table I of the present paper 
together with diamond pyramid hardness numbers, and the results 
are plotted in Fig. 1.

The specimens were held at thermostatically controlled temperatures 
of 27°, 50°, 72°, 100°, and 125° C. and quenched in cold water after 
appropriate periods. Annealing at temperatures of 27°, 50°, and 72° C. 
was carried out in controlled-air-atmosphere ovens and annealing at 
100° and 125° C. in controlled-temperature water- and oil-baths,



respectively. For all test specimens, therefore, tlie heating and cooling 
times were short in comparison with the time at temperature and the 
annealing period was known precisely. The results of diamond 
pyramid hardness tests are recorded in Tables II-V I and one typical

Rate and Mechanism of Recrystallization 5

T a b l e  I I I  —Diamond Pyramid Hardness Values of Strips A2, 
B2, and G2.

T im e, hr.

A nnea ling  Tem p., ° 0 .

27° 50° 72“ 100° 125°

A . B . C. A . It, A . B . A . B . A . B.

As rolled. 122 123 124 122 123 122 123 122 123 122 123
0-125 122 123
0-25 122 123
0-375 . . . 122 102 123
0-5 85 123
0-75 61 116
1 122 58 92
1-6 ' 120 56 64
2 118 123 55 61
3 90 54 57
4 122 71 123 56
6 57 114 54
8 123 56 89 56

12 122 54 64
10 120 57
24 105 123 54 56
32 122 90
48 68 56
G4 61 123
96 122 58 120

128 120 123 56 110
192 106 54 76
256 97 62
384 122 83 123 54 58
512 74 57
768 59 56

1024 122 55 123
1536 54 121 56
2048 115
3072 122 54 101
409G 120 91
6144 97 75
8192 85 124 125 GG

set of results, namely those from Table V referring to samples A4, B4-, 
and C4, is plotted in Fig. 2.

Isothermal annealing treatments on the A  and B  strips were 
continued up to the point of complete softening excepting when the 
annealing period was inordinately long. The C strips showed no sign



of softening over periods in which softening in the A  and B  strips was 
complete (Fig. 2). The isothermal annealing treatments of the C 
strips in the temperature range 27°-125° C. were, therefore, discontinued.

6 Cook and Richards : Observations on the

T a b l e  IV.— Diamond Pyramid Hardness Values of Strips A3, 
B3, and C3.

Annealing  Tem p., ° 0 .

T im e, hr. 27° 60° 72° 100° 126°

A. B. c. A. B. A . B . A . B . A . B .

As rolled. 124 125 130 124 125 124 125 124 125 124 125
00312
00468
00625 124
0-0937 104
0-125 124 90
0-1875 57 125
0-25 124 51 114
0-375 123 50 76
0-5 117 125 60
0-75 124 100 50 53
1 88 125 52
1-5 124 124 125 68 120
2 58 110 52
3 124 124 51 94
4 124 125 50 84
6 118 70

8 124 104 125 50 61
12 89 124 53
16 72 122 52
24 124 124 125 57 108
32 123 54 98 52
48 116 125 76
64 124 104 50 67
96 86 125 55

128 77 123 50 53
192 124 125 61 110 52
256 . . . 57 100
384 52 82 52
512 124 125 51 72
768 122 50 56

1024 110 53
1536
2048

80
64

125
125

50 52

3072 53 122 52
4096
6144

51
50

116
94

8192 50 83 131

The initial and final hardnesses of the C strips are, accordingly, given 
in only one column of Tables II-VI.

Analysis of the results of these tests raised a number of points which
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could only be clarified by further subsidiary experiments. These latter 
included isothermal annealing tests a t various temperatures up to 
250° C. on strips of the C series carried out over the necessary periods to

T a b l e  V.—Diamond Pyramid Hardness Values of Strips A4, 
B4, and C4.

Tim e, hr.

A nnealing Tem p., 0 O.

27° 60° 72°

Oot-4 125°

A . B. C. A . B . A . B . A . B. A . B.

As rolled. 124 126 128 124 126 124 126 124 126 124 126
00312 124 ...
0-0468 . . . 122 126
0-0625 124 126 112 122
0-0937 105
0-125 124 126 70 96
0-1875 48 80
0-25 124 126 47 70
0-375 106 123 46 53
0-5 88 110 48
0-75 124 126 66 88 46
1 50 74 48
1-5 46 52
2 124 126 48
3 122 46
4 108 126 48
6 124 126 80 123
8 66 116

12 48 86
16 124 126 46 69
24 124 119 53
32 107 126 46 50
48 80 124 48
64 124 126 64 120
96 49 97 48

128 47 82
192 124 126 46 52
256 123 48
384 112 46 48
512 102 126 . . .
768 81 126 48

1024 70 121
1536 50 103
2048 48 94
3072 46 76
4096 66
6144 52
8192 46 50 128

give complete softening, structural observations on samples annealed 
normally at temperatures up to 900° C., and finally, a brief examination 
of the effect of rapid heating. The subsidiary experiments are described
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as they arise in the discussion of results. The results of the main 
experimental work which are set out in Tables I-Y I and Kgs. 1 and 2

T a b l e  V I.—Diamond Pyramid Hardness Values of Strips A 5,
B5, and C5.

Annealing Temp., ° C.

Tim e, hr. 27° G0° 72° '  100° 125°

A . B . C. A . B . A . B . A . B. A . B .

As rolled. 122 124 125 122 124 122 124 122 124 122 124
00156
0-0234 122
0-0312 121 124
0-0468 108 123
0-0625 94 121
0-0937 51 90
0-125 122 46 80
0-1875 121 42 49
0-25 122 116 124 40 46
0-375 92 116 44
0-5 80 106 40 42
0-75 122 124 59 85 . . .
1 47 76 42
1-5 41 55
2 122 124 40 47
3 106 123 43
4 96 120 ;40 42
6 122 124 68 104
8 54 95 42

12 42 73
16 122 124 40 60
24 106 45
32 87 124 40 42
48 122 . . . 50 118
64 43 100 42
96 124 41 62

128 40 50
192 122 43
256 115 124 ■40 42
384 86 119
512 61 107 42
768

1024
43
41

85
73

1536 40 55
2048 44
3072 40 42
4096
6144
8192 42 125

indicate that a simple linear relationship exists between diamond 
pyramid hardness and the fraction of metal recrystallized.
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The isothermal annealing curves, of which Fig. 2 is typical, are a 

family of curves, all of the same form when hardness on a linear scale is 
plotted against the annealing time on a logarithmic or 6 .P. scale. I t

o
n  
■ a a

0 Aa , ,,9 *-<Cj

1  -*

cosa
s

X +  

x  |

X +  

at o

should, therefore, be possible to develop a general theory correlating 
the rate of recrystallization and such factors as initial grain-size, degree 
of cold rolling, and annealing temperature. The basis of such a theory 
is discussed in the next section.
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T h e o r e t ic a l .

Since Alterthum 3 in 1922 suggested a thermodynamical theory of 
recrystallization other theories have been advanced, the two most 
recent being those of Krupkowski and Balicki,4 and Mehl, Johnson, 
Stanley, and Anderson.5-8 The first of these two latest theories 
postulates direct change from the fully cold-worked state to the fully 
recrystallized state, while the second views the transformation as taking 
place by the activation and growth of nuclei.

Analysis of experimental recrystallization data on the lines of the 
Krupkowski and Balicki theory indicates that the activation energy 
of the recrystallization process is independent of the degree of cold 
rolling, except for some materials at high degrees of deformation. This 
part of the theory would appear to be quite sound since deformation 
has very little effect on the elastic modulus and consequently the activa­
tion energy of the recrystallization process should be approximately 
the same for metal deformed by different amounts. The theory also pre­
dicts, however, that the maximum rate of recrystallization occurs at the 
commencement of the recrystallization process, which is contrary to the 
experimental evidence. As indicated later in the discussion of the 
results of the present investigation, the rate of the process according to 
the theory does not agree with the experimentally determined results.

The Mehl theory expresses the rate of recrystallization in terms of 
two factors, rate of nucleation N  and the linear rate of grain growth G. 
Although it is possible to express recrystallization in these terms, the 
mathematical treatment is complex and experimental verification is 
somewhat difficult since it involves the measurement of N  and G, which 
can only be done during the early stages of the process and for metal 
subjected to small amounts of deformation so that there is critical grain 
growth. From the Mehl theory an abrupt alteration in the rate of 
recrystallization would be expected to occur when growing crystals 
impinge on one another, but observations on the rate of recrystal­
lization 6-8 show no such change.

If it be assumed that the growth of a recrystallized region occurs by 
nucleation at its surface, then G is dependent upon N  and it is not 
necessary to introduce the factor G into the theory of recrystallization. 
Nucleation and grain growth must occur in that part of the metal 
which is still in the cold-worked state and the rate of recrystallization 
at any particular stage will be dependent on (i) the fractional amount 
of metal still in the cold-worked state and (ii) the rate of nucleation 
of the sample at that stage. The rate of nucleation may be differ­
ent a t points in the cold-worked regions well removed from the
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surface of recrystallized regions and at points near to this surface. I t  
would then be necessary to express the rate of recrystallization by two 
terms, first, the product of the rate of nucleation at the interface between 
recrystallized and cold-worked areas and the fraction of the metal 
still in the cold-worked state influenced by such interfaces and, second, 
the product of the rate of nucleation well inside cold-worked regions 
and the fraction of metal in these regions not influenced by the 
interface conditions. Such an approach may be essential in order to 
deal with the rate of recrystallization of specimens subjected to small 
amounts of deformation when the two rates of nucleation are probably 
very different.

For specimens subjected to considerable amounts of deformation 
it is likely that the two rates approach the same value and the rate of 
recrystallization can then be expressed by one term only, namely the 
product of a single rate of nucleation and the fraction of metal still in 
the cold-worked state. While this argument appears reasonable for 
any heavily worked metal, it should be particularly applicable to 
recrystallization in heavily worked copper specimens which self-anneal 
at room temperature. In these specimens recrystallization appears to 
take place by a merging of neighbouring cold-rolled crystals which have a 
twinned relationship to form a single-texture structure, and the rate 
of the process is determined by this relationship rather than by the 
particular conditions existing at the recrystallized surfaces. Even in 
this special instance, however, there is probably some difference in the 
rate of nucleation, during the early stages of the transformation, a t the 
surface of recrystallized regions and at points well within the cold- 
wmrked regions since the first-formed recrystallized regions grow more 
rapidly than fresh regions appear (see Figs. 9 and 11 of the previous 
paper1), but at later stages in the process the difference in rates is 
imperceptible (see Figs. 13, 15, and 17 of the previous paper 1).

Another effect which any comprehensive theory of recrystallization 
must take into account is the slowness of the process in the initial stages 
since nearly all observations of changes in properties associated with 
recrystallization indicate the presence of an incubation period, during 
which no observable change in properties occurs. I t  is well known 9 
that a recovery process takes place before recrystallization but it has 
hitherto been assumed that this recovery is an independent process 
which has no effect upon recrystallization. Consideration of the results 
of the present work indicates that recovery is a necessary preliminary 
to recrystallization.

I t  is considered that the lattice of copper in the severely cold- 
worked condition is highly distorted and has a high distribution-density
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of atomic dislocations. Eecovery or reduction of lattice distortion will 
occur by a reduction in the density of distribution of atomic dislocations. 
This process will take place by the activation of a dislocation, so that 
there is some local atomic rearrangement in which the dislocation is 
displaced by a simple or complex slip mechanism until it is halted by a 
neighbouring dislocation of the same sign, or merges with a neighbouring 
dislocation of opposite sign so that both vanish. Eecovery then may 
be looked upon as a process of atomic rearrangement of very restricted 
range.

When recovery is well advanced there will be a much sparser 
distribution of atomic dislocations, and if one of the remaining disloca­
tions is now activated a second process of atomic rearrangement will be 
initiated which will spread through the cold-worked metal so that a 
recrystallized nucleus is formed of a size restricted more by the damp­
ing of the process in its passage through the matrix than by the 
halting effect of dispersed dislocations. The two processes are similar 
atomic rearrangements, each involving the initial activation of a small 
group of atoms but differing in the range over which they occur. The 
rate of the second process is governed by the extent to which the first 
process has progressed. This view is supported by the work of Stanley 8 
on silicon ferrite in which it was shown that prior recovery of deformed 
material accelerates the recrystallization process. In order to give a 
mathematical expression for the rate of recrystallization it may be 
assumed that the rates of the two processes of recovery and recrystal­
lization follow the natural exponential law of change. If w is the fraction 
of the cold-worked metal remaining in the unrecovered state at a time 
t and (3 is the recovery rate, then :

% - r » .................... <>>
and:  w =  exp. (—p i ) ........................ (2)
and the fraction of recovered material or degree of recovery :

1 — w =  1 — exp.(— ¡ 3 f ) ........................ (3)
or, when pt is small:

1 — w =  p i ..........................................(4).
Since the process is activated, p is dependent on temperature and equal

to b . exp. where b is a constant the value of which varies with

the initial grain-size and extent to which the copper has been cold 
worked, P  is the activation energy of the recovery process, R  is the gas 
constant, and T  is the absolute temperature. Then :

1 — w =  bt exp. ( — ^ ........................... (5).
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The recovery process might cause a slight change in hardness, which, 
in certain instances, may be a hardening, or, in others, a softening. 
In fully work-hardened material it is possible that no change in hardness 
occurs.

If it be assumed that the second stage of the recrystallization process
(  d x \

is similar in character to the first stage and that the rate ( -j-A of recrys­

tallization is proportional to the fractional amount (1 — a;) of the copper 
remaining to be recrystallized and to the degree of recovery (1 — w) 
of the unrecrystallized copper, then :

^  =  a(l — w)( 1 -  x) exp. ( — . . . .  (6)

where Q is the activation energy of the second stage of the process and a 
is another constant similar to b of equation (5). Equation (6) can only 
truly represent the rate of recrystallization when the rate of nucleation 
at points well inside the regions still in the cold-worked state is equal 
to that a t the surface of recrystallized regions. If, however, it be 
assumed that the initial recovery occurs in patches and that recrystal­
lization occurs in fully recovered patches, then the recovery term (1 — w) 
in equation (6) represents the fraction of the cold-worked metal which 
is fully recovered and the observation that in the early stages of 
recrystallization preferential grain growth occurs in already recrystallized 
areas is explained. On this basis the adoption of equation (6) would 
appear to be justified. From equations (5) and (6) :

s r = « •  m i  -  *) exP- ( -  w t )  exp-. ( -  m )

or, substituting c =  a .b:
dx (  P  +  Q \  .
a r  =  c . i . ( l - * ) e x p ^ - - 1 F - j  . . . (7).

The equation given by Krupkowski and Balicki 4 for a single-stage 
process i s :

d£  =  c[ 1 — x)exp.  ( - ¿ )  . . . .  (8).

The form of equation (7) differs from that of equation (8) only by the 
inclusion of the term t. Equation (7) can be rewritten :

, 7, 1 dx (  P +  Q \
c - 1 -  z eXp- \  R T  )

Integrating:

'  = ; - logr ^ exp- ( - R F ~ ;
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and :

For a single-stage process, the rate of which is defined by equation (8) : 

log i =  log . log +  log ̂  ' • • (10)'

Equations (9) and (10) show that log t in the isothermal annealing of

any particular cold-worked sample varies with log. l o g — , which
1 — 2/

means that isothermal curves should have the same shape and thus 
coincide when displaced along the log t scale. Wever,10 Tammann,11 
and Upton 12 have already drawn attention to this singular feature of 
isothermal annealing curves.

Log t in both equations (9) and (10) is a linear function of ̂  for fixed

values of x and c, although the same experimental observations would 
yield a value for the activation energy P  +  Q from equation (9) twice 
that of Q from equation (10). Linearity of log t when plotted against

y, is then no criterion fordeterminingwhich equation is valid and whether,

therefore, recrystallization is in fact a single-stage or a two-stage process. 
A better method is to examine isothermal annealing curves to see if

log t is given by log . log — or by i  log . log

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

A.—Relation between Diamond Pyramid Hardness and Fraction of 
Metal Recrystallized.

The observations recorded in Table I and plotted in Fig. 1 indicate 
that diamond pyramid hardness varies in an approximately linear 
manner with the proportion of metal recrystallized. The points in 
Fig. 1 approximate reasonably closely to the full straight line connecting 
the hardness value of non-recrystallized to that of fully recrystallized 
metal but they are in somewhat better agreement with the dotted 
straight line; one possible explanation of this is that initial recovery 
causes a slight increase in the diamond pyramid hardness value of the 
cold-worked state to about 130.

B.—Incubation.
The results of isothermal tests are given in Tables II-V I, those 

from Table V being plotted in Fig. 2. These data indicate that there
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is an incubation period during which no apparent recrystallization 
occurs. I t  should be remembered, however, that the time is plotted 
on a G.P. scale and in all cases the initial period of no observable change 
in hardness is only about one-quarter the annealing period required to 
attain complete recrystallization. In addition, it would seem from the 
analysis in the preceding section that a certain small amount of recrystal­
lization must occur before there is an observable change in hardness. 
Microscopic observations in a previous investigation 1 revealed the 
onset of recrystallization in A4 at room temperature in one week after 
rolling, while a measurable change in hardness occurred only after about 
eight weeks.

As indicated above, the question whether recrystallization is a 
single-stage or a two-stage process can be answered by determining

whether log t is given by log . l o g — or by ^ log . log — , or more
JL —  X ¿j x  —  X

conveniently by examining how the theoretical curves hardness- 

log . log n— —- or hardness-^ log . log r—-— compare with the experi-
JL —  X X ■ X

mental curves hardness-log t.
I t  has already been established in Section A that the hardness H 

varies in an approximately linear manner with the proportion of copper 
recrystallized. If H0 and H 1 are the initial and final hardness values 
and Hx the hardness when a proportion x of the material is recrystallized, 
then x is given by either :

 <«)
corresponding to the full line in E g . 1, 
o r :

H n -  Hx ■ 0 1  +  Q-Sg - g ............................ (12)

corresponding to the dotted line of Fig. 1.
The values of x  for various hardnesses have been calculated from 

both expressions (11) and (12) and these are given in Table VII. The

corresponding log. log —- — and i  log. log —-— values are also
X —  X Ji X —  X

recorded, these being converted to the logarithm to base 4 scale for 
direct comparison with the experimental observations. The theo­

retical curves (a) hardness-log4 . log =—— , (b) hardness-4  log4 . log
X —  X

— \z  determined from expression (11)], and (c) hardness-
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% log4 . log z------ [a; determined from expression (12)] are plotted in Fig. 3,
JL CC

together with the experimental curves (d) and (e) for sample A i  annealed 
isothermally at 50° and 27° C., respectively.

The form of slope of curves (b) and (c) is seen to be in reasonable 
agreement with the experimental curves (d) and (e) while the slope of 
curve (a) is far removed from that of the experimentally determined 
curves (d) and (e). I t  follows, therefore, that log t can best be expressed 
as :

log £ =  g log • log j- ^  +  constant,

T a b l e  V II.—Calculated Values of x  for Various Hardnesses.

Theoretical. E xperim ental.

Diam ond x  for 
curves 

(a) & (b).

x  for 
curve 

(c).

log,6 ¿log*6

Curve (c).

D iam ond Pyram id  
H ardness Numbers.

A nneal­
Pyram id
H ardness
Numbers.

108 m b '
Curve (a).

108 i h r
Curve (b).

Curve (d).
A i  

Annealed 
50° O.

Curve (e).
A i  

Annealed 
27° C.

ing
Time,

hr.
log, f.6

124 0 0-100 0 124 16 0
123 0-0128 0-112 o ' ” o ' ” 0-0116 119 24 0-293
122 0-0256 0-123 0-505 0-253 0-0795 107 32 0-500
120 0-0513 0-1-16 1-014 0-507 0-116 80 48 0-792
110 0-180 0-262 1-970 0-985 0-381 64 64 1-000
100 0-308 0-377 2-472 1-236 0-541 49 96 1-292

90 0-436 0-492 2-735 1-368 0-672 47 128 1-500
80 0-564 0-608 3-00-1 1-502 0-788 46 124 192 1-793
70 0-692 0-723 3-257 1-629 0-902 123 256 2-000
60 0-821 0-839 3-529 1-765 1-028 112 384 2-293
60 0-949 0-954 3-922 1-961 1-217 102 512 2-500
48 0-974 0-977 -1-074 2-037 1-289 81 768 2-793
47 0-987 0-988 4-199 2-100 1-351 70 1024 3-000
46 1 1 50

48
46

1536
2048
3072

3-293
3-500
3-792

6 The first recorded value is placed a t  zero of the  log, scale.

which means that recrystallization is a two-stage process, the rate of 
which is given by equation (7). The observed incubation can be 
regarded as associated with an initial recovery or removal of lattice 
distortion before the process of activation of recrystallization nuclei 
can occur. The initial recovery may be accompanied by a slight 
hardening of the metal in the cold-worked state, which would accentuate 
the incubation effect.

C.— The Activation Energy P  +  Q.
From the analysis for equation (9) in the theoretical section and from 

the above discussion of the experimental data it is clear that for any
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arbitrary constant value of x  and for a particular cold-worked state, 
log t is a linear function of the reciprocal of the absolute annealing 
temperature T.

The time taken for eacb sample to react a hardness halfway between

o I 2 o I 0 I 2
LO G , LOG r r r  1 LO G , LOG f r s ,

W (b) (c)

F io . 3.—Theoretical and Experim ental Curves.

Theoretical Curves.

(a) H x =  log4 . log j f n

(b) E x =  i  log*. log

x from equation (11)

(e) H x =  i log* .log

x  from equation (12)

Experimental Curves.

(d) A4, annealed 50° C.
(e) A 4  annealed 27° C.

the initial and final hardness at each annealing temperature has been 
interpolated from curves similar to those in Fig. 2. „These times, in 
hours, are recorded in Tables VIII and IX  and are plotted in Fig. 4 
against the reciprocal absolute annealing temperature.

oVOL. LS

16384
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I t  will be seen that, in agreement with the theoretical analysis, a

linear relationship exists between log t and for samples A2, A3, A4,

A 5, and B 2, B4, and Bo over the range of temperatures considered, 
except for a slight falling away of the points from the line for samples

T a b l e  V III .— Time Taken for Samples Al, A2, A3, A4, and A5 to Reach 
a Hardness Halfway Between the Initial and Final Hardness at Each 

Annealing Temperature.

A nnealing 
Tem p., ° 0 . 27° 00° 72° 100° 125°

A ctivation
Energy.
cal./m ol.

Absolute 
Tem p., T. 300° 323° 345° 373° 398°

1 ¡T. 0-003333 0-003006 0-002S99 0-002681 0-002513

A l 840 17-8 3-52
A  2 7780 333 33-3 3-14 0-40 44,400
A3 1415 98 12-1 1-00 0-125 44,600
A 4 737 46-1 5-76 0-56 0-096 43,800
A 5 387 33-3 4-92 049 0-070 43,000

A2 and B2 a t the lowest temperature. The values of the activation 
energy (P +  Q) for the recrystallization process calculated from the 
slopes of the lines are also given in Tables V III and IX. (P -f- Q) has 
a value of about 44,000 cal./mol. which decreases slightly with increasing 
degree of cold rolling and decrease in initial grain-size.

T a b l e  IX .— Time Taken for Samples B l, B2, B3, B4, and B5 to Reach 
a Hardness Halfway Between the Initial and Final Hardness at each 

Annealing Temperature.

A nnealing 
Tem p., ° 0 . 27° 50° 72° 100° 125°

Absolute 
Tem p., T. 300° 323° 345° 373° 39S°

Energy,
cal./m ol.

1 IT . 0-003333 0-003096 0-002899 0-002681 0-002513

B l 3540 57-3 6-8
B'2 4096 161 8-32 1-04 48,000
B3 7210 338 36-8 3-6 0-33 46,600
214 2415 112 12-4 0-79 0-158 46,800
B5 837 74-2 9-68 0-82 0-110 44,400

This determination is based on observations in the isothermal 
annealing tests over the temperature range 27°-125° C. recorded in 
Tables II-V I. The C strips did not soften under these conditions and 
supplementary isothermal annealing tests a t higher temperatures were
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necessary to determine the value of the activation energy for these 
samples. Use was also made of the data obtainable from normal 
annealing curves already published in Fig. 31 of the previous paper.1 
The half-softening temperatures determined from the half-hour- 
annealing curves already established provided one set of points for the

log i - -  curves and further points were determined for each of the samples

Cl, C2, C3, and C4 by carrying out isothermal annealing tests at 250° 
and 185° C. for Cl and C2 and at 250° and 175° C. for C3 and C4. The 
results of these tests are given in Table X and interpolated values of the 
half-softening times and half-softening temperatures, determined from

T a b l e  X .—Diamond Pyramid Hardness Values of Samples 
Cl, C2, C3, and C4.

A nnealing Tem p., ° 3. A nnealing Tem p., ° 0.

T im e, hr. 185“ 175° T im e, hr. 250°

C l. C2. C3. C4. Cl. C2. £73. C4.

As rolled. 127 129 131 131 As rolled. 127 129 131 131
0-5 127 128 130 129 0-0083 . . . 128 131 123
0-75 0-0125
1 125 123 128 123 0-0162 126 124 i i *2 87
1-5 123 114 0-025 83 64
2 122 113 120 104 0-033 124 98 71 60
3 120 101 105 90 0-050 118 77 63 57
4 116 87 94 73 0-067 100 68 61 55
5 . . . 81 67 0-100 74 63 58 54
0 98 70 63 0-133 62 61 57 54
8 87 64 70 58 0-200 59 58

12 70 63 56 0-267 58 57 55 53
13 59 0-400
16 64 58 61 55 0-533 56 56 54
24 0-800 . . .

30 58 58 ¡57 1-067 56

these observations and the normal annealing curves respectively, are

recorded in Table XI, and the log t- j,  relationship plotted in Fig. 4.

The three points for each of the four samples fall on a straight line, 
indicating that the recrystallization process for these is also an activated 
process. In addition, the slope of the isothermal annealing curves for 
the C samples was in excellent agreement with the theoretical curves 
(b) and (c) of Fig. 3 but not with curve (a), which indicates that the 
recrystallization of the C strips was a two-stage process similar to that 
occurring in the A  and B  strips. The theoretical analysis given earlier,
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0-0034

0-0032

0-0030

0-0028 0-0034

0-0026 0*0032

0-0024 0 0030

0 0028

I25°C.
A S A4

i  I  i  1 i --------------------

1 2  3 4

LOGl0 HALF SOFTENING TIME. HOURS

F ig . 4.—Relationship between Half-Softening Times and Reciprocal 
Absolute Annealing Tem perature.



Rate and Mechanism of Recrystallization 21
therefore, applies equally to both (i) heavily rolled copper strip which 
self-anneals in a special way and (ii) to that which does not self-anneal. 
The activation energy of the recrystallization process of the C strips was

calculated from the slope of the log t ~  line in Fig. 4; the values, which

are recorded in Table XI, lie between 65,200 and 67,200 cal./mol. and 
show a slight decrease with increasing degree of cold rolling.

I t  is interesting at this stage, however, to note that the value for the 
activation energy of the recrystallization process for the A  and B  strips is 
approximately two-thirds the value for the C strips. The values are of 
the same order of magnitude as those determined for aluminium by

T a b l e  XI.—Interpolated Values of Half-Softening Times and 
IIalf-S oftening Temperatures.

A nnealing 
Tem p., ° O. 175° 185° 250°

T em perature of H alf- 
Softening from H alf- 

H our-A nnealing Curves. A ctivation
Energy,
cal./m ol.

A bsolute 
Tem p., T 448° 458° 523°

1 IT . 0-002232 0-002183 0-001912 Absolute 
Tem p., T. 1 IT .

Cl 7*3 0*078 496° 0-00202 66,600
C2 3*7 0*039 483° 0-00207 67,200
C3 4-12 0-0222 478° 0-00210 65,400
C4 2*54 0*0150 473° 0-00212 65,200

Anderson and Mehl7 which is all that can be expected in view of the 
difference in the materials examined and in the degree of cold working 
involved. The value for the C strips is about twice the value determined 
for copper by Krupkowski and Balicki,4 as predicted in the theoretical 
analysis. The present experimental observations upon the C strips are, 
therefore, in close agreement with those of Krupkowski and Balicki4 on 
the recrystallization of copper wire cold drawn with various reductions 
in area.

The value of 44,000 cal./mol. has been obtained with materials which 
are capable of self-annealing and which recrystallize in a very special 
way, namely by a merging of the twin textures of the cold-rolled strip 
to form a complete or nearly complete single-texture structure.* 
Photomicrographs (see previous paper x) of sample A i  at various stages 
in the process of recrystallization at room temperature indicate also 
that the recrystallized areas grow as laminae parallel to the strip surface.

* Since the  publication of the  previous p a p e r1 the  first signs of self-annealing 
have been observed in sample 5 2 , 150 weeks after cold rolling.
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The larger value of 66,000 cal./mol. for the activation energy has 

been obtained with samples in which the twin textures of the cold-rolled 
strip recrystallized independently on annealing at low temperatures to 
form a structure composed wholly or mainly of crystals with a preferred 
orientation corresponding to that of one or other of the initial twin 
textures. A l  and B l are also samples which possess a structure with a 
high proportion of crystals of the double-texture type when annealed

at low temperatures and the slopes of the log i - i  curves for these samples

(see Fig. 4) approximate to those for the C samples, indicating that the 
value of the activation energy of the recrystallization process for samples 
A 1 and B l  is also about 66,000 cals./mol. The falling away of the 
curves for samples A 2 and B'2 in the lower-temperature range is also 
probably due to the change in mechanism of the recrystallization 
process from the merging of the twin textures present in the rolled strip 
to the independent recrystallization of the twin textures.

The energy of activation of a process is regarded as the free energy 
per mol. required to form a stable nucleus. In fact, it is the experi­
mentally determined value of the constant (P +  Q) of the probability

factor exp. (P +  Q) being the product of the energy 3E

per g. mol. per degree of freedom required for recrystallization, and 
the number of degrees of freedom, n, of the initially activated nucleus.

Since recrystallization and deformation are both processes involving 
atomic rearrangement there is probably some connection between the 
activation energy of recrystallization and the energy of the severest 
dislocation that can exist in the metal. Recrystallization can be 
considered as the creation of a fresh lattice to a new arrangement. 
The formation of a three-dimensional lattice will require three independent 
dislocations, each of energy E, a two-dimensional lattice two inde­
pendent dislocations, and a single-dimensional lattice, or a row of atoms, 
only one dislocation.

The observed low value for the activation energy of recrystalliza­
tion for material which self-anneals can probably be explained in either 
of two ways : (i) that since the recrystallization nuclei in such material 
appear to grow as laminae, only two independent dislocations and con­
sequently an activation energy of 2nE  are necessary for the process, or 
(ii) which is a more likely explanation, that an activation energy 3nE is 
necessary for the initial activation of all nuclei but that in the special 
case of material which self-anneals by a merging of two textures which 
bear a twinned relationship, the energy of the lattice distortion due to the 
twinned relationship provides one-third of the activation energyrequired.
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D .— The Frequency Factor c.

All the factors in equation (7), which defines the rate of the recrystal­
lization process, have now been considered with the exception of c 
which may be regarded as a frequency factor. The value of c depends 
on the condition of the copper, namely its initial grain-size and the 
magnitude of the cold-rolling reduction. Equation (9) may be written :

l o g i = i l o g ? + Z 1 .............................(13)
where:

rv l i  i 1 , 1 ( P + Q )
K i =  g log • log izz~x +  2 - ~ R T ~

and is a constant for particular values of T, x, and (P -f- Q), the latter 
factor, as shown in Section C, varying slightly with the initial grain-size

2
and amount of cold rolling. Thus log t is a linear function of log -.c

Without making any assumption other than that a certain definite 
fraction of the copper is recrystallized when the partially recrystallized 
strip has a hardness halfway between the initial and final hardness, 
then the relationship between c and the rolling reduction can be partly 
elucidated by plotting log t values for the half-softening times against 
the percentage rolling reduction.

The values of t for the A  and B  strips are already given in Tables 
VIII and IX  and the values of log t are plotted against the percentage 
rolling reduction in Figs. 5 and 6 respectively. With both series of 
samples a linear relationship is observed between log t and the percentage 
reduction, although the slopes of the lines for the separate series are not 
directly comparable. This difference probably arises from the difference 
in initial grain-size of the A  and B  samples.

In order to correlate observations on the A  and B  series the most 
precise determination of their initial grain-sizes is necessary. The 
grain-size values quoted initially were determined by comparison with 
A.S.T.M. standards and are accurate only to the nearest 0-005 mm. A 
more exact determination of the initial grain-size was carried out and 
the values as estimated by five different observers were 0-018 and 
0-025 mm. for the A  and B  samples, respectively, as compared with the 
previously recorded but less-accurate values of 0-015-0-02 mm. and 
0-025 mm.

In the cold rolling of annealed copper strip the initial annealed 
crystals are deformed in the same proportion as the strip itself. Since 
a linear relationship exists between log t and the percentage rolling 
reduction for both A  and B  strips at all temperatures of annealing, then
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log t is also a linear function of the mean grain thickness d after cold 
rolling and can be expressed as :

log t =  K 2d - f  K3 ........................................ (14)
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T a b l e  X II .— Values of 2K2 for the A and B Samples for each 
Annealing Temperature.

Annealing
Tem p.,

• c .

Strip A. Strip  D.

2 K,, 
cm. 1

Size of Nucleus, 10-1 cm.

2 K, 
cm. 1

Size of Nucleus, 10~s cm.

d  = d  ~ d  =.

27C,' log,!’

d  _

w i  • log*’

27° 34,200 2 0 3-45 36,400 1-9 3-3
50° 29,000 2-4 4-15 35,400 1-95 3-35
72° 26,200 2-65 4-55 28,000 2-45 4-2

100° 25,400 2-75 4-75 22,600 3-05 5-35
125° 23,800 2-9 5 0 21,400 3-15 5-6

CRYSTAL THICKNESS, X  I0 'SCM.

36 27 '  18 9 0

RO LLING  RE D U C TIO N , PER CENT.

F io . 5.—Relationship between Half-Softening Times and Percentage Rolling, 
Reduction for the A  Strips.



where I i2 and Ks are constants for each particular annealing temperature. 
Combining equations (13) and (14):

llog-c + K ^ K . d  +  K,
and therefore:

c =  2 exp. (— 2l i f t ) . exp. 2{III — K3) . . . (15).
The corresponding values of 2K2 for the A and B samples which have

CRYSTAL THICKNESS. X  I0 'SCM.
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50 37-5 25 12-5 0

ROILING REDUCTION, PER CENT.

F i g .  6 .—Relationship between Half-Softening Times and Percentage Rolling 
Reduction for the B  Strips.

been determined for each of the annealing temperatures from the slopes 
of the lines in Figs. 5 and G, and are recorded in Table XII, are in 
reasonable agreement with each other. 2K2 is, therefore, a fundamental 
constant for copper which is independent of the initial grain-size and 
dependent only on the annealing temperature.

As c is independent of temperature, the temperature dependence of 
K 2 arises from the variation of the activation energy (P -f- Q) with initial 
grain-size and degree of cold working which, in turn, influences the 
values of K v  equation (13). The factor exp. (— 2KfL), which diminishes
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exponentially with the mean grain thickness d, can be regarded as the 
probability that the recrystallization takes place throughout the complete 
thickness of the cold-rolled crystal, or 2K 2 can be identified as an absorp­
tion factor for the thermodynamic pulses in copper. Thus when a pulse 
of energy E0 develops at a nucleus, recrystallization takes place and the 
energy of the pulse diminishes, as it travels forward, according to the 
equation:

Ed =  E0 exp. ( -  2K 2d ) .................................. (16)

where Ed is the energy of the pulse at a distance d from the nucleus.

E .—Size of the Recrystallization Nuclei.
The minimum size of a stable nucleus is that of the smallest group 

of atoms which must be activated before recrystallization can occur. 
An approximate estimate of the size of the minimum stable nucleus can 
be made by assuming that the nucleus grows as an octahedron and 
determining the size of the octahedron for which the number of atoms 
belonging to the nucleus is equal to the number of the surface atoms, 
which belong to the matrix. Such an octahedron is one of 19 atoms 
with 3 atoms per edge, namely one internal atom and 18 external atoms 
of which 9 belong to the nucleus and 9 to the surrounding matrix. The 
minimum stable nucleus represents the group of atoms which must be 
activated before recrystallization can occur. The activation, however, 
nitiates a process of atomic rearrangement throughout a much greater 
volume which determines the actual size of a recrystallization nucleus

In discussing the probable explanation of the observed low value for 
the activation energy of the strips A  and B  it was suggested that the 
nuclei grow as lamellse which require an activation energy of 2nE 
or 3ni5 and that when a nucleus is initially activated its growth will be 
three-dimensional while it has thermal energy 3nE, two-dimensional 
while it has energy 2nE, and single-dimensional or dendritic while it has 
energy nE. If  the nucleus is activated by a pulse of 2nE or 3nE, the 
pulse will still be effective in promoting growth while it has an energy 
nE, and the final size of recrystallization nuclei can be estimated by 
inserting the value 2nE  or 3nE  for E 0 and nE  for Ed in equation (16) th u s :

d — log 2, or log 3, respectively,

which places the value of d for recrystallization nuclei at 27° C. between 
2 and 3-5 X 10-5 cm. and at 125° C. between 3 and 5-5 X 10- 5 cm. The 
size of the recrystallization nuclei (see Table XII) appears to increase 
with increasing annealing temperature and their size at 27° C. is of the 
same order of magnitude as the limiting dimension, given in the 
previous paper 1 as less than 8 X 10~5 cm., to which the initial crystals
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must be cold rolled before a completely single-texture structure is 
developed on self-annealing.

The close agreement between the limiting values obtaining in the two 
separate cases supports the argument that the merging of the twin 
textures in cold-rolled strip to form a single-texture structure on 
annealing occurs when recrystallization within one crystal has an 
influence extending over into the neighbouring crystals. If this is so, 
then the magnitude of recrystallization nuclei a t any particular 
temperature can be determined by measuring the limiting dimension to 
which the initial crystals must be cold rolled before a completely single-

T a b l e  X III .—Extrapolated Values of the Critical Rolling Reduction 
for the A and B Strips and the Corresponding Critical Crystal Dimension.

F inal Annealing 
Tem p., « O.

C ritical Rolling Reduction, % . C ritical C rystal Dimension d, 10“* cm.

S trip  A. S trip  B. Strip  A. Strip  B.

100° 94-5 96-5 100 8-8
300° 93-0 95-2 12-6 12-0
500° 90-5 93-2 17-1 16-5
700° 88'3 92-0 21-1 20-0
900° 86-1 89-7 250 25-8

texture structure is developed on annealing at that temperature. In 
order to test this assumption samples were cold rolled from the stock of 
A  and B  strips at a thickness of 0-67 in. with total reductions in thickness 
of 80,85, 90, 92,94,96,98, and 99% respectively, and specimens of each 
were annealed as small packets wrapped in copper foil in an air furnace 
at 300°, 500°, 700°, and 900° C. respectively, for one-hour periods. A 
further set of samples was maintained in a water bath for two weeks 
at a temperature of 100° C.

The specimens were mounted into composite blocks and examined 
on longitudinal sections, that is on sections normal to the strip surface 
and parallel to the rolling direction. They were etched electrolytically, 
a method which exposes the cubic planes of the crystal lattice. The 
presence of crystals with an orientation of the single-texture type could 
be detected since they appeared bright under vertical illumination and 
the proportion of crystals so orientated was estimated by direct visual 
observation. The proportions for both the A  and B  strips after annealing 
at each of the specified temperatures are plotted in Fig. 7 against the 
percentage rolling reduction.

The curves for the B  series of strips comprise a family of complete 
summation curves, while only the top portion of the summation curves 
are obtained with the A  series of strips. The complete summation 
curve shows first a gradual increase in percentage single-texture structure
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with increasing cold-rolling reduction, then a rapid and almost linear 
increase over a wide range, and finally a gradual approach to the 
completely single-texture structure or 100% value. The initial and 
final parts of the curves represent reduction ranges where crystals or 
sections of crystals considerably below the average or considerably above 
the average size, respectively, are cold rolled to the critical dimension for 
which recrystallization at the common boundary of two cold-rolled

F ig . 7.—R elationship between Percentage Single-Texture S tructure and 
Percentage Rolling Reduction for A  and B  Strips.

Final Annealimj Temperatures.
(a) 100°, (b) 300°, (c) 500°',

(d) 700°, (e) 900° C.

K e y .

0  Air-furnace annealing.

U Salt-bath  annealing a t  500° C.

crystals has an influence extending over the thickness of the crystals. 
The reduction at which the mean crystal diameter is cold rolled to 
the limiting dimension is taken as th a t at which the extrapolated linear 
portion of the summation curve meets the 100% single-texture structure 
line. The extrapolated values of the critical rolling reduction for the 
B  strips for each annealing temperature are given in Table X III and
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the corresponding limiting crystal dimension calculated from the mean 
grain-size value.

I t  can be seen from Fig. 7 that the critical reductions of the B  strips 
for each annealing temperature correspond to an actual percentage of 
single-texture structure of 94%. The curves for the A  strips are not 
complete and the critical reductions cannot, therefore, be determined by

ANNEALING TEM PERATURE.'C,

Fio . 8.—Lim iting Crystal Dimensions for the A  and B  S trips for Various 
Annealing Temperatures.

Lim iting Crystal Dimension, d.

■  For A strips 1 j ^ om structural observations.
▲ For B  strips J
+  For A  strips! Theoretical vaiue d =  (  M  log> 2.
X For B  strips J
O  For A  strips j  Theoretical yalue d =  t  1 ’\  lo 3.
•  For B  strips J \Z K /

extrapolation but have been taken as the reductions which, on subsequent 
annealing, yield a structure consisting of 94% single-texture structure. 
The critical reductions and corresponding limiting dimensions for the A 
strips are also given in Table X III.

The limiting crystal dimensions for the A  and B  strips for various 
annealing temperatures are plotted in Fig. 8, together with the values
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determined over the range 27°-125° C. from the thermodynamical 
theory of recrystallization, which are given in Table XII. Considering 
the difficulty in making precise determinations of the grain-sizes of the 
initial strips and also of the critical reductions, the agreement between 
the corresponding limiting crystal dimensions for the A  and B  strips is 
good. Within the limits of experimental error the limiting dimension d 
varies linearly with the annealing temperature, extrapolating to a zero 
value at the temperature of absolute zero, and attaining a value of 
25 X  10' 5 cm; at 900° C.

The values of d over the range 27°-125° C. determined from theo­
retical considerations are of the same order of magnitude as the corre­
sponding values determined from structural observations, the values

given by the function ^ I i2 log 3 being in better agreement with the 

structural values than those derived from the expression ^ K 2 log 2.

F.—Influence of rapid heating.
In discussing the size of recrystallization nuclei it has been assumed 

that the initially activated nuclei can grow undisturbed to their full

T a b l e  XIV.—Percentage Single-Texture Structure Present in 
Rapidly Heated Strips.

S trip  A . S trip  B.

Final Bolling 
H eduction, % . F inal AnnealiDg Tem p., ° C. F inal A nnealing Tem p., ® C.

500° (5 min.). 500° (1 hr.). 500° (5 m in.l. 600° (1 hr.).

80 40 40 10 10
85 65 65 25 25
90 85 85 65 65
92 90 90 SO 82
94 96 96 88 92
96 98 99 96 97
98 100 100 98 99
99 100 100 100 100

potential size as defined at the beginning of section E. When the rate 
of heating is slow, or at low temperatures, this may be true, since 
recrystallization will take place first in the crystals of thinnest section 
and nucléation will be well distributed in time and space. If, however, 
the rate of heating is rapid, then there may be a rapid onset of nucléation 
and the effective radius will, therefore, be diminished. In order to study



Rate and Mechanism of Recrystallization 31

the effect of rapid heating, materials similar to those used in the previous 
experiment were annealed both for five-minute and for one-hour 
periods in a salt bath  a t 500° C., uncovered samples being immersed 
directly into the molten salt. The percentage single-texture structure 
present in these annealed strips was estimated as before. The results 
are recorded in Table XIV and the values for one-liour periods are 
plotted in Fig. 7 for direct comparison with observations upon samples 
annealed in air. The percentage single-texture structure present in 
strip annealed a t 500° C. in a salt bath is considerably less than th a t in 
corresponding strip annealed in air and, in fact, the curve for the 
samples annealed in a salt bath is more or less coincident with the curve 
for samples annealed a t 300° C. in air. I t  would seem, therefore, th a t 
with the rapid heating of the strip th a t occurs in the salt bath, fresh 
nuclei are formed quicker than the first-formed nuclei can grow to their 
full size and the effective radius of the recrystallization nuclei is reduced. 
Prolonging the time of annealing in the salt bath was without influence 
on the percentage single-texture structure in the strip although the 
grain-size of the strip annealed for one hour was somewhat larger than 
th a t of strip annealed for five minutes.
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PRO PERTIES OF THE ALUMINIUM -SILICON10 35  
ALLOYS AT TEM PERATURES IN THE 
REGION OF THE SOLIDUS.*

By A. R . E. S IN G E R ,t B.Sc., M e m b e r , and S. A. COTTRELL,f B.Sc.,
S t u d e n t  M e m b e r .

S y n o p s i s .

The tensile properties of the  aluminium-silicon alloys were deter­
mined a t  tem peratures in the  region of the solidus, to obtain information 
th a t  would assist in explaining the mechanism of hot-shortness.

The tensile strengths of aluminium-silicon alloys containing up to 
12% of silicon show a  gradual decrease as the  tem perature increases 
above 400° C. to  finite values a t  the  solidus tem peratures. The steep­
ness of the  curves increases with increasing silicon content, bu t up to the 
solidus tem perature the elongation and reduction of area of all the alloys 
remain high. A t the  solidus tem perature, elongation and reduction of 
area decrease to  zero and the strength rapidly decreases to a  very low 
value. The alloys retain this small strength, or coherence, up to  a 
tem perature interm ediate between th a t  of the  solidus and liquidus.
The tem perature range above the solidus over which the  alloys are coherent 
is dependent on their chemical composition, and in conditions approach­
ing equilibrium increases to  a  maximum a t approxim ately 1-8% of silicon 
and then  decreases to  a  small value a t higher percentages of silicon.

By micrographic investigation, i t  has been possible to link the  tensile 
properties a t  tem peratures in the region of the solidus w ith the  alum inium - 
silicon equilibrium diagram.

I t  appears th a t  the extent of the tem perature range above the solidus 
over which the  alloys possess a finite strength yet have no appreciable 
ductility  may' be one of the principal factors determining their hot- 
shortness characteristics.

I .— I n t r o d u c t io n .

On e  o f  th e  m o st im p o rta n t p rop erties concerned  in th e  ca stin g  and
welding of aluminium alloys, and one which is particularly troublesome
in a variety of ways, is their hot-shortness. In  the case of castings it
frequently happens th a t aluminium alloys fracture while cooling in, or
being extracted from, the mould. Failure occurs while the castings are
still a t a high temperature and the phenomenon is often known as “ hot-
tearing.” Similarly, welds frequently crack immediately after being
formed, giving the same type of brittle, intercrystalline fracture as the
castings. This property is especially im portant in processes involving
a change from the liquid to the solid state, for quite often, as in the
instances mentioned above, conditions are such th a t movement is
restrained, and in consequence contractional stresses are set up which
bring about failure of the material by cracking.

* M anuscript received December 27, 1945. 
f  D epartm ent of M etallurgy, U niversity of Birmingham.
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Although the mechanical and physical properties of alloys a t 

temperatures near the solidus m ust ultim ately be related to  failure by 
hot-shortness, and although a better knowledge of these properties 
would be invaluable in solving many of the numerous problems of casting 
and welding technology, little success has so far been achieved in efforts 
to  bring this about. The purpose of the present investigation was to 
study the mechanical properties a t high tem peratures of one of the 
simpler alloy systems—aluminium-silicon—to obtain more information 
on the causes of failure by hot-shortness. To obviate undue complexity 
and lengthiness the investigation has been limited to a study of 
mechanical and other directly related properties. The correlation of 
the work with practical casting and welding experiments is the subject 
of a separate investigation.

II .—P r e v io u s  W o r k .

The tensile strengths of the aluminium alloys are, in general, found to 
decrease rapidly to very low values between 300° and 400° C. Most 
investigators have been interested in the mechanical properties of the 
alloys in relation to  their application to industry and there is a wealth 
of literature on the subject. Because of the very low strengths encoun­
tered, however, the field above the recrystallization tem perature has not 
been so extensively explored; in particular, very few determinations of 
mechanical properties have been made in the immediate neighbourhood 
of the melting point.

The first detailed investigation in the region of the solidus was made 
by Archbutt, Grogan, and Jenkin,1 who were endeavouring to find a 
clue to the hot-shortness of a number of aluminium alloys by determining 
their im pact values a t temperatures near the melting point. I t  was 
found th a t most of the alloys examined lost their resistance to  fracture 
practically completely a t the temperature of incipient melting. As a 
consequence, i t  was assumed th a t differences in hot-shortness deter­
mined by casting experiments could only be correlated with the differ­
ences in resistance to fracture a t tem peratures lower than  th a t of 
incipient melting. I t  was thought th a t a rapid increase in resistance 
with decreasing tem perature indicated a low degree of hot-shortness 
and the reverse indicated a high degree of hot-shortness. However, 
below the point of incipient melting the alloys assumed an increasing 
ductility, which property was essentially different from th a t displayed 
by alloys in the hot-short range, and, in fact, no wholly satisfactory 
correlation of hot-shortness with mechanical properties was achieved 
in the investigation.
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The most extensive study of the subject was made by Verô 2 who 
determined the strength of a number of aluminium alloys, including a 
series of aluminium-silicon alloys, a t temperatures both below and 
above the solidus. Verô used both tensile tests and bend tests, but, 
being unable to obtain reproducible results with the tensile test, 
discarded it  in favour of the bend test. His results on the aluminium- 
silicon alloys are shown in Fig. 1, 
from which it  will be seen th a t 
the bending strength of all the 
alloys decreased rapidly with in­
creasing tem perature to a point 
near th a t of incipient fusion, and 
then in some alloys decreased 
more gradually to  zero a t a 
tem perature below the liquidus 
for the alloy in question.

Verô found th a t he could dis­
tinguish no essential difference 
between the bending strength a t 
high temperatures of an alloy con­
taining 1'6%  silicon (which in 
some casting experiments he had 
shown to have a high degree of 
hot-shortness) and th a t of one 
containing 1-88% silicon, having 
a low degree of hot-shortness.
In view of this apparent contra­
diction, the attem pt to correlate 
mechanical properties with hot- 
shortness was abandoned.

Tammanu and Rocha 3 showed th a t the tensile strength of zinc, 
cadmium, iron, and silver containing traces of tin, bismuth, FeS, and 
copper, respectively, showed a sharp decrease a t the tem perature of the 
solidus and then a much smaller decrease as the tem perature was 
increased. Their investigation, however, was carried out primarily to 
establish a method of detecting minute quantities of eutectic not readily 
detectable by other means and was, therefore, not directly related to 
the hot-shortness properties of the alloys.

Some experiments on cast-steel bars were carried out by H a ll1 in 
which the tensile strengths and elongations were determined during 
and immediately after solidification of the castings to  throw some light 
on their propensity to hot-tearing. The results were made difficult to

TEMPERATURE. °C .

F ig . 1.—Bending Strength of Aluminium 
Alloys in the  Melting Range. (Vero.) 

A =  H igh-purity aluminium.
B =  99-5% aluminium.
C =  1-60% silicon.
D =  1-88% silicon.
E  =  12% silicon.
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interpret by the steep thermal gradient present in the castings a t the 
time of testing. Hall found th a t the tensile strength increased steadily 
as the tem perature decreased and concluded th a t it  was necessary to  go 
some distance below the solidus temperature before an appreciable 
elongation was acquired and hot-tearing was no longer possible.

I I I .—P r e p a r a t io n  o f  Ma t e r ia l s .

The alloys studied in the present investigation consisted of super­
purity  aluminium, 99-5% aluminium, and eight alloys containing 0-25,
0-6,1-0,1-5, 2, 4 ,8 , and 12% silicon, respectively, the series being chosen 
so as to  examine in detail alloys within Vero’s critical range of 0-5-2% 
silicon. Each alloy was prepared from 99-5% aluminium and either 
80 : 20 or 50 : 50 aluminium-silicon tem per alloy, depending on its 
particular chemical composition. All the test-pieces were machined 
from round cast bars. This procedure was preferred to  the use of 
wrought materials, for, in practice, the alloys usually exhibit hot­
shortness when cooling from the liquid state and therefore when possess­
ing a cast structure.

The 99-5% aluminium for each alloy was melted and alloyed in a 
gas-fired furnace and treated with a sodium fluoride/sodium chloride flux. 
Six rods, f  X 10 in., were cast in chill cast-iron moulds maintained a t 
100° C. and the pouring temperature was standardized a t  70° C. above 
the liquidus. The super-purity aluminium was melted and cast in 
precisely the same way, except th a t the salamander pot was lined with 
silicon-free Alundum cement to reduce contamination.

I t  was noticed tha t, in the case of the alloys containing 0-6 and 1% 
of silicon, deep cracks appeared a t the junction of the feeder head and 
the parallel portion of the rod, where the parts under contractional 
stress were last to solidify.

T a b l e  I .— Analysis of the Aluminium-Silicon Alloys.

N om inal Composition.
Chem ical Analysis.

SilicoD, %. Iron , % .

Super-purity aluminium <0-01 <0-01
99-5% aluminium 0-12 0-27
A1 +  0-25% Si . 0-21 0-29
A1 +  0-6% Si . 0-61 0-21
A1 +  1-0% Si . 1-08 0-27
A1 +  1-5% Si . 1-62 0-25
A1 +  2%  Si 2-08 0-28
Al +  4 % S i 3-87 0-27
A1 +  8%  Si 7-65 0-27
A1 +  12% Si . 11-83 0-23
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In  addition, a small ingot was cast for purposes of analysis. Silicon 

and iron were determined chemically, with the results detailed in 
Table I.

IV.—A p p a r a t u s .

A Hounsfield tensometer, fitted with a motor drive, was used for 
the tensile tests. A resistance tube furnace, 8 in. long, was constructed 
so as to slide on the horizontal supporting columns of the tensometer 
and to enable the test-pieces to be kept a t a high temperature during

v / / / / / / / /
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F i g .  3 .—A pparatus for Testing a t Tem peratures below the Solidus.

testing. A general view of the furnace assembly is given in Fig. 2 
(Plate I), and details of the two forms of test-piece grips and test- 
pieces are shown in Figs. 3 and 4.

Apparatus for Testing at Temperatures below the Solidus.
At temperatures below the solidus, test-pieces were used of the 

dimensions shown in Fig. 3 so as to  enable measurements of elongation

^ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

rp-

F i g .  4.—A pparatus for Testing a t Tem peratures above the Solidus.

and reduction of area to be made, and a t  the same time to ensure a 
minimum variation of temperature over the length of the sample and 
small opportunity for any appreciable am ount of sagging.
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To minimize the changes in structure which would probably occur 

if the test-pieces were kept a t the testing tem perature for long periods 
of time, the apparatus was constructed so th a t they could quickly be 
dropped into position in the preheated grips and tested in as short a 
time as was practicable. W hen a test-piece was in the correct position 
for preheating, the two Chromel-Alumel thermocouples were advanced 
axially along the tubular links into the holes drilled in the ends of the 
test-piece to receive them. Temperature measurements were thus 
taken a t each end of the parallel portion by actual contact of the couple 
with the specimen. The thermocouple leads were taken along the 
tubular links to  a cold junction behind the furnace and the e.m.f. 
generated was measured by means of a potentiometer. To avoid up­
setting the tem perature measurements by air currents, the ends of the 
tubular furnace were plugged with asbestos wool. Throughout the 
investigation the standard tensometer beams and autographic recorder 
were used for measurement of the loading of the specimens.

The rate of straining was kept constant by a J-h.p. electric motor 
fitted with a worm reduction gear and connected to the tensometer by 
means of |-in .-p itch  chain wheels. The greater part of the work was 
carried out a t a rate of straining of 0-25 in./min., but, in view of the 
im portant effect of speed on mechanical properties, two other speeds of 
testing, 0-05 and 1-0 in./min., were used on 99-5% aluminium and on the 
alloys containing 1*5 and 4%  silicon a t tem peratures both below and 
above the solidus.

The normal type of test-piece gave reproducible results throughout 
the work, even though it  represented the centre portion and only one- 
quarter of the full section of the cast rod. L ittle porosity was observed 
in the rods, although very small defects or segregations in the castings 
(insufficient to  afiect maximum stress) frequently caused premature 
fracture of the ductile test-piece during the later stages of its deforma­
tion a t temperatures below the solidus. In  these cases it  was quite 
apparent th a t the material possessed high ductility, bu t the numerical 
values for elongation and reduction of area then showed a considerable 
degree of scatter.

Apparatus for Testing at Temperatures above the Solidus.
The difficulty of maintaining the shape of the alloy test-piece in the 

partially liquid condition was overcome by using a short sample totally 
enclosed by the grips. The test-piece was essentially a |- in . length of 
cast bar, on which was machined' a |- in . "Whitworth screw thread. 
This type of test-piece was chosen because it  is easy to  produce and fit 
and its short length in relation to diameter results in very small tempera­
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ture differences within the test-piece. A diagram of the screw sample 
and the grips is given in Fig. 4.

A t the outset, it  was anticipated th a t one of the difficulties th a t 
would arise would be contamination of the partially liquid alloys by 
iron from the grips. In  practice it  was found th a t results obtained with 
chromium-plated, 18 :8  stainless steel and mild-steel grips were identical, 
the reason apparently being th a t the oxide skin on the screw specimen 
thickened on heating and held the partially liquid m etal in an almost 
impervious sac. Careful chemical analysis of the outside layer of some 
of the samples heated in the mild-steel grips confirmed th a t no such 
contamination had occurred.

V.—P ractical  W o r k .

Testing at Temperatures below the Solidus.
In  tests a t  temperatures below the solidus, the procedure was to 

preheat the em pty grips to a temperature in the region of th a t required 
for testing, slide back the furnace to a position to the left (so exposing 
the grips on a tongue projecting from the furnace tube), drop the cold 
aluminium alloy test-piece into place, and slide the furnace back to the 
original position. The whole operation took only a few seconds, so 
the decrease in tem perature was quite small. By this means it  was 
found possible to attain  a temperature 10° C. less than th a t of testing 
within 3 min. and a steady tem perature within 15 min. All the tests with 
this type of test-piece were carried out after 15 min. preheating. The 
experimental values of maximum stress, elongation, and reduction of 
area are given in Tables I I -X I  and a diagram of the experimental 
curves is shown in Fig. 5.

Testing at Temperatures above the Solidus.
The screw-type test-pieces were machined to fit loosely in the grips 

and a slot was cut a t each end so th a t they could be removed by a 
screwdriver when the test was completed.

The furnace was preheated to a temperature a little greater than 
th a t necessary for the test and it was then slid over the grips, 
test-piece, and thermocouple assembly. The time of heating was 
standardized a t 30 min., the assembly requiring 15 min. to a tta in  the 
approximate testing temperature. At the end of 30 min. a steady 
state had been reached and differences in temperature between the two 
halves of the shackle were less than 1° C. When carrying out the 
mechanical tests above the solidus temperature, the maximum of the
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TEMPERATURE. °C.
jOjq, 5.—Strength of the Aluminium-Silicon Alloys a t  Tem peratures in the 

Region of the  Solidus.

T a b l e  I I .— Mechanical Properties T a b l e  I I I — Mechanical Pro­
o f Super-Purity Aluminium. parties of 99-5%  Aluminium.

Tempera­
ture, ° 0.

M axim um
stress,

lb ./sq .in .

Reduction 
of Area,

Vo­

Elonga­
tion , %*

430 1070 rn 133
498 660 100 161
571 340 100 160
610 270 100 142
652 185 100 138
656 155 0 0
657 81 0 0
657 9 0 0
658 0 0 0
659 < 5 0 0
662 0 0 0

T em pera­
tu re , ° C.

M axim um
Stress,

lb ./sq .in .

R eduction 
of Area, 

%•
Elonga­
tion , % .

402 2620 64 43
481 1370 60 43
538 8S0 84 44
578 620 64 40
597 510 100 100
602 560 68 36
621 465 60 26
629 420 82
645 340 0
647 165 0 "o
650 30 0 0
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T a b l e  IV .— Mechanical Pro­
perties o f 0-25% Silicon Alloy.

Tem pera­
tu re , 0 C.

M axim um
Stress,

lb ./sq.in .

B eduction 
o í Area, 

%•
Elonga­
tion , % .

392 2750 50 35
429 2180 100 74
455 1720 20 13
490 1300 96 74
500 1250 75 49
554 750 100 96
567 710 92 74
576 720 100 97
597 550 100 110
599 560 50 44
610 550 100 120
625 496 90 60
631 440 100 110
636 430 20
640 70 0 ” 'o
641 350 0 0
641 84 0 0

T a b l e  V I.— Mechanical Pro­
perties o f 1-5% Silicon Alloy.

Tem pera­
tu re , ° 0 .

M axim um
Stress,

lb ./sq .in .

Reduction 
of A rea, 

%•
Elonga­
tion , % .

392 3300 34 26
419 2880 56
436 2160 20 *i*8
479 1530 42 36
505 1120 40 23
528 1040 62
545 855 98 120
561 675 140
567 700 93 94
578 410 • 0 0

T a b l e  V .— Mechanical Pro­
perties of 0-6% Silicon Alloy.

Tem pera­
tu re , ° O.

Maximum
Stress,

lb ./sq .in .

R eduction 
of Area, 

%•
Elonga­
tion , % .

423 2210 100 140
437 1820 58 47
478 1410 40 26
504 1300 96 100
541 900 68 50
571 630 70 62
596 540 76 58
608 550 98 150
613 460 79 100
622 315 0 0
624 108 0 0
627 63 0 0

T a b l e  V II .— Mechanical Pro­
perties of 1% Silicon Alloy.

Tem pera­
tu re , ° C.

M axim um
Stress,

lb ./sq.in .

Reduction 
of Area,

ro­
Elonga­
tion , % .

422 2310 se 79
482 1400 40 33
520 1010 62 55
549 775 58 53
569 650 100 110
587 530 64 69
597 425 12 22
601 425 0 0
605 395 0 0
607 295 0 0
610 59 0 0
612 63 0 0
613 113 0 0
616 68 0 0
617 32 0 0

mercury index was read directly, as the ductility of the materials was 
too small to permit the plotting of a stress-strain curve.

The tensile strength of the alloys above the solidus temperature 
are shown in Fig. 6. In  each case the crosses represent tempera­
tures a t which the strength is zero. For the sake of clarity, each 
curve in Fig. 6 has been displaced vertically from its neighbours 
by an amount of 50 Ib./sq.in. stress so th a t the temperature at 
which the strength of the material decreases to zero value can be clearly 
indicated.
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T a b l e  V III .— Mechanical Pro­
perties o f 2% Silicon Alloy.

T em pera­
tu re , ° 0 .

M aximum
Stress,

lb ./sq .in .

R eduction 
of Area, 

%•
Elonga­
tion , % .

419 3920 72 66
419 2620 30 55
442 2350 35 40
461 1910 45
478 1480 30 23
502 1200 92 96
515 1080 78 68
534 900 95 120
557 740 78 47
564 620 80 98
569 625 55 52
572 630 72 71
575 600 15
578 204 0 "o
578 200 0 0
578 130 0 0

T a b l e  X .— Mechanical Pro­
perties o f 8%  Silicon Alloy.

T em pera­
tu re , ° C.

M axim um
Stress,

lb./sq.in.

R eduction 
of Area, 

%.
Elonga­
tion , % .

426 4410 55
449 3510 58 46
467 3085 62 53
505 2000 71
520 1350 82 83
542 1190 85 83
561 815 84 110
565 860 85 110
567 730 60 63
574 560 11 6
575 99 0 0
576 135 0 0

T a b l e  IX .— Mechanical Pro­
perties of 4%  Silicon Alloy.

T em pera­
tu re , •  C.

M aximum
Stress,

lb ./sq .in .

R eduction  
of A rea, 

%.
Elonga­
tion , % .

435 3160 78 54
448 2620 30 29
455 2500 86 47
475 2080
493 1460 64 64
500 1450 95 70
521 1190 90 110
525 1020 100 110
536 900 84 56
538 890 80 57
554 760 96
555 820 92 iib

T a b l e  X I .— Mechanical Pro 
perties of 12% Silicon Alloy.

T em pera­
tu re , ° 0 .

M aximum
Stress,

lb ./sq .in .

R eduction 
of Area, 

%•
Elonga­

tion , % .

399 6110 41 23
430 4480 36 30
463 3220 38 31
490 2520 53 43
521 1800 53 57
535 1500 64 76
548 1190 70 76
561 945 68 83
571 755 76 130
574 700 36 35
576 410 0 0
577 230 0 0
578 5 0 0
578 < 5 0 0
584 0 0 0

Microscopical Observations.
To show the type of structure persisting a t the tem perature of 

testing, samples of the original castings were given precisely the same 
therm al treatm ents as those outlined above, but, instead of being 
pulled on the tensometer, they were quickly withdrawn from the 
furnace and quenched in cold water. These samples were sectioned, 
polished, and examined under the microscope together with polished 
sections from the untreated original casting.
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VI.— E x p e r im e n t a l  R e s u l t s .

Swper-Purity Aluminium.
Figs. 5 and 6 show the relationship between maximum stress and 

tem perature for super-purity aluminium, while in Table I I  the experi-

TEMPERATURE. °  C.

Fig. 6.—Strength of the Aluminium-Silicon Alloys a t  Tem peratures above the
Solidus.

mental values are given for strength, elongation, and reduction of 
area.

I t  will be seen th a t up to  655° C. the strength decreases slowly with 
increasing tem perature, forming a very shallow curve. A t 655° C., 
however, there is a sudden decrease in strength from 180 lb./sq.in. to 
zero a t 659° C. This behaviour was confirmed in a remarkable way 
by a study of the deformed test-pieces. All those giving results lying on 
the horizontal portion of the curve showed a very high elongation 
and a 100% reduction of area. From 655°-659° C. the samples had
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bright, intcrcrystalline fractures and showed no elongation. Fig. 7 
(Plate I), which shows four of the fractured test-pieces, illustrates the 
remarkable transformation very clearly.

99-5% Aluminium and Alloys Containing 0-25-12% of Silicon.

All the curves show a gradual decrease in strength as the tem perature 
is increased, the curves flattening out as the solidus is approached, as 
shown in Fig. 5. A t the solidus a sudden decrease in strength occurs, 
but the rate of loss of strength becomes more gradual as the tem perature 
increases, and an appreciable strength is retained over a considerable 
tem perature range above the solidus.

SILICON. PER CENT.

F ig. 8.—Aluminium-Silicon Constitutional Diagram. The solidus points aro 
derived from the  results of the tensile experiments, and the line m arked with 

arrows show's the highest tem peratures of coherence.

As the silicon content is increased so the steepness of the curves 
below the solidus increases; moreover, the strength of the alloys a t the 
solidus increases with silicon content, a t first rapidly and then more 
slowly when the maximum solid solubility is passed. The tem perature 
of the solidus, indicated by the sudden increase in strength, decreases 
with increasing silicon content until the eutectic tem perature is reached 
a t 2%  silicon; thereafter the tem perature of the solidus remains 
practically constant.

Fig. 8 incorporates a number of the more im portant experimental 
results of the investigation. In  this diagram the solidus points have 
been taken from Fig. 6 and represent the tem peratures a t which 
the sudden decrease in strength occurs, and the small arrows represent 
the highest tem peratures a t which the alloys retain coherence. The 
liquidus points were obtained experimentally by taking cooling curves 
on some of the alloys used in the investigation. Fig. 9 is derived from



Fig. 8 by plotting the tem perature difference between the solidus and 
the line marked with arrows—the hot-short tem perature range— 
against chemical composition. This curve, therefore, shows the impor­
ta n t feature th a t the hot-short tem perature range increases to a
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Fio. 9.—H ot-Short Tem perature Ranges of the Aluminium-Silicon Alloys.

maximum a t 1-8% silicon and then decreases again to a very low value 
as the silicon content is increased. Table X II gives some of the critical 
properties of the aluminium-silicon alloys in the region of the solidus.

In  each alloy the elongation and reduction of area of the test-pieces 
remained a t high values a t all tem peratures up to  the solidus, when they

T a b l e  X II .— Critical Properties of the Aluminium-Silicon Alloys.

Alloy.
S treng th  a t  

C ritica l P o in t, 
lb ./sq .in .

Tem perature of 
Decrease in  

S trength , ° C.

Tem perature of 
Loss of all 

S treng th , ° C.
H ot-S hort 
Itange, 0 O.

Super-purity alu­
minium 180 655 659 4

99-5% aluminium 370 645 657 12
0'25%  silicon . 410 641 653 12
0’6%  silicon 420 622 652 30
1-0% silicon 400 605 649 44
1-5% silicon 690 578 637 59
2%  silicon 590 577 635 58
4%  silicon 600 575 606 31
8%  silicon 630 574 578 4
12% silicon 660 576 578 o

decreased to zero. The maximum elongation and reduction of area 
were, in general, shown by samples tested a t temperatures a few 
degrees below the solidus; they were greatest with the alloys low in 
silicon, and least with the eutectic alloy. Fig. 10 (Plate I) illustrates 
this sudden decrease in ductility in the case of a typical alloy con­
taining 0-6% silicon.

s i u c o n .  per  c e n t .



46 Singer and Cottrell: Properties of A l-S i Alloys

Variation in  the Rate of Straining.
The effect of varying the rate of straining from 0-05 to  1-0 in./min. 

in three different alloys is shown in Figs. 11 (a), (b), and (c). I t  will be 
observed th a t below the solidus an alteration in maximum stress of less 
than 30% is brought about by the speed variation. Above the solidus 
the effect of variation in speed of testing on the strength was less clearly

Fio . 11 (a).
t e m p e r a t u r e . ° c . 

F i g . 11 (6 ).

TEMPERATURE. °C .

Fio . 11 (c).
F i g .  11.—Effect of Variation of the  K ate of Straining on the  Mechanical Properties 

o f (a ) 99-5% Aluminium, (6) 1-5% Silicon Alloy, and (c) 4%  Silicon Alloy.

—©— 1 in./m in.
—A— 0-25 in./m in.
—■ — 0-05 in./m in.

defined, because of the lower order of stress. The effect of speed of 
testing within the above-mentioned limits, however, did not appear to 
cause any substantial alteration to  the point a t which all strength was 
lost.

The Effect of Prolonged Heating.
Several samples were heated a t temperatures both above and below 

the solidus for periods up to  2 hr. before final testing in an effort to
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determine the effect on the mechanical properties of a closer approach to 
equilibrium conditions and a possible change in geometric structure of 
the test-piece. I t  was found th a t below the solidus negligible differences 
in strength occurred after prolonged heating, but th a t above the solidus 
strengths were somewhat reduced. The values of strength determined 
on the 1-5, 2, and 4%  silicon alloys are .given in Tables X Il'I and XIV.

T a b l e  X II I .— Mechanical Pro­
perties below the Solidus after 

Heating for  1 Hr.

T a b l e  X IV .— Mechanical Pro­
perties above the Solidus after 

Heating for  2 Hr.

Alloy.
T em pera­

tu re ,
°0.

M axim um
Stress,

lb ./sq .in .

1*5% silicon. 471 1490
501 1170
509 1080
568 030

AUoy.
T em pera­

tu re ,
•c.

M axim um
Stress,

lb ./sq .in .

1'5% silicon. 002 28
007 24
624 4
028 4

2%  silicon. 599 14
619 4

4%  silicon. . 583 4
588 4

Microscopical Examination.
Sections of the original castings showed th a t all the alloys possessed 

a fine-grained, equi-axed structure, the grain-size decreasing with increas­
ing silicon content. The super-purity aluminium and 99-5% aluminium 
castings showed the type of columnar structure depicted in Fig. 12 
(Plate II).

The structure of some of the samples quenched from temperatures 
just below the solidus differed somewhat from the cast structure. The 
eutectic silicon originally present in the 1-0 and l -5% silicon alloys was 
completely absorbed into solid solution, and the quantity  present in 
the 2%  silicon alloy showed a marked reduction. The 4, 8, and 12% 
silicon alloys, however, appeared to be virtually unchanged in structure.

Above the solidus tem perature it was found th a t each crystal 
contained considerable quantities of an originally liquid silicon-rich 
phase in globular form within its boundaries, and each crystal was 
separated from its neighbour by a thin film of similar material. As the 
quenching tem perature was increased, so the liquid films a t the grain 
boundaries widened and the globules within the crystal became more 
pronounced. I t  was apparent th a t only a fraction of the liquid in the 
samples a t tem peratures above the solidus was effective in reducing
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strength, for the greater part of it was in globular or land-locked form, 
well away from the grain boundaries where separation of the crystals was 
likely to occur. Fig. 13 (Plate II) illustrates this type of structure. 
I t  will be observed th a t the greater part of the chilled silicon-rich 
liquid is contained within the grains and consequently is ineffective in 
reducing strength.

Sections of the fractured test-pieces were etched to reveal the grain 
structure. I t  was found th a t during the period a t the testing tem pera­
ture, both above and below the solidus, no marked grain growth had 
taken place. Cracks which had formed near the point of fracture of 
those test-pieces tested above the solidus were in every case found to be 
of an intergranular type.

V II.— D is c u s s io n .

The field covered by this investigation was so wide th a t it  was found 
impracticable to  give any but the scantiest attention to the many 
problems arising during the course of the work. In  particular, a great 
deal of further study is necessary to determine the precise effect of 
grain-size and shape, and of the mode of distribution of liquid within 
the grain, on the mechanical properties of the alloys a t temperatures 
above the solidus. The time factor is another problem of which only 
the fringe has been touched, for it  is of importance th a t we should know 
in what way the speed of the thermal treatm ent affects the structure 
and tensile properties.

Measurement of Stress and Temperature.
I t  was soon apparent th a t the absolute values of strength a t tem pera­

tures in the region of the solidus were of less importance than  the 
characteristic shapes of the strength curves, for differences in test- 
piece shape and structure and particular conditions of testing each had 
a slight effect on individual measurements.

At tem peratures below the solidus the accuracy of measurement 
was comparatively high and reproducibility good, bu t above the solidus 
the accuracy decreased markedly. Loads down to 1 lb. (stress 8 lb./sq. 
in.) were estimated numerically, while those less than this were recorded 
as 0-5 lb. (stress 4 lb./sq.in.), less than 0-5 lb. (stress less than 4 lb./sq.in.) 
where there was a perceptible bu t non-measurable load, and zero where 
no deflection of the beam was observed. The accuracy in the lower 
reaches was, of course, very low, bu t these measurements enabled a 
fairly close estimation of the tem perature range above the solidus over 
which the alloys were coherent. Calculation was made of the effect of 
the inertia of the connecting links and tensometer beam in giving rise to



P la te  I.

F ig . 2.—General View of Apparatus.

F ig .  10.—0-6%-Silicon Alloy Samples Tested a t 541°, 613°, 622°, and 
627° C., respectively. Natural size.

F ig .  7.—Super-Puritv Aluminium Samples Tested a t 498°, 652°, 656°, 
and 659° C., respectively. Natural size.

[To face p. 48.
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F ig .  12.—Microstructures of Chill-Cast Hods of 99-5% 
Aluminium (Columnar) and of 1% and 8% Silicon 

Alloys (Equi-Axed).

F ig . 13.—4%-Silicon Alloy Quenched from 580° C., Showing the Distribution of the 
Chilled Silicon-Rich Liquid, x 75.
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a stress in the sample greater than th a t measured by the mercury index ; 
it was found to be wholly inappreciable, even a t the maximum speed of 
testing of 1 in./min. The frictional effect of the grips on the guides a t 
the bottom  of the horizontal furnace was studied experimentally and it 
was found th a t no perceptible deflection of the beam occurred when the 
furnace was moved in relation to the grips.

The tem perature gradients within the normal type of test-piece were 
investigated by drilling a hole axially through the whole length of the 
test-piece, advancing a search couple to various positions along the 
gauge length, and comparing with a second couple placed in the normal 
position. No differences in temperature greater than 1° C. were 
observed throughout the sample after heating for 15 min. The 
Chromel-Alumel thermocouples were checked regularly against pure 
metals to guard against errors due to contamination from the aluminium 
samples. I t  is estimated th a t amongst themselves the tem perature 
measurements of the samples were accurate to ±  1° C., with an absolute 
accuracy of i  2° C.

In  changing over from the normal type of test-piece to the screw 
type it was not thought th a t above the temperature of the solidus the 
strength values would be seriously altered by the notch effect of the 
screw threads. I t  seemed probable tha t, when dealing with an alloy in 
the region above the solidus, discontinuities in the form of liquid films 
and pools within the material would always be present to initiate crack 
formation, and a notch of the order of size of a screw thread would be 
unlikely to cause a great decrease in strength. In  practice, a measure 
of correlation was obtained by extending the use of the normal-type 
test-piece to temperatures slightly above the solidus, so as to overlap 
the field of the enclosed type.

Measurements of stress on the vertical portions of the curves were 
difficult to make, but, as can be seen from the values given in Tables 
I I I -X I  for normal test-pieces and in Fig. 6 for screw test-pieces, on the 
whole the agreement was quite good.

General Characteristics of the Strength Curves and Theoretical 
Considerations Relating to Them.

The chief characteristic of the curves is their gradual approach to a 
certain strength a t the solidus, followed by a steep, and practically 
vertical, descent to  a very low value of strength, which slowly diminishes 
to zero a t a point intermediate between the solidus and liquidus tempera­
tures.

This is the type of curve th a t would be expected from theoretical 
considerations. If, for the moment, the system be considered to be in 
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equilibrium and it be supposed th a t an alloy of composition “ C,” Fig. 
14, be under examination, then, as the tem perature increases near the 
solidus a t “ H ,” the strength will decrease gradually until it  reaches a 
certain positive value a t a tem perature immediately below “ H .” This 
positive strength a t the melting point was well shown by Tammann and 
Rocha 3 in their study of zinc and silver containing small quantities of

tin  and copper, respectively. Im m e­
diately above the solidus the solid 
will be surrounded by a finite, small 
quantity  of liquid eutectic, causing 
the strength of the mass to  decrease 
sharply to a low value. Provided 
th a t this quantity  of liquid does not 
exceed a certain amount, a definite 
strength will be shown because of the 
interlocking effect of the remaining

Fio. 14.—Theoretical Diagram of so lid  c ry sta ls  an d  th e  v is c o s ity  o f  
Typical Butectifcrous System. ^  ^  e u te c t ic  in  ^  narrQW

channels between them. As the amount of liquid increases with in­
crease in tem perature, the strength will decrease and will reach zero 
value a t a definite tem perature between the solidus and liquidus, as 
shown by “ C, ” Fig. 15, which depicts the strength-tem perature 
relationship for an alloy of composition “ C.”

As the composition of the alloy varies, so the shape of the curves in 
Fig. 15 will alter both above and below the solidus. At compositions 
to  the left of “ B,” the am ount of liquid in equilibrium with the solid at 
the solidus tem perature would be zero, bu t would increase as the 
temperature increased, so th a t, although there would be a discontinuity 
in the curve, there would be no vertical descent and the strength would

TEMPERATURE

F ig . 15.—Theoretical S trength-Tem perature Relationships for the  Alloys of 
Compositions 0 -F , derived from Fig. 14.

not decrease to  such a marked degree as with alloys having compositions 
to  the right of “ B .” I f  it be supposed th a t when less than  a certain 
amount of liquid is present the partially liquid mass has a positive 
strength, then the temperature range over which the alloy possesses 
appreciable strength will be greatest a t “ B ” and will decrease to zero
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a t composition “ 0 ” on the one side and a t a point intermediate 
between “ B ” and “ F  ” on the other, say a t composition “ D .” The 
theoretical types of curves to be expected with six different alloys are 
shown in Fig. 15, which is intended to represent only the types of 
change taking place and is not drawn to scale.

There is quite good agreement between these theoretical curves and 
those obtained by experiment in the aluminium-silicon series. The 
fact th a t the experimental observations conform quite closely to theo­
retical expectations appears to indicate tha t, a t these relatively high 
temperatures, an approach to equilibrium as regards chemical composi­
tion has been made even though the time a t the testing temperature has 
only been of the order of 10-15 min.

Hot-Short Temperature Range.
During the tensile tests, it was observed th a t the tem perature a t 

which an alloy first lost all indication of strength, as determined on the 
tensometer, appeared to be approximately th a t a t which the alloy began 
to collapse under its own weight and ceased to be coherent or give the 
characteristic brittle, hot-short fracture. The indication of this was 
th a t after testing the samples had a glazed and rounded fracture instead 
of the sharp, intercrystalline one characteristic of lower temperatures.

Thus, it  appears th a t in order to produce a brittle fracture (at least, 
a t normal rates of straining) the material must be extended within the 
tem perature range above the solidus over which the alloy has an appreci­
able strength. Below the solidus the ductility is high, and above the 
tem perature a t which all strength is lost so much liquid is present tha t 
the material deforms, and then, provided th a t the quantity  of liquid is 
not too great, breaks with a typical rounded type of fracture.

The temperature range beyond the solidus is, therefore, probably of 
great importance in determining the general hot-shortness charac­
teristics of an alloy. If, for sake of simplicity, the systems be considered 
to  be in equilibrium, then in castings and welds it would be expected 
th a t the greater this tem perature range the greater would be the thermal 
contraction in portions a t a more advanced stage of solidification during 
the time required for the tem perature of the hottest part to decrease 
below the solidus, and, consequently, the  greater would be the likelihood 
of cracking.

The rate of straining of 0-25 in./mill, was chosen with the object of 
applying the experimental results to  the practical problem of hot- 
shortness. From a number of observations on the casting and welding 
of aluminium alloys, the rate a t which intergranular separation or crack 
formation took place was almost invariably found to be between 0-05
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and 1-0 in./m in., and 0-25 in./min. was taken as an average rate of 
separation.

A further investigation, undertaken as a continuation of the present 
one, in which the hot-shortness of the aluminium-silicon alloys has been 
determined by practical casting and welding experiments, has justified 
the importance attributed to the temperature range above the solidus. 
In  this research, it has been shown th a t the tensile properties of the 
aluminium-silicon alloys in the region of the solidus can be correlated 
with their casting and welding behaviour.

From Fig. 9, in which the extent of the tem perature range above the 
solidus (the hot-short tem perature range) over which the alloys are 
coherent has been plotted against chemical composition, it  will be seen 
th a t a maximum occurs a t 1*8% silicon, the approximate composition

T a b l e  XV .— Temperature Range Calculated from  Data obtained by Vero.

Alloy. T em peratu re Bange,
■ c .

Super-purity aluminium . 10
0 -2 2 %  silicon . . . . 15
1 -6 %  silicon . . . . 75
1 * 8 8 %  silicon . . . . 76
1 2 %  silicon . . . . 4

of the maximum tem perature range of solidification. This range 
applies, of course, only to systems a t equilibrium or approaching 
equilibrium. The hot-short ranges of 4° and 2° C. shown by the 8% 
and 12% alloys, respectively, probably have no great significance and 
the curve in Fig. 11 has therefore not been drawn through these 
points.

Contrary to Vero’s opinion, i t  thus appears th a t there is a possible 
foundation for the hot-shortness characteristics in the shape of the 
tensile curves a t temperatures in the region of the solidus. In  fact, 
Vero showed the existence of a tem perature range above the point of 
incipient melting over which some of the aluminium-silicon alloys have 
a measurable strength, but, when unable to  link it  directly with his hot- 
shortness casting experiments, abandoned the attem pt a t correlation. 
A calculation of the interval between the tem perature of incipient 
melting and th a t of loss of all strength, estimated from Fig. 1, shows 
tha t, with the few alloys on which experiments were carried out, Vero’s 
results are in substantial agreement with those of the present in­
vestigation. The calculated tem perature intervals are given in 
Table XV.
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Structure of the Alloys in the Hot-Short Temperature Range.
From Fig. 8 it is apparent th a t the alloys lose coherence in conditions 

of continuous extension in the tensile test when approximately 40% of 
liquid is present. Alloys containing 6% or more of silicon appear to 
have a negligible hot-short temperature range.

The proportion of liquid in some of the samples retaining appreciable 
strength appeared, a t first, to be unbelievably high. On subsequent 
microscopical examination, however, the reason for this was made 
apparent. In  the original casting, the liquid last to solidify was con­
tained partly in thin films around individual crystals and partly  “ land­
locked ” between the multitudinous arms of the original, dendrites. 
During cooling, therefore, the only part of the liquid which could play 
an effective p art in allowing separation of the crystals a t their boundaries 
was th a t in the form of the thin intergranular films, the “ land-locked ” 
liquid being wholly ineffective.

On reheating to a temperature above the solidus and maintaining a t 
this tem perature for 10-15 min., as in the conditions of testing, the 
“ land-locked ” portions of liquid tended to form themselves into 
globules, and this was, of course, augmented by a decrease in the amount 
of silicon in solid solution. The grain-boundary films did not seem to 
show the same tendency to  form globules and with silicon in excess of
1-5% no grain boundaries were observed free from the silicon-rich film.

The presence of “ ineffective ” liquid in globular form within indi­
vidual grains is shown in Fig. 13 (Plate II) in the case of the 4%  
silicon alloy quenched from 580° C. The alignment of the globules 
indicates their origin and also the orientation of the grains. In  this 
particular area, approximately 25% of the chilled silicon-rich liquid is 
present a t the grain boundaries, the remainder being contained within 
the grain.

Super-Purity Aluminium.
The strength curve for the super-purity aluminium is worthy of 

special consideration. In  Fig. 5 it  will be seen th a t it is displaced 
considerably below th a t of 99'5% aluminium and this is undoubtedly 
due to the smaller content of both iron and silicon. The shallow, 
concave curve obtained for aluminium, and the order of strength a t the 
melting point, 180 lb./sq.in. or 0-08 tons/sq.in., can be compared to the 
results of Lander and Howard,5 who obtained a similar curve for pure 
mercury showing a strength of 0-14 tons/sq.in. a t the melting point.

The interesting feature, however, is the way in which the point of 
embrittlement occurs 4° C. below the true melting point. A t 655° C. 
a bright, intercrystalline type of fracture was observed, which persisted
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up to the melting point a t 659° C., as shown in Fig. 7 (Plate I). 
The elongation decreased to zero a t 655° C. and the strength decreased 
rapidly to  zero between 655° and 659° C. The explanation of this pre­
melting phenomenon may be the presence of minute quantities of 
impurities segregating a t the grain boundaries in sufficient concentration 
to bring about a localized decrease of 4° C. in the melting point.

*
Co n c l u s io n s .

I t  has been shown th a t in the aluminium-silicon alloys there exists 
a range of tem perature above the solidus over which some alloys have a 
finite strength or coherence, while a t the same time having a negligible 
ductility. This tem perature range, termed the hot-short temperature 
range, increases in equilibrium conditions with increasing silicon content 
to a maximum a t approximately 1-8% silicon and then decreases to a 
low value.

I t  is suggested th a t the extent of the hot-short tem perature range is 
one of the most im portant factors in determining the hot-shortness 
properties of the alloys.

A c k n o w l e d g e m e n t s .

The authors express their thanks to  Professor D. Hanson, D.Sc., 
under whose general direction the investigation was carried out, and 
desire to  acknowledge their indebtedness to the W rought Light Alloys 
Association, not only for permission to  publish the work, but for the 
many services which it has placed a t their disposal.

R e f e r e n c e s .

1. S. L. A rchbutt, J . D. Grogan, and J . IV. Jenkin, J .  Inst. Metals, 1928, 40, 210.
2. J . Verö, M itt, berg- u. hilttenmänn. Abt. Kgl. ung. Palatin-Joseph-Univ. techn.

u. Wirtschaftwiss. Fak Berg-, Hütten- u. Forstwesen Sopron, 1935, 7, 138; and 
(translation) Metal Ind . (Lond.), 1936, 48, 431, 491.

3. G. Tam m ann and H. J .  Rocha, Z. Metallkunde, 1933, 25, 133.
4. H. P. Hall, Iron Steel Inst. Special Rep. No. 15, 1936.

C. H. Lander and J .  V. Howard, Proc. Roy. Soc., 1936, [A], 156, 411.



PA G E

31 3
31 5
31 9

32 0
321
323
3 2 4

32 6

3 26
331
3 32
3 3 4
3 3 4
3 3 6
3 3 6
336
337
34 0
34 0
34 4

METALLURGICAL ABSTRACTS

P ro p ertie s  of M etals . . . . . . .
P ro p ertie s of Alloys . . . . . . .
S tru c tu re  (M etallography ; M acrography ; C rysta l S tru c tu re ) 
D en ta l M etallurgy . . . . . . .
Pow der M etallurgy . . . . . . .
Corrosion an d  R e la ted  Phenom ena . . . .
P ro tec tio n  (o ther th a n  b y  E lectrodeposition) 
E lectrodeposition  . . . . . . .
E lec tro m eta llu rg y  a n d  E lectrochem istry  (o ther th a n  E lectro  

deposition) . . . . . . . .Refining . . . . . . . . .
A nalysis . . . . . . . . .
L ab o ra to ry  A p p ara tu s, In s tru m en ts , &c.
Physica l an d  M echanical T esting , In spection , and  R adiology
T em p era tu re  M easurem ent an d  Control
F o u n d ry  P rac tice  an d  A ppliances . . . .
Secondary  M etals : Scrap, R esidues, &c.
F u rnaces, Fuels, and  R efractories . . . .
H e a t-T rea tm e n t . . . . . . .
W orking . . . . . . . .
C leaning a n d  F in ishing . . . . . .
Jo in in g  . . . . . . . . .
In d u s tr ia l Uses and  A pplications . . . .
M iscellaneous . . . . . . . .
B ib liography  . . . . . . . .
B ook Review s . . . . . . . .



AUTHOR INDEX TO ABSTRACTS
ÀKHtBSER, A. I . ,  313. 
A lexeevsky, N ., 314. 
A llen, N . P ., 314. 
A l’tshuller, L. V., 332. 
A ndrade, E . N. d a  C.,

314.
A niaev, R ., 313. 
A tkinson, II. H ., 311.

Babko, A. K ., 330. 
Beerwald, A., 322. 
B hagavantam , S., 333. 
B irks, L. S., 325. 
B lakiston, J . ,  336. 
Bochvar, A. A., 314,

315, 318, 319.
van de B ogart, L. G., 

322.
Bolz, R . W., 338, 339. 
B om shtein, R . I . ,  330. 
Borchers, H ., 336. 
Breger, A. E h ., 320.
Bregm an, A., 342. 
B ritta in , H . S. W ., 335. 
B rockington, A. F ., 324. 
B ungard t, W ., 321. 
B urgers, W . B ., 326.

C abrera, N ., 315. 
C astellani, 0 . ,  336. 
Chase, H ., 326, 335. 
Chipizhenko, A. I . ,  333. 
Close, G. C., 323. 
Combs, L . W ., 344. 
Conley, W. J . ,  343. 
Croissant, P ., 328.

D avidenkov, N . N ., 325. 
D avidson, N ., 338. 
de D ecker, H . C. J . ,  

320.
D obatk in , V. I . ,  319. 
D orcas, E .  E ., 343. 
D ragulescu, C., 329. 
D reyer, E .  L ., 316. 
D rotschm ann, C., 324. 
D ’yakonov, A., 315.

E arle , L. G., 341. 
E ckard t, W ., 323. 
E llio tt, E . F ., 337. 
E vans, U . R ., 322.

F ainberg, S. Y u., 328. 
F ärber, H . L ., 326. 
F ield, N ., 335.
F ischer, IT., 330. 
F ishm an , I . S., 327. 
F isk, P . M., 324. 
F riedm an, H ., 325. 
F rum kin , A., 326.

Galloway, D. F ., 339. 
G atterer, A ., 332. 
G autier, G., 336.
G énin, G ., 341. 
Gensamer, M., 314. 
G ibb, (S ir) C. D ., 335. 
G ladis, G. P .,  311. 
G olubtsova, R . B ., 329. 
Gombás, P ., 315.

G oodm an, D ., 334. 
G ranbois, E . J . ,  322. 
G urevich, A. B., 328. 
G urovich, E . I . ,  322.

H all, W . H ., 332. 
Hallowes, A. P . C., 321. 
H am ilton , G. M., 328. 
H arris , G. T ., 333. 
H artm an n , n., 316. 
H auser, H . H ., 320. 
H ein tz , R . M ., 335. 
H eiz, W ., 343. 
H endrick , H . D., 342. 
Herw ig, R . S., 310. 
H oar, T . P ., 322. 
H obson, L. S., 314. 
H uret, J .  E ., 319. 
H utchison , T . S., 313.

Inglis, R . S., 344. 
van Itte rbeek , A., 313.

Jabionski, F ., 327. 
Johnson , W . A., 319. 
Junkes, J . ,  332.

Eadyßhevich, A ., 315. 
E a h n , F ., 322. 
E ap lansky , S. I . ,  328. 
E arius, A ., 318. 
K innunen, J . ,  329. 
E lare , P ., 334.
E lenze, R . O., 314. 
E lochko, M. A ., 325. 
E lo tsch , P ., 339. 
E ob itzsch , R ., 338. 
Eohlm eyer, J . ,  334. 
Eolosov, V. I ., 328. 
E orn ilov , I . I . ,  336. 
E o ro tu n , M. Y ., 330. 
E orehunov, I .  A ., 328. 
E ra sil’8hikov, B. S., 

327.
E ud ryav tsev , I .  V., 

333.
E ü ttn e r , L ., 332. 
E uznetsov , Y. I ., 330.

L ainer, V. I . ,  340. 
L a tiu , E ., 329. 
v . Laue, M., 315. 
Levich, Y., 326. 
Levintov, I .  I . ,  331. 
L ichtcnecker, E .,  314. 
L ipacher, E . ,  340.
L ist, J .  H ., 336. 
Lceuille, E ., 332. 
Longm uir, J .  B ., 336.

McCance, A ., 314. 
M cCants, R . P ., 314. 
M acGahan, P ., 341. 
M&der, H ., 342. 
M anjoine, M. J . ,  334. 
v . M anteuffel, R . Z., 

317.
M art’ynenko, I .  F ., 

343.
M ayer, H . T h ., 320. 
M edvedeva, Z. S., 325.

M eredith, W. C., 335. 
M essner, O. H . C., 

338, 313.
M eyer, E .,  332. 
M ladentseva, O. I . ,  327. 
M oritz, n . ,  327.
M orris, A. R ., 343. 
M üller, F ., 326.

N evsorov, A. I . ,  326. 
N ik itina , E . I . ,  327, 

330.
N ikol’sky, N . V., 336.

Ogilvie, J .  P ., 319. 
O knin, I . ,  321.
O llard, E . A., 325. 
Orowjin, E ., 314. 
O stroum ov, B . A., 320. 
O stroum ov, E . A., 330.

P alm er, C. E ., 324. 
P a rto n , J .  E ., 338. 
P artridge , G. B., 335. 
P atterson , V. H ., 319. 
P atterson , W ., 316. 
Peck, C. E ., 337.
Pell-W alpole, W . T ., 

317.
Peterson , R . E ., 333. 
Phelps, H . S., 322. 
Phillips, J .  C., 338. 
P laksin , 1. N ., 318. 
Podchainova, V. N ., 

329.
Pollack, A ., 325. 
Pollak, F . F ., 324. 
P oluektov, N . S., 330. 
Pom eranchuk, I .  Y a., 

313.
Popilov, L . Y a., 320. 
P ravd in , A. A., 344. 
Preisw erk, E ., 341. 
P rice , D. J . ,  315. 
Proske, G., 310.

R ank in , A. C., 333. 
Rao, B. R ., 333.
R av, G., 340.
Reekie, J . ,  313. 
van  R eijen, L. L., 320. 
R eu ther, H ., 326. 
R ilcy, R . V., 319.
RoS, M., 344.
Rose, E . ,  340.
R ote , F . B ., 339. 
R usanov, A. E ., 328. 
R ustay , A. L ., 339.

Sal’nikov, I ., 313. 
S am arin, A ., 315. 
Sanders, J . ,  331. 
Savitsky, E . M., 319, 

338.
Saw in, N . N ., 324. 
Schworm, Wm. B ., 322. 
See m an, H . J . ,  316. 
Sem enov, N . N ., 327, 

328, 332.
Shakhov, A. S., 328. 
Shaly t, S ., 313.

Shelntsis, O. G., 330. 
Shcrer, C. M., 322. 
Shevtsova, T . Y a., 329. 
Shteinberg, L. M., 325. 
Siebei, E ., 338. 
Siedentopf, E .,  335. 
S ilm an, H ., 310. 
Simpson, N . H ., 343. 
Sm ith , A. J .  G., 336. 
Sm ith, E . B ., 325. 
Sm ith , T. D ., 314. 
Sm ith , U. L ., 341. 
Spassky, L. P ., 334. 
Spivak, F . T ., 330. 
Stclljcs, A. J . ,  335. 
S terner-R ainer, R ., 344. 
S trauss, H . S., J r . ,  340. 
Striganov, A. R ., 326, 

327.
S trom berg, A. G., 329. 
Sue, P ., 330.
Sukhenko, E . A., 327. 
Suvorovskaya, N . A.,

S ventitsky , N . S., 331. 
Sviderakaya, Z. A., 

314, 318.

Tananaev, N . A., 329. 
Tapsell, H . J . ,  314. 
T a tm an , M. E ., 337. 
T aylor, R ., 333.
Thews, E . R ., 325, 326, 

340.
Thom pson, W ., 333. 
T hum , A ., 317. 
Tikhonova, A. A ., 327. 
Toropova, V. F ., 328. 
T orry , A., 317.
T our, S ., 338. 
Trapeznikov, A. E ., 

333.
T rykov, M. D ., 328. 
Tulley, T. J . ,  313. 
T urner, R . S., 336. 
Tylecote, R . F ., 312.

U nderw ood, L. R ., 337.

Y agram yan, A. T ., 313. 
V and, V., 333. 
V ertsncr, V. N ., 320. 
Vilella, J .  R ., 331. 
Y itm an, F . F ., 325. 
Voce, E ., 321.
Yoss, E .,  324. 
V vedensky, L . E ., 327. 
V ylegzhanin, I .  S., 323.

W est, E . G., 342. 
W ollenden, E . A., 335. 
W ood, D. H ., 335. 
W ray, R . I . ,  323. 
W yant, R . A ., 344.

Zaglodina, T . Y ., 328. 
v. Zeerleder, A ., 311. 
Zelyanskaya, A. I ., 329. 
Zhadaeva, O. S., 315. 
Zhdanov, G. S., 320. 
Zibel’farb , M. I . ,  325.

b



METALLURGICAL ABSTRACTS
(G E N E R A L  A N D  N O N -F E R R O U S )

Volume 13 SEPTEMBER 1946 Part 9

I.— PROPERTIES OF METALS

♦Negative Resistance-Temperature Coefficient of Thin Evaporated Films of 
Bism uth. T . J .  T ullcy  (Nature , 1946, 157, (3986), 372).— T h in  films o f 
b ism u th  w ere e v ap o ra ted  on  to  m icroscope slides (w hich w ere w ashed  an d  
w iped, b u t  n o t  otherw ise cleaned) a t  a  pressure  o f 10‘3 m m . in  a  cham ber to  
w hich m ercu ry  v a p o u r from  a  diffusion pu m p  h a d  access. I n  a ll cases th e  
film show ed a  n eg ative  tem p , coeff. o f  resistance, w hich decreased w ith  
increasing  film  th ickness. N um erical resu lts  a re  g iven.— G. V. R .

♦The Thermal Conductivity of Bismuth at Low Temperatures. S. S h a ly t 
(Zhur. Eksper. Teoret. F izik i, 1945, 15, (6), 250-252).— [In  R ussian ] Seo 
M et. A bs., 1 9 4 5 ,1 2 ,205.— N . A.

♦On the Thermal Conductivity of Bismuth. A. I .  A khicser a n d  I .  Y a . 
P o m oranchuk  (Zhur. Eksper. Teoret. F izik i, 1945, 15, (10), 387-392).— [In  
R u ssian ] See M et. A bs., th is  vol., p. 41.— N . A.

♦Magnetic Self-Recovery in  Cold-Worked Copper. J .  R eekie a n d  T . S. 
H u tch iso n  (Nature, 1946, 157, (3998), 807-808).— R ods o f h ig h -p u rity  copper 
w ere cold w orked by  d raw ing  th ro u g h  hardened  steel dies, g iving a  2 0 -3 5 %  
red u ctio n  in  a rea . Specim ens were th en  m ain ta in ed  a t  va rio u s co n stan t 
tem p , a n d  th e  m agnetic  su scep tib ility  m easu red  a t  reg u la r in te rv a ls . R esu lts , 
w hich are  g iven  g raphically , show  t h a t  a t  — 180° C. no  m easurab le  change in  
su scep tib ility  occurs, while a t  room  tem p , a  change o f 5 %  occurs in  100 h r. 
A t 90° G. a  change o f  8 %  occurs in  25 h r. I t  is concluded th a t  th e  m agnetic  
su scep tib ility  is s tra in  sensitive a n d  t h a t  th e  resu lts  o b ta in ed  are  connected  
w ith  th e  self-recovery  o f th e  m etal. N o evidence o f fe rrom agnetic  im p u rity  
w as ob ta in ed .— G. V. R .

Calculation of the Elastic Constants of a Single Crystal of Copper. I .  
S a l’n ikov  (Zhur. Eksper. Teoret. F izik i, 1 9 4 5 ,15, (6), 301-311).— [In  R ussian] 
A sim ple m eth o d  is given for com puting th a t  p a r t  o f  th e  e lastic  const. cn -c 12 
a n d  cit  w hich is d ep en d en t on th e  so-called energy  o f  overlapp ing . U sing 
th is  m eth o d  th e  e lastic  const, o f  a  single c ry sta l o f  copper a re  calcu la ted .

— N . A.
♦Resistivity of Thin Nickel Films at Low Temperatures. A. v an  I tte rb e c k  

a n d  L . Do G reve (Nature, 1946, 158, (4003), 100-101).— C ontinuing w ork on 
th e  e lectrica l resistance  o f  th in  n ickel films (Nature, 1945,156, 6 3 4 ; M et. Abs., 
th is  vo l., p . 153), th e  resistance  o f such  films as a  fu n c tio n  o f tem p , w as m easured  
dow n to  liqu id  helium  tem p . On cooling film s th ick er th a n  40 (X, th e  re s is t­
ance  passes th ro u g h  a  reversib le m inim um  a n d  th e  tem p , coeff. changes from  
positive  to  negative . T he n ea re r th e  th ickness approaches to  40 ¡r, th e  m ore 
th e  m in im um  in  th e  resistance  curve is d isp laced  tow ards h igher tem p .

■—  G. V. R .
♦Investigation of the Thom son-Nem st Thermomagnetic Effect in a Nickel 

Crystal. R . A niaov (Zhur. Eksper. Teoret. F izik i, 1945, 15, (11), 629-642).—  
[In  R u ssian ] See M et. A bs., th is  vol., p . 242.— N . A.

♦The Electrolytic Growth of a Single Crystal of Silver. A. T . V agram yan  
(Zhur. F iz. K him ., 1945, 19, (6), 305-313).— [In  R ussian ] I n  th e  electro-

♦ D enotes a  p a p e r describ ing  th e  re su lts  o f  o rig inal research , 
f  D eno tes a  first-class c ritica l review .

A A
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crystallization o f silver on an unpoisoned, growing portion o f the cathode, the  
rate o f  the reaction is lim ited by the addition of m aterial to  that growing 
portion, w’hile the rate o f  passivation is governed b y  the addition o f  passivators.

— N . A.
On the Displacement of the Critical Temperature of Supraconducting Tin by 

Extension. N . A lexeovsky (Z hur. Eksper. Teoret. F izik i, 1945, 15, (6), 244-  
245).— [In Russian] See also M et. A bs., this vo l., p. 42. The relation be­
tween tem p, and the change o f  induction and electrical conductivity o f  a 
single crystal o f  tin  is dem onstrated. On increasing the stress producing 
extension o f  the crystal, the critical tem p, is also increased.— N . A.

*Dilatometric Study of Pure Zinc. A . A. B ochvar and Z. A . Sviderskaya 
( Izvest. A kad. N au k S .S .S .B ., 1945, [Tekhn.], (3), 209-211).— [In Russian] 
A n experim ental study was made o f the direction taken by dilatom etric curves 
obtained during the heating o f deformed single-crystal specim ens o f zinc.

— N . A.
Creep of Metals. N . P . Allen (Nature , 1946, 157, (3989), 4 6 9 -4 7 1 ; see 

also  E ngineering, 1946, 161, (4182), 2 3 3 -2 3 5 ; (4183), 2 5 8 -2 5 9 ; Engineer, 
1946, 181, (4701), 148-149 ; (4702), 170-171 ; and Chem. and In d ., 1946, 
(10), 109).— A sum m ary report o f  a  conference held a t tho R oyal Society in 
Feb. 1946. Papers were presented by several authors and there was a general 
discussion. E . N . da C. Andrade  reviewed tho general characteristics o f  de­
form ation and creep o f  single crystals o f m etals, directing atten tion  to  need  
for working a t constant stress rather than constant load. H . J . T apsell 
referred to  engineering problems necessitating long-tim e tests and outlined  
an extrapolation technique which enables use to  be m ade o f  data from  
short-tim e tests. E . Orowan dealt w ith  a new theoretical approach to  the  
problem o f  creep and A . McCance proposed a m athem atical approach 
enabling predictions to be made from short-tim e tests. N . P . A llen  re­
view ed the influence o f  m etallurgical structure, and the m etallurgical control 
o f  creep.— G. V . R .

Strength and Ductility. M axwell Gensamer (M etal Progress, 1946, 49, (4), 
731-734).— T w entieth Campbell Memorial Lecture. The measured m echani­
cal properties o f  m etals are reviewed in  relation to their behaviour in  service 
and their dependence on chemical com position and structure. A ttention  is 
primarily directed to  tho effect o f alloying elem ents, present either in  solid  
solution or as undissolved com pounds, on th e  m echanical properties o f  steel, 
but the principles involved are o f  general interest. The m ain conclusions 
are : Strength is not sensitive to  local variations in  com position and structure. 
I t  is closely related to com position in solid solutions, bu t depends in  aggregate 
structures on the average spacing between particles, the shape o f  tho latter  
being im portant only in  so far as i t  influences the m ean spacing. F ine disper­
sions influence strength to  a m uch greater ex ten t than do dissolved elem ents. 
D uctility  is m uch influenced b y  local conditions, bu t unless local d u ctility  is 
exceptionally  low, local deformation has a  m uch greater effect on energy 
absorption. The distribution o f  deform ation can m ost advantageously bo 
im proved b y  m odifying the plastic properties o f  m aterials, except a t high  
strengths where the intrinsic ductility  is sufficiently low to  be an im portant 
factor in  failure.— P . R .

The “  Degree o i Loosening ”  of Solids. K . Lichtenecker (Z. Elektrochem., 
1942, 48, 669-671; G. A bs., 1943, 37, 5897).— Cf. Z . Elektrochem., 1943, 49, 
174; M et. A bs., 1945, 12, 242. The “ degree o f  loosening,” X, is defined as 
(Q — (E /2 )) jE ,  where Q is the integral o f the heat capacity from abs. zero to  
the m elting point and E  is the sum  o f  Q and the energy o f  fusion. For m any  
solids, X is positive and is relatively large for the softer m etals. The 
“ m obility ” and coeff. o f  self-diffusion are related qualitatively to X.
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Analysis of the Process of Absorption of Gases by Metals. I.— Character­

istics of Gas-M etal Systems. A. D ’yakonov and A. Samarin (Izvest. A kad. 
N auk S .S .S .B .,  1945, [Tekhn.], (9), 813-820).— [In Russian] A general 
account.— N . A.

*On the Structure of Thin Solid Films. N icolas Cabrera (Com.pt. rend., 1946, 
222, (16), 950-952).— Observations w ith an electron microscope revealed a 
discontinuous structure in  thin solid m etal films at room tem p. For th ick­
nesses o f less than about 15 m p, the film contained holes; thinner films 
consisted o f independent grains. These discontinuities are due to surface 
tension. I f  w0 is the volum e o f  m aterial per c.c. o f  support and this material 
is distended uniform ly, a continuous film o f thickness h0 =  v0 results. Tho 
stable structure is that for which the free energy is a minim um . The expression  
for the free energy for the volum e v„ contains a  term  proportional to v0 and  
alw ays the sam e, and another proportional to  the surface and differing from  
one structure to another. The equation for the energy, E , o f  the film is worked 
out m athem atically. Tho determ ination o f  the surface entropy is more 
difficult and rests on an assum ption to  be discussed later. The free surface 
energy, F  =  E  — T S , whore T  is the tem p, and S  the surface. There are 
tw o critical tem p. : the first, T }, from which tho hole structure will be the  
more stable, the second, rl \ ,  from which the grain structure will always replace 
the hole structure. A t a certain tem p., T 0, there will bo critical thicknesses, 
h01 and h02, for which T 0 is equal to 1 \  and T 2. Hence, for the interm ediate 
case, h0> h 01, there is a continuous film ; for h0l> h 0> h 02, there is the hole 
structure ; and for h02> h 0, there is tho grain structure.— J. H . W .

*Infra-Red Emissivity of Metals at High Temperatures. D . J . Price (N ature, 
1946, 157, (3997), 765).— B y  m easurement o f the intensity o f  radiation from  
the inside and outside o f a  hollow cylindrical specimen, the em issivity o f  
various m etals w as measured a t 1000°-1500° C. and wave-lengths o f  1-0-4-5 p. 
R esults show th a t a t wave-lengths less than 0-93 p for platinum  or T 0 -T 5  p 
for iron the tem p, coeff. o f em issivity is zero. In  tho far infra-red region tho 
coeff. is equal to ha lf the temp, coeff. o f resistivity. Over a range o f  inter­
m ediate wave-lengths the relation between w ave-length and tem p, coeff. o f 
em issiv ity  is linear.— G. V. R .

An Extension of the London Theory of Supraconductivity. M. v . Laue 
(A nn. P liysik , 1942, 42, 6 5 -8 3 ; C. A bs., 1943, 37, 5633).— Two independent 
mechanisms o f conductivity assumed in London’s theory are harmonized 
rclativ istica lly ; certain difficulties are thus removed.

On the Measurement of the Depth of Generation of Secondary Electrons in a 
Metal. A. K adyshevich (Zhur. Eksper. Teoret. F izik i, 1945, 15, (11), 651- 
654).— [In Russian] See M et. A bs., this vo l., p. 244.— N . A.

Theory of Metals. P . Gornbas (Nature, 1946, 157, (3994), 668-669).—  
Theoretical. A n expression is derived for the lattice energy o f a  m etal, which  
is considered statistically  as a lattice o f  positive m etal ions and a  uniformly 
distributed electron-gas consisting o f tho valency electrons. From this 
expression the fundam ental const, o f  the alkali m etals are deduced and are in  
fair agreem ent w ith  experim ent.— G. V. R.

II.— PROPERTIES OF ALLOYS

*Micro-Hardness Study of the Structure of Cast Aluminium-Copper and 
Alum inium -Silicon Alloys. A . A . Bochvar and 0 .  S. Zhadaeva (Izvest. A kad. 
N auk S .S .S .R ., 1945, [Tekhn.], (10/11), 1089-1092).— [In Russian] I t  is 
show n th a t the hardness o f the crystals o f  primary solid solution in  the region 
o f  the eutectic is not uniform, but depends on composition. The variation is 
reduced by hom ogenization but is  not entirely eradicated.— N . A.



♦On the M echanical Properties and Corrosion-Resistance of Cold and Warm  
Age-Hardened Alum inium -Zinc-M agnesium -Copper Forging Alloys. K . L.
Drcyer and H . J . Secinan (A lum in ium , 1944, 26, (5/6), 76-82).— The m echani­
cal properties and corrosion-resistance o f  six  alloys o f  alum inium  containing  
0-7%  m anganese w ith : (1) zinc 3-7, m agnesium 2-5, and copper 1-5, 2-0, and
2-5% ; and (2) zinc 4-5, m agnesium 1-5, and copper 1-5,2-0, and 2-5% , together  
■with the effects thereon o f  various solution tem p., ageing tem p., and tim es, are 
shown in tables and graphs. I t  was established that as the values for the  
variable factors increase, the values for 0-2%  proof stress and tensile strength  
increase, the m ax. values being obtained by solution-treatm cnt a t 500° C. for 
30 m in., followed b y water-quenching and ageing at 50°-100° C. for 10-90 days, 
w hen the 0-2% proof stress becomes 25-30  kg ./sq . mm. and the tensile strength  
becomes 45 -5 0  kg./sq . m m ., the corresponding figures for the quenched alloys 
being 12-15 kg./sq . mm . and 30-35  kg ./sq . m m ., respectively. .W hen u n ­
polished and polished sheets o f  the alloys were exposed to  a 3%  salt solution  
for 0 -120  days (a) polished sheets corroded less than unpolished sh e e ts ; 
(6) both series o f  alloys had alm ost equal layer-corrosion-resistance; and  
(c) the second series o f  alloys had superior stress-corrosion-resistance, although  
the resistance decreased w ith  increase o f  copper content, solution tem p., 
ageing tem p., and tim e. The best alloy is  th a t w ith zinc 4-5, m agnesium 1-5, 
copper 1-5, and manganese 0-7% .— E . N .

♦The Relationship Between the Working Properties and Final Rolling 
Reduction Before Annealing of Sheets of Duralumin-Type Alloys Contain­
ing 3% and 4% of Copper, Made from Chill- and Continuously Cast Billets. 
Hans H artm ann (A lum in ium , 1944, 26, (5 /6), 84—88).— Chill-cast and con­
tinuously cast billets o f  Duralum in-type alloys containing 3 and 4%  
copper were cold rolled, annealed, subjected to  further rolling reductions o f  
10-70% , and re-annealed, after which their grain structure and deop-drawing 
and stretching properties were studied. H eavy  rolling reductions produced  
coarse grains on annealing, causing a decrease in  the working properties o f  the  
alloy and this tendency was more pronounced (a) w ith the chill-cast m etal, 
and (6) w ith the a lloy containing 4%  o f  copper. To obtain the best material 
the final rolling reduction should bo in  the region o f 30% .— E . N .

♦Metallurgical Requirements for the Production of Corrosion-Resisting H igh- 
Strength Sheets of Alum inium -Zinc-M agnesium  Alloys. W . Patterson  
(.Metalhvirtschaft, 1944, 23, (18/21), 161-173).— An extensive study  w as m ade 
o f  the influence o f the degree o f cold work, heat-treatm ent, and additions o f up 
to  0-3% o f beryllium , cerium, chromium, thorium , titanium , vanadium , and  
zirconium (“ stab ilizers” ) on the m echanical, recrystallization, and corrosion- 
resistance properties o f alum inium  alloys w ith  up to  0-5%  o f  m anganese and  
< 8 %  o f zinc plus magnesium. The stabilizers broaden the recrystallization  
range and displace it  to  higher te m p .; diffusion takes place more slow ly and  
precipitation at tho grain boundaries is hindered. These are factors which  
increase the resistance o f  the alloys to  layer- andstress-corrosion, the optim um  
conditions being obtained w ith additions o f  0-3% chromium or 0T %  vanadium , 
a final rolling reduction o f  50-75% , and a  solution-treatm ent at 470°-530° C. 
for 20 -3 0  m in., follow ed by quenching and warm ageing a t 110°-120° C. for 
4 hr. The additions, however, produce alloys o f  inferior working q u a lities; 
such alloys are sensitive to the presence o f  iron, arc subject to  cracking when  
continuously cast, are liable to  burst when hot rolled, and have a  tendency to  
coarse-grain form ation on annealing after heavy rolling reductions. The 
m echanical properties o f  the resulting alloys are inferior to those o f the straight 
alum inium -m agnesium -zinc ser ies; the tensile strength and 0-2%  proof 
strength are reduced, the elongation increased, and, unless recrystallization is 
fu lly  com pleted, the resulting heterogeneous structure has not only variable  
m echanical properties but is more susceptible to  stress-eorrosion. I t  is  con-
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eluded that in  alloys o f  this type a combination o f  high mechanical and 
corrosion-resistance properties is  not fully compatible.— E . N .

Alum inium  Alloys 2S, 3S, and 52S (W rought, Non-Heat-Treatable Types).
 (M achine Design, 1944,16, (7), 149-153).— A comprehensive review o f  the
properties o f  three commercial aluminium alloys giving tables showing 
mechanical and physical properties o f the material in  various degrees o f  
hardness, nominal com positions, high-tempcrature properties, effect o f  
drawing on m echanical properties, commercial tolerances for sheet, plate, 
wire, rod, and bar, official designations, accounts o f welding properties, 
corrodibility, and recom m endations for piercing and riveting.— P. R.

♦Control of Shrinkage Porosity and Mechanical Properties in Chill-Cast 
Phosphor-Bronzes, Leaded Bronzes, and Gun-Metals. W. T. Pell-W alpole 
(M elallurgia, 1946, 34, (200), 85 -90; (201), 155-161).— The variables in the  
chill-casting process which affect the extension and distribution o f shrinkage 
porosity were exam ined for phosphor-bronzes, gun-m etals, and leaded bronzes. 
The rate o f  pouring is the m ost im portant factor and freedom from the m ost 
harmful types o f shrinkage porosity is obtained when the rate is the lowest a t  
which the m ould w ill fill w ithout cold shuts. This critical rate is related to  
the shape and size o f  the ingot by the formula Ii =  K P ,  where R  is the pouring 
rate, P  is the periphery o f  the ingot cross-section (or, in the case o f cored 
sticks, the sum  o f the peripheries o f  mould and core), and K  is a const, which, 
for constant mould conditions and pouring tem p., depends on the alloy  
com position. Values o f  K  were determined for all standard bronze com posi­
tions. The m echanical properties o f these bronzes vary, in general, w ith cast­
ing conditions in  the sam e manner as density— i.e. optim um  values are 
obtained uniform ly across the section when the pouring rate is the minimum  

»which w ill fill the m ould w ithout cold shuts. Slight variations in properties 
are also produced by the effect o f pouring and m ould temp, on the distribution  
o f  the brittle com pound phases.— J . W . D .

♦Welded Magnesium Alloys and Their Alternating Tension-Compression 
Fatigue Strength. A. Tlium  and R . Zocgc von  Manteuffel (Metallwirtschafl, 
1944, 23, (22/26), 215-220).— A  study was m ade o f the static  tensile properties 
and alternating tension-com pression fatigue strength o f  unwelded and welded  
test-pieces o f  alloys o f  magnesium w ith  (a) aluminium 3-18, manganese 0-40, 
and zinc 0-90% ; (6) alum inium  6-70, manganese 0-19, and zinc 0-70% ; and  
(c) m anganese 1-93%. After welding, the static and fatigue properties o f  
alloy (a) were slightly superior to those o f (b), while both (a) and (b) had 
properties greatly superior to  those o f  (c). For exam ple, the fatigue strength  
o f alloy (a) after 50 X 108 cycles was ± 4-2  kg./sq . mm. (unwelded ± 7-6  
kg./sq . m m .), while th at o f  (c) w as ± 2-6  kg./sq . mm. (unwelded ± 4-6  kg./sq. 
m m .). E xam ination o f the weld structure showed that (i) microporosity was 
present in  all cases ; (ii) tho failure o f  alloy (c) was explained by the coarse, 
dendritic crystal form ation which had taken place in the weld scam. I t  is 
concluded th a t steel is not replaceable by light alloys when alternating tension-  
compression fatigue stresses have to be endured.— E . N .

The Structure of Nickel-Alum inium  Magnet Alloys and the Control of 
Brittleness. A lan Torry (M elallurgia, 1946, 34, (201), 147-153).— After an 
historical survey o f  tho progress in explaining tho cause o f  high coercivity in the  
ternary alloys o f nickel, iron, and alum inium , an attem pt is made to  show how  
the factors responsible for coercivity are also associated w ith a  w eak inter- 
granular structure. I t  is suggested that excessive brittleness in these alloys 
m ay be directly attributed to  the differences in the rates o f  contraction or 
expansion o f  the phases already present or being precipitated. A study o f the 
therm al d ilatation  o f  Alni, Alnico, and Alcom ax alloys o f  varying compositions 
revealed the m agnitude o f the influence o f such elem ents as aluminium, 
copper, and titanium  in causing departure from uniform expansion or con-



traction, both after casting and in subsequent heat-treatm ents. B y  controlling  
the relative proportions o f  all the elem ents present, w ith  im proved knowledge 
o f  their separate effects on the m agnetic characteristics, heat-treatm ent, and  
dilatation behaviour, econom ic production has been im proved and m echanical 
stab ility  obtained w ithout sacrifice o f  m agnetic performance.— J. W . D .

Inconel, Wrought and Cast. -------(Machine. Design, 1944, 16, (8), 1 l . l -
l l  6).— The m echanical properties o f Inconel in various conditions o f  work and  
heat-treatm ent are tabulated, together w ith  inform ation on creep strength  
o f hot-rolled rod, high-tem perature and low-tem perature properties, physical 
const., fabrication (m aehinability, drilling, reaming, tapping, perforating, &c.), 
corrosion-resistance, annealing, tolerances for cold-rolled sheet and for hot- 
rolled rods and flats, and designations.— P . B .

♦The System Platinum-M ercury. I . N . Plaksin and N . A. Suvorovskaya  
( Izvest. Sekt. P la ting , 1945, 18, 67-76).— [In Russian] Cf. M et. A bs., 1941, 
8 ,2 2 5 , 298. Thermal, X -ray, and micrographic analyses were carried out and  
the solubility o f  mercury in platinum  studied up to  200° C. The results reveal 
the existence o f a solid solution o f mercury in  platinum  up to  23 ut.-%  and three 
interm etallic compounds : (1 (73-76 at.-%  platinum ), y  (60-70 at.-%  platinum ), 
and S (45-55 at.-%  platinum ). These compounds m elt congruently a t  
485-1°, 236°, and 159-1° C. T hey correspond to P t3H g, P t2H g, and P tH g.

— N . A.
♦The Phenom enon o£ Super-Plasticity in Z inc-Alum inium  Alloys. A. A.

Bochvar and Z. A. Sviderskaya (Izvest. A kad. N auk S .S .S .R .,  1945, [Tekhn.], 
(9), 821-824).— [In Russian] On heating above 100° C., alloys o f zinc w ith  
20%  alum inium  show an unusual reduction in hardness and increase in  
plasticity . The hardness o f  pure zinc and alum inium  a t  300° C. is approx. 
10 kg ./sq . m m ., whereas the hardness o f  tho alloy o f zinc w ith 20%  alum inium ^  
is only 0-6-1-0 kg./sq . m m . a t th a t temperature.— N . A .

♦Contribution to the Question of Changes in  Materials Under Fatigue Stress. 
[Brass, Aluminium, Duralumin, Nickel-Chromium -Iron Alloy, Steels.] A. 
Karius (M elallwirtschaft, 1944, 23, (48/52), 419-434).— E xperim ents were car­
ried out on specim ens o f  brass, alum inium , Duralum in, iron-19%  niekel-25%  
chromium alloy, and various steels to  determ ine the influence o f  fatigue  
stress on the elastic m odulus and dam ping capacity. Plain and notched test- 
pieces were subjected to  alternating-bend tests in a  Schenck fatigue-testing  
m achine and, after various num bers o f  cycles, the alterations in  dam ping 
capacity and clastic m odulus were determ ined in  a Forster machine. I t  was 
shown th a t w ith  all polycrystalline m aterials changes due to  fatigue are o f  a 
similar nature and follow  a similar course throughout the test. In itia lly  
there is a sharp increase in  dam ping capacity and a corresponding decrease in 
elastic m odulus due to  cold working ; these effects alm ost vanish w ith  a slight 
increase in  stress and duration o f  test but recur, as a  result o f  the formation  
o f macroscopic cracks, shortly before the onset o f  fracture. The initial 
changes are dependent on the volum e o f  stressed m aterial in  tho specim en and  
are n o t lim ited to  the points a t which subsequent failure takes p la c e ; changes 
in properties just before fracture are independent o f  the volum e. Notched  
specim ens exhibit only slight changes in  properties; no volum e effect occurs 
as cracks are formed in the region o f the notch. Prelim inary static  or dynam ic  
stressing causes a  reduction in  dam ping and m odulus changes b y  fatigue  
testing, but high preliminary stressing brings about a  reversal o f  this effect. 
The initial changes occurring in  fatigue testing are partly elim inated by resting 
a t  room tem p, and are com pletely rem oved by heat-treatm ent at 150° C., 
showing that such changes are the result o f lattice displacem ent and not plastic  
deformation, the low-teinp, annealing relieving the internal stresses se t up. 
In  the case o f  individual crystals, submicroscopic cracks are only elim inated  
by heating above the recrystallization point.— E . N .
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*0n  the Temperature Curve o£ the Commencement o£ Linear Contraction in 

Binary Alloys. A. A. Bochvar and V. I. Dobatkin (Izvest. A kad. N auk  
S .S .S .B .,  1945, [Teldm .], (1 /2), 3 -6).— [In Russian] The curve denoting the  
com mencem ent o f linear contraction in  a series o f  alloys divides the two-phase  
region between the liquidus and the solidus into two parts : (i) the upper, 
consisting o f  liquid w ith traces o f  the solid phase, and (ii) the lower, consisting 
o f  solid w ith  isolated inclusions o f the liquid phase. A n apparatus is  described 
w ith which this curve can be determined and w ith  which experim ents were 
carried out on alloys o f the m agncsium -alum inium  and alum inium -silicon  
system s. The results are correlated w ith the microstructures.—N . A.

III.— STRUCTURE
(M etallography; M acrography; Crystal Structure.)

[For all abstracts on the constitution o f alloy system s, including X -ray  
studies, see II .— Properties o f  Alloys.]

Distinguishing the Common Aluminium Alloys. Vernon H . Patterson  
{M etal Progress, 1946, 49, (2), 346-347).— B rief note. Common wrought 
aluminium alloys are classified into  three groups, which contain (i) copper 4%  
or m ore; (ii) neither copper nor chrom ium ; and (in) chromium 0-25% . The 
groups m ay be distinguished by the blackening o f (i) in warm NaO H  solution  
(rem ovable by nitric acid) and the golden colour produced in (iii) by anodiz­
ing. M ethods o f  separation within the groups are briefly described.— P . R.

Fractography. J . E . H urst and R . V. R iley {M etal Progress, 1946, 49, (1), 
96-97).— I t  has been claimed by Zapffe and Clogg {Trans. Am er. Soc. M etals,
1945, 3 4 ,1 0 8 -1 4 1 ;  M et. A bs., 1 945 ,12 , 80) that the study o f cleavage facets 
on fractured m etals (“ fractography” ) reveals unusual structures which m ay 
throw light on molecular structure, internal stresses, &c. I t  is pointed out 
that certain alloys w ith a tendency to form surface films, e.g. the high-silicon- 
iron alloys, m ay show misleading structures which should not be accepted  
as confirming the results o f “ fractographic ” exam ination. The m ethod is 
considered m ost suitable for the exam ination o f hard, brittle alloys.— P. R .

Estim ation o£ Spatial Grain-Size. W illiam A. Johnson {M etal Progress,
1946, 49, (1), 87-92).—A  plea is made for the estim ation o f  grain-size in  terms 
o f spatial size instead o f by observations on plane surfaces. J. points out 
th at even  i f  the spatial grain-size is nearly constant not more than h a lf the  
grains cut by such planes will come within the range covered by a  single grain- 
size number (A.S.T.M . specification). An account is given o f a  m ethod  
developed by E . Scheil for correlating “ planar ” w ith “ spatial ” grain-sizes. 
The relative area o f each size o f the grains shown on a micrograph is estim ated  
and from th is the relative (statistical) distribution o f  spatial grains is calculated  
by m eans o f an expression based on the A.S.T.M . definition o f  grain-size 
numbers. The average size o f  “ spatial ” grains is then com puted from the  
percentage by volum e o f the different sizes and the standard deviation is 
determ ined in  order to  give a  measure o f size uniform ity. The procedure is 
described in detail.— P. R .

Rapid Estimation o£ Grain-Size in Magnesium Castings. J . P . Ogilvie 
{M etal Progress, 1946, 49, (2), 349).— B rief note. A simplified m ethod o f  
preparing magnesium castings for grain-size determ ination consists in  polishing  
on em ery, w ax lap, and “ gam al ” lap, and etching w ith 10% tartaric acid  
solution. This obviates the usual need for solution heat-treatm ent.— P . R .

Preparation o£ Micro-Specimens [o£ Magnesium Alloys] by Strong Etchants. 
E. M. Savitsky {Zavod. Lab., 1945 ,11 , (2 /3 ), 192-194).— [In Russian] Micro­
specim ens o f  m agnesium  and its  alloys are prepared b y  grinding on coarse



320 Metallurgical Abstracts V ol. 13

grades o f em ery paper and then immersing in  tw o etchants, the first o f  which  
rem oves loose particles and the deformed surface layer while the second reveals 
the grain boundaries. The com positions o f  the etching reagents are given.

—-N. A.
Electropolish-Attack : a New Metallographic Technique. L. Y a. Popilov  

(Zavocl. Lab., 1945, 11, (1), 60-71).— [In  Russian] A  review  o f  the m ethod  
and o f P .’s experim ents.— N . A.

*X-R ay Exam ination o i Self-Recovery in Metals. L. L . van  R eijen (Nature, 
1946, 157, (3986), 371).-—The recovery o f copper filings has been dem onstrated  
by comparison o f  X -ray photographs obtained a t an interval o f som e m onths. 
Only tw o low-angle rings were recorded on a film placed behind the specimen. 
The second photograph, however, showed m any d istinct spots on the reflection  
rings, indicating the occurrence o f  a number o f  relatively large crystallites. 
Several aspects o f  the X -ray study o f  self-recovery are discussed.— G. V. R .

Electron Microscopy. V . N . Vertsner (Zavod. Lab., 1945, 11, (6), 543-  
554).— [In Russian] A review.— N . A.

X -R ay Methods for the Determination of the Lattice Type and Dimensions 
of Sub-Microscopic Crystals. G. S. Zhdanov (Zavod. Lab., 1940, 9, (5/6), 
566-571; (7), 732-740).— [In Russian] A review.— N . A.

Electron Microscopy in Metallography. B . A. Ostroumov (Zavod. Lab., 
1945, 11, (6), 554-561).— [In Russian] A  review .— N . A.

Methods for the Precision Determination of the Lattice Dim ensions of 
Polycrystalline Specimens. A. K h. Breger (Zavod. Lab., 1940, 9, (1), 55-63).—  
[In  Russian] A  review.— N . A.

V .— PO W D ER M ETALLURGY

Powder, Pressure, and Heat.  (Fortune, 1942, 25, (1), 44-47 , 120).—
A  review o f powder m etallurgy.

*Appraisal of Aluminium Powder for Paint Pigm ents. H . C. J . de Decker 
(V erfkroniek , 1942, 15, 24 -29 , 3 9 -4 2 ; Che.m. Zentr., 1942, 113, (II), 1407;
G. A bs., 1943, 37, 6143).— Six  different sam ples o f  aluminium powder were 
tested  for quality and dispersibility (reflecting power). For a  normal spatula  
sam ple, a m ixture o f  80 g. o f  linseed oil stand oil (viscosity 60 centipoises a t  
20° C., d  =  0-976, n  =  1-4912, acid no. — 12-2) and 95 g. o f  benzino lacquer 
is placed in  a Pyrox glass cylinder (1-8 X 19 cm .) so that i t  contains 25 c.c. o f  
this m ixture per 10 cm. fluid height. To this is added 2 g. o f  aluminium  
pow der; the P yrex cylinder is closed w ith  a cork and shaken for 5 min. a t 
4  turns per second. A  spatula is immersed in  the colour so that it  is covered 
up to  a  height o f  10 cm. The tim e o f  withdrawal and shaking off o f  free 
m aterial adhering to  the spatula up to  periods o f  2 m in. is determ ined w ith a 
stop w atch. After 2 min. both sides o f  the spatula are observed, and reflection 
in tensity  and total colour in tensity  are read in  mm . upon a line. The dispersi­
bility  or reflecting power o f  alum inium  powder corresponds to  the average 
reflection in tensity  in  % o f the total colour in tensity . The spatula te st  can be 
used for determ ination o f  the dispersibility o f  alum inium  bronzes.

The Leafing Properties of Alum inium  Bronze Powders. H . Th. Mayer 
(Farben-Chem., 19 4 2 ,1 3 , (5), 83-85).

Sintered Powders for Electrical Contacts. H einz H . H auser (B ull. Assoc. 
Suisse Elect., 1942,33, 2 9 -3 4 ;  and ( t r a n s l a t i o n ) 1946, 161, (4180) ,  
18S-190).— Theoretical aspects o f  arcing are discussed and the properties re­
quired o f m aterials able satisfactorily to  w ithstand th is phenom enon are 
considered w ith  reference to  sintered m aterials such as m olybdenum -silver, 
tungsten-silver, and tungsten-copper.— R . Gr.
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V I.— CORROSION AND R E L A T E D  PH EN O M EN A

*On the  C orrosion-R esistance A fter Cold and W arm  A ge-H ardening of Sheets 
of A lum inium -C opper-M agnesium  Alloys w ith Various Clad Coatings. W .
B u n g a rd t (M etallwirtscliafl, 1944, 23, (22/26), 221-227).— A stu d y  w as m ade  of 
th e  corrosion-resistance o f D u ra lu m in  a f te r  c ladding w ith  pu re  alum in ium , 
a lu m in ium -m angancsc, a n d  a lum in ium -m agnesium -silicon-m anganese  alloys. 
T he specim ens w ere so lu tio n -trea ted  a t  500° C., cold a n d  w arm  (160° C.) aged 
fo r v a ry in g  periods, im m ersed in  a  s tirred  aqueous so lu tion  o f 3 %  sodium  
chloride a n d  0-1%  hydrogen  peroxide, a n d  th e  coatings com pared by  m easu re ­
m en ts  o f tensile  s tre n g th , e longation , a n d  ra te  o f  diffusion o f  copper in to  th e  
coating . S o lu tio n -tre a tm en t a t  500° C. fo r 30 m in . follow ed b y  cold ageing fo r 
3 h r. gives m ate ria ls  w hich hav e  th e  b est corrosion-resistance. A fte r artificial 
ageing, co stin g s o f  pu re  a lum in ium , w hich allow  copper to  diffuse rap id ly  in to  
th em , give th e  least p ro tec tio n . T he tw o  alloy coatings a re  o f ap prox . equal 
value . A lthough  th e  a lum in ium -m agnesium -silicon-m anganese  alloy is liable 
to  in te rcry s ta llin e  corrosion, th is  h as no dele terious effect on  th e  resistance of 
th e  c lad  sh ee t.— E . N .

*M etallurgical R equirem ents for the P roduction  of C orrosion-Resisting H igh- 
S trength  Sheets of A lum in ium -Z inc-M agnesium  Alloys. (P a tte rso n ). See 
p. 316.

* 0 n  the  M echanical Properties and Corrosion-Resistance of Cold and W arm  
A ge-H ardened A lum inium -Z inc-M agnesium -C opper Forging Alloys. (D reyer 
a n d S e e m a n ). S e e p . 316.

* A ttack  of V arious Superheated Steam  A tm ospheres Upon A lum inium -B ronze 
Alloys. A. P . C. H allow es a n d  E . Voce (M etallurgia , 1946, 34, (201), 119— 
122).— B ased  on p a r t  o f  a  re p o rt to  th e  B ritish  N on-F errous M etals R esearch 
A ssociation . T h e  ac tio n  o f su p erh ea ted  steam  on com plex alum inium -brasses 
w as s tu d ied  a s  a  re su lt o f som e fa ilu res o f  these  alloys w hen used  indu stria lly  
in  c e rta in  su p erh ea ted -s team  atm ospheres u n d e r service conditions involving 
stress. P u re  s team  w as found  to  be harm less. P rolonged exposure to  an  
a tm o sp h ere  o f  s team  c o n tam in a ted  w ith  a  sm all a m o u n t o f su lp h u r d ioxide 
pro d u ced  a t ta c k  in  th e  surface layers o f  a lum in ium  bronzes a t  e lovated  tem p . 
P re feren tia l ox id a tio n  o f  a lum in ium  to  a lum ina  occurred  a n d  th e  oxide 
rem ain ed  em bedded  in  a  copper-rich  m a trix . A  volum e increase o f m ore th a n  
9 % , lead ing  to  ru p tu re  o f  th e  surface  layers, accom panied  th e  reac tion . T he 
a tta c k  w as m ore severe a t  h igher tem p , a n d  w ith  h igher concen tra tions o f th e  
co n tam in a tin g  a g en t in  steam , a lso w hen  th e  a lum in ium  c o n te n t o f th e  alloy 
w as increased . A tta c k  o f th e  sam e n a tu re  w as o b ta ined  b y  using  chlorine as 
th e  co n tam in a tin g  a g en t in  steam . Specim ens o f 60 : 40 b rass in  th e  a s-ca s t 
cond ition  w ere n o t  a tta c k e d  a f te r  sim ila r tre a tm e n t b u t, in certa in  conditions, 
c as t t in  bronze w as su b jected  to  localized a tta c k , a f te r  w hich s tan n ic  oxide 
w as fo u n d  to  be em bedded  in a  copper-coloured m atrix .—J .  W . D .

*E lectrochem ical Investigation  of the Corrosion of M etals [Iron , Lead] in 
Acid M edia in the  Presence of Oxidizing A gents. I .  O knin (Zhur. P riklad . 
K h im .,  1945, 13, (9/10), 494-504).— [In  R ussian] An electrochem ical s tu d y  
w as m ad e  o f  th e  corrosion o f  iro n  a n d  lead  in  acid  m edia  con tain ing  oxidizing 
ag en ts. F a c to rs  s tu d ied  were th e  ra te  o f  corrosion, th e  p o ten tia l o f th e  co rro d ­
in g  m eta l, th e  p o ten tia l o f  a  p la tin u m  ca th o d e  a s  a  fu n c tio n  o f cathode  c.d ., 
th e  e lectrical co n d u ctiv ity  o f  th e  system s p la tin u m -m ed iu m -p la tin u m  an d  
corrod ing  m eta l-m ed iu m -eo rro d in g  m eta l, a n d  th e  hydrogen-ion  concen tra tion . 
I t  is  show n th a t  th e  ra te  o f corrosion o f  th e  m eta l is de term ined  b y  th e  m agn i­
tu d e  o f  i ts  p o ten tia l du rin g  corrosion. A th eo re tical su rvey  o f th e  problem  
is m ade .— N . A.
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*Study o£ A.C. Sheath  C urrents and  T heir Effect on Lead Cahle Sheath  
Corrosion. C. M . Sherer a n d  K . J .  G ranbois (Elect. E ng ., 1945, 64, (5), 2 6 4 - 
268).— Two cases o f  A.C. e lectro lysis a re  d iscussed, in  w hich th e  lead  sh ea th s 
on sing le-conductor pow er cables w ere corroded  th ro u g h . F ie ld  observations 
a n d  la b o ra to ry  te s ts  a re  described  w hich  show  th a t  a t  first th e  corrosive ac tio n  
w as accele rated  b y  rectified  a lte rn a tin g  cu rren ts  w hich were in d u ced  in  th e  
sh ea th s b y  th e  load  cu rren t. Several corrosion-prevention  m eth o d s are  given.

— E . V . W .
F u rth e r  D a ta  on Corrosion-Test E quipm ent. [Corrosion o i Galvanized Pipe 

by W ater.] W m . B . Schw orm  (J . M issouri Water Sewerage C onf., 1943,14, (3), 
2 6 ; C. A bs., 1943, 37, 6780).— W ate r h av in g  c a rb o n a te  a lk a lin ity  corrodes 
ga lvan ized  p ipe, to  give a  basic zinc carbonate .

Selecting M aterials for C orrosion-R esistance. L . G. v a n  d e  B o g a rt (M achine  
Design, 194 5 ,1 7 , (3), 165-168).— A  c h a r t is g iven com paring  th e  resistance  o f 
iron  a n d  steel, N i-resist, 18-8 sta in less steel, M onel m e ta l, n ickel, re d  brass, 
acid -resis ting  bronze, a n d  a lum in ium  to  corrosive a tta c k  b y  a  large n u m b er o f  
m ate ria ls , th e  co n cen tra tio n  a n d  ap p ro x . degree o f p u r i ty  being in d ica ted  in  
each  case. Special p recau tio n s to  bo ta k e n  a n d  recom m endations reg ard in g  
use  a re  ap p en d ed  in  som e in stan ces .— P . R .

On the  Stress-Corrosion of M etals. A. B eerw ald  (M etallw irlschaft, 1944, 23, 
(18/21), 174-187).—-M ethods o f  d e te rm in ing  th e  stress-corrosion  p rop erties  o f  
m ate ria ls  a re  illu s tra te d , a n d  th e ir  ap p licatio n  to  th e  te s tin g  o f steels, non- 
ferrous alloys o f  a lum in ium , copper, m agnesium , nickel, zinc, a n d  th e  precious 
m eta ls  a re  described. E x is tin g  know ledge o f  th e  n a tu re  a n d  incidence o f 
stress-eorrosion  is review ed, to g e th e r w ith  i ts  re la tio n sh ip  to  (1) o th e r m ech an i­
cal p roperties , especially  h a rd n e ss ; a n d  (2) th e  c ry s ta l s ta te . T ran s- a n d  
in te rcry s ta llin e  stress-corrosion  a re  re ferred  to  a n d  illu s tra te d  b y  p h o to ­
m icrographs.— E . N .

*Galvanic Corrosiveness of Soil W aters . H o w ard  S. P h e lp s a n d  F ra n k  
K a h n  (E lect. E ng ., 1945, 64, (4), 156-159).— D escribes a  s tu d y  o f th e  re la tio n  
o f  p H  o f soil w a ters  to  galvan ic  ac tio n  betw een  couples o f  lead , copper, iron , 
a n d  carbon .— E . V. W .

*C rack-H eal M echanism  of the  G row th of Invisible F ilm s on M etals. U . R . 
E v a n s  (N ature, 1946,157, (3996), 732).— T he invisib le films form ed on  u n h e a ted  
iro n  exposed to  a ir  w ere s tu d ied  by  using  a  so d iu m -carb o n ate -b icarb o n a te  
buffer so lu tio n  to  revea l m a jo r d isco n tinu ities as ru s t  sp o ts. Specim ens w ere 
exposed a lte rn a te ly  in  a ir  a n d  in  th is  so lu tion  a n d  reco rds o f  th e  d iscon tinu ities 
ta k e n  betw een each  exposure. R ecords w ere ta k e n  by  p lacing  filter p a p e r 
m oistened  w ith  th e  buffer so lu tion  in  co n tac t w ith  th e  specim ens a n d  develop ­
ing  b y  conversion o f th e  ru s t  sp o ts to  P ru ss ian  B lue. R esu lts  o b ta in ed  show  
t h a t  th e  p rim a ry  effect o f  a ir-exposure  is to  heal ex isting  pores a n d  tho  
secondary  effect is to  in tro d u ce  new  ones, owing to  s tra in s  in tro d u ced  on 
o x idation . I n  ad d itio n  to  chem ical b lockage, p ro d u ced  b y  o x id a tio n  a t  th e  
base o f a n  a lread y  ex isting  pore , m echanical blockage m ay  occur anyw here  
in  a  pore . T he chance o f  m echanical blockage increases w ith  film th ickness, 
lead ing  to  a  decrease in  th e  ra te  o f  o x id ation . Tho logarithm ic  film -th ickening 
law  m ay  bo ex p la in ed  b y  these  considerations.— G. V. R .

H ydrogen Overvoltage as a  F ac to r in  the  Corrosion of M etallic Couples. 
T . P . H o a r  (N ature, 1946, 157, (3987), 408-409).— Tho resu lts  rep o rted  by  
L e B rocq a n d  Cocks (N ature, 1945, 156, 5 3 6 ; M et. Abs., th is  vol., p . 172) a re  
in te rp re te d  in  te rm s o f p o ten tia l/cu rre n t d iagram s. T he usefulness o f  such 
co nstructions is p o in ted  o u t.— G. V. R .

A pparatus fo r th e  D eterm ination  of Corrosion Losses by the  M ethod of 
H ydrogen Evolution . E . I .  G urovich  (Zavod. Lab., 1940, 9, (4), 484).— [In  
R ussian] D escrip tive .— N . A.
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V II.— PRO TECTION

(O th er th a n  b y  E lectrodeposition .)

A nodizing A lum inium  (Theory and Application). G ilbert C. Close (In d u s t. 
F in ish ing , 1945, 21, (4), 42, 44, 46, 48, 52, 53).— C. briefly review s th e  n a tu re  
o f  th e  anodizing  process a n d  gives a  sh o rt accoun t o f  th e  coating  produced . 
A ta b u la te d  su m m ary  is g iven o f th e  usual electro ly tes, concen tra tions, c .d ., 
d u ra tio n  o f  tre a tm e n t, so lu tion  tem p ., rinsing  requ ired , th ickness a n d  co n tin u ity  
o f  film, a n d  su itab le  m ate ria ls  fo r th e  eq u ip m en t requ ired  in  th e  A lum ilite  
a n d  chrom ic acid  processes. M any o f these  d a ta  are  also considered in  deta il.

— P. R .
* 0 n  the  C orrosion-R esistance A fter Cold and W arm  A ge-H ardening of Sheets 

of A lum inium -C opper-M agnesium  Alloys w ith Various Clad Coatings. (B un- 
g a rd t) . See p . 321.

F in ishing A lum inium  w ith P a in t Coatings [— II]. R o b e rt I .  W ray  ( In d u s t. 
F in ish in g , 1945, 21, (3), 66, 69, 70, 72, 74, 76).— See also M et. A bs., th is  vol., 
p . 173. T he choice o f  p rim ers depends on  th e  purpose o f th e  p a r t  a n d  on its  
conditions o f  use : sy n th e tic  resin  coatings a re  su itab le  fo r decora tive  w ork, 
p ig m en ted  a lk y d -b ase  p rim éis fo r dom estic  equ ipm en t, a lka li-resis tan t 
phenolic-base p rim ers fo r w ashing m achinery , a n d  zinc chrom ate-syn tlie tic  
re sin  m ix tu re s  fo r p a r ts  likely  to  be exposed to  in d u stria l a tm ospheres. O ther 
p ig m en ts u sed  in  p rim ers include s tro n tiu m  a n d  calcium  chrom ates, zinc 
te tro x y ch ro m a te , am m onium  ferrous ph o sp h a te , a n d  a  m ix tu re  o f  zinc d u s t 
an d  a lum in ium  pow der (in  linseed oil). P rim ers a re  recom  m ended fo r d ifferen t 
classes o f  w ork , w ith  special reference to  a lum in ium  a n d  its  alloys. Coatings 
fo r h igh  corrosion-resistance should  p referab ly  be non-pigm entcd . Special 
p recau tio n s a re  in d ica ted  to  o b v iate  corrosion a t  jo in ts  betw een dissim ilar 
m eta ls .— P . R .

C hrom ium  P la ting  by Diffusion— a New Process. W alte r E e k a rd t (Z . 
M elall- u . Schm uckw aren-Fabrik. Verchrom., 1942, 23, 152 ; Chem. Zenir., 
1942 ,113 , ( I I ) ,  4 5 6 ; 0 .  A bs., 1943, 37, 6630).— CrCl3 is p rec ip ita ted  on ceram ic 
m ate ria l a n d  th e  a rtic les to  be p la te d  a re  packed  in  th e  ceram ic m ate ria l an d  
h e a ted  to  950° C. T he CrCl3 is decom posed an d  chrom ium  diffuses in to  th e  
m eta l. H ig h  carbon  c o n ten t o f  iron  h inders th e  diffusion o f  chrom ium .

*One-Sided T i n n i n g  of Sheet Iro n . I .  S. V ylegzhanin ( Vestn. In zhen . 
Tekhn ., 1941, 4 5 -4 6 ; Chem. Zenir., 1942, 113, (I) , 924 -9 2 5 ; C. A bs., 1943, 
37, 6631).— I n  o rd er to  conserve tin , te s ts  w ere m ade  o f a  b ila tera l, e lectro ly tic  
m e th o d  o f  tin n in g  sh ee t iro n  by  th e  use o f a lkaline  b a th s  an d  clo th-covered  tin  
anodes. N on-porous, m a tte  t in  coats (0-18 g./lOO sq . cm.) w ere o b tained  t h a t  
were sp o tty  a n d  unsa tis fac to ry . I n  one-sided h o t tin n in g  (th e  o th e r side 
being covered  w ith  sy n th e tic -resin  lacquer), th e  flux adheres to  th e  lacquered  
side o f  th e  sheet. D im in ished  ro ll velocities cause g rea te r b u rn ing  o f  th e  tin , 
so th a t  th e re  is no sav ing  o f  t in  in  sp ite  o f th e  th in n e r coats. Velocities o f 
10-14  r .p .m . fo r a  b ila te ra l h o t  tin n in g  gave good resu lts  (0-3-0-45 a n d  as l ittle  
a s  0-2 g. o f  tin /1 0 0  sq . cm . o f  shee t iron). W hen  tw o  iro n  sheets, w elded 
to g e th e r a t  th e  edges, were h o t  tin n ed , th e  enclosed a ir  ex panded  on  h eatin g  
a n d  caused  th e  sh ee ts to  bulge. A special w elding m achine is described. T he 
p ro d u c t, how ever, is well su ited  fo r th e  m an u fac tu re  o f t in  cans fo r food. 
C oatings o f lacq u er a re  also helpful. Soldering te s ts  w ith  t in - le a d  solder an d  
a lcoholic  rosin  solu tions w ere  u n su ccessfu l; th is  a lloy  can  be used  successfully 
on ly  w ith  ZnCl2. E x p erim en ts  m ade  to  replace  HC1 by  A cO II likewise gave 
u n sa tis fac to ry  r e s u l ts ; how ever, A cO H  can  be used  in  alcoholic so lu tion  fo r 
soldering.
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On the  Tendency for Spangle F o rm ation  in  Galvanizing.  (Ghem.-
Z eit., 1944, 68, (6), 108-109).— L ead  a n d  iro n  aro b o th  d e tr im en ta l to  th e  
w orking o f th e  b a th . T in , u p  to  a b o u t 1-5% , p roduces w hite, fea th e ry  c rysta ls, 
b u t  q u a n titie s  in  excess o f  th is  give large  sp a n g le s ; i t  ten d s to  co u n te rac t th e  
effects o f  lead  a n d  iron , b u t  reduces th e  corrosion-resistance o f th e  coating . 
0 -1-0-5%  cadm ium  im proves d u c tility . A n tim o n y  gives sm all c ry sta ls  w ith  a  
b lu ish  sheen a n d  reduces th e  corrosion-resistance an d  adherence  o f  th e  
coating , w hich can  be overcom e, to  som e e x te n t, b y  th e  a d d itio n  o f  < 0 -0 0 1 %  
alum in ium . T hese fac ts  ho ld  good fo r b a th  tem p , o f  450°—175° C., b u t  as 
th e  tem p , increases th e  c ry sta l size decreases u n til  a t  510°-520° C. no  spangle 
fo rm atio n  occurs. T he spangle  size a n d  adherence  o f  th e  coating  are  also 
influenced b y  (1) in itia l tem p , an d  surface  cleanliness o f  th e  m ate ria l being  
c o a te d ; (2) tim e  o f im m e rs io n ; (3) th e  in te rv a l betw een  galvan izing  an d  
q u e n c h in g ; a n d  (4) ra te  o f  quench ing .— E . N .

♦The F o rm atio n  of Dross in  H ot-D ip Galvanizing. P h illip  M. F isk  a n d  F . F . 
P o liak  (Sheet M eta l In d .,  1946, 23, (227), 490—192, 494).— R esu lts  a re  given o f 
a  s tu d y  o f th e  effect o f  th e  p ick ling  op eratio n , using  h o t  su lphuric  a n d  h y d ro ­
chloric acids, on th e  fo rm atio n  o f  d ross in galvanizing . V ariab les considered  
in c lu d ed  m eta l su rface  condition , ty p e  o f  acid , q u a n ti ty  o f iro n  in  th e  pickling  
so lu tion , a n d  va riab les  in  th e  w ash ing  ta n k .— R . G r .

♦The M agnitude of th e  P ro tection  from  Corrosion Afforded Z inc by A m al­
gam ation . C. D ro tsch m an n  (B atterien, 1940, 9, 3 6 -3 7 ; Ohem. Zenlr., 1941, 
112, (I) , 20 0 7 ; C. A bs., 1943, 37, 5359).— Sam ples o f  a  s ta n d a rd  com m ercial 
sh ee t zinc 0-33 m m . th ic k , a n d  o f zinc s tr ip  0-25 m m . th ick , were am alg am ated  
in  a  boiling so lu tion  o f  100 g. NH.iCl, 10 c.c. 3-5%  HCI, a n d  0-17 g. HgCL in  
1000 c.c. w a te r. T hese specim ens a n d  u n tre a te d  specim ens w ere exposed 
to  th e  ac tio n  o f 3-5%  HCI. T h e  decrease in  th ickness o f th e  am alg am ated  
sh ee t zinc w as 0-03 m m . a f te r  24 h r. in  th e  acid  ; t h a t  o f  th e  u n tre a te d  shee t 
zinc w as 0-23 m m . fo r 3 h r. t re a tm e n t in  th e  acid . N e ith e r th e  am alg am ated  
n o r  th e  u n tre a te d  zinc s tr ip  show ed a n y  red u ctio n  in  th ickness.

P ro tection  by Z inc and Surface Coatings. K . Voss ( W erkstatt u . Betrieb, 
1942, 75, 112-116 ; Ohem. Zen lr., 1942, 113, ( I I ) ,  1174; C. A bs., 1943, 37, 
5359).— A rev iew  o f  estab lished  uses o f v a rn ish ing , galvan izing , d ipp ing , an d  
e lectro ly tic  ox idation .

M etallizing as a  M ethod of W aterw orks M aintenance. C. E . P a lm er ( W ater 
and  Sewage, 1943, 80, (12), 20, 4 5 ;  81, (1), 16-18, 36-37 ; O. A bs., 1943, 37, 
67S0).— A descrip tion  o f  th e  p la n t  a t  E rie , P a ., U .S.A . A ll steelw ork  is now 
m etallized  w ith  zinc fo r p ro tec tio n  ag a in s t corrosion.

Protective and  D ecorative Coatings for M etals. A. F .  B rock ing ton  (Sheet 
M eta l In d .,  1946, 23, (231), 1355-1362).— A fter a  b rie f  h is to rica l review , a  
general rev iew  is given o f  th e  use o f  p a in t,  enam el, m eta ls , an d  o th e r substances 
to  p ro te c t a n d  deco ra te  articles. R eference is m ade to  th e  m a n y  various 
m ethods. E lectrodeposition  o f m eta ls is d e a lt  w ith  in  m ore d e ta il.— R . G r.

VIII.— ELECTRODEPOSITION

P rac tica l Experiences w ith H ard  C hrom ium -Plated  Cutting Tools. N . N .
Saw in (M aschinenbau, 1942, 21, 1 1 -1 4 ; Ghem. Zentr., 1942, 113, ( I I ) ,  1174;
C. A bs., 1943, 37, 5659).— H a rd  chrom ium  p la te  increased  too l life th ree- to  
e ig h t-fo ld ; th e  uso o f  chrom ium  on cu ttin g  too ls is lim ited  to  a  too l o p era tin g  
tem p e ra tu re  o f 600° C. a n d  is governed  b y  chip  p ressure . T he life o f h igh-speed 
s tee l tw is t d rills, 10-24-m m . d ia ., in  c u ttin g  steel h a v in g  a  tensile  s tre n g th  o f 
57,000-85,000 lb ./sq . in ., was increased  four-fo ld . Im p ro v em en ts  w ith  
ream in g  a n d  la th e  too ls w ere lim ite d  to  c e rta in  ap p lications. T ool life increases 
w ith  chrom ium  th ick n ess u p  to  15 p., a n d  decreases w ith  th ick e r deposits .
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C hrom ium -Plating  P ractice  in  the Facing of Press Dies. E . A . O llard  and  

E . B . S m ith  (Sheet M eta l In d .,  1946, 23, (230), 1129-1141, 1159).— T he a d v a n ­
tag es o f  chrom ium  p la tin g  press dies a n d  th e  techn ical difficulties o f  carry ing  
o u t  th e  o p era tio n  sa tisfac to rily  a rc  g iven. T he dies shou ld  be w ith in  certa in  
lim its o f  hardness, p ick led  a n d  dem agnetized  i f  necessary  before p la ting . 
P ra c tic a l d e ta ils  o f th e  p la tin g  op eratio n  app lied  to  m ate ria ls o f  various 
com positions a n d  shapes a re  described.— R . Git.

On a  M ethod for the  Study of th e  M echanical Properties of Chrom ium  
C oatings. F . F . V itm an  a n d  N . N . D av idcnkov  (Zavod. Lab., 1945, 11, (9), 
844-852).— [In  R ussian ] D escribes a  m eth o d  fo r th e  d e te rm in a tio n  o f  th e  
n o rm al e lastic  m odulus o f  chrom ium  in  coatings, th e  e lastic  lim it in  tension , 
th e  adhesion  o f  th e  coatings to  th e  basis m etal, a n d  th e ir  resistance  to  cu ttin g  
a c tio n .— N . A.

D evelopm ents in  B rass P la ting . A. Pollack  (Chem.-Zeit., 1944, 68, (10), 
191-192).— A rev iew  o f  developm ents in  b rass p la tin g  du ring  th e  p a s t  10 years. 
T he com position  o f ty p ica l rap id -p la tin g  b a th s  a n d  th e ir  op eratin g  conditions 
a re  described. W h ite  b rass deposits o f h igh  zinc c o n te n t m ay  be o b ta in ed  by  
increasing  th e  zinc cyan ide co n te n t a n d  p H  value o f  th e  b a th . B y  su itab le  
ad d itio n s o f  p o lyv iny l a lcohol, p iperonal, a n d  m olybdic oxide, polished surfaces 
are  p ro d u ced  w hich a re  h a rd , free from  porosity , tarn ish-resisting , a n d  w hich 
will p ro te c t iro n  from  ru stin g . T he use o f b rass as a n  in te rm ed ia te  deposit 
betw een  chrom ium  a n d  nickel, as well as betw een chrom ium  a n d  steel, is 
d iscussed.— E . N .

Porosity  F o rm ation  in Nickel P la ting  and Its  Rem oval. E d m u n d  R . Thew s 
(Chem .-Zeit., 1944, 68, (9), 159-162).— P its  a n d  dim ples in  nickel p la tin g  are  
due  to  th e  fo rm atio n  o f  hydrogen  bubbles a t  th e  cathode  a n d  th e  presence o f 
foreign  m a t te r  in  th e  so lu tion . As th e  w orking period  o f  th e  b a th  increases, 
th e  d en sity  a n d  surface  tension  o f  th e  so lu tion  increase while th e  v iscosity  
decreases, these  being fac to rs  w hich fav o u r th e  adherence a n d  p re v en t th e  
d ispersal o f th e  gas bubbles. T h ey  can  be overcom e by  m aking  th e  following 
a d ju s tm e n ts  to  th e  e lectro ly te  : (1) keeping i t  a g ita te d ;  (2) add ing  w a te r a t  
in te rv a ls , so t h a t  th e  d en sity  is k e p t c o n s ta n t; (3) increasing th e  tem p ., a n d  
w orking a t  20°-65° C . ; (4) decreasing  th e  c .d . ; (5) increasing  th e  acid  co n ten t, 
so t h a t  th e  p H  va lue  is 2 -0 -3 -5 ; a n d  (6) decreasing th e  surface tension. 
F o re ign  m a tte r  c an  be excluded  from  th e  b a th  b y  m aking ad d itio n s o f  oxidizing 
ag en ts  a n d  rem oving organic chem icals, su lphur, iron, &c., b y  con tinuous fil­
t ra t io n  o r tre a tm e n t w ith  c h a rc o a l; th e  colloids can  be stabilized  b y  in tro d u c ­
ing sodium  o r po tassium  sa lts . I n  these  conditions porosity  an d  dim pling 
p rac tica lly  vanish.-—E . N .

The Uses of Pallad ium  and P la tin u m  fo r Electrodeposits. M. A. K lochko 
a n d  Z. S. M edvedeva (Izvest. Sekt. P la tin y , 1943 ,19 , 103-118).— [In  R ussian] 
A  review'.— N . A.

*Thickness M easurem ent of T hin Coatings by X -R ay A bsorption. H . F r ie d ­
m an  a n d  L . S. B irks (R ev. Sc i. Instrum ents, 1946,17, (3), 99-101).—T he th ic k ­
ness o f  m eta l o r p ig m en t films ( 10_5-1 0 -2 cm . th ick ) on a  fine-grained po ly ­
crysta lline  m etallic  base m ay  be d e term ined  b y  m easuring, w ith  a  Geiger 
cou n te r, th e  in te n sity  o f  a n  X -ra y  beam  reflected  a t  a  B ragg diffraction  angle 
from  th e  base an d  observing th e  abso rp tio n  due  to  th e  double transm ission  
th ro u g h  th e  coating . W hen  th e  grain-size o f  th e  base is large, i t  m ay  be 
n ecessary  to  oscillate th e  specim en, th e re b y  increasing th e  n u m b er o f  c rysta llites 
irrad ia te d . T he ap p lica tio n  o f  th e  m eth o d  to  th e  d e te rm in a tio n  o f th e  th ic k ­
ness o f silver e lectrodeposits on  brass is ou tlined . T he accu racy  o f th e  m ethod  
m ay  be  checked b y  m easuring  th e  th ickness o f  m eta l foils m oun ted  in  co n tac t 
w ith  a  copper backing.— J .  C. C.

Chem ical Control of the  Thickness of T in Coatings. M. I .  Z ibel’fa rb  and  
L . M. S h te in b erg  (Zavod. Lab., 1945, 11, (11/12), 1042-1046).— [In  R ussian]
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F iv e  m ethods w ere exam ined . T he m o st conven ien t fo r coatings on  copper 
a n d  b ra ss  ap p ears  to  be rem oval w ith  HCl (M 6 ) .  So lu tions a re  suggested  for 
use in  th e  d ro p  a n d  je t  m ethods.— N . A.

P roduction  P la ting  of Z inc Die-Castings. H e rb e r t  Chase ( Iro n  Age, 1946, 
157, (22), 34-38).— T he b rig h t copper-n ick e l-ch ro m iu m  p la tin g  o f  zinc die- 
castings on  a  h igh p ro d u c tio n  basis is ou tlined , th e  ty p es  o f  so lu tion , c u rre n t 
densities, a n d  conveying a rran g em en ts  being described in  d e ta il.— J .  H . W .

Choice of P la ted  Coatings. H . L . F ä rb e r  (M etal Progress, 1946, 49, (4), 
754).— F a c to rs  in  th e  cost o f  p la te d  coatings include, in  a d d itio n  to  th e  price 
o f  th e  coating  m ate ria l, th e  need  fo r p re lim in ary  tre a tm e n t o f  th e  basis m eta l, 
lab o u r a n d  chem icals u sed  in  p la tin g , n a tu re  o f basis m eta l as i t  affects p la tin g  
costs, a n d  range  o f e q u ip m en t req u ired  to  p roduce a  g iven  finish.— P . R .

M ethods for the  R em oval and  R ecovery of E lectrodeposited Coatings. 
E d m u n d  R . T hew s (C hem .-Zeit., 1944, 68, (11), 205-210).— A  su rv ey  o f th e  
chem ical a n d  e lectro ly tic  m eth o d s in  use fo r th e  rem oval o f  deposits o f  ch rom ­
ium , nickel, copper, zinc, cadm ium , t in , silver, a n d  gold from  com m only 
occurring  basis m eta ls . T he com position  a n d  w ork ing  d e ta ils  o f  b a th s  a re  
g iven, a tte n tio n  being d irec ted  to  th e  necessity  o r o therw ise fo r reclam ation  
o f  th e  a rtic le  being  strip p ed .— E . N .

IX .— ELE C T R O M E T A L LU R G Y  AND E L E C T R O C H E M ISTR Y
(O th er th a n  E lectrodeposition .)

The P o ten tia l C u/C u" in  C oncentrated Copper Sulphate Solutions a t D ifferent 
T em peratures.— II . F ried rich  M üller a n d  H e llm u t R e u th e r  (Z . Eleklrochem., 
1942, 48, 6 8 2 -6 8 6 ; C. A bs., 1943, 37, 5662).— Cf. Z . Eleklrochem., 1941, 47, 
6 4 0 -6 4 4 ; M et. A bs., 1942, 9, 360. I f  a  copper electrode is im m ersed in  a  
H g 2S 0 4 so lu tion , i t  is  covered  w ith  a  th in  film  o f m ercu ry , w hich  a p p a re n tly  
does n o t  am alg am ate  a n d  h as  no  influence on  th e  electrodo p o ten tia l. W ith  
such  a n  e lectrode, p o ten tia l m easu rem en ts can  be carried  o u t  in  a ir. R esu lts  
o b ta in ed  in  C u S 0 4 so lu tions o f  d ifferen t con cen tra tio n s a n d  a t  d ifferen t te m ­
p e ra tu re s  a re  p resen ted  g raph ically  a n d  in  ta b u la r  form . T he m o st p robab le  
va lue  o f  th e  N  p o ten tia l o f C u/C u" is E 25. =  0 -3 4 0 0 ± 0 '0 0 0 3  V .

Im portance  of M etal— M etal C ontact P o ten tia l and  the  E lectrom otive Force 
of P rim ary  Cells. W . G. B urgers (C hem. Weekblad, 1942, 39, 198-205, 2 1 5 - 
220).— A  review .

The A ction of Solid and L iquid M etallic P artic les in  Solutions of E lectro ly tes.
A . F ru m ld n  a n d  V. L evich  (Zhur. F iz . K liim ., 1945, 19, (12), 573-599).— [In  
R ussian ] A  q u a n tita tiv e  th eo ry  is developed  o f  th e  ac tio n  o f  a n  e x te rn a l 
e lectrica l field in  th e  case o f a n  iso la ted  p a rtic le , id ea lly  po larized  a n d  n o t  fu lly  
p o larized .—X . A.

E lectro ly tic  E tch ing  of E lectrotypes. A. I .  N evsorov  (Polxgraf. Proizvodstvo, 
1940, (12), 2 0 -2 2 ; Chem. Zenlr., 1942, 113, (I) , 1435; C. A bs., 1943, 37, 
6559).— T he e tch in g  o f  zinc e lectro ty p es in  a  b a th  co n ta in ing  Z n S 0 4 250, 
N a 2S 0 4 50, a n d  K 2Cr20 ,  25 g ./litre  w as n o t sa tis fac to ry . B e tte r  re su lts  were 
o b ta in ed  w ith  a  b a th  con ta in ing  ZnCl2 (200 g.) a n d  C r0 3 10 g ./litre , a  c .d . o f 
30 a m p ./sq . dm ., a n d  a n  e lectrodo spacing  5 cm . T h e  a rea s n o t  to  be  e tc h ed  
a re  coated  w ith  a  cold enam el o b ta in ed  b y  fix ing a  lay e r o f shellac to  th e  p la te  
w ith  a  tan n in g  so lu tion  (H 2C r0 4 - f  Cr alum ).

X I.— AN ALYSIS

♦Q uantitative Spectrographic A nalysis of A lum inium  Alloys w ith  the  Applica­
tion  of Objective Photom etry .— I. A. R . S trig an o v  (Zavod. Lab., 1940, 9, (2), 
170-178).— [In  R u ssian ] S . in d ica tes  th e  o p tim u m  w ork ing  conditions (as
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rev ea led  b y  h is own experim ents) for th e  d e te rm ination  o f Cu, Mg, M n, F e , Si, 
a n d  N i in  A1 alloys. (F o r a b s tra c t o f P a r t  I I ,  see M et. A bs., th is vol., p . 223.)

— N . A.
Spectral L ines fo r the  Analysis of A lum inium  Alloys by the  Photographic 

M ethod Using the  M icrophotom eter. A. R . S triganov  (Zavod. Lab., 1945, 11,
(4), 311-314).— [In  R ussian] R ecom m ends line pa irs fo r use in  analysis.

— N . A.
Very R apid Spectrographic Analysis of A lum inium  Alloys. A. R . S triganov  

{Zavod. Lab., 1945,11, (5), 415—A19).— [In  R ussian] T he m ethod  is described.
— N . A.

Very R apid  Spectrographic Analysis of A lum inium  Alloys. N . N . Sem enov 
a n d  I .  S. F ish m an  {Zavod. Lab., 1945, 11, (5), 419-424).— [In  R ussian ] A 
d esc rip tion  o f  th e  m ethod .— N . A.

Spectrum  A nalysis of A lum inium  Alloys. A. R . S triganov  a n d  K . A. 
S ukhenko  (Izvest. A ka d . N a u k  S .S .S .B .,  1945, 9, (6), 593-606).— [In  R ussian] 
R eview s m eth o d s used  fo r th e  ro u tin e  analysis o f  alloys in  m an y  alum inium  
w orks, in  w h ich  ap p ro x . 300,000 q u a n tita tiv e  d e te rm inations p e r  m o n th  are  
being carried  o u t in  a b o u t 30 factories. F o r  high-speed analysis, sp ec tra  
ta k e n  th ro u g h  a  s tep p ed  wrcdgo m ay  be estim a ted  by  v isual in te rp o la tio n , an d  
tab le s  o f  th e  lines used  fo r th is  a re  given fo r Mg, M n, Cu, Si, F e , T i, Co, Sn, N i, 
a n d  B e. F o r  m ore preciso w ork , m icrophotom etric  com parison w ith  s ta n d a rd  
sam ples is p referred . S ta n d a rd  sp ark ing  conditions are  given fo r th e  F eussner 
sp a rk  g en era to r a n d  fo r a  sim pler c ircu it an d  th e  m ethods o f casting  s ta n d a rd  
sam ples a re  described. V isual estim a tio n  w ith  a  polarizing  sp ec trom eter m ay  
also  bo used  in  som e cases.— E . v a h  S.

The Spectrographic Analysis of A lum inium  Alloys. A. R . S triganov  an d  
K . A. S ukhenko  {Zavod. Lab., 1945, 11, (7/8), 685-694).— [In  R ussian] A 
review . (See also a b s tra c t above).— N . A.

P rep ara tio n  and Investigation  of A lum inium  and M agnesium  Alloy S tan ­
dards for Spectrographic Analysis. K . A. Sukhenko  a n d  B . S. K rasil’sh ikov 
{Zavod. Lab., 1945, 11, (11/12), 1125-1131).— [In  R ussian) T he question  o f 
casting  th e  s ta n d a rd s  is surveyed .—-N. A.

The Influence of Third E lem ents on the R esults of Spectrographic Analysis 
of A lum in ium  and  M agnesium  Alloys. K . A. Sukhenko an d  0 . 1. M ladentseva 
{Zavod. Lab., 1945, 11, (11/12), 1132-1136).— [In  R ussian] T he ca lib ra tion  
curves o f  th e  s ta n d a rd s  o f  a  nu m b er o f alloys w ere com pared am ong them selves, 
w ith  th e .o b je c t  o f  ra tionalizing  th e  s ta n d a rd s  o f alloys sim ilar in  chem ical 
com position .— N . A.

The Spectrographic D eterm ination  of Copper in  A lum inium  Alloys. L . E . 
V vedensky  {Zavod. Lab., 1945, 11, (2/3), 221-222).— [In  R ussian ] Somo 
d irec tions based on  V .’s owrn  w ork.—N . A.

On the  A pplication of the M ethod of In te rn a l Electrolysis to the D eterm ina­
tion  of Sm all Q uantities of Copper in  M etallic A lum inium . N . A. S uvorovskaya  
{Zavod. Lab., 1945, 11, (5), 474).— [In  R ussian ] T he proposed m eth o d  is 
described .—N . A.

♦D eterm ination  of Iro n  in  L ight Alloys by M eans of Sulphosalicylic Acid.
E . I .  N ik itin a  {Zavod. Lab., 1940, 9, (5 /6), 629-630).— [In  R ussian] N . 
recom m ends th e  in tro d u c tio n  o f  N H 4C1 to  p re v en t p rec ip ita tio n  o f  M g(O H )2.

— N . A.
The D eterm ination  of Silicon and Copper in A lum inium  Alloys by the  Lange 

Photocolorim eter. A . A . T ikhonova  {Zavod. Lab., 1945, 11, (6), 616-617).—  
[In  R ussian ] D escribes th e  m ethod .—N . A.

♦C ontribution to R apid  Polarographic A nalysis. I I I .— An Investigation  of 
th e  Possible E rro rs in  the  E stim ation  of Z inc and Nickel in  A lum inium  and 
Secondary Alum in ium Alloys. F . Jab lo n sk i a n d  H . M oritz {A lum in ium , 1944, 
26, (5 /6), 97-99).— A stu d y  w as m ad e  o f  th e  possible erro rs (m ain ly  due  to
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high  Si co n ten t) in  th e  e stim a tio n  o f  Z n in  A1 alloys, u sing  th e  m eth o d  p rev iously  
described. A n y  residue le ft a f te r  th e  sam ple  h a d  been dissolved h a d  a  
negligible volum e effect on  th e  d e te rm in a tio n , a n d  th e re  w as no  loss o f  Z n  by  
p re c ip ita tio n  as silica te  o r b y  ad so rp tio n  in  a n y  undissolved S i0 2. T he 
so lu tion  w as s ta b le  over a  p e rio d  o f d ays, n o  p re c ip ita tio n  o f  dissolved S i0 2 
tak in g  place. I t  is concluded t h a t  th e  e rro rs  due  to  an a ly tica l p rocedure  are  
som ew hat less th a n  th e  su b jective  erro rs invo lved  in  th e  ev a lu a tio n  o f th e  
po larogram .— E . N .

*The D eterm ination  oî Oxygen in M etallic A ntim ony. A. S. S h akhov  (Zavod. 
Lab., 1945, 11, (9), 807-809).— [In  R u ssian ] R ed u c tio n  b y  m eans o f d ry  H 2 
a t  700° C. fo r 14 h r. is recom m ended. T h e  accu racy  is to  0-06% .— N . A.

The Q uantitative Spectrographic A nalysis of Bronze and Cast Iro n  in  the 
IJltra-V iolet R egion of the  Spectrum . N . N . Sem enov  (Zavod. Lab., 1945, 11, 
(2 /3), 215-218).— [In  R u ssian ] D escribes experience in  a  w orks lab o ra to ry .

— N . A.
♦Polarographic D eterm ination  of L ead in  Lead B ronzes. V. F . T oropova  

(Zhur. P rik lad . K h im .,  1945, 18, (3), 177-180).— [In  R u ssian ] T . p o in ts  o u t 
th e  possib ility  o f de te rm in in g  P b  in  bronze in  a lka line  so lu tion . T h e  accu racy  
is a b o u t 2 % , a n d  th e  tim e  req u ired  8 m in .— N . A.

Analysis of C able-Sheathing Alloys. G. M. H am ilto n  (N ature, 1946, 157, 
(4000), 875).— T h e  u se  o f a  new  so lv en t fo r P b  a lloy  cable sh ea th in g  p re p a ra ­
to ry  to  w e t analysis is described. T he a lloy  co n ta in s ap p ro x . S n  2-0, Sb 0-8, 
a n d  Cd 0-25%  a n d  sam ples w eighing 2-5 g. m ay  bo d is in teg ra ted  in  a  few 
m in u tes  in  a  m ix tu re  o f 20 c.c. o f  3 0 %  H 20 2 a n d  5 c.c. g lacial ace tic  acid. 
Sb  is n o t  a tta c k e d , b u t  is la te r  ta k e n  in to  so lu tion  w ith  HC1, w hich  also decom ­
poses m o st o f th e  perox ide a n d  converts th e  o th e r m eta ls  in to  chlorides. 
F ro m  th is  p o in t th e  analysis follows co n ven tional m ethods. A lloys r ich  in  Sn 
are  on ly  slow ly a tta c k e d  by  th e  recom m ended  reag en t.— G. V. R .

♦D eterm ination  of Sodium  in  C alcium -Sodium  B abbitts. V. I .  K olosov an d  
M. D . T ry k o v  (Zavod. Lab., 1940, 9, (5/6), 518-519).— [In  R ussian ] 2 -1  g. o f 
B a b b it t  tu rn in g s  in  a  porcelain  b o a t a re  h e a ted  fo r 10-15 m m . a t  400°-450° C. 
in  a  M ars fu rn ace  in  a  c u rre n t o f  a ir. T h e  oxidized  p ro d u c t is  th e n  lix iv ia ted  
w ith  boiling w a te r  a n d  a  s tre am  o f  C 0 2. T he residue o f  C aC 03 a n d  P bO  is 
filtered  off, a n d N a  is d e te rm in ed  in  th e  f iltra te  b y  t i t r a tio n  w ith  HC1.— N . A.

The A pplication of the  Po larographic  M ethod in  the  A nalysis of B earing 
M etals. S. I .  K ap lan sk y , A. B . G urevich , a n d  I .  A . K o rsh u n o v  (Zavod. Lab.,
1945, 11, (10), 916-920).— [In  R ussian ] D eals w ith  th e  co n stru ctio n  o f 
d irec tly  ca lib ra ted  a p p a ra tu s  fo r d e term in ing  Cu, Cd, a n d  N i ; th e  analysis 
o f  artificial m ix tu res  ; th e  analysis o f  w orks sam ples (for Cu, N i, a n d  Cd) ; 
a n d  th e  d e te rm in a tio n  o f  Sb a n d  S n .—N . A.

C olorim etric D eterm ination  of Z inc and  A lum inium  in  T in and L ead-T in  
Solders. S . Y u . F a in b erg  a n d  T . V. Z aglod ina (Zavod. Lab., 1945 ,11 , (11/12), 
1109-1112).— [In  R ussian ] A schem e o f  a nalysis is g iven.— N . A.

The P rep ara tio n  of S tandard  Alloys for the  Spectrographic A nalysis of Z inc, 
Cadm ium , Lead, and  T in. A. K . R u san o v  (Zavod. Lab., 1945, 11, (4), 3 4 9 - 
350).— [In  R u ssian ] I n  th e  p re p a ra tio n  o f  alloys o f  p red eterm in ed  com ­
p o sition , R . recom m ends m elting  in  a  s tream  o f h ydrogen .— N . A.

♦Spectrographic E stim ation  of Traces of Im purities in  Z inc Alloys by M eans 
of th e  Condensed Spark. P au l C roissant (5me Congrès du  Groupement pour  
l ’A vancem ent des M éthodes d ’A n a lyse  Spectrographique des P roduits M étalliques,
1946, 65-67 ; discussion, 68).— V arious sp a rk -c ircu it conditions w ere tr ie d  on 
cy lindrical sam ples o f  d ie-casting  alloys to  e s tim a te  trac es  o f  Mg, F e , a n d  P b . 
B y  th e  use  o f  u n u su a lly  large cap ac ity  a n d  self-inductance a n d  2-m in. e x ­
posures, P b  a n d  Cd can  be e s tim a te d  dow n to  0-003%  a n d  S n  dow n to  0-001% .
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F o r  P b  in  th e  range 0-01-0-03%  th e  coeff. o f  v a ria tio n  o f th e  dup lica te  sp e c tra  
w as less th a n  2-5% . T he precision  fo r o th e r elem ents is u n d e r investiga tion .

— E . v a n  S.
The A nalysis o£ Z inc Alloys. R . B . G olubtsova (Zavod. Lab., 1945, 11, 

(11/12), 1112-1113).— [In  R ussian] A m eth o d  is ou tlined  fo r de te rm in ing  
A1 (5 -2 0 % ), Cu (1 -5 % ), an d  F e  (0-2-1-5% ) in  Zn alloys.— N . A.

*The Polarographic  D eterm ination  of Cobalt in  the Presence oi Nickel. The 
Catalytic E volution  of H ydrogen in  the  Presence of Complexes of Cobalt w ith 
D im ethylglyoxim e. A . G. S trom berg  a n d  A. I .  Z elyanskaya (Zhur. Obsheh. 
K h im .,  1945, 15, (4 /5), 303-317).— [In  R ussian] A new  m eth o d  has been 
w orked  o u t fo r th e  po larograph ic  de te rm in a tio n  of Co in th e  presence o f  N i. 
I t  depends on  th e  fa c t t h a t  d im ethylglyoxim e gives a n  insoluble com plex w ith  
N i, while fo rm ing  a  com plex com pound w ith  Co, w hich rem ains in  so lu tion  
a n d  can  be d e te rm in ed  po larographically . T he necessary conditions fo r th e  
d e te rm in a tio n  o f  Co in  th e  presence o f N i, Cu, Zn, an d  F e  have  been exam ined.

—N . A.
*The F rac tio n al D etection of Copper Ions. N . A. T ananaev  a n d  V. N . Pod- 

chainova  (Zavod. Lab., 1940, 9, (2), 168-169).— [In  R ussian] CdS can  be used 
fo r th e  frac tio n a l d e tec tio n  o f Cu dow n to  10 m g ./litre  in  th e  presence o f  Bi, 
Ag, a n d  H g, a n d  dow n to  0-5 m g ./litre  in  th e ir  absence.— N . A.

The Use of N a2S 0 3 fo r V olum etric D eterm ination  of Lead. T. Y a. S hev tsova  
(T ru d y  In s t. K h im . K h a r’kov. Gosudarst. U niv., 1940, 5, 283-291 ; K h im .  
Referat. Z hur., 1941, 4, (7/8), 6 9 ; C. A bs., 1943, 37, 6586).— [In  R ussian] 
F o r  analysis o f m eta llic  P b  or o f P b  alloys, dissolve th e  sam ple in  H N 0 3 
(1 : 2), ev ap o ra te  to  d ryness, m oisten  w ith  iV -H N 03, dissolve in  w a te r  an d  
f i l te r ; neu tra lize  w ith  N H 4O H  in  th e  presence o f  m ethy l red  an d  t i t r a te  w ith  
N a 2S 0 3 so lu tion  to  a  yellow  colour. Cu an d  Cd in terfere  w ith  th e  d e te r­
m in a tio n  ; less th a n  1%  F e  does n o t in te rfere . T he N a2S 0 3 m u st con ta in  no 
su lp h a te s ; th e y  can  be rem oved by  rep ea ted  crystallization  from  w ater.

Conductom etric T itra tion  of Lead w ith  Iodate. C. D ragulescu an d  E . L a tiu  
(Z. anal. Chem., 1943, 126, 6 3 -6 6 ; C. A bs., 1943, 37, 6585).— The conducto­
m etric  t i t r a tio n  o f  P b ++ w ith  I 0 3~ can  bo carried  o u t sa tisfac torily  according 
to  th e  reac tio n  P b ++ +  2 I 0 3" =  P b ( I 0 3)2, b u t  i t  is necessary to  w a it u n til 
th e  co n d u c tiv ity  v a lu e  is const, a f te r  each  ad d itio n  o f reagen t, p a rticu la rly  in  
th e  neighbourhood  o f  th e  end po in t. T he reason for th is is th e  fa c t th a t  
P b (O H )I0 3 is form ed a t  first an d  th is  basic iodate  changes v ery  slowly in to  
th e  n o rm al sa lt.

Po ten tiom etric  T itra tion  of Lead w ith Iodate . C. D ragulescu a n d  E . L a tiu  
(Z . anal. Chem., 1943, 126, 6 7 -7 2 ; C. A bs., 1943, 37, 6585).— To th e  n eu tra l 
P b (N 0 3)2 so lu tion  a d d  a n  excess o f  K I 0 3 so lu tion  a n d  t i t r a te  th e  excess w ith 
s ta n d a rd  P b (N 0 3)2 solu tion . U se Ag wire as in d ica to r electrode ag a in st a  N -  
calom el electrode in  th e  usual com pensation  a p p ara tu s . T he excess K I 0 3 
can  also be t i t r a te d  w ith  s ta n d a rd  A g N 0 3 solution . The resu lts  ob ta in ed  by  
d irec t t i t r a tio n  w ith  K I 0 3 w ere u n sa tis fac to ry , a lth o u g h  som e fresh ly  p re ­
c ip ita ted  A g I0 3 w as ad d ed  a t  th e  s ta r t  a n d  in  som e cases E tO H  w as ad d ed  
to  decrease th e  so lub ility .

*A Simple Colorim etric M ethod for the W orks D eterm ination  of Nickel, 
J .  K in n u n en  (M etall u . E rz, 1944, 41, (13/14), 158).—N i m ay  be estim a ted  
co lorim etrically  a s  N iS 0 4 using  a  L ange photoelectric  colorim eter w ith  a  red  
filter. T h e  lig h t ad so rp tio n  is in d ep en d en t o f tim e, tem p ., I12S 0 4, H 3P 0 4, 
th io u rea , a n d  C u S 0 4 concen tra tion . W hen  Cu is p resen t, i t  m ay  be decolorized 
w ith  a  so lu tion  con tain ing  50 g. th io u rea , 500 c.c. H 2S 0 4 ( 1 :1 ) ,  a n d  1000 c.c. 
H 20 ,  15 c.c. o f  w hich will decolorize 200 m g. Cu. F e  is decolorized w ith  
H 3P 0 4. T he m eth o d  m ay  be app lied  to  N i an d  Cu electro ly tes, N iS 0 4, N iO, 
nickel m a tte , nickel silvers, &c. T he resu lts  ob ta in ed  are  in  v e ry  good agree­
m en t w ith  those from  electro ly tic  estim a tio n s.— E . N .

B B
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♦D irect T itra tion  o£ Nickel w ith  D im ethylglyoxim e Solution. A . K . B ab k o  
a n d  M. V. K o ro tu n  (Zavod. Lab ., 1945, 11, (10), 896-899).— [In  R ussian ] 
T he chem ical conditions o f t i t r a tio n  w ere s tu d ied  a n d  a  m eth o d  estab lished  fo r 
th e  d e te rm in a tio n  o f  N i in  th e  presence o f F e  a n d  Cu.— N . A.

*On the  D eterm ination  o£ Very Sm all Q uantities o£ P la tin u m . N . S. Poluek- 
to v  a n d  F . T . S p ivak  (Zavod. Lab., 1945, 11, (5), 398-403).— [In  R ussian ] 
A  m eth o d  h as  been evolved  fo r th e  d e te rm in a tio n  o f sm all am o u n ts  o f  P t  in 
m eta llic  S b . I t  is based  on th e  reac tio n  w ith  Sn chloride a n d  e th y l a c e ta te  an d  
enab les 0-03 g. o f  P t  in  10 g. o f  specim en to  be d e te rm ined .— N . A.

♦G ravim etric M ethod fo r the  D eterm ination  o£ P o tassium , R ubidium , and 
Cæsium . O. G. S heïn tsis (Zavod. Lab., 1940, 9, (2), 162-163).-— [In  R ussian] 
K , R b , a n d  Cs a re  p re c ip ita te d  as hexan itro d ip h en y lam in es, a n d  th e  p rec ip ita te  
w ashed  w ith  d ry  e th e r  a n d  d ried  a t  80°-90° C.— N . A.

♦The Use of A n th raquinone-a-A rsonic  Acid in  the  D eterm ination  of Sm all 
Q uantities of Tin. V. I .  K u zn etso v  (Zavod. Lab., 1945, 11, (4), 263-266).—  
[ In  R u ssian ] Sn is co nverted  in to  th e  [3-compound o f SnIV b y  h ea tin g  th e  
a lka line  so lu tion  acidified w ith  H N 0 3. F o r  p re c ip ita tio n  from  v e ry  d ilu te  
so lu tions, K . proposes a  new  reag en t— anth raq u in o n e-a -arso n ic  acid. T he 
m eth o d  is su itab le  fo r use in  th e  presence o f  large  q u a n titie s  o f W , Sb, Cu, Cr, 
M o, V , a n d  N b .— N . A.

♦Separation of Iro n , A lum inium , and C hrom ium  from  Z inc by M eans of 
Pyrid ine. E . A . O stroum ov a n d  R . I .  B o m sh tein  (Zavod. Lab., 1945 ,11 , (2/3), 
146-149).— [In  R ussian] 200 m l. o f  a n  HC1 so lu tion , con ta in ing  ap prox . 
0-3 g. o f th e  sesquioxidcs o f th e  m etals, a re  n eu tra lized  w ith  N H 4O H  u n til 
tu rb id ity  ap p ears  ; th is  is c leared  by  ad d itio n  o f  3 o r 4  d ro p s o f  dil. HC1. 
T h en  2 0 -40  g. o f  N H 4C1 are  ad d ed  a n d  th e  so lu tio n  h e a ted  to  boiling ; a f te r  
rem oval from  th e  flam e, F e , Al, a n d  Cr a re  p re c ip ita te d  b y  m eans o f a  20%  
so lu tion  o f  p y rid ine .— N . A.

♦The R eaction  R ange of Organic R eagen ts in  M etal Analyses. H e llm u t 
F isch er (IF iss . Verôff. Siem ens- W erken, 1940, 2 1 7 -2 2 9 ; a n d  M ikrocliem . ver. 
M ikroch im . A d a ,  1942, 30, 38-56  ; Chem. Z en tr., 1941,112, (I) , 2975 ; C. A bs., 
1943, 37, 6582).— A stu d y  w as m ad e  o f th e  w ay  in  w hich th e  re a c tiv ity  o f 
d ip h eny lth iocarbazone  (d ith izone) v a ries w ith  d ifferen t groups o f  cations w ith  
th e  sam e electron  configuration . T he p H  ran g e  o f  s ta b ility  o f th e  m eta l 
com plexes fo rm ed  w as d e te rm ined . C orresponding experim en ts  w ere carried  
o u t  w ith  d iphenylcarbazone  dissolved in  b o th  CC14 a n d  CHC13. T he reac tions 
o f  a -n itro so -p -n ap h th o l a n d  [3-nitroso-a-naphthol w ith  h eav y  m eta l cations 
can  be carried  o u t  in  th e  sam e m an n er as th e  reac tions o f d ith izone. T he 
s ta b ili ty  range  w as de te rm in ed  fo r these  com pounds also. A  defin ite  re la tio n ­
sh ip  w as fo u n d  to  ex is t betw een  th e  re ac tiv ity  o f th e  cations a n d  th e  s ta b ility  
o f  th e  com plexes fo rm ed  on  th e  one h a n d  a n d  th e  e lectron  configuration  o f  th e  
reac tin g  cations on  th e  o th er. T h e  ten d en cy  to  fo rm  stab le  com plexes is m ost 
p ronounced  in  th e  case o f th e  cations o f  th e  tran s itio n  m eta ls  w ith  incom plete  
e lectron  shells ; n e x t to  these  a re  th e  g roup  o f  cations w ith  18 ex te rn a l e lectrons. 
T he re a c tiv ity  o f cations w ith  18 +  2 e lectrons is essen tia lly  m ore lim ited , as is 
also th e  p H  range  w ith in  w hich th e y  reac t.

The Sorting of M etals and Alloys by M eans of Spot-Tests. E . I .  N ik itin a  
(Zavod. Lab., 1 945 ,11 , (2/3), 231-234).— [In  R ussian ] M ethods a re  in d ica ted  
fo r Al alloys, Mg alloys, brasses, a n d  steels.— N . A.

Q uantitative A nalysis by the  V ariation  of the  Specific A ctivity of a n  Added 
R adioactive Isotope. P ie rre  Sue (N ature, 1946,157, (3993), 622).— T he m eth o d  
o f  using  rad io ac tiv e  iso topes in  q u a n tita tiv e  analysis is illu s tra te d  by  reference 
to  a  new' m eth o d  o f  analysis fo r K  in  th e  presence o f  L i a n d  N a. T o th e  
so lu tion  is ad d ed  a  rad io ac tiv e  p o tassium  p re p ara tio n  o f  knowrn ac tiv ity . 
F ro m  th e  new' m ix tu re  th e  K  is p rec ip ita ted  as KC104. F ro m  th e  m easured
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a c tiv ity  o f a  w eighed sam ple o f th e  p recip ita te , th e  q u a n tity  o f in ac tive  Iv in 
th e  orig inal m ix tu re  is deduced. T he p rec ip ita tio n  need  n o t be q u a n tita tiv e .

— G. V. R .
M etallurgical Analysis. Review of th e  Commonly Used Drying Agents.

Ja m es  S anders ( Iro n  and Steel, 1946, 19, (8), 423—425).—A  review' o f d ry in g  
ag en ts  com m only  used  in  m etallurgical analysis, dealing w ith  CaCl2, IkO;,, 
conc. H 2S 0 4, P 20 5, Mg(C104)2, an d  silica gel. T he properties o f  each  substance  
a re  discussed a n d  th e ir  m eth o d  o f use a n d  ra te  o f  desiccation  considered. 
Som e exam ples o f  th e ir  use a re  also given.— J .  W . D.

fM odern  L ight Sources for Spectrographic Analysis. N . S. S v en titsk y  
( Izvest. A ka d . N a u k  S .S .S .R .,  1945, [Phys.], 9, (6), 677-690).— [In  R ussian] 
A  critical rev iew  o f lig h t sources fo r spectrographic  analysis, com paring  th e  
D .C . arc , d ifferen t ty p es o f spark , an d  A.C. arcs o f th e  usual ty p es described in 
G erm an an d  A m erican  papers. T he A.C. a rc  w ith  H .-F . ign ition , favoured  
in  th e  U .S .S .R ., is supplied  w ith  an  ad d itio n a l in te rru p te r  in  th e  p rim ary  
o f th e  tran sfo rm er, w hich enab les an  in te rm itte n t discharge to  be used  for 
sam ples o f  low m eltin g  p o in t. T he tre n d  in  th e  developm ent o f  contro lled  
sources is discussed a n d  i t  is p o in ted  o u t th a t  th e re  is on ly  a  lim ited  va lue  to  
th eo re tica l calcu la tions based  on  th e  assum ption  th a t  th erm al equ ilib rium  is 
a tta in e d  in  th e  a rc  colum n. I n  seeking rep roducib ility  o f  spec tra , i t  m ay  n o t 
be enough to  aim  a t  uniform  electrical conditions w hich w ould re s tr ic t  th e  
scope o f th e  lig h t so u rc e ; a  m ore useful c ircu it w ould p roduce reg u la r v a r ia ­
tio n s  o f  p o ten tia l g rad ien t, so as to  ionize th e  m ore difficult e lem ents as wrell 
as those  w ith  low er e x c ita tio n  p o ten tia ls .—E . v a n  S.

The Im pulse Source of L ight and I ts  A pplication to the  Spectral Analysis of 
M etalloids in  Solids. I .  I .  L ev in to v  ( Izvest. A ka d . N a u k  S .S .S .R .,  1945, 
[P h y s .], 9, (6), 699-702).— [In  R ussian ] To e stim a te  non-m etallic  e lem ents 
in  re fra c to iy  solids w hich m ay  be insu la to rs, such  as a re  used  as cata ly sts , no 
ex isting  spark - o r a rc  source is su itab le . T o a n  o rd in ary  a rc  c ircu it (A.C. o r
D .C .) a  secondary  c ircu it is ad ded  in  w'hich a  condenser o f I p F  charged  to  
6000 V . by  a  tran sfo rm er is  d ischarged periodically  b y  a  ro ta ry  in te rru p te r. 
T he disc o f  th e  in te rru p te r  also carries a n  a p e rtu re  w’hich  uncovers th e  sp ec tro ­
g rap h  slit  only a t  th e  tim e o f th e  discharge im pulse. T h is resu lts  in  an  a rc  o f 
ex trem ely  h igh  c.d. a n d  can  be used  to  excite  non-m etallic  sam ples packed  in 
a  carb o n  cra te r. T he re su lta n t sp ec tra  give lines for th e  halogens a n d  S, 
b u t  have  few er a ir  lines th a n  a  lugh-in tonsity  s p a r k ; h igh ly  ionized lines 
abound . V ery  sensitive  p la te s  m u st be used as th e  sam ple is rap id ly  vo latilized  
a n d  i f  th e  p la tes a re  to o  slow sp ec tra  m u st be superim posed. V ery  sh o rt a rc  
gaps (0-5-1 m m .) a re  essential, as a n  o rd in a ry  a rc  is o ften  ex tingu ished  by  th e  
im pulse  discharge. A n a lte rn a tiv e  c ircu it is g iven  w hich is o f  sim pler ty p e  
b u t  requ ires a  300 kW . tran sfo rm er. L ittle  q u a n tita tiv e  w ork has been done 
w ith  th is  lig h t source b u t  traces o f halogens in  copper oxide can  be estim a ted  
(above 0-05% ) b y  an  in te rn a l-s ta n d a rd  com parison m ethod .— E .  v a n  S.

X II .— L A B O R A TO R Y  A P PA R A T U S, IN STRU M EN TS, &c.
(See also “  T esting  ”  a n d  “ T em p era tu re  M easurem ent an d  C ontro l.” )

The U pright Type of Microscope in  M etallography. J .  R . V ilella (M etal 
Progress, 1946, 49, (1), 113-116).— T he “  in v e rted  ”  m icroscope w hich perm its 
th e  specim en to  be p laced  on th e  s tag e  wdth th e  polished side down, an d  w hich 
can  be u sed  in  con junction  w ith  a  h o rizo n tal cam era , is generally  preferred  for 
m eta llog raph ie  w ork . T he u p rig h t m icroscope, how ever, has th e  ad v an tag es 
o f  superio r com fort a n d  ad ju s ta b ility  in  use, m ore ex tensive  stage m ovem ent, 
p ossib ility  o f  d e term in ing  th e  position  on th e  specim en o f th e  field un d er



ex am in atio n , a n d  a  p e rm an en tly  a tta c h e d  a n d  a ligned  source o f  lig h t. M icro­
g rap h s p ro d u ced  w ith  b o th  ty p es  o f  in s tru m e n t illu s tra te  th e  h igh  o rd er o f 
c la rity  o b ta in ab le  w ith  th e  “  in v e rted  ”  ty p e  o f  in s tru m e n t a n d  recom m enda­
tio n s a re  m ad e  regard ing  ligh ting , choice o f  film  a n d  filter, an d  developers.

— P . R .
A New Type of Focusing X -R ay  M onochrom ator. W . H . H a ll (N ature , 

1946, 157, (3999), 842).— I t  is p o in ted  o u t  th a t  sin g le-tex tu re  copper s trip , 
hav ing  a  < 1 0 0 >  d irec tion  ly ing  in  th e  ro lling  d irec tion  a n d  a  {100} p lane in  
th e  s tr ip  surfaco, m ay  be used  a s  th e  d iffrac ting  m ate ria l in  m onochrom ato rs 
o f th e  “  b e n t c ry s ta l ”  ty p e . T he s tr ip  m ay  be b e n t a n d  g ro u n d  m ore easily  
th a n  th e  c ry sta ls u su a lly  em ployed  a n d  has o th e r  ad v an tag es.— G. V. R .

X -R ay  G oniom eter for Use w ith  M icro-Specimens. L . V. A T tshu ller (Zavod. 
Lab., 19 4 1 ,1 0 , (3), 271-277).— [In  R ussian ] A . describes a  cam era  b y  m eans 
o f w hich D ebye p h o to g rap h s can  be o b ta in ed  from  m icro-specim ens, using  a  
focusing m eth o d .— N . A.

On Some Tests of P rism  Spectrographs of H igh D ispersion. A. G a tte re r  an d  
J .  Ju n k e s  (Ricerche Speltroscopiche, 1940, 1, (3), 73-137).— [In  G erm an] A 
d e ta iled  ex am in atio n  o f th e  resolving pow er a n d  p u r ity  o f th e  sp ec tru m  given 
b y  glass a n d  q u a r tz  spec trog raphs. T h e  in s tru m e n ts  are  considered  in  respec t 
o f  th e  m atch in g  o f  th e ir  o p tica l a n d  p h o to g rap h ic  reso lv ing  pow er, as affected  
b y  focal len g th  a n d  a p ertu re . D efects in  th e  p u r i ty  o f  th e  sp ec tru m  such  as 
“  ghosts ”  a n d  broadened  lines a re  d iscussed  a n d  m eth o d s o f m echanical 
co n stru c tio n  an d  a d ju s tm e n t a re  described . T he p a p e r is illu s tra te d  w ith  
a c tu a l p h o to g rap h s o f  sp e c tra  a n d  m icro -pho tom etric  traces o f  th e  p h o to ­
graphs.— E . v a n  S.

Com parative L ight-T ransm ission of the Zeiss Qu24 Spectrograph and  the  
Zélande Spectrograph of Job in  and  Yvon. E d m o n d  Lceuille (5me Congrès du  
Groupement pour l'Avancem ent des M éthodes d 'A na lyse  Speclrographiquc des 
P roduits M étalliques, 1 9 4 6 ,4 6 -6 4 ).— A fte r  a  d e ta iled  com parison o f th e  op tical 
system s o f  tw o  spec trog raphs, L . describes th e  effect on  th e  re la tiv e  in ­
te n s ity  o f  tw o  sp ec tru m  lines w hich re su lts  from  changing  from  one sp ec tro ­
g rap h  to  a n o th e r, a  p o in t w hich is o f  p rac tica l im p ortance  in  th e  s ta n d a rd iz a ­
tio n  o f  m eth o d s o f  analysis. T he changed re la tiv e  in te n s ity  is due  to  reci- 
p roc ity -law  fa ilu re  o f  th e  p h o to g rap h ic  p la te  a n d  d isap p ears  i f  th e  tw o sp ec tro ­
g rap h s a re  sim ilar in  th e ir  ligh t-transm issions.— E . v a n  S.

Some A pparatus and  Devices in  the  Spectrographic L aboratory . N . N . 
Sem enov (Zavod. Lab., 1945, 11, (2/3), 218-220).— [In  R ussian ] S. describes 
th e  d ry in g  o f  ph o to g rap h ic  p la te s  in  a  v acuum , a  chill m ould  fo r casting  
specim ens, a n d  devices fo r sh a rp en in g  e lectrodes.— N . A.
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X m .— PH Y SICA L AND M ECH A N ICA L TESTIN G , IN SPECTIO N , 
AND R A D IO LO G Y

♦On R andom  Sam pling in Test S tatistics. L udw ig  K u ttn e r  (M etallm rlschafl, 
1944, 23, (22/26), 228-233).— R e p o rts  a n  ex tensive  in v estig a tio n  o f  th e  classi­
fication, causes, a n d  d is tr ib u tio n  o f  e rro rs in  ex p erim en ta l observations, th e  
re su lts  being  show n in  tab les, g rap h s, a n d  e rro r curves. K . discusses th e  
choice o f sam ple  specim ens a n d  th e  p ro b ab ility  th a t  th e ir  p rop erties  sha ll be 
re p re sen ta tiv e  o f th e  w hole g roup . T he in te rp re ta tio n  a n d  conclusions w hich 
can  be reach ed  from  th e  re su lts  o f  sm all-scale sam pling  a re  d e a lt  w ith .— E . N .

P rac tica l H ardness Testing. K . M eyer (M aschinenbau, 1941, 20, 431-436 ; 
Chem. Zentr., 1942,113, ( I I ) ,  1285 ; C. A bs., 1943, 3 7 ,5680).— S ta tic , dynam ic, 
a n d  special m eth o d s fo r h a rdness te s tin g  a re  discussed a n d  th e  eq u ip m en t is 
described.
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♦Elastic C onstants of Isotropic Media [Steel, B rass]. S. B h ag av an tam  an d

B . R a m a ch a n d ra  R ao  (N ature, 1946, 157, (3993), 624).— A m eth o d  fo r o b ta in ­
ing  Y o ung’s m odu lus Y  a n d  th e  rig id ity  m odulus n  fo r v e ry  sm all q u an titie s  
o f  iso trop ic  m ate ria ls  is briefly referred  to . T he m eth o d  depends upon  th e  
transm ission  o f  u ltrason ic  w aves o f  con tinuously  v a ry in g  frequency  th ro u g h  
th e  specim en. T ypical resu lts  fo r glass, steel, an d  brass are  given and  
com pared  w ith  th e  s ta tic  values.— G. V. R .

V erification of Tensile-Testing M achines. W . T hom pson (M etallurgia, 
i9 4 6 , 34, (201), 145-146).— M ethods ad o p ted  fo r verify ing  th e  accu racy  o f 
ten s ile -te stin g  m achines includ ing  th e  calib ra ted  te s t  ba r an d  th e  steel prov ing  
rin g  a re  described a n d  discussed a n d  a tte n tio n  is d irec ted  to  th e  com parative  
ease o f  chocking by  m eans o f  th e  la t te r  m ethod .— J . W . D.

New Testing M achines of the TsNIITMASh Type. I .  V. K u d ry a v tsev  
(Zavod. Lab., 1945, 11, (2/3), 209-214).— [In  R ussian] N ew  m achines for 
th e  tensile  te s tin g  o f  m eta ls are  described.— N . A.

R apid  M ethod fo r D eterm ining, by the A m sler M achine, the A nti-F riction  
P roperties of Alloys D uring Sliding F ric tion . A. I .  Chipizhenko (Zavod. Lab., 
1945, 11, (7/8), 727-733).— [In  R ussian] C. proposes a  m ethod  w hich gives 
significant am o u n ts  o f  w ear in  a  com paratively  b rie f  tim e o f testing.-—N . A.

A Sm all-Scale Creep-Testing U nit. G. T . H a rris  (M etallurgia, 1946, 34, 
(201), 129-132).— A  sm all-scale c reep-testing  m achine h as been developed to  
accelera te  th e  developm ent o f new  h eat-resis ting  alloys fo r gas tu rb in es. T he 
m achine is described, i ts  accuracy  defined, a n d  som e resu lts  a re  given to  show  
th e  form  o f th e  s tra in /tim e  curves obtained.-—J .  W . D .

Im proving Design Through Life Testing. R . E . P e terson  (M achine Design, 
1945, 17, (8), 127-130).— “ L if e ”  te s ts  a re  devised  to  te s t  ind iv idual p a r ts  
u n d e r an  ap p ro x im atio n  to  -working conditions. Specially  designed ap p a ra tu s  
is illu s tra te d  fo r te s tin g  door la tch es a n d  hinges, th e  d u ra b ility  o f re frig e ra to r 
tray s , a n d  tu rb in e  blades. L ife tes ts  are considered in  tw o m ain  groups 
includ ing  (a) fa tigue  a n d  creep, a n d  (6) w ear, corrosion, a n d  rep ea ted  im p ac t,
(a) com prising q u a n tita tiv e , a n d  (6) q u a lita tiv e  tes ts . T he m erits  a n d  ap p lica ­
tio n s o f  ad hoc lifo te s ts  a re  com pared w ith  those o f  conventional tes tin g  
m eth o d s.— P . R .

The Supersonic F law  D etector and  Its  A pplication in the  Sheet-M etal I n ­
dustries. A. C. R an k in  (Sheet M eta l In d .,  1946, 23, (229), 893-898, 901).—  
A b rie f  acco u n t is given o f  th e  a p p a ra tu s  an d  th e  princip les on  w hich i t  
operates . T he ap p lication  o f supersonic flaw  de tectio n  to  problem s e n ­
cou n te red  in  th e  shee t-m eta l in d u stry  is discussed, w ith  som e exam ples o f  its  
use. R . suggests th a t  s tan d ard iza tio n  a n d  ca lib ra tion  fo r each ap p lication  is 
necessary .— R . Gn.

R A D IO L O G Y

Prague  Conference on the Use of X -R ays in the M etal Industries. V. V and  
(N ature, 1946, 157, (3987), 415-416).— A su m m ary  re p o rt o f  a  conference held  
in  N ov. 1945 by th e  Society o f  Czechoslovak M athem aticians an d  Physic ists.

— G. V. R .
Sectional R adiography. R o b e rt T ay lo r (M etals and A lloys, 1945, 22, (1), 

99-101).— A m eth o d  is ou tlin ed  b y  m eans o f  w hich th e  defects in  a n y  given 
p lane  th ro u g h  a  casting  m ay  be recorded  sh arp ly  on  a n  X -ra y  film a n d  all 
defec ts o n  o th e r p lanes throwm o u t o f  focus. T h is is accom plished by  m oving 
th e  X -ra y  tu b e  a n d  film  in  opposite  d irec tions du rin g  th e  tim e o f th e  exposure. 
M ethods o f  securing th e  desired  m ovem en t a re  in d ica ted  d iagram m atically .

— J .  C. C.
The P resen t S tate of X -R ay  Radiology. A. K . T rapezn ikov  (Zavod. Lab., 

1945, 11, (4), 287-304).— [In  R ussian] A review .—N . A.
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Two-M illion Volt X -R ay  Inspection  E quipm ent. D av id  G oodm an (M etal 
Progress, 1946, 49, (2), 327-332).— A  h igh-vo ltage  in s ta lla tio n  fo r th e  n o n ­
d estru c tiv e  in spection  o f  h eav y  ordnance  p e rm its  th e  ho rizo n ta l rad ia tio n s  to  
be  used  fo r inspecting  pieces carried  ro u n d  th e  m achine on  a  tu rn -ta b le , while 
a  beam , tra n sm itte d  th ro u g h  th e  anode  a long  th e  ax is o f  th e  tu b e , is u sed  fo r 
exam in ing  larg e r pieces in  a n o th e r p a r t  o f th e  build ing, th e  tra n sm itte d  beam  
being sh u t off by  lead  screening w hen n o t  in  use. T he lay -o u t, sa fe ty  devices, 
a n d  m eth o d  o f o p era tio n  are  described .— P . R .

X -R ay  Tube w ith  E arth ed  Anode. L . P . S passky  (Zavod. Lab ., 1940, 9, 
(5 /6), 655-657).— [In  R ussian ] D escribes th e  design o f a  new  typo  o f anode 
fo r X -ra y  tu b es in ten d ed  fo r rad io logy .—X . A.

X IV .— T E M P E R A T U R E  M E A SU R E M E N T  AND CONTROL

A nticipator Im proves T em perature  Control. M. J .  M anjoine (M achine  
Design, 1945 ,17 , (6), 116).— T h e  “  a n tic ip a to r  ”  consists o f  tw o therm ocouples 
o f  d ifferen t ch aracte ris tics a n d  a n  electrical h ea tin g  c lem ent, th e  assem bly  
being enclosed in  a  v acu u m  tu b e . T h e  therm ocouples a n d  th e  con tro l th e rm o ­
couple in  th e  fu rnace  are  connected  in  series in  such  a  w ay  th a t  th e  p o la rity  o f 
th e  couple w ith  th e  less th e rm a l cap ac ity  is  ad d itiv e , a n d  th a t  o f  th e  couple 
w ith  g rea te r th e rm al cap ac ity  is su b tra c tiv e , w ith  re sp ec t to  th e  fu rn ace  couple. 
T he h ea tin g  e lem en t o f th e  a n tic ip a to r  is  a c tu a te d  b y  th e  pow er source co n n ec t­
ing  th e  con tro l m echanism  w ith  re lay s o p era tin g  th e  m ain  pow er supply . 
D ifferences in  tem p , be tw een  th e  tw o  an tic ip a to r couples cause changes in 
th e  co n tro ller vo ltage  a n d  p re v en t th e  fu rn ace  tem p , from  increasing  above or 
decreasing  below  th e  prescribed  lim its. I t  is s ta te d  th a t  con tro l o f h eat- 
tre a tin g  fu rnaces w ith in  J ;2 £ 0 F . ( i  14° C.) is p rac ticab le  w ith  a n tic ip a to rs  o f 
th is  ty p e .— P . R .

XV.— FO U N D R Y  PR A C TIC E AND A PPLIA N C ES

G erm an A lum in ium  Alloy Pistons. ------- (F ound. Trade J . ,  1946, 78,
(1548), 414, 417).— A  su m m ary  o f  B ritish  In telligence  O bjectives Sub-C om ­
m ittee  R e p o r t N o. B IO S 238 (1946).

♦R eciprocal Effects of Cuprous Oxide, Poling Gases (H ydrogen), and De­
oxidizers in  the  M elting and  Casting of Oxygen-Free and Oxygen-Containing 
Copper. P a u l K la re  a n d  J u s tu s  K o h lm eyer (M etall u . E rz, 1944, 41, (13/14), 
149-155 ; (15/16), 174-180).— T he p ro d u c tio n  of liigh -conductiv ity  copper w as 
stu d ied  a n d  th e  o p tim u m  conditions fo r poling, d eox ida tion , an d  casting  
ascerta ined . T he ac tio n  o f  th e  underm en tio n ed  deoxidizers on underpo lcd  
a n d  overpoled  copper w as in v es tig a ted  : phosphorus, lith iu m , m agnesium , 
calcium , s tro n tiu m , b arium , cerium , a lum in ium , a n d  th o riu m . Copper o f th e  
h ig h es t co n d u c tiv ity  is o b ta in ed  b y  m eltin g  in  a  rev erb e ra to ry  fu rnace , poling  
a t  a  tem p , n o t  exceeding 1200° C. u n til th e  oxygen co n te n t is reduced  to  0-01% , 
a n d  pouring  th e  m eta l in to  ladles o f 1800 kg. cap ac ity  w hich co n ta in  a b o u t 
4  shovelfu ls o f  glow ing charcoal. T he oxygen  (0-002-0-005% ) a n d  h y d rogen  
co n ten ts  a re  th e re b y  ren d ered  so low  t h a t  a n  ad d itio n  o f  0-0015%  lith iu m  
effects th e  s im ultaneous rem oval o f  b o th  e lem ents. T h e  m o lten  m eta l, now  
a t  a  tem p , n o t  exceeding 1160° C., is p o u red  in to  b ille ts  u n d e r a  p ro tec tiv e  
a tm o sp h ere  o f  carbon  m onoxide.— E . X .

♦Control of Shrinkage Porosity  and M echanical Properties in  Chill-Cast 
Phosphor-B ronzes, Leaded B ronzes, and Gun-M etals.—-I—H . (Pell-W alpole). 
See p. 317.



R elining Lead Alloy Jo u rn a l B earings. E . A. W olfenden (M etals and  
A lloys, 1945, 22, (1), 81-84).—A  d e ta iled  a ccoun t o f good p ractice . A  le a d - tin  
a lloy  con ta in ing  2 0 -2 5 %  tin  app lied  a t  625°-675° F . (330°-357° C.) is recom ­
m ended  fo r tin n in g  a n d  th e  lining m eta l ( tin  3 -5 , an tim o n y  > 8 % , lead  
balance) should  bo poured  a t  625° F . (330° C.).— J .  C. C.

Technical Control in  a  M agnesium  Foundry. G. B. P a rtr id g e  (F ound. 
Trade. J . ,  1946, 79, (1550), 5 -8 ).— R ead  before th e  B irm ingham , C oventry , an d  
W est M idlands B ran ch  o f  th e  In s t i tu te  o f  B ritish  F oundrym en . A  general 
review  dealing  w ith  m olting techn ique, san d  control, h e a t- tre a tm en t, a n d  
inspection .—J .  E . G.

M agnesium  Die-Castings. R a lp h  M. H e in tz  (M achine Design, 1946,18, (2), 
101-104, 180 ; (3), 111-115).— T he problem s o f th e  design o f m agnesium  die- 
castings differ en tire ly  from  those  in  sand  casting . T his is show n b y  tab les 
com paring  to lerances, lim its o f d ra u g h t, shrinkage, a n d  m inim um  hole sizes 
a n d  w all th icknesses fo r th e  tw o processes. D ie-cast p a r ts  aro classed as 
“  d ecora tive  ”  (appearance  being th e  chief co n sid era tio n ); “  functional ” 
(for w orking p a rts , in  w hich s tren g th  is less im p o rta n t th a n  lightness an d  ch eap ­
ness) ; “ s t ru c tu ra l”  (in w hich m odera te  stresses a re  in v o lv e d ); a n d  “ s tre ssed ” 
(in  w hich w orking stresses aro high). T he com position a n d  physical an d  
m echanical p roperties o f  a  com m on d ie-casting  a lloy  aro tab u la te d , w ith  
references to  A m erican  specifications. T he econom y in  m achining effected by  
using  d ie-cast p a r ts  is em phasized. P rac tica l recom m endations a re  m ade fo r 
dim ensions o f  holes a n d  fillets, u n ifo rm ity  o f  section, an d  p ro tec tiv e  trea tm e n t.
H . suggests t h a t  th e  use  o f dic-castings could be considerably  ex ten d ed  if  
m odifications w ere m ade in  p roduction  p ractice .—P . R .

M ass-Production Precision Casting [of Stellite]. ——  (M achinery (Lond.), 
1946, 69, (1762), 65-73).— A n illu s tra te d  acco u n t is g iven o f  th e  eq u ip m en t o f  
th e  H ay n es S te llite  Co. fo r p roducing precision castings by' th e  lost-w ax 
process. C astings w eighing from  0-002 to  5 lb . each  have  been regu larly  
p roduced  to  dim ensional to lerances o f ± 0 -0 0 3  in .—J .  C. C.

L atera l Die M ovem ent w ith Positive Lock. N . F ie ld  (M achinery (Lond.), 
1946, 69, (1763), 118-119).— D etails a re  g iven  o f  th e  design o f a  die block in  
w hich th e  whole o f  th e  casting  is fo rm ed w ith in  la te ra lly  sliding m em bers.

— J .  C. C.
Castings and W eldings. (Sir) C laude D. G ibb (Found. Trade J . ,  1946, 79,

(1557), 179-184, 191).—E d w a rd  W illiam s lec tu re  to  th e  In s t i tu te  o f  B ritish  
F o u n d ry m en .— J .  E . G.

Casting Reflections. D . H ow ard  W ood (F ound. Trade J . ,  1946, 79, (1558) 
219-222).— P resid en tia l address to  th e  In s t i tu te  o f  B ritish  F oundrym en .

— J .  E . G.
Ingot-C asting  M achines. K a rl S ied en to p f (A lu m in iu m , 1944, 26, (5/6), 

88-93).— T ypical a u to m a tic  casting  m achines a re  described a n d  th e ir  technical 
a n d  econom ical req u irem en ts a re  discussed.— E . N .

On the Developm ent of W ater-Cooled Ingot Moulds. A. J .  Stelljes (A lu-  
m in iu m ,  1944, 26, (5/6), 94-95).— T he developm en t o f w ater-cooled m oulds for 
casting  lig h t m eta l ingo ts a n d  th e ir  ad v an tag es over au to m a tic  casting  
m achines a re  discussed. D etails  a re  given o f  a  horizon tal m ould  hav ing  a  
D  section .— E . N .

Specification-Purchasing of Die-Castings. H e rb e rt Chase (M etals and  
A lloys, 1945, 22, (1), 76-80).— R eproduces a n d  discusses exam ples o f  A m erican 
p urchase  specifications, som e requiring  rad iog raph ic  a n d  breakdow n te s ts  a n d  
o th ers  specifying th e  ty p e  o f m achine to  be em ployed.— J .  C. C.

Closer C o-operation Between the Foundry  and P a tte rn  Shop. (1) W . C. 
M eredith . (2) H . S. W . B r itta in  (Found- Trade J . ,  1946, 79, (1550), 3 - 4 ;  
(1552), 49-52).— Tw o papers c o n trib u ted  to  a  discussion on  th e  su b jec t and  
re ad  before th e  Sheffield B ran ch  o f th e  In s t i tu te  o f B ritish  F oundrym en .
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E xam p les a rc  given o f  ty p ica lly  b ad  p a tte rn -m ak in g . T he in tro d u c tio n  is 
suggested  o f a  “  m eth o d s d e p a r tm e n t ”  to  co n tac t th e  o th e r d e p a rtm e n ts  an d  
co rre la te  in fo rm atio n  on castings fo r u ltim a te  transm ission  to  th e  p a tte rn  shop.

— J .  E . G.
Core-Making Operations. J .  H . L is t ( Iro n  and Steel, 1945, 19, (8), 4 3 1 - 

432).— M oulding a n d  core operations used in  th e  m an u fac tu re  o f castings for 
p u m p  im pellors a re  discussed, w ith  special reference to  th e  san d  m ix tu re  used 
a n d  th e  m oulding tech n iq u e  em ployed fo r th e  p ro d u c tio n  o f good cores.

— J .  W . D.
Determination of “ Gas-Content ”  of Sand Cores.  ■ (F ound . Trade J . ,

1946, 79, (1560), 273-275).-—R e p o rt o f Sub-C om m ittee  T .S . 13 o f th e  Technical 
Council o f  th e  In s t i tu te  o f  B ritish  E o u n d ry m en . D e tailed  in s tru c tio n s  are  
g iven  fo r d e term in ing  th e  “  gas-co n ten t "  o f  san d  cores.— J .  E . G. ‘

Elevating Trucks in the Foundry. R . S. T u rn e r (F ound . Trade J . ,  1946, 79,
(1558), 225-227).— A general illu s tra te d  acco u n t.— J .  E . G.

Apprentice Training in the Foundry. Jo h n  B . L ongm uir (F ound . Trade J . ,  
1946, 79, (1552), 55-59).— R e ad  before th e  B irm ingham , C oventry , a n d  W est 
M idlands B ran ch  o f th e  In s t i tu te  o f B ritish  E o u ndrym en . A  d e ta iled  acco u n t 
o f  a  schem e used  in  a  W orks F o u n d ry  T rain ing  C entre.— J .  E . G.

Opportunities for the Foundry Technician in India. J .  B lak isto n  (F ound. 
Trade J . ,  1946, 78, (1547), 393-397).— R ead  before th e  L o ndon  B ran ch  o f th e  
In s t i tu te  o f B ritish  F o u n d ry m en . A review  o f recen t m eta llu rg ica l develop ­
m en ts in  In d ia  a n d  fu tu re  p rospects fo r U n ited  K ingdom  technicians.

— J .  E . G.

XVI.— SECONDARY METALS : SCRAP, R E SID U E S, &c.

Use and Working of Light Metal Scrap. G. G au th ie r ( U sine, 1942, 51,
(5), 3 1 -3 3 ; (6), 3 7 -3 9 ; (7), 3 5 -3 9 ; (8), 3 7 -3 9 ; CKem. Zen tr., 1942 ,113 , ( I I) , 
453 ; C. Aba., 1943, 37, 6612).— R eview s th e  orig in  a n d  ty p es  o f  sc rap , refining 
a n d  pu rify in g  m ethods, m elting  fu rnaces, fluxes, an d  fu r th e r  uses o f residues 
from  m elting .

XV II.— FURNACES, FU E L S, AND REFRACTORY M ATERIALS

The Ellipsoid Melting Furnace. A. J .  G. S m ith  (M etallurgia, 1946 ,34, (201), 
153-154).— B riefly  describes a  m odification  o f th e  horizon tal-ro ller- o r rocking- 
ty p e  fu rnace  w hich h as been used  on th e  E u ro p ean  co n tin e n t in  recen t years, 
a n d  gives p a rticu la rs  o f  som e typ ica l perform ances in  m elting  red -b rass  sw arf, 
nickel-silver g rind ing  sw arf, a n d  A rg en tan  alloy .— J .  W . D .

The Use of [Iron-Chrom ium -Alum inium ] Alloy No. 2 for the Heating  
Elem ents of High-Temperature Furnaces. I .  I .  K orn ilov  a n d  N . V . N ikol’sky  
(Izvest. A ka d . N a u k  S .S .S .R . ,  1945, [T ekhn .], (9), 825-830).— [In  R ussian] 
A n  alloy  o f iron  w ith  chrom ium  23-27 an d  a lum in ium  4 -6 %  is recom m ended  
fo r use in  fu rnaces op eratin g  a t  1200°-1270° C.— N . A.

XV III.— H EAT-TREATM ENT

*Blister Formation on Rolled [Alum inium  Alloy] Plate. H einz B orchers an d  
O th m ar C astellani (M etall u . E rz, 1942, 39, 407—409; C. Abs., 1943, 37, 
6230).— T he a lloy  stu d ied  h a d  tho  com position  a lum in ium  p lu s copper 2-60, 
m agnesium  1-80, m anganese  0-65, silicon 0-29, iro n  0-40, a n d  tita n iu m  0-17% .



S ligh t changes in  th e  tim e an d  tem p era tu re  o f  h e a t- tro a tm e n t o ften  have  g re a t 
effect on b lis te r fo rm ation .

Im proved T reatm ents of A lum inium  Alloys. M ax E . T a tm an  (M etal 
Progress, 1946, 49, (2), 323-327).— R ecen t developm ents in  h e a t- tre a tm e n t a re  
review ed w ith  special reference to  alloy 24S (sheet, s trip , an d  p la te ). W arp ing  
d u rin g  a  quench  h as been reduced  by  (1) air-cooling a f te r  rem oval from  th e  
fu rnace, (2) “ f o g -”  o r “ s p ra y -” quenching, (3) quenching th e  p a r t  in  a n  
u p rig h t position , a n d  (4) s tre tch in g  a n d /o r  rolling th e  quenched  m ateria l. 
M ethods (1) a n d  (2) a re  found, how ever, to  decrease s tre n g th  a n d  corrosion- 
resistance. A  p rac tice  w idely ad o p ted  in  a irc ra f t  p ro d u c tio n  is to  roll annealed  
h y d ro p ress b lanks in to  coils o f sheet, w hich aro th en  so lu tio n -trea ted  a n d  
quenched  w ith  little  o r no  d is to rtion . T he purpose o f so lu tio n -trea tm en t is 
exp la ined  a n d  recom m endations aro m ade regard ing  d u ra tio n , tem p ., an d  
ra te  o f  cooling. T he m echanical p roperties o f  a lum in ium -clad  2 4 S -0  are  
ta b u la te d  fo r various degrees o f harden ing , th e  a lte ra tio n s p roduced  b y  a  
s ta te d  so lu tio n -trea tm en t being show n in  each  case, a n d  sim ilar d a ta  for 
so lu tio n -tre a tm e n t only a re  given fo r th ree  o th er com m ercial “  c lad  ” alloys.

— P . R .
B right A nnealing of B rass. E rn e s t F . E llio tt  (M etal Progress, 1946, 49, 

(2), 346).— A  b rie f  illu s tra te d  acco u n t o f a  bo ttom -electrode sa lt-b a th  fu rnace  
fo r th e  full annealing  o f b rass cartridges. T he m ate ria l en te rs  a t  one end , is 
conveyed th ro u g h  a  long ceram ic p o t con tain ing  com m ercial n itra tes , en ters 
th e  w asher, a n d  re tu rn s  to  th e  s ta r tin g  p o in t fo r un loading.— P . R .

A tm ospheres for A nnealing M etals. C. E . P eck  (M etals a w l A lloys, 1945, 
22, (1), 85-91).— D escribes th e  p roduction , characte ris tics , a n d  app lications o f 
v arious a tm ospheres p roduced  b y  A m erican p ro p rie ta ry  fuel-oil an d  am m onia  
bu rn ers .— J .  C. C.
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X IX .— W O R K IN G

The Rolling of M etals.—V III-X I. L . R . U nderw ood (Sheet M ela l In d .,  
1946, 23, (227), 475-489, 494 ; (228), 677-684, 696 ; (229), 883-892 ; (230), 
1097-1106; (231), 1291-1306).— [V III .]— N ad a i’s so lu tion  o f V on K a rm a n ’s 
eq u atio n  is discussed an d  th e  effect o f  th e  ap p licatio n  o f f ro n t a n d  back  tension  
on roll p ressure  a n d  n eu tra l p lane are  considered. O row an’s th eo ry  o f ro lling  
is discussed in  som e d e ta il. T his th eo ry  enables th e  pressure  d is trib u tio n  
betw een  th e  rolls a n d  th e  m ate ria l to  be o b ta ined  b y  a  graph ical m eth o d  o f 
in teg ra tio n  o f  th e  eq u atio n  o f friction  hill fo r th e  case o f  v ariab le  coeff. o f 
fric tion  a n d /o r  variab le  co nstra ined  y ield  stress. I n  th e  th eo ry  th e  a ssu m p ­
tio n s o f  p lan e  sections rem ain ing  p lane a n d  o f  slipping friction  a re  abandoned . 
[IX .]— Q u a n tita tiv e  use is m ade  o f th e  various theories an d  th e  m eans for 
allow ing fo r th e  effect o f w ork-hardening, f ro n t an d  back  s tr ip  tension , an d  
roll fla tten in g  are  considered. [X .]— T he calcu la tion  o f specific roll pressure 
w ith  fla tten in g  a n d  th e  d e riv a tio n  o f H itch co ck ’s expression fo r th e  len g th  of 
th e  fla tten ed  arc  o f  c o n ta c t is considered. [X I.]—T he general n a tu re  o f 
la te ra l sp read  is in d ica ted  a n d  th e  ch ief experim en tal w ork  on th e  su b jec t 
review ed to  show  th e  influence on  sp read  o f  such  facto rs as w id th /th ick n ess 
ra tio , roll d iam eter, coeff. o f  fric tio n  be tw een  th e  ro lls an d  th e  m ateria l, &c. 
T h e  p rincipal form ulæ  th a t  hav e  been proposed to  calcu late  sp read  a re  d is­
cussed a n d  th e  special case o f w ire fla tten in g  is considered briefly.— R . G r.

♦The R elationship  Betw een the W orking Properties and F ina l Rolling R educ­
tion  Before A nnealing of Sheets of D uralum in-Type Alloys C ontaining 3%  
and 4 %  of Copper, Made from  Chill- and C ontinuously Cast Billets. (H a r t­
m ann). See p . 316.
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M agnesium  Prac tice  a t I.G . Farben . -------(Iro n  A ge , 1946 ,157 , (26), 68).
— A b s tra c t o f a  r e p o rt  o f  th e  C om bined In telligence  O bjectives Sub-C om m ittee  
on  G erm an m agnesium  p ro d u c tio n  a n d  fab ricatio n .— J .  H . W .

A R eliable M ethod for E stim ating  th e  Technological P lastic ity  [of M agnes­
iu m  Alloys]. E . M. S a v itsk y  (Zavod. Lab., 1945, 11, (10), 978-984).— [In  
R ussian ] I t  is show n th a t  for m agnesium  a n d  i ts  alloys th e  m ag n itu d e  of th e  
g re a te s t possible red u ctio n  in  h e ig h t du rin g  com pression is a  re liab le  gu ide to 
th e  cap ac ity  o f th e  m ate ria l fo r w orking u n d e r p ressure .— N . A.

*The Spinning of Z inc Ribbon from  Ingot Z inc fo r Use in  E x trac to r Boxes 
in  the  R eduction W orks a t G overnm ent Gold M ining A reas, L im ited. J .  C. 
Ph illips (J . Chem. M et. M in . Soc. S . A frica , 1945, 46, (3 /4), 119-123; d iscus­
sion, 123-124 ; also (abridged) M etal In d .,  1946, 68, (20), 392).— B efore th e  
w ar th e  zinc shavings used  as a  p re c ip ita n t fo r gold w ere m ade from  im p o rted  
shee t zinc. P . discusses th e  difficulties en coun tered  a n d  th e  a p p a ra tu s  finally 
evolved fo r p roducing  zinc rib b o n  b y  a n  a lte rn a tiv e  m ethod . M olten zinc 
w as p o u red  on to  a  w ater-coo led  ro ta tin g  m an d ril a n d  s tr ip s  o f zinc rib b o n  
ap p ro x . 0-002-0-004 in . th ick  w ere produced.-—H . J .  A.

W orking of Z inc and Z inc Alloys. O. I I .  C. M essner (Schweiz. A rch, angcw. 
I F w . Teclm ., 1944, 10, (12), 387-388).— Technological a spects o f  w ork ing  of 
zinc a n d  zinc alloys a re  discussed.—V. K .

*The Effect of Dio F ric tion  on the T em perature D istribution  in  the  D raw ing 
M aterial and on the  H eating  of the  Die. E ric h  Siebel a n d  R o b e rt K ob itzsch  
(M itt. K .-W . Inst. E isenforsch., 1943, 26, (7), 91-95).— T herm odynam ic con­
siderations o f  th e  flow o f  h e a t  g en era ted  b y  th e  d e fo rm ation  a n d  b y  th e  friction  
on th e  surfaces o f th e  d raw n  m ate ria l show  th a t  i ts  surface te m p e ra tu re  is 
p ro p o rtio n a l to  th e  cocfE. o f  friction , resistance  to  deform ation , a n d  th e  
sq u are  ro o t o f  th e  p ro d u c t o f  speed o f d raw ing a n d  die leng th . A t h igh  speeds 
o f d raw in g  m o st o f  th e  h e a t  gen era ted  rem ains in  th e  d raw n  m ate ria l.— V. K .

“  R eactive ”  W ire  D raw ing. Jo h n  E . P a r to n  (W ire  In d .,  1946, 13, (148), 
210).— A  le tte r ,  suggesting  t h a t  th e  te rm  “ reac tiv e  w ire  d raw ing  ”  shou ld  be 
re s tr ic te d  to  th e  process in  w hich th e  b ack  ten s io n  is  a  fixed p ro p o rtio n  o f th e  
fo rw ard  tension  a n d  is a p p lied  b y  m eans o f d ifferen tia l gearing . F o r  processes 
in  w hich th e  back  tension  is in d ep en d en t o f  th e  fo rw ard  tension , “  p re-stressed  
w ire d ra w in g ”  or “ d raw ing  pre-stressed  w ire ”  a re  considered to  be  m ore 
su itab le  descrip tions.— .J. 0 . C.

W ire-D raw ing M achines— P ast, P resen t, and F u tu re . N . D av idson  (W ire  
In d .,  1946, 13, (148), 211-214).— A n address to  th e  s ta ff school o f  F rederick  
S m ith  a n d  Co., L td ., briefly review ing progress in  m ach ine  design  since 1930 
a n d  re ferring  to  th e  use o f in d iv id u a l m o to rs  fo r each  b lock a n d  to  V aughan
D.C. a n d  M organ C onnor A.C. m achines. T here  is a  fu tu re  fo r special 
m achines designed fo r specific p ro d u c ts . M ention  is m ad e  o f  th e  possib ility  
o f  developing e x tru s io n  o r sw aging as m eth o d s fo r w ire p ro d u c tio n .—J'. C. C.

G erm an Prac tice  in  E x trud ing  Z inc Alloys. Sam  T o u r (Iro n  A ge, 1946, 
157, (26), 54).— A b s tra c t o f  a  J o in t  In telligence  O bjectives A gency re p o rt on 
th e  G erm an w ar-tim e  use o f  e x tru d e d  bars, shapes, a n d  tu b es o f h igh -stress 
zinc-basc alloys as su b s titu te s  fo r free -cu ttin g  brass.— J .  H . W .

Production  Processes: Their Influence on Design. V II.— Deep D raw ing. 
R oger W . Bolz (M achine Design, 1946, 18, (1), 119-126).— P ra c tica l lim its  fo r 
red u ctio n  are  in d ica ted  fo r various ty p es  o f  die, w ork , a n d  m ate ria l. In  
m an y  in s tan ces  tap erin g , necking, u p se ttin g , &c., can  be  com bined to  o b v iate  
expensive m achin ing  operations. T h e  rubber-d ie-fo rm ing  process, w hich  is 
described, o ften  p e rm its  th e  b lank ing  a n d  form ing o f  p a r ts  in  one o p era tio n  ; 
i t  is especially  successful w ith  lig h t alloys, copper, a n d  ligh t-gauge steel shee t. 
T he s tre tc h  press is o ften  used  fo r p a r ts  w ith  fa irly  sym m etrica l con tours and  
w ith o u t considerable reverse  bends, b u t  th e  m arg inal allow ances a re  so g re a t 
th a t  scrap  m ay  reach  33% . B . s ta te s  th a t  (1) th e  h igh-speed m echanized
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press is best su ited  to  th e  p roduction  o f  large num bers o f  d raw n  p a r ts  hav ing  
p la in  shapes req u irin g  a  single operation , (2) ro u n d  cross-sections are  th e  m ost 
easily  p roduced , (3) th e  d raw ing  o f  flanged p a r ts  resu lts  in  increased  w ear on 
d ies : th e  rad iu s  o f  th e  d raw ing  edge should  be carefully  contro lled  an d  
recom m endations a re  m ade on th e  re la tio n  betw een rad iu s  a n d  gauge in  s ta in ­
less steel, m agnesium *and alum in ium  alloys, nickel, M onel m eta l, a n d  Inconcl, 
(4) co rner ra d ii shou ld  be as g re a t as possible (a t  lea s t 5 tim es th e  gauge) an d  
especially  generous allow ances should  be m ade in rubber-d io  form ing, (5) tho  
d e p th  o f hollow s a n d  h e ig h t o f p ro jections should  n o t exceed tw ice th e  gauge,
(6) d raw n  p a r ts  shou ld  be  fla t-b o tto m ed , a n d  (7) in  deep-draw ing irregu lar 
p a r ts  th o  ten d en cy  to  form  bulges o r w rinkles should  be co u n te rac ted  by 
m ak ing  depressions, &c., before draw ing. D esirable ductilities fo r 19-gauge 
so ft sh ee t a re  given fo r a  n u m b er o f  m eta ls  a n d  alloys a n d  recom m endations 
are  m ade  regard ing  tho  fram ing  o f  specifications, th e  deep draw ing o f  m ag ­
nesium , d raw ing  speeds fo r d ifferen t m ateria ls , a n d  to lerances.— P . R .

P roduction  Processes: Their Influence on Design. V III.— Swiss A utom atic 
M achining. R oger W . Bolz (M achine Design, 1946, 18, (2), 117-119).— Tho 
h igh-precision  a u to m a tic  screw  m achine developed fo r use in  th e  clock a n d  w atch  
indu strie s  is now  w idely used  to  produce sm all p a r ts  in  w hich h igh precision 
is req u ired . T he m achine a n d  availab le  cap ac ity  ranges are  described a n d  
th o  speed a n d  accu racy  o f  Swiss a n d  A m erican m achines com pared. Su itab le  
a tta c h m e n ts  p e rm it centering , boring, ream ing , tapp in g , slo ttin g , an d  ligh t 
m illing.— P . R .

The M anufacture of [Steel-Backed Sintered Lead-Bronze] W rapped Bushes.
 (M achinery (Lond .), 1946, 68, (1756), 713-718).—D escribes press op era ­
tions in  th e  form ing o f  a  s ta n d a rd  range  o f w rapped  bronze bushes from  Btrip 
steel, coppered  on  one side a n d  coa ted  on th e  o th e r w ith  lead-bronze alloy 
(app lied  in  pow der form  an d  bonded by  sin tering).— J .  C. C.

B razed S tam pings Reduce E ngine W eight. P a u l K lo tsch  (M achine Design, 
1946, 18, (2), 123-127).—A n illu s tra te d  descrip tion  o f a  26-h.p. autom obilo 
engine, w hich  w eighs 58 lb. a n d  is co n stru c ted  largely  from  shee t-m eta l s ta m p ­
ings. T he sheet-s teel cylinder-b lock assem bly  is b razed  w ith  copper, w hich is 
ap p lied  to  th e  jo in ts  as sheet, w ire, o r p aste . Tho c ran k sh a ft pulley , fan  
assem bly , a n d  fan  p u lley  are  also copper b razed. T he crank-ease is a n  a lu ­
m in ium  a lloy  easting  an d  th e  p istons a re  o f h e a t- tre a te d  a lum in ium  alloy.

— P . R .
Com bination M ethod of Forging M agnesium  [Alloys], A. L . l tu s ta y  and

F . B . R o te  (M achinery' (Lond.), 1946, 69, (1764), 129-136).—All s tan d ard  
m agnesium  alloys can  bo finish-forged u n d e r a  ham m er, p rov ided  th a t  tho  
in itia l m eta l m ovem en t is accom plished by  blocking in  a  slow-m oving h y drau lic  
p ress. B y  th is  p rocedure , th e  need fo r using  v e ry  large h y drau lic  finishing 
presses is ob v ia ted . F org ing  shou ld  be  carried  o u t a t  7 0 0 °-7 2 5 °F . (371°- 
385° C.) a n d  th o  b locker dies should  be m ain ta in ed  a t  600° F . (315° C.). 
R eh ea tin g , w hen necessary , should  be a t  600°-650° F . (315°-343° C.). 
Som e ty p ica l forgings a rc  illu s tra te d  a n d  reference is m ade to  th e  use o f 
special coating  tre a tm e n ts  fo r p ro tec tin g  m agnesium  alloys.— J .  C. C.

R ecent R esearch  in  M etal M achining. D . F . G allow ay (Proc. In s t. M ech. 
E ng., 1945, 153, 113-127; discussion, 128-132).— In  review ing recen t re ­
search  on m eta l m achining, G. discusses chip fo rm ation  u n d e r th ree  h e ad ­
ings : (1) con tinuous chips fo rm ed  without bu ilt-u p  edge, (2) con tinuous 
chips fo rm ed with  bu ilt-u p  edge, (3) d iscon tinuous chips. Chip fo r­
m atio n  is show n to  be a  process o f  defo rm ation  a n d  u ltim ate  failure b y  shear, 
a n d  a n  ap p ro x im ate  q u a n tita tiv e  analysis o f  th e  process is given. The 
ac tio n  o f cu ttin g  fluids and  th e  resu lts  o f  p rac tica l research  in  rough  m achining, 
finish-m achining, fin ish-turning, a n d  boring  operations a re  discussed.— H . J . A.
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Oxidation by Friction of Machined Metals. K . L ip ach er (A n z . M aschincn- 
toesen, 1941, 63, (71), 21-22  ; Chem. Zentr., 1942 ,113 , (I) , 415 ; C. A bs., 1943, 
37, 6226).— N o pairs o f  m eta ls  a re  y e t  know n w hich do n o t undergo  o x idation  
d u rin g  fric tion , b u t som e re a c t b e tte r  th a n  o thers , e.g., b ra ss/b rass , b rass/steel, 
a n d  b rass/ch rom ium . R ust-free  steels a lw ays give v e ry  poor resu lts . I f  i t  is 
im possible to  e lim inate  un fav o u rab le  com binations, i t  is recom m ended  th a t  a  
galvan ic  coating  be applied . T he use o f lu b rican ts  such  as g rap h ite  a n d  liigh- 
m olecular oils is also helpful. O th er m eans a re  discussed.

Machining Powder-Metal Parts. H a rry  L . S trau ss, J r .  (M achin ist (E u r. 
E d n .), 1946, 90, (13), 539).— T he to o l m ate ria ls  recom m ended  a n d  th e  coolants 
req u ired  fo r boring, drilling , ream ing , a n d  m illing  pow der-m etal p a r ts  a re  g iven. 
V aria tio n s in  s tru c tu re  o f these  p a r ts  m ay  be m e t b y  : (1) sp o ts o f  d ifferen t 
d en sity , (2) p o ro sity  a n d  voids, a n d  (3) p o o r core s tru c tu re . C arbide is 
recom m ended  for m achin ing  copper-n icke l a n d  copper-ch ro m iu m  alloys, an d  
h igh-speed steel fo r b ra ss  a n d  copper.— J .  H . W .

X X .— CLEANING AND FINISHING

Soft-W ater Rinse Improves Alum inium  Finishes. R o b e rt S. H erw ig  ( Iron  
A ge, 1946, 158, (2), 58-59).— In creased  p ro d u c tio n  a n d  few er re jec ts  re su lt 
from  th e  use o f  rinse  w a te r  o f  zero h a rd n ess in  th e  e lectro p la tin g  o r anodizing 
o f  a lum in ium  p ro d u c ts .— J .  H . W .

Cleaning and Sterilization of Receptacles and Utensils Used in Dairy Work. 
Georges R a y  (Ghirn. et In d .,  1946, 55, (1), 23-30).— T he respec tive  ad v an tag es 
a n d  d isad v an tag es o f  steel a n d  a lum in ium  alloys as u sed  in  th e  d a iry  in d u s try  
a re  discussed.— H . J .  A.

The Influence of Manufacturing Defects Due to Melting Technique on the 
Ability of Some Alloys to be Polished. E d m u n d  R . Thew s (Oberjlachenlcchn., 
1942, 19, 3 - 4 ;  Chem. Zenlr., 1942, 113, (I), 2192 ; C. A bs., 1943, 37, 3384).— 
Iro n -co n ta in in g  bronzes a n d  special brasses som etim es show  h a rd  sp o ts w hich 
c an n o t be  polished w ith  th e  u su a l agen ts. A d d itio n  o f  a lum in ium  p rev en ts  
th e  fo rm ation  o f  such  spo ts, w hich are  caused b y  iro n  carbides. T he lack  of 
a b ility  o f  copper alloys to  tak e  a  good polish  is o ften  duo to  insufficient 
a tte n tio n  to  th e  p ro p erties o f  th e  alloying m ate ria ls  w ith  re g ard  to  m elting  
techn ique.

*The Electrochemical Polishing of Metals. I.— The Electrochem ical Polish­
ing of Nickel. V . I .  L a in er (Z h u r. P riklad . K h im ., 1 9 4 5 ,18, (4 /5), 236-246).—  
[ In  R ussian ] N ickel can  be successfully  po lished c lectrochcm ically  in  H 2S 0 4 
so lu tion  in  a  v e ry  sh o rt t im e ; th e  o p tim u m  co n cen tra tio n  o f  acid  is 68-7%  
(sp. gr. 1-6) a n d  th e  tem p . 40° C.— N . A.

Ultra-Fine Surfaces on Metals. K e n n e th  R ose (M etals and A lloys, 1945, 
22, (1), 70-75).— A general review  o f m eth o d s o f p roducing  fine surface finishes 
a n d  m easuring  surface  roughness.— J .  C. C.

Metal Finishing. VIII.— Paints, Varnishes, and Enam els. H . Silm an 
(Sheet M eta l In d .,  1946, 23, (229), 949-953, 956).— T he reasons fo r th o  use o f 
p igm en ts in  p a in ts , lacquers , a n d  enam els a re  exp la ined . O f tho  w h ite  p ig ­
m en ts , th e  ch ief n on-reac tive  m eta llic  a re  a n tim o n y  triox ide , tita n iu m  oxide, 
a n d  lithopone , w ith  w h ite  lead  (basic lead  ca rb o n a te  essen tia lly ) a n d  zinc oxide 
as th e  lead ing  reac tiv e  w h ites . M ethods o f  p roducing  these  m ate ria ls  a n d  th e ir  
p ro p erties  in  re la tio n  to  p a in ts  a re  described .— R . G r.

X X L — JOINING

Bonding of Rubber to Metal. G. P roske  (G um m i-Zcit., 1942, 56, 183-184, 
195-196, 2 0 7 -2 0 9 ; C. A bs., 1943, 37, 5619).— A  general review , w ith  q u a n ti ta ­
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tiv e  d a ta  a n d  recipes, o f  various processes fo r bonding n a tu ra l a n d  sy n th e tic  
ru b b e r m ix tu re s  to  m etals.

A New M ethod fo r O btaining More Secure Adhesion Betw een R ubber and 
A lum inium . G. G enin {In d . C him ., 1941, 28, 266-267).— A discussion o f th e  
Y a te s  process.

“  A rald it ” — A New P lastic  M aterial for Jo in ing  L ight M etals. E . P reis- 
w erk  a n d  A. von Zeerleder {Schweiz. Arch, angew. W iss. Techn ., 1946, 12, 
(4), 113-119).— D escribes a  new  th erm op las tic  m ate ria l “  A rald it-C iba,” 
developed fo r jo in ing  ligh t-m etal p a r ts  such as sheets, tu bes, &c. T he 
pieces to  be u n ite d  are  cleaned o f d ir t  a n d  grease an d  th en  held  to g e th e r 
to  p re v en t m ovem en t. T he pow dered p lastic  is sp read  a ro u n d  th e  jo in t, 
w hich is th e n  w arm ed  to  120°-220° C. fo r 5-120  m in., w hen th e  pow der 
m elts a n d  fills th e  jo in t, final harden ing  tak in g  placo on cooling below 
100° C. An in tim a te  bond is form ed w ith o u t th e  app lication  o f  pressure. 
P ro p e rtie s  o f  puro  A ra ld it a r e : tensile  s tre n g th  7 -8  k g ./sq . m m ., b en d ­
in g  s tre n g th  1200-1300 k g ./sq . cm ., im p ac t s tren g th  13-14 k g ./sq . cm ., 
a n d  e lastic  m odulus 30,000-31,000 k g ./sq . cm . T he s tren g th  o f jo in ts  
m ade  betw een lig h t m etals, a n d  m easured  in  term s o f  shear s tren g th , is 2-3 
k g ./sq . m m . from  —58° to  80° C., decreasing sligh tly  betw een 80° an d  100° C. 
an d  ra p id ly  to  0-7 k g ./sq . m m . a t  120° C., a f te r  w hich th e  A ra ld it again  becom es 
liqu id . Jo in ts  su b jec ted  to  a lte rn a tin g -b en d  te s ts  a t  a  load  o f  11 k g ./sq . m m . 
hav e  a  life o f m ore th a n  20 m illion re v e rsa ls ; failure, w hen i t  occurs, u sually  
tak e s  placo ou tside  th e  bond. T he p lastic  is re s is tan t to  w ater, a lip h a tic  
a n d  a ro m atic  com pounds, a n d  anodic ox idation , i f  n o t  h ea ted  above its  
so ften ing  tem p ., 80° C . ; i t  is taste less, odourless, an d  non-poisonous, an d  can 
therefore  be used in  th e  construction  o f food con tainers. F langed  a n d  b u t t  
jo in ts  betw een  lig h t m etals, lig h t m eta ls an d  a lum in ium  bronze, a n d  ligh t 
m eta ls  an d  steel a re  illu stra ted .— E . N .

Soft Solders and Soldering Technique. L . G. E arle  (Sheet M etal In d ., 1946, 
23, (227), 5 1 5 -5 2 1 ; (228), 71 9 -7 2 4 ; (229), 945-948,- 954).— T he h isto ry  an d  
p ro p erties  o f  solders a re  described, th e  fun d am en ta ls o f  jo in t fo rm ation  an d  
solder p e n e tra tio n  discussed, a n d  th e  p rac tica l app lication  o f these  princip les 
is considered. A dvice is given on  th e  techn ique  o f soldering various ty p es  o f 
a rtic les.— R . G r.

*A Study of the B ehaviour of R u then io -P allad ium  in Torch Flam es, w ith the 
Object of Im proving Soldering Technique. R . H . A tk inson  an d  G. P . Gladis 
(M etals Technol., 1946, 13, (3 ); a n d  A .I .M .M .E .  Tech. Ptibl. No. 1982, 
9 pp .).— P a llad iu m -ru th en iu m  alloys used  fo r jew ellery were found  to  undergo 
surface dam age in  a reas w hich h a d  been repea ted ly  h ea ted  w hen o rn am en ts 
w ere b u ilt up  by  soldering. T his was regarded  as due to  h eatin g  in  a tm ospheres 
w hich  w ere a lte rn a te ly  oxidizing an d  reducing. L ab o ra to ry  sam ples o f 
ru th en io -p a llad iu m  (4-5%  ru then ium ) were rep ea ted ly  hea ted  a n d  cooled 
using  (a) oxy-acety lene, (h) a ir-aee ty len e, (c) oxy-c ity  gas, an d  (d) oxy- 
hydrogen  flam es, in reducing, oxidizing, an d  n eu tra l conditions. The 
sam ples w ere th en  exam ined  m icroscopically an d  su b m itted  to  bend tests . 
T he resu lts  a re  tab u la te d  an d  photom icrographs are  reproduced. T he oxy- 
acety lene flam e p roduced  th e  least dam age a n d  th e  a ir-ace ty len e  flam e was 
th e  n e x t m ost sa tisfac to ry . I n  all cases reducing flam es caused m ost dam age. 
T he oxy-acety lene flam e can also be used  w ith o u t fear on th e  norm al p la tin u m  
solders.— W . H .-R .

Silver Simplifies Shunt Soldering. U . L . S m ith  an d  P a u l M acG ahan 
(M achin ist (E u r . E dn .), 1946, 90, (9), 339).— T he so ft soldering o f am m ete r 
sh u n ts  w as o ften  im perfect. Silver soldering, a lthough  producing a  m uch 
b e tte r  jo in t, w as to o  slow fo r volum e p ro d u c tio n  u n til h igh-frequency in ­
d u c tio n  h eatin g  was used . T h is m ethod  o f  silver soldering is briefly de­
scribed.—J .  H . W .
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Silver Alloys B raze Auto P arts. A dolph B reg m an  (M achinist (E u r . E dn .), 
1946, 90, (6), 208-209).— T he use o f  low -m .-p. alloys, im proved  m eth o d s of 
app lication , a n d  b e tte r  h ea tin g  m ethods a n d  eq u ip m en t increased  th e  ap p lica ­
tio n  o f  silver alloys fo r b razing  au tom obile  p a r ts . T he p a r ticu la r  app lications 
o f  these  alloys a re  ta b u la te d .— J .  H . W .

E lectric-F urnace  B razing. H . D . H en d rick  (M achinery  (Lond.), 1946, 68, 
(1752), 585-591).—F u rn a c e  b razing  w ith  copper, b rass, a n d  silver so lders is 
described. F u rn aces, a tm ospheres, b razing  alloys, fluxes, a n d  questions o f 
jo in t design  arc  briefly considered.— J .  C. C.

*On a  New Type of Defect in  L ight-M etal W elds and  Its  E lim ination . H . 
M ilder (A lu m in iu m , 1944, 26, (5 /6), 83-84).— B listers in  th e  v ic in ity  o f  w elds 
in  a lum in iu m -m ag n esiu m -m an g an ese  alloys a re  a tt r ib u te d  to  th e  tra p p in g  o f 
evo lved  gas. T h ey  can  be e lim in a ted  b y  th e  ad d itio n  o f fu r th e r  co n stitu en ts  
to  th e  a lloy , w hich increase  its  freezing range, th e re b y  allow ing th e  gases to  
escapo before com plete solidification. T he p ro p erties  o f  th e  new  alloy, 
“  B erghaus-A lum in ium , A l-M g 75,”  w ere s tu d ied  a n d  com pared  w ith  those  o f 
th e  a lloy  A l-M g 7. A fte r  no rm al so lu tio n -tre a tm e n t a t  580° C. fo r 30 m in ., th e  
new  alloy  h as a  layer-corrosion-resistance eq u al to , a n d  a  stress-corrosion- 
resistance  superio r to , t h a t  o f  A l-M g 7.— E . N .

The P rac tica l Significance of R ecen t W ork  on the  P ressure W elding of L ight 
Alloys. R . F . T ylecoto (Sheet M eta l In d .,  1946, 23, (230), 1165-1167,1178).—  
I n  a  sh o rt h is to rica l su rv ey  o f th e  su b jec t i t  is s ta te d  t h a t  p ressu re  w elding o f 
a lum in ium  by  h am m ering  w hile h o t  w as used  ex tensively  in  G erm any  over 
40 y ears  ago. T he princip les a n d  tech n iq u e  o f th e  m odern  m eth o d  o f  pressing 
to g e th e r th e  cold m eta ls  a re  described. P ick ling  or, p referab ly , sc ra tch  
b ru sh in g  th e  surfaces is n ecessa iy  p rio r  to  w elding, w hich  is accom plished b y  
a  m in im um  critical d e fo rm atio n  to  b reak  u p  th e  th in  oxide film  follow ed b y  
recry sta lliza tio n . A pp lica tions o f  th e  m eth o d  a re  c ited .— R . G r.

The W elding of N on-Ferrous M etals.— V II. E . G. W est (Sheet M eta l In d .,  
1946, 23, (227), 5 5 3 -5 6 4 ; (228), 7 5 5 -7 6 1 ; (229), 9 6 1 -9 7 0 ; (230), 1168-1177 ; 
(231), 1375-1382).— W . considers th e  resistance  w elding o f  a lum in ium  alloys 
in  a  series o f  sections on  th e  specific requ irem en ts  o f  a lum in ium  a n d  its  
alloys fo r sa tis fac to ry  w elding, m ach ine  d a ta , p ro p erties  o f  sp o t welds, seam  
w elding, a n d  resistance  b u t t  welding. T he effect o f  a lum in ium  oxide films 
as a n  ad v an tag e  ow ing to  th e ir  h igh  e lectrical resistance, a n d  d isad v an tag es 
in  o th e r  d irec tions, a re  in d ica ted . A lum inium  a n d  i ts  a lloys req u ire  u p  to  
e ig h t o r n ine  tim es th e  pow er req u ired  fo r steel sp o t w elds a n d  th e  requ irem en ts  
o f  m achines fo r th is  p u rp o se  a re  h igh  cu rren ts , a ccu ra te ly  con tro lled , flowing 
fo r  sh o rt tim es, w ith  e x a c t syn ch ro n iza tio n  o f th e  req u ired  p ressu re . In fo rm a ­
tio n  is given a b o u t th e  p re p a ra tio n  o f th e  m eta l surfaces, m ach ine  se ttin g , 
e lectrodes, a n d  c o n tro l-test m ethods. T he re su lts  o f  m etallu rg ical ex am in atio n  
o f  sp o t w elds by  va rio u s a u th o ritie s  a re  described , a n d  i t  is s ta te d  t h a t  th e  
resistance  to  corrosion is reduced  b y  sp o t w elding. T he possib ilities o f  seam  
w elding a re  d iscussed, a n d  i t  is  s ta te d  th a t  th e  a d v an tag e  o f  h igh  speed  fo r 
th icknesses u p  to  0-1 in . a lm o st ou tw eigh  th e  p la n t  cost. A lloys a re  easier to  
w eld th a n  a lum in ium . T he tech n iq u e  o f  seam  w elding a n d  th e  p ro p erties  o f 
th e  w elds a re  described. E x p erim en ts  on p ressure  w elding, a n d  th e  tre n d s  in  
flash a n d  b u t t  w elding are  re fe rred  to  briefly . A lum in ium  a n d  severa l o f i ts  
a lloys a re  now  b razed  on a  p ro d u c tio n  basis, a lth o u g h  on ly  o n  a  sm all scale in  
th is  c o u n try . T h e  su b je c t is  d e a lt  w ith  in  th e  sections o n : fu n d am en ta ls  
o f a lu m in iu m  b razing , fluxing, filler m eta l, m eth o d s used— i.e. flam e, fu rnace, 
d ip , electric— p ro p erties  o f  b razed  jo in ts , a n d  app lications. T he w elding of 
m agnesium  alloys req u ires  p a r tic u la r  ty p es  o f  jo in t, care in  fluxing, a n d  c lean ­
ing  o f  th e  m eta l surfaces. T he p ro p erties  o f  th e  alloys a re  described. T he 
w elding processes th a t  m ay  be used  are  chiefly th e  oxy-gas m ethods, w hile 
th e  h e lia rc  o r argon-arc  m eth o d s a re  being  developed  co m m erc ia lly ; re s is t­
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ance  w elding is  confined to  sp o t w elding up  to  th icknesses o f ab o u t 12 S .W .G .; 
p ressu re  w elding is also possible. T hese m eth o d s arc  described a n d  de ta ils  o f 
tech n iq u e  a re  exp la ined .— R . Gr .

H ow  to W eld A lum inium . -------(Iro n  Age, 1946, 157, (25), 5 0 -5 5 ; (26),
6 0 -6 4 ;  158, (1), 6 7 -7 1 ; (2), 53-57).— A  com prehensive review  o f m odern
techn iques in  welding a lum in ium , including gas, carbon-arc, m etallic-arc, 
a tom ie-hydrogen , inert-gas-sh ielded-are , a n d  resistance w elding, brazing, an d  
soldering. T h e  w eldab ility  o f various a lum in ium  alloys, electrode size an d  
typo , jo in t edge p rep ara tio n , pre-w eld  cleaning, a n d  th e  final inspection  o f 
jo in ts  a re  discussed.-—J .  H . W .

*Spot W elding o£ L ight M etals in  the M anufacture of A ircraft. W . Heiz 
(Schweiz. Arch, angew. W iss. Techn., 1944, 10, (8), 241-252).— T echnical and  
econom ic facto rs contro lling  th e  p ro d u c tio n  o f  spot-w elded jo in ts  a re  reviewed. 
T he effects o f  th e  sp o t d iam ete r a n d  d istances betw een sp o t jo in ts  on th e  
s tre n g th  o f th e  jo in ts  were s tu d ied  a n d  th e  re la tionsh ip  betw een these 
q u a n titie s  is g raph ically  p resen ted . I t  is show n th a t  th e  s tren g th  o f a  sp o t 
jo in t increases w ith  th e  sp o t d iam ete r a n d  th a t  a n  op tim um  distance betw een 
sp o ts gives liighest s tre n g th  values. M acrostructures illu stra tin g  various ty p es 
o f spot-w eld  defects a re  given a n d  various m ethods o f revealing a n d  controlling 
these  defects a re  described.— V. K .

♦W elded M agnesium  Alloys and Their A lternating  Tension-Com pression 
F atigue  S treng th . (T hum  a n d  v . M anteuffel). See p. 317.

Cleaning of M agnesium  Alloy Sheet fo r Spot W elding. Iv. E . D orcas and  
N . H . S im pson (Aero Digest, 1945, 48, 107, 112).

W elding Sm all P la tin u m  H eaters and  Electrodes. A. R . M orris (J . Sci. 
Instrum ents, 1946, 23, (4), 84-85).— A  n o te  describing a  device fo r w elding th in  
p la tin u m  wires. T he w ires a re  accu ra te ly  located  on a  base-pla te  a n d  are 
h e a ted  by  a n  oxy-coal-gas flam e. T he weld is accom plished by  ham m ering  a 
sm all p unch  held  accu rate ly  above th e  w ires.— W . H .-R .

W elding w ith  Pow dered M etal.  ( Iro n  Age, 1946, 157, (25), 69).— A
now w elding tech n iq u e  involves th e  use o f  a  sp ray  o f pow der m eta l in stead  of 
th e  usual w elding rod . T he eq u ip m en t consists v ir tu a lly  o f a n  o rd in ary  w eld­
ing  to rch , b u t  w ith  a  special nozzle a n d  six teen  indep en d en t contro ls, m an y  o f 
th em  in  th e  han d le  o f  th e  to rc h . T he process is som ew hat re s tr ic ted  a t  p resen t 
by  th e  n u m b er o f  pow der m eta ls an d  fluxes availab le, b u t in te res tin g  resu lts 
h av e  been o b ta in ed  in  welding, brazing , an d  h a rd  an d  p las tic  surfacing w ith  
lead , tin , zinc, cadm ium , alum in ium , copper, iron , m agnesium , m anganese, 
n ickel, silver, a n d  alloys o f these  con ta in ing  beryllium , b ism uth , carbon, 
cobalt, m olybdenum , a n d  tu n g sten .— J .  H . W .

Joining of Zinc and Z inc Alloys. 0 .  H . C. M essner (Schweiz. Arch, angew. 
Ifiiss. Techn., 1944, 10, (11), 356-358).— V arious jo in ing  m ethods, viz. r iv e t­
ing, soldering, an d  welding o f  zinc an d  zinc alloys a re  briefly review ed.—V. K .

The R epair of Casting Defects by the Slavyanov (Arc) M ethod of W elding.
I .  F . M art’ynenko  (Sudoslroenie, 1945, (2), 19-21).— [In  R ussian] P roblem s 
arising  in  th e  welding o f copper-base casting  alloys a re  reviewed. S a tis fac to ry  
re su lts  in  welding lead-free alloys w ere ob ta in ed  w ith  electrodes con tain ing  : 
a lum in ium  7 -8 , m anganese 1-5-2, iron  0 -6-1 , zinc 3 -4 % , an d  copper 
rem ainder. T he electrodes w ere coated  w ith  fluxes c o n ta in in g : ferrosilicon 
60, m anganese ore 40, a n d  san d  10 p a r ts  by  w eight. T he weld m etal 
ob ta in ed  possesses m echanical p roperties equal to  those o f  th e  p a re n t m etal.

— V. K .
Im provem ents in M anual A rc W elding. W . J .  Conley (M etal Progress, 

1946, 49, (1), 103).— Im p ro v ed  p rac tice  has p e rm itte d  th e  use o f  la rger elec­
tro d es a n d  h eav ier cu rren ts, w ith  th e  econom y in  tim e a n d  m ate ria l w hich is 
show n fo r T  jo in ts  a n d  b u t t  jo in ts. I t  requ ires a  larger cap acity  in  welding 
m achines, b u t  resu lts  in  easier w elding.— P . R .
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Measurement and Effect o£ Contact-Resistance in Spot W elding. R o b e rt A. 
W y an t {Elect. E ng ., 1946, 65, (1), 26-33).— S ta tic  a n d  d y nam ic  m eth o d s o f 
m easu ring  con tact-resis tan ce  aro described, w ith  special reference to  th e  sp o t 
w elding o f  a lum in ium  alloys.— E . V. W .

Application o£ Quality Control to Resistance W elding. L . S. H obson, 
R . S. Ing lis , a n d  R . P . M cC ants {Elect. E ng ., 1945, 64, (8), 573-575).— S ta n d a rd  
sam ples o f  m a te ria l iden tica l w ith  p ro d u c tio n  p a r ts  a re  w elded u n d e r p ro d u c ­
tio n  conditions a n d  th en  te s te d  to  d estru c tio n  in  a  to rsion  device. T he 
d iam ete r, to rq u e , a n d  angle a t  fa ilu re  a re  m easu red  a n d  com bined in to  a  single 
figure in d ica tiv e  o f  w eld q u a lity . T h is figure is p lo tte d  on  con tro l charts .

— E . V: W .
Projection W elding for Short Runs. R . 0 .  K lenze (M achine Design, 1945, 

17, (11), 101-106).— P ressu re-ty p e  resistance  w elding m achines can  be eco­
nom ically  a d a p te d  for p ro d u c tio n  o f lim ited  n u m b ers  o f p a r ts  b y  th e  tem p o ra ry  
m o u n tin g  o f inexpensive  fittings. I l lu s tra te d  exam ples a re  considered  in  
d e ta il. K . recom m ends t h a t  (a) th e  p a r t  be carefully  designed a n d  th e  welding 
procedure  accu ra te ly  estab lished  a n d  followed, (6) p a r ts  m u st be  clean, th is 
is o f  th e  first im portance , (c) a  sa tis fac to ry  h e a t  balance m u s t bo m ain ta in ed  
betw een  p a r ts  o f d ifferen t th ickness, a n d  (d) p re lim inary  ex p erim en tal welds 
should  be m ade  in th e  case o f large  p ro jections.— P . R .

*The Strength and Safety of Welded Connections. M. R oś (Schweiz. Arch, 
angew. IF iss. Techn ., 1946, 12, (1), 1 -1 2 ; (2), 4 8 -6 3 ; (3), 73-92).— A s tu d y  
o f th e  w orking stresses in  w elded jo in ts  from  considerations o f  ex p erim en tal 
fa tigue  resu lts  a n d  an a ly tica l m ethods. A ssum ing values fo r riv e ted  jo in ts  
a n d  th e  M ises-H encky  re la tio n  fo r fa ilu re  u n d e r com bined stresses, exp res­
sions a n d  curves a re  o b ta in ed  fo r th e  perm issible lim iting -stress conditions 
in  th o  fusion  zone o f :  (1) long itud inal, c ircum feren tial, a n d  sp ira l b u t t  scam s 
in  pressure  lines, boilers, a n d  gas cylinders, a n d  (2) V- a n d  X -b u t t  welds, 
long itud inal an d  tran sv erse  fillet welds in  p la tes a n d  beam s. B o th  (1) an d  (2) 
a re  fu r th e r  su b d iv id ed  in to  Classes I  a n d  I I ,  w hich  m ay  o r m ay  n o t  have 
been m achined  o r h e a t- tre a te d . T he new  form ula;, to g e th e r w ith  specific­
a tio n s fo r s ta tic  te s ts , a re  d esignated  E M P A  1945 ; th e y  a re  com pared  w ith , 
an d  replace, those in  use from  1935 to  1944.— E . N .

X X II.— INDUSTRIAL USES AND APPLICATIONS

Light Alloys in Shipbuilding. A. A. P ra v d in  (Sudoslroenie, 1945, (3/4), 
31-36).— [In  R ussian ] E conom ic a n d  engineering aspects o f  th e  ap p lication  
o f lig h t alloys in  sh ipbu ild ing  a rc  review ed.—V. K .

Progress Report on Light-Metal Bearings. R . S te rn e r-R a in e r (Motortechn. 
Z .,  1941, 3, 2 5 9 -2 6 2 ; Chem. Zentr., 1942, 113, (I) , 2 6 0 ; C. A hs., 1943, 37, 
3378).— T he ap p licatio n  o f  lig h t-m etal alloys for slide bearings is review ed. 
Special a tte n tio n  is given to  th e  use o f a lloy  K S  1275, a  eu tec tic  a lu m in iu m - 
silicon a lloy  w ith  copper 1, nickel 1, a n d  silver 1% . L ig h t m eta ls can  replace 
bronze a s  bush  m eta ls when th e  ch aracte ris tics o f th e  lig h t m eta ls a re  p roperly  
ta k e n  in to  consideration .

Deformation Under Pressure of Brazed Alum inium  Tank. L . W . Com bs 
(Product. E ng ., 1943, 14, 5S1-582).

Aluminium and Its Alloys in Canning. T. D . S m ith  (Sheet M eta l In d .,  1946, 
23, (228), 6 9 9 -7 0 6 ; (229), 909-912).— A  b rie f  acco u n t o f th e  use o f a lum in ium  
a n d  i ts  alloys fo r canning  in  various countries . T he m ate ria ls  availab le  an d  
th e ir  ad v an tag es a re  in d ica ted , th e  m eth o d s o f fab rica tio n  a re  described a n d  
illu s tra te d , a n d  m eth o d s o f p ro tec tio n  a re  g iven. T h e  m eth o d  o f im p a c t 
ex tru s io n  o f cans o f  a lum in ium  a n d  its  alloys is show n. E xam p les o f  th e  use 
o f th e  m ate ria ls  a re  lis ted .— R . G r.
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