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EFCO-VIRGO DESCALING PROCESS
for STEEL and ALLOY STEELS

Why not spend less money—do less work 
fo r  better results and more production!

L E S S  W O R K

L E S S  M O N E Y

T he  process is very  sim ple, The  equ ipm ent 

requ ired is a salt bath, w ater quench tan k  and 

b righ t d ip  tan k  (w e ak  acid).

Scale b reak ing and sandb lasting is e lim inated and  

the re  is no aux ilia ry  equ ipm ent to  be operated.

Base metal loss is practically elim inated. A c id  

con su m ption  is lo w  and the  space requ ired  fo r  

the p lant com pared w ith  o rd in a ry  p ick lin g  is 

much less.

B E T T E R  R E S U L T S The w o rk  has a su p e rio r  surface fin ish— unetched  

and bright. T h e re  is no p ittin g  o r  o th e r  d im en ­

sional losses.

M O R E  P R O D U C T I O N  Faster p ick ling  cycles— m inutes instead o f hours.

T h ere  is less handling.

•jc Send for m ore detailed inform ation regard ing the 

equipm ent and how to adapt ex isting p ick ling  

equipm ent to’the E F C O -V IR G O  Process.

ELECTRIC RESISTANCE FURNACE CO. LTD.
Associated Companies:— ELECTRIC FU RNACE Co. Ltd., ELECTRO-CHEM ICAL EN G IN EER IN G  Co. Ltd.

N E T H E R B Y ,  Q U E E N S  R O A D  W E Y B R ID G E ,  S U R R E Y

T e le p h o n e :  W e y b r id g e  3 8 16  U  U ' \ \  Telegram s:  Resistafur, W e y b r id g e



Your e lec trod ep osition  problem
m

It  is our business to offer you a free and un­

biased source of advice and assistance wherever 

nickel and its alloys may be used with ad­

vantage. We maintain one of the finest research 

laboratories in the country and our in- 

form ation services are second to none. Our 

technical staff are always willing to make
r

personal calls to share their knowledge with 

you . Take advantage of this service : we 

can  draw on a wealth of 

experience—on your behalf.

may be 

no problem  

to  us

THE MONO NICKEL COMPANY LTD
Grosvenor House, Park Lane, London, W .l 9/Mft
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By means of radiography 
you can look into the heart 
of castings, welds and assem­
blies . . . detect flaws that 
might otherwise remain 
hidden.

Radiography is also a design tool. Safeguarded by the X-ray 
test, designers can use less metal with equal safety —  achieve 
better design with economy in material.
CAN INDUSTRIAL RADIOGRAPHY HELP Y O U ?

A  booklet with this title, outlining some of the industrial 
applications of radiography, will be sent free on request to

K O D A K  L t d .

DEPT, 539, KO DAK  HOUSE, KINGSWAY, LONDON, W.C.2
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to keeP pace
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only way

schedule is

alloy conforms to 

+ ensile Strength
Mazak. This

sections
hardness esse.n 

thereby saving

;= e x c e l le n t ,

machining
l i t t l e  or

f lu i d i c
and evencomp 01

temper;

F O R  P R E S S U R E  D I E - C A S T I N G

fan ALLOY
F O R  F O R M I N G  A N D  B L A N K I N G  D IE S

i m p e r i a l  s m e l t i n g  c o r p o r a t i o n  l i m i t e d
17 DOVER S T R E E T .  LONDON.  Ml

i f ...............

V



EDGAR ALLEN’S made

STEEL C A S T IN G S  
T O O L  STEELS  

P E R M A N E N T  M A G N E T S  
C U T T IN G  T O O L S

(C arbide ,  B utt-W eld ed ,  etc.)

S T A IN L E S S  and H E A T -R E S IST IN G  STEELS  
M IN IN G -D R IL L  STEELS  

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

C E M E N T -M A K IN G  P L A N T S  
R O T A R Y  K IL N S  and D RYERS  
C O M P L E T E  G R A V E L  P L A N T S

O u r  representatives  frequently  
find themselves confronted with 
one o r  other. It isn't that w e  
d o n ’t make o u r  products  known 

W e  do. But w e  make so many things that in these days of  paper short­
age w e  can ’t  advertise  all o f  them all the time. So people fo rge t !  
This advertism ent is a rem inder, and if you want still m ore detail of  
what w e  make, w rite  for  o u r  g u id e  to  E D G A R  A L L E N  PRODUCTS to —

E D G A R  ALLEN & CO, LIM ITED.
IMPERIAL STEEL W ORKS!-SHEFFIELDS

vi



Constant Quality and Speedy 
Service— H om e or Export

Boosts Export Orders

H astens H om e Production

The Backbone o f  Iron, Steel 
or A lioy Products

H ind M etal Ingots m eet your 
needs for anything and every­
th ing in  m etal. H ind M etal is  
alw ays up to  standard specifi­
cation and in  all cases where 
Refined Iron, Gun M etal, Non- 
ferrous or A lum inium  A lloy  
Ingots are called for, H ind  
supply th e right grade at the  
right tim e— ju st when you  w ant 
it— w hether in  Great Britain or 
O verseas. In Yorkshire, Lan­
cashire, Birm ingham  or London 
areas we deliver w ith in 24 hours. 
Consult us on your production  
problem s— we can supply th e  
answer for hom e or export.

REFINED IRON, GUN METAL, NON-FERROUS AND ALUMINIUM ALLOY INGOTS

,  _ g s g

E .  H I N D  ( S O U T H  B A N K )  L T D . ,  S O O T H  8 A N K - 0 N - T E E S ,  Y O R K S H I R E

Vll



C O P P E R ’S C O N T R I B U T I O N

1 4 5 0  b . c .  Casting o f copper and its alloys 
has been practised for at least y o o o  years. 
A painting o f about 145^0 b . c .  which depicts 
the casting o f copper doors for the Tem ple 
at Karnak still exists.

1 5 4 0  At about this tim e, heavy copper w ire 
was drawn by w ater pow er, the operator 
sitting in a swinging seat and gripping the 
w ire with his tongs every time they w ere 
returned by the revolving crank.

T 1 7 0 0  Pow er-driven copper and brass rolling 
mills w ere introduced into Britain at about 
the end o f the 1 7th century, and the old 
method o f producing strip and sheet by 
battery was slow ly superseded.

1 9 4 7  An uninterrupted How o f copper 
from the molten phase to the end-product 
was for long a dream o f inventors. N ow , 
sem i-fabricated forms are being produced on 
a com mercial scale, by continuous casting.

1 9 5 0  In metallurgical progress, copper will 
play as full a part in the future as it has played 
in the past. It may help to solve your own 
problems. The services o f the Copper 
Development Association are at your 

disposal. Write to Rendais Hall, Radlett, Herts. (Radlett 5616)

C O P P E R  D E V E L O P M E N T  A S S O C I A T I O N



How
Reminiscent of a Roman 

chariot, th is type of pony 

milk float was first used in 

1880. Its carrying capacity 

was two 17-gallon churns.

b e c a m e . . .
A present-day m ilk delivery van 
used by The Midland Counties 
Dairy Ltd., Birmingham — light, 
speedy and hygienic. The body is 
built of Noral aluminium alloy  
and weighs only 4 cwt, 63 lbs.

Progress in  design  has go n e  han d  in  han d  w ith  th e  d ev e lo p m en t o f  lig h t  
m etals. E sp ecia lly  is th is  noticeab le  in  th e  field  o f  transport, w here  
alum inium  has lon g  con tr ib u ted  to  th e  so lu tion  o f  a great m any v ita l 
problem s— prob lem s o f  w e ig h t, stren gth , corrosion , fabrication, p er­
form ance and m aintenance.
For, w hatever th e  problem , a lu m in iu m  em erges as th e  grand co-ord in atin g  
m edium  p ossessin g  th o se  u n iq u e  p roperties necessary  to  g iv e  su bstance  to  
new  ideas. W hat greater spur cou ld  th e  creative m in d  desire ?

m m m m m m  m m

The largest distributors o f Alum inium  and its Alloys in the British Em pire

T H E  A D E L P H I ,  S T R A N D ,  L O N D O N ,  W . C . 2
--------------------------------------  An A L U M IN IU M  L IM IT E D  Company ---------------------------------------
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M U L L A R D  - B . T . L .  
P O T E N T I O M E T R I C  T I T R A T I O N  

A P P A R A T U S
A n  entire ly  new  in stru m ent fo r p o te n tiom e tric  titrations, 
an ou tstand ing  feature o f w hich is the incorporation  of 
an electron beam ind icator as an ind icating device in place 
o f a needle ga lvanom eter.

The com ponents are :

TITRATIO N U N IT  com prises  a heavy 
cast iron stand fit ted with  t w o  burettes, 
e le c t ro d e  holders , autom atic  st irr ing ,  hot 
plate, and “ Magic E y e ”  balance indicator.

PO TENTIO M ETER UNIT. A  poten t io­
m e te r  opera tin g  from  A .C .  mains with  a 
range from  0 to  1600 m v „  sensitive to  2 mv. 
A lso  prov ided  with  sensitivity  switch , 
polarising cu rren t  switch , and a cathode ray 
tu be  indicator.

ELECTRODES. Five interchangeable  
e lectrodes ,  e.g.,  t w o  platinum, and one 
each tungsten, calomel, and hydrogen, p e r ­
mitting the use o f  various e lectrode  com ­
binations.

★  The apparatus m ay be used for all types of 
oxidation-reduction and a cid -a lka li titrations, 
and in a lim ited m anner for certain pH  
determ inations.

BAIRD & TATLOCK (L o n d o n )  LTD.
Scientific Instrum ent M akers

14-17 ST. CROSS STREET, LONDON, E.C.I

X



c o u d  X - h a y  c ÿ ju a lit y ,

The fluorescent method of crack detection, 
involving the impregnation of the castings with 
a fluorescent material and their subsequent 
examination in ultra violet light, constitutes a 
useful supplement to X -ra y  inspection. The 
application of this method to a light alloy 
casting is shown above.

The radiological exam ination o f  eastings, 
originally developed to m eet the requirem ents 
o f the aircraft industry for highly-stressed light 
alloy com ponents, has long since been estab­
lished on a routine basis. Our own very 
com pletely equipped radiological department 
has been in operation for m ore than ten years 
. . . Other industries have now com e to 
recognise the value o f this penetrating supple­
m entary inspection service and, by specifying  
44 X-ray quality ” , have been able w ith advantage 
to extend their use o f non-ferrous castings and 
reap the full advantage o f ligh t alloys in  their 
designs . . . Substantial savings can also be 
made by the radiological exam ination o f castings 
calling for a considerable am ount o f m achining: 
hidden faults are discoverable b e f o r e  the 
casting reaches the m achine shop— not on the 
last operation.

MIT©
&  C O M P A N Y  L IM IT E D

DEPTFORD & CHARLTON. London Cff ces : OCEANIC HOUSE, 1a COCKSPUR STREET, LONDON, S.W.1.



MCKECHNIE
m e t a l  t e c h n i q u e

ensures uniform  composition o f m etal, m etal- 
lurgically controlled to exacting standards, 
supplied in  the m ost convenient form . The 
M cK echnie range o f non-ferrous ingots covers 
the needs o f the foundry, and conforms to B .S.I. 
requirem ents. Gunmetal— Phosphor Bronze—  
A lum inium  Bronze— M anganese Bronze— Brass 
— Antifriction M etal.

M c K E C H N IE  B R O T H E R S  LTD., Rotton Park Street, 
Birm ingham , 16 Phone: Edgbaston 3581 (7lines)

Branches: LONDON—62 Brook S tree t, W .l. P h o n e ; M ayfair 
6182/3/4. L E E D S —P ruden tial Buildings, P a rk  Row. P hone: 
Leeds 23044. M A NCHESTER— 509/513 Corn Exchange B uild­
ings, 4. P h o n e : B lackfriars 5094. NEW CA STLE-O N -TY N E— 
90 Pilgrim  S treet. P hone: Newcastle 22718.

Bo lcon ’s C opp e i 
P rod u c ts com p ly  
w ith  all re levant B r i­
tish  Standard  speci­
fications and many 
o the r Hom e, C o lo n ­
ial and Fore ign  
G ovt, requ irem ents.

THOMAS BOLTON & SONS LTD. Estab. 1783
H E A D  O F F IC E  : W ID N E S .  L A N C S .  T E L E P H O N E  W ID N E S  2022 

Lon d on  : 168. Regent Street. W . l.  Te lephone  Regent 6427-8-9

C V S —101

Thom as Bolton <& Sons Ltd. m anu­
facture C op p e r and  C opper A lloys 
in the form  o f  W ire, Strand, Sheet, 
Strip , Plates, Bars, Rods, Tubes, 
Sections, M ach in ed  Parts, etc.

W rite for Bolton Publication N o. 120

x i i



C H A N G IN G  

TO  E L E K T R O N

Y our first s tep  is to 
consu lt F . A. H ughes & 
C om pany  L td ., w ho  can  
h e lp  you w ith fu rth e r 
inform ation . T h e re ’s  not 
a  lo t of d iffe re n ce  b e tw e e n  
the  h an d lin g  of ELEKTRON 
a n d  tha t of o th e r  ligh t­
w e ig h t a lloys, b u t th e re  
is  a  tre m e n d o u s  im p ro v e ­
m e n t in  the  resu lts  you 
ob ta in  o n ce  you  ch a n g e  
to  ELEKTRON. W rite  to 
M e ta ls  D ep artm en t.

and welds 

as easily 

as steel 

or aluminiumW elded  tubular 
chair, m ade in 
ELEKTRON AM. 
503 Sheet M aterial, 
with rive ted  seat.

IZ j LEKTRON is welded by standard oxy- 
acetylene equipment and the technique em­
ployed is similar to that adopted for aluminium 
alloys, although special fluxes and welding 
rods (readily obtainable) should be used. 
Owing to its comparatively low melting point, 
low latent heat of fusion and low specific gravity, 
the amount of heat required to weld ELEKTRON 
is less than with most other metals that are 
welded. On the other hand, the fact that the 
thermal conductivity of ELEKTRON is lower 
than that of aluminium means that heat is con­
centrated under the welding flame and welding 
can be carried out more rapidly.

The latest technique is Argonarc Welding, 
in which Argon—an inert gas—is passed 
through the torch and acts as a shroud to protect 
welds from contamination by atmospheric 
oxygen and nitrogen. Argonarc welding 
removes the fear of corrosive after-effects, 
as no fluxes are used.

F . A . H U G H E S  & C O .  L T D  • A B B E Y  H O USE • L O N D O N  N . W . l

L I  1 3 2 3 C

Xlll



P IP E  COUPLINGS

ELECTRICALLY HEATED PRESSURE HEARS

CONTINUOUS FILM  RECORDING CAMERAS 

AND EQUIPMENT FOR CATHODE RAY  

OSCILLOGRAPHY, ETC.

We undertake the Design, Development 
and Manufacture o f any type o f Optical 
— Mechanical — Electrical Instrument. 
Including Cameras for special purposes.

A vim o L im ited, Taunton, England ' Telephone Taunton 3634.

Briftol Fafhi
j i  ■» a •***>£, ■fJ* ■**» t ** Mll • g,

The site «/ Bedminster Smelting Wnrk̂ s from a print dated 1 7 )4 .

TODAY Capper Pass are all ship-shape and carrying on their productions 
o f Tin A lloys for solder manufacture ; 99-99 per cent. Pure T in  suitable fo r alloys, collapsible 
tubes, pure T in coatings, T in oxide and other specialised Tin products ; and Pig Lead.

THEY require as raw materials all grades o f T in Ores and Tin and Lead 

bearing Residues, Slags, Ashes and Drosses and w ill welcome offers from any part o f  the 
W orld. They specialize in treating exceptionally complex and low  grade materials.

C A P P E R  P A S S  & S O N  L T D
B e d m i n s t e r  S m e l t i n g  W o r k s ,  B r i s t o l .

x i v



Continuous Production 
Heat Treatment

BIRLEC LTD., T Y B U R N  RD., ERD IN G T O N , BIRM INGHAM 24

150 installa­
tions throughout 
the world are daily 
proving the reliability, 
economy and consistent 
high performance of Birlec 
mesh belt conveyor furnaces 
in continuous, arduous produc­
tion heat treatment.

I. Close-m esh conveyor belt 
handles parts o f w idely vary ing  
shapes and  sizes.
2. Patented se lf-com pensating  
drive m ainta ins m in im um  belt 
stress and  m ax im um  belt life.
3. Flexible belt-speed control 
perm its correct treatment of 
va ry in g  types o f work.
4. Standard ised  furnace size s  
from  25  to 1,500 lb. per hour 
production capacity.
5. Standard ised  generators for 
all types of non-oxid ising  
atm osphere.

X V



LEWIS’S
Telephone : 

EUSton 4282  

(5 lines)

SCIENTIFIC B O O K S

Select stock of books 
on METALLURGY and 

ALLIED SUBJECTS
Please state interests when writing

LEWIS LENDING LIBRARY
Scientific and Technical

A N N U A L  SU BSCR IPT IO N  from: 

O N E  G U IN EA

Prospectus post free on application

H. K. LEWIS & Co. Ltd.
LONDON : 136, GOW ER STREET SOZOL (1924) LTD.

“ ANALOID” (Regd)
system  of

RAPID A N A L Y S I S
(M e ta llu rg ica l)

NEW DESCRIPTIVE  
BOOKLET

No. 336.

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

Sent post free on 
request to

RIDSDALE & CO., LTD.
Metallurgical Chemists 

234 M a rto n  Road, 
M ID D L E S B R O U G H

BUREAU OF 
ANALYSED 

SAMPLES, LTD.
N ew  Standard Samples:

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

11% Ni, 7 %  Al, 5 %  Cu, 2 4 %  Co.

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

0-17% Mo, 0 0 85%  Cu.

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

Send for latest list No. 337 showing 
15 carbon steels, I I  alloy steels,
7 cast irons, 7 ferro alloys, 9 non- 
ferrous alloys, 2 ores and 8 pure 
reagents and metals to 234 M a r to n  
R oad , M id d le sb ro u g h .

x v i



„too T*AOt ****

A  web of silk and a metal, both a source 
of w onder to many, and having this in 
common —  lightness and great strength. 
“ D U R A L U M IN ” the light metal alloy— a 
third  the weight of steel yet as strong, easy 
to w o rk  and in ample supply —  has proved 
its w orth  to British industry in a great 
variety of ways. O u r  w ide experience is 
gladly at your service; w rite to :—

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

E L E C T R O N I C
C O N T R O L

HIGH A C C U R A C Y

RESISTANCE THERMOMETER 
CONTROLLER

FOR CREEP 
TESTS, ETC.

T h i s  i s  a  p u r e l y  e le c t r o n ic  c o n t r o l le r  

g i v i n g  a n  o u tp u t  p r o p o r t io n a l  to th e  
d e v ia t io n  o f  th e  t e m p e r a t u r e  f r o m  the  

d e s i r e d  v a lu e .  I t  o p e r a t e s  u p  to 800° C .  

w i t h  a  p la t in u m  r e s i s t a n c e  - t h e rm o m e t e r .  

S e n s it iv i t y  o n e  p a r t  in  5000.
P r im a r i l y  d e v e lo p e d  to c o n t r o l  th e  t e m ­

p e r a t u r e  o f  c re e p  te st  s p e c im e n s ,  the  
S U N  V I C  R E S I S T A N C E  T H E R M O M E T E R  
C O N T R O L L E R  i s  s u i t a b le  f o r  h i g h  
a c c u r a c y  w o r k  w i t h in  th e  r a n g e  c o v e r e d  

b y  p la t i n u m  a n d  n i c k e l  r e s i s t a n c e  
t h e r m o m e t e r s .  F o r  d e t a i ls ,  p le a s e  r e q u e s t  
t e c h n ic a l  p u b l ic 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 . ,  Stanhope H ouse, Kean Street, London. W .C .2.

T A S /S C  I I 7
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QU i ~Ł. N o .  4

" B e r t  9 y ? ? $ r . ’ . . B 0 » 4 ° b

M r -  ® i f n g i n e e r i n g  g g

p u ^ a  e n f  q 0 l v i n g
s e t  a t o u t  3  ^ l e r Q S  m
c o r r o s i o  P  ,
t h e  t r o p i c s

M r. Bigtiffin squared up to the m icrophone with the 
air o f  a m an shouldering the white m an’s entire burden. 
“ I have been o u t E ast 35 years,”  he said. “ I have 
built in swam ps tha t w anted drain ing  and jungles that 
had to  be cleared, and  wherever I ’ve built, 1 have had 
to  reckon with conditions o f  heavy rains live m onths 
ou t o f  twelve. C orrosion  has always been one o f  our 
biggest bugbears, and  it wasn’t until a few years ago 
we discovered a satisfactory m ethod o f  dealing with 
it. M etal Coatings. T h a t’s what we use nowadays. 
Sprayed in situ  by the British wire process.”
“ Ju st how do you spray i t ? ”  asked the announcer. 
“ W ith a M etallisation P is to l,”  replied M r. BigtifTin 
em phatically. “ T h a t Pistol has m eant as m uch to  us 
as a 15" gun to  the N avy.”

W rite  to Metallisation Limited for booklets and 
information.

Contracting : Pear Tree Lane, Dudley. 

Metal Spraying Plant:

Sales Office : Barclays Bank Chambers, Dudley.

M w . 70 .

E S T A B L I S H E D  1872 
ON A D M IR A L T Y . A .I.D  A N D  W A R  O FFICE LISTS

m &k a ltd.
Metoi Merchants. Smelters, and Alloy Manufacturers

[P A M & 3 IA ® , © ŁA §©@W , (E.D

and at 87 ST. V IN C E N T  ST.. G L A S G O W , C.2

x v iii



The fly overcomes g  (short for gravity) by means 

of suction pads on its feet which enable it to stay upside down on the ceiling. 

What can we humans do to overcome g  ? We can go a long way towards it by 

not always beginning with the traditional materials but by thinking in terms 

of lightness and exploring the great possibilities in the new light alloys that 

have been developed by H.D.A. Next time you have a production problem . . .

HI GH
m a k e  1 i g li t w o r k  o f  w i t h  D U T Y

A L L O Y S
H I G H  D U T Y  A L L O Y S  L I M I T E D ,  S L O U G H ,  B U C K S .

I N G O T S ,  B I L L E T S ,  F O R G I N G S  A N D  C A S T I N G S  I N  ‘ H I D U M I N I U M ’ A L U M I N I U M  A L L O Y S
(Regd. trad e  m ark)

b x ix



Lead working machinery
R o llin g  M i lls  for widths up to 14 feet. 
Roll down to 2£ pounds per square yard 
without doubling o r  sticking. Largest 
needs only four operators to melt, cast, 
roll, cut and coil. Ward-Leonard drive 
gives shockless reversal.

H y d ra u lic  Presses for making pipes, 
glazing bar covers, window lead wire, 
lead bends, traps, syphons, etc.

H y d ra u lic  C ran e s for changing rams 
and containers in hydraulic presses.

Lead P ipe C o ile rs  for light, medium and 
heavy section pipes.

Lead M e lt in g  Pots for supplying pipe 
and cable presses. Capacities up to 60 
cwts. Suitable for coal, coke or gas.

THE ECLIPSE TOOL CO. LINWOOD NR. G LASG O W
PH0NES:80,81 ELDERSLIE. CRAMS'- REID, LINWOOD, RENFREWSHIRE.

NON-FERROUS CASTINGS

Fully approved by Admiralty and A.I.D.

specialised know ­
ledge is offered to you in 
castings of PHOSPHOR 
BRONZE, GUNMETAL, 
A L U M I N I U M ,  M A N ­
GANESE-BRONZE, and 
in A L U M I N I U M ,  
B R O N Z E  which pos­
sesses a Tensile strength 
of 45 tons per sq. in.

Also:
‘ B IR S O ’ Chill Cast Rods and 
Tubes, Centrifugally Cast 
W orm -W heel Blanks, Finished 
Propellors and Precision Mac­
hined Parts, Ingot Metals, etc.

B89C

T.M.BIRKETT &S0NS LT.° Hanley, STAFFS.
‘PHONE : S T O K E - O N - T R E N T  2 1 8 4 -5 - 6 . '  'GRAMS'- BIRKETT, HANLET.
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Production engineers are taking increasing advantage of the ease and speed 

with which Aluminium and Alum inium  Alloys can be spun, pressed or stamped 

into accurate components • Successful machine forming demands material with 

close tolerances and consistent properties • British Alum inium  sheet, strip and 

circles provide this consistency and cover the full range of manufacturing 

requirements. We shall be pleased to advise on their use for any application.

jf f lf f / te  f /te  f f i i /a r e  tr/Y // f f i/'iY Y i/t- s /f iw it/ie /w i

THE BRITISH ALUM INIUM  CO LTD i K j  SALISBURY HOUSE LONDON EC2
© 138-156
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TEM PERATURE M EASUREM ENT
★

B A K E R  L O N G  L IF E  Platinum v. Platinum /Rhodium  
Therm ocouples are made to conform  to N .P .L . 
standards o f  purity and accuracy.

Both 10 %  and 13 %  Rhodium /Platinum  v. Platinum 
Couples in the usual diameters can be supplied from 
stock. Special sizes can be made quickly to order.

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

B A K E R  P L A T IN U M  L IM IT E D , 52, High H olborn, London, W .C .l. 
Chancery 8711.

*N

The “ SERVICE”  model 

microscope, designed 

and built to give a life­

time of efficient w ork, 

c o m b in in g  ease of 

m a n ip u la t io n  w ith  

precision of movement 

and absolute rigidity.
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THE IDEAL METHOD FOR 

SU RFACE H A R D E N IN G  

SMALL PARTS
The illustrations show  

small typewriter pegs 

c a s e h a r d e n e d  in  

cyanide. Precision control of case

Uniformly high hardness

F o r  d e t a i l s  o <  

' C a s s e i '  H e a t -  

T r e a f m e n t  S a l t s  

a n d  S a l t  B a t h  

F u r n a c e s  c o n s u l t

Excellent toughness

I M P E R I A L
N O B E L  H O U S E

EMICAL INDUSTRIES LTD.
L O N D O N , 5.W.1
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Whats the Answer?
THINK O F I R O N AMD S T E E L

THINK

OF THE DAMP AND ACID LADEN 

ATMOSPHERE-OF SALT WATER 

ACTION AND OF THE CORROSION 
AND WASTAGE CAUSED THEREBY

OF THEIR EXPOSURE TO S U C H  
ATTACK AND OF THEIR

P R O T E C T I O N  a g a i n s t  i t

i f  CORROSION IS YOUR PROBLEM
MELLOZING IS THE ANSWER

<ME TAL SPRAYING PROCESS)

niEllOUUES . O M P A N Y
L O N D O N

I M I T E D
OLDHAM

ALSO D EPO T S  IN ALL PARTS

IN  Z IN C  A L L O Y — “ M A Z A K  ” O F C O U RSE !
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Steel gets its face lifted

High quality steel, such as is required for D rop  Forgings, must be free 
from the defects which appear in the surface of the ingot, bloom, slab 
or billet during the process of manufacture. Oxy-Acetylene Hand 
Deseaming enables individual imperfections o f any depth to be re­
moved, either before or after rolling operations, with a greater degree 
of precision than is possible with pneumatic chipping and in one 
tenth o f the time— giving a faultless finish with an incalculable saving 
in man hours and machine time. Just one of the many ways in which
B.O.C. processes are aiding production in the Steel Industry !

THE BRITISH OXYGEN COMPANY LTD
L O N D O N  A N D  B R A N C H E S
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DAMAXI NE
PHOSPHOR BRONZES

. Produced under the strictest 
supervision, test and control from 
selected raw materials. T o  B.S.I. 
and all official specifications.

THE MANGANESE BRONZE &BBASS CO. I/TD
HAXDFORD WORKS, IPSWICH T E L E P H O N E  I P S W I C H  2 1 2 7  T E L E G R A M S  " B R O N Z E  I P S W I C H "

A  range o f high-class alloys for 
bronze bearings to  meet general 
and special requirements, supplied 
in the form o f chillcast solid and 
cored rods and in ingots and 
castings.

x x v i
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ufacturing, marketing and 

contracting group concerned 

with electrical transmission 

and distribution, radio and 

telecornm unication equ i p - 

inent.
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ELEC T IO N  OF FELLO W S

T h e  C ouncil has un anim ously  e lected  the fo llow in g  P ast-P residents  
to be F ellow s, in  recognition  o f their em in en t services to the 
Institute:

C e c i l  H e n r y  D e s c h , D .S c . ,  P h .D ., H o n .L L .D ., F .R .S .
L i e u t e n a n t - C o l o n e l  S i r  J o h n  G r e e n l y ,  K .C .M .G ., C .B .E ., 

M .A .
ELEC T IO N  OF H O N O R A R Y  MEM BERS

T h e  C ouncil has u n an im ously  elected  the fo llow in g  to be 
H onorary M em bers o f the Institu te , in recognition  o f  the very  
d istin gu ished  services that they  have rendered to science and the  
non-ferrous m etals industry.

P r o f e s s o r  P i e r r e  A n t o i n e  J e a n  C h e v e n a r d , Officier de la 
L égion  d ’H onneur, M em bre de l ’In stitu t de France, D irecteur  
Scien tifique de la Société de C om m entry-Fourcham bault et 
D ecazeville.

P r o f e s s o r  S i r  G e o f f r e y  T a y l o r ,  M .A ., D .S c .,  D .C .L ., F .R .S ., 
Yarrow R esearch Professor o f  the Royal Society , Cam bridge.

J o h n  F a i r f i e l d  T h o m p s o n , P h .D ., E xecutive V ice-P resid en t  
and D irector, T h e  International N ickel C om pany, Inc.

V IS ITO RS TO  A U ST R A L IA

T h e  C ouncil o f  the Australian In stitu te  o f M etals has kindly  
offered to help m em bers o f the Institute o f M etals w h o m ay be 
visitin g  Australia in  the future, by provid ing  inform ation regarding  
m etallurgical activities, su ggestin g  v isits o f  interest, and effecting  
introductions to m em bers o f  the Australian Institu te w h o have  
sim ilar interests. T h e  H onorary Federal Secretary o f  the A u s­
tralian Institu te o f  M etals is M r. R. S. R ussell, B .S c ., c /o  T h e  
Broken H ill A ssociated Sm elters P ty ., L td ., C ollins H ouse, 360 
C ollins Street, M elbourne, C 1 .

T h e  C ouncil o f the Institu te has expressed its appreciation o f  
th is offer. M em bers w h o desire to avail them selves o f it should  
give the Secretary o f the Institu te fu ll particulars regarding their  
visits and som e guidance as to their interests.
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SYM PO SIU M  O N  IN T E R N A L  STRESSES IN  METALS A N D  
A LLO Y S

T h e  sy m p o siu m , w h ich  w a s re fe rre d  to in  d eta il in  o u r S e p te m b e r  
issu e (pp . x x ix —x x x ii) ,  w a s  h e ld  in  L o n d o n  on 15  an d  16  O ctob er 
19 4 7 . T h ir t y - s ix  p a p ers  w e re  p resen ted  and va lu ab le  d iscu ssio n s 
to o k  p lace . A  n o tab le  fea tu re  o f  th e  m e e tin g  w a s th e large 
atten d an ce th at w a s m ain ta in ed  th ro u g h o u t the session s, o ve r  
30 0  m em b ers an d  v is ito rs  b e in g  p resen t.

T h e  con versaz ion e  h e ld  on  th e ev e n in g  o f  1 5  O cto b er w a s v e ry  
su cce ssfu l, an d  som e in terestin g  e x h ib its— in c lu d in g  a film  o f  S i r  
L a w re n c e  B ra g g ’ s b u b b le  m o d e l— w e re  sh ow n .

T h e  p a p ers  co n trib u ted  to  th e sy m p o siu m , to g eth er w ith  a 
re p o rt o f  the d iscu ssio n s, w ill b e  p u b lish e d  as a  sp ec ia l vo lu m e. 
T h e  p rice  o f  the bo ok  an d  ap p ro x im a te  date o f  p u b lica tio n  w ill 
b e  an n o u n ced  later, b u t  in  th e  m ea n tim e it  is  req u ested  th at all 
w h o  m ay  d esire  to p u rch a se  th is  v o lu m e w ill n o tify  the S e c re ta ry  
to th at e ffect, i f  th e y  h ave  n o t a lre a d y  d o n e so  on the re p ly  fo rm  
w h ich  w a s sent to th em .

T h e  su p p ly  o f  ad van ce  cop ies  o f  th e p a p e rs  is exh au sted .

PR O FESS IO N AL  Q U A L IF IC A T IO N S

R e v e rs in g  a ru le  th at h as b een  in  fo rce  fo r  m a n y  y e a rs , th e  
C o u n c il has d ec id ed  th at, in  ad d itio n  to ran k , h o n o rific  d istin ctio n s 
an d  u n iv e rs ity  d eg rees, th ere  m a y  n o w  b e p r in te d , in  th e In s t itu te ’s 
p u b licatio n s, su ch  letters d en o tin g  m em b e rsh ip  o f  qualifying 
b o d ies as are d es ire d  b y  au th o rs  an d  o th er co n trib u to rs . M e m b e r ­
sh ip  o f  n o n -q u a lify in g  b o d ies w ill n o t be in d icated .

JO IN T  L IBRARY

M e m b e rs  resid e n t in th e U n ite d  K in g d o m  are  rem in d ed  th a t 
th e y  m a y  b o rro w  books o r  p erio d ica ls  fro m  th e Jo in t  L ib r a r y , on 
ap p lica tio n  to  th e L ib ra r ia n .

T h o se  w h o  d esire  th em  sh ou ld  a p p ly  to  the L ib ra r ia n , Jo in t  
L ib r a r y ,  4  G ro sv e n o r  G a rd e n s , L o n d o n , S .W . i ,  to  b e re g u la r ly  
s u p p lie d  w ith  th e  p rin ted  cop ies  o f  the “  A d d itio n s  to  the L ib r a r y  ” .

C e rta in  books an d  p e r io d ica ls  w h ic h  are  n o t re ce iv e d  in  th e 
L ib r a r y  are o b ta in ab le  fo r  m e m b e rs , on  loan , fro m  oth er sou rces.

A B ST R A C T IN G  A N D  R EV IEW IN G

T h e  E d ito r  req u ests  th at au th o rs  o f  p a p ers  p u b lish e d  in  th e 
m o re  o b scu re  p u b lica tio n s, w h ic h  m a y  n o t be re g u la r ly  ab stracted  
in  Metallurgical Abstracts, sh a ll sen d  to the In stitu te  cop ies  o f  
th e ir  p a p e rs— w h ere  o f  m eta llu rg ica l in terest— fo r  ab stractin g , an d  
fo r  su b se q u e n t filin g  in  th e Jo in t  L ib r a r y .

A u th o rs  o f  books su ita b le  fo r  no tice  are  also  req u ested  to a rran g e  
fo r  re v ie w  cop ies to be sent to the E d ito r  b y  th e ir  p u b lish ers.

A U T U M N  M EET ING  PH O T O G R A P H S

M e m b e rs  m a y  o b tain  cop ies o f  th e p h o to g rap h s taken  at the 
G la sg o w  A u tu m n  M e e tin g  fro m  the p h o to g rap h ers, as d eta iled  
b e lo w  :

Group Photograph : N o rth e rn  P re ss  P h o to  A g e n c y , L t d .,  29
W aterlo o  S tre et, G la sg o w , C .2 . (P rices , 8 i  X 61 in ., 10 s . 6d. 
each  ; 15  X 1 2  in ., 17 s . 6d. each .)
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N E W S  A N D  A N N O U N C E M E N T S

Dinner and Loch Lomond Photographs : S co ttish  S tu d io s  an d
E n g ra v e rs , L t d . ,  19 6  C ly d e  S tre e t, G la sg o w , C . i .  (P r ic e  3s. 6d. 
each .)

R EM ITTA N C ES  O F  M O N E Y  FRO M  A B R O A D

I t  is req u e ste d  th a t w h en  rem itta n ces  o f  m o n e y  are m ad e fro m  
ab ro ad , in  p a y m e n t o f  su b sc rip t io n s  o r  fo r  p u b lic a tio n s , a co verin g  
note sh a ll be sen t clearly stating the name of the sender an d  the 
p u rp o se  fo r  w h ic h  th e m o n e y  is  sent.

C h e q u e s  an d  In te rn a tio n a l M o n e y  O rd e rs  are fre q u e n tly  
rece iv ed  b e a r in g  no  in d icatio n  o f  the n am e o f  th e sen d er o r  o f  the 
p erso n  o r  firm  to  w h ic h  th e  g o od s are  to  b e d esp atch ed .

M e m b e rs  w h o se  firm s se n d  ch e q u e s , & c .,  on th e ir  b e h a lf are  
a lso  re q u e ste d  to  en su re  th at, in  a  c o v e r in g  note , it  is  c le a r ly  stated  
fo r  w h o m  th e m o n e y  is  rem itte d .

M E M B E R SH IP  A D D IT IO N S

T h e  u n d e rm e n tio n e d  1 2  O rd in a ry  M e m b e rs  an d  1 1  S tu d e n t
M e m b e rs  w e re  e lected  on  15  O cto b e r 19 4 7  :

Ordinary Members

C h a u m e l l e ,  P ie rre  R o g e r , M a n a g e r, C e n tre  o f  D o cu m en ta tio n  fo r  
th e F r e n c h  Iro n  an d  S te e l In d u s try , 1 2  ru e  de M a d r id , P a ris  
8e, F ra n ce .

C h i l t o n ,  L e o n a rd  V in c e n t, M .A . ,  M a n a g e r, In te llig e n ce  D e p a rt­
m en t, T h e  B r it is h  A lu m in iu m  C o m p a n y , L t d .,  S a lisb u ry  
H o u se , L o n d o n  W a ll, L o n d o n , E .C .2 .

C o l l i e r ,  T h o m a s  W illia m , P ro d u ctio n  M e ta llu rg is t , T h o m a s  
B o lto n  an d  S o n s , L t d . ,  F ro g h a ll, S to k e -o n -T re n t , S ta ffo rd ­
sh ire .

F i n l a y ,  W a lte r  L e o n a rd , B .S .C h .E . ,  M .E n g .,  R e se a rc h  M e ta l­
lu rg is t , R e m in g to n  A r m s  C o m p a n y , B rid g e p o rt , C o n n ., 
U .S .A .

G u y ,  P ro fe sso r  A lb e r t  G la sg o w , D .S c . ,  A sso c ia te  P ro fe sso r , 
M e ch a n ica l E n g in e e r in g  D e p a rtm e n t, N o rth  C a ro lin a  Sta te  
C o lle g e , R a le ig h , N o rth  C a ro lin a , U .S .A .

H is c o c k , W a lte r  G e o rg e , P h .D .,  B .S c . ,  G e n e ra l M a n a g e r, N a tio n a l 
S m e ltin g  C o m p a n y , L t d . ,  A v o n m o u th , B r is to l.

M o r g a n ,  S te p h e n  W illia m  K e n n e th , B .S c . ,  A .R .S .M . ,  M a n a g e r, 
R e se a rc h  D e p a rtm e n t, N a tio n a l S m e lt in g  C o m p a n y , L td .,  
A v o n m o u th , B risto l.

N e l s o n ,  F e rg u so n  R o ss , B .S c . ,  M e ta llu rg is t , A rm stro n g  S id d e le y  
M o to rs , P a rk s id e  W o rk s , C o v e n try , W a rw ick sh ire .

R a m a  C h a r ,  T .  L . ,  P h .D .,  M .S c . ,  In d u s tr ia l C h e m ist an d  O fficer- 
in -C h a rg e , B u re a u  o f  In d u s tr ia l an d  S ta tis tica l In fo rm atio n , 
In d ia n  In stitu te  o f  S c ie n c e , B a n g a lo re , In d ia .

V io d e , Je a n  A lfr e d  A u g u ste , P o w d e r  M e ta llu rg is t , 1 7  rue C o lle tte , 
P a ris  17 ® , F ra n c e .

W a t k i n s o n ,  H e rb e rt  H e n ry , O ffic e r- in -C h a rg e , M e ta llu rg ic a l 
T e s t  H o u se , A . I . S .  T e s t  C e n tre , M id d le  E ast.
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W i lk i n s o n ,  R o b e rt G e o ffre y , B .S c . ,  D e p u ty  C h ie f  M e ta llu rg is t , 
M a g n e siu m  E le k tro n , L t d .,  C lifto n  Ju n c tio n , M a n ch ester .

Student Members

A l l a r d ,  R o b e rt W illiam , B .S c . ,  S tu d e n t o f  M e ta llu rg y , K i n g ’s 
C o lle g e , U n iv e r s ity  o f  D u rh a m , N e w c a s t le -o n -T y n e . 

B a r t l e t t ,  W illia m  L e s lie , B .S c . ,  S tu d e n t o f  M e ta llu rg y , U n iv e rs ity  
C o lle g e , C a rd iff .

B e l l a m y ,  R o y  G ra h a m , B .S c . ,  S tu d e n t o f  M e ta llu rg y , U n iv e rs ity  
C o lle g e , C a rd iff .

C a u l f i e l d ,  K e n n e th  W illia m , M .S c .,  R e se a rc h  M e ta llu rg is t , T in  
R e se a rc h  In stitu te , F r a s e r  R o a d , G re e n fo rd , M id d le se x . 

G r ie v e ,  A la n , B .S c . ,  S tu d e n t o f  M e ta llu rg y , U n iv e r s ity  C o lle g e , 
C a rd iff .

M a c k ,  K e n n e th  A le x a n d e r , B .S c . ,  S tu d e n t o f  M e ta llu rg y , U n i­
v e rs ity  C o lle g e , C a rd iff .

T i p l e r ,  H e d le y  R o y , B .M e t .,  A ss is ta n t E x p e r im e n ta l O fficer in  
M e ta llu rg ic a l R e search , N a tio n a l P h y s ic a l L a b o ra to ry , 
T e d d in g to n , M id d le se x .

T o m a l i n ,  P eter F ra n k , B .S c . ,  M e ta llu rg is t , M e tro p o lita n -V ick e rs  
E le c tr ic a l C o m p a n y , L td .,  T ra ffo rd  P a rk , M a n ch ester .

U p t o n , Jo h n  C h a rle s , B .S c . ,  T e c h n ic a l O fficer (M e t .) , Im p e ria l 
C h em ica l In d u str ie s , L td .,  B illin g h a m  D iv is io n , B illin g h a m , 
C o . D u rh am .

V a r l e y ,  Jo h n  H e n ry  O live r , S tu d e n t o f  M e ta llu rg y , T h e  U n i­
v e rs ity , B irm in g h a m .

Y e o m a n s , D o n a ld  E r ic , S tu d e n t o f  M e ta llu rg y , T h e  U n iv e rs ity , 
B irm in g h a m .

PE R SO N A L IT IE S

Dr. C. H. Desch

D r. C e c il H e n ry  D esch , F .R .S . ,  w h o  has b een  elected  a F e llo w  o f  
th e In stitu te  o f  M e ta ls , w a s b o rn  in L o n d o n  in  18 7 4 , an d  w as e d u ­
cated  at B irk b e ck  S ch o o l, K in g s la n d  ; F in sb u ry  T e c h n ica l C o lle g e  ; 
U n iv e r s ity  C o lle g e , L o n d o n  (D .S c .)  ; an d  W u rz b u rg  U n iv e rs ity  
(P h .D .) . In  19 0 2  he jo in e d  th e M e ta llu rg ica l D e p a rtm e n t at 
K in g ’s C o lle g e , L o n d o n , an d  in  19 0 9  w as ap p o in ted  L e c tu re r  in 
M e ta llu rg ic a l C h e m is try  at G la sg o w  U n iv e rs ity , at w h ich  h e  
rem ain ed  u n til th e en d  o f  the 1 9 1 4 - 1 8  w a r. H e w as th en  ap p o in ted  
P ro fe sso r  o f  M e ta llu rg y  at th e R o y a l T e c h n ic a l C o lle g e , G la sg o w , a 
p o sitio n  w h ic h  he h e ld  u n til 19 2 0 , w h en , on th e death  o f  P r o ­
fe sso r  J .  O . A rn o ld , he su cceed ed  to the C h a ir  o f  M e ta llu rg y  at 
S h e ffie ld  U n iv e rs ity .

In  1 9 3 1  D r . D e sch  v is ite d  the U n ite d  S ta tes , w h ere  he w a s 
G e o rg e  F is h e r  B a k e r  L e c tu re r  at C o rn e ll U n iv e rs ity , an d  in  19 3 2  
w a s a p p o in ted  S u p e rin te n d e n t o f  the D e p a rtm e n t o f  M e ta llu rg y  
at th e N a tio n a l P h y s ic a l L a b o ra to ry , T e d d in g to n , w h ere  he 
rem ain ed  u n til h is  re tire m en t in 19 3 9 . M o re  recen tly  D r . D e sch  
has b een  c lo se ly  con n ected  w ith  th e iro n  an d  steel in d u stry . H e 
w a s a p p o in ted  to the B o a rd  o f  D ire c to rs  o f  M e ssrs . R ic h a rd  T h o m a s  
an d  C o m p a n y , L t d .,  in  19 4 3 , to  d ire ct the research  an d  d e v e lo p ­
m en t activ it ie s  o f  th at firm , b u t, on  the am algam ation  o f  the
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C o m p a n y  w ith  M e ss rs . B a ld w in s , L t d .,  in  19 4 5 , he resig n ed  h is 
d ire cto rsh ip  an d  has sin ce b een  assoc ia ted  w ith  the W h iteh ead  
Iro n  an d  S te e l C o m p a n y ,
L td .

D r . D e sch  w a s P re s id e n t 
o f  the In stitu te  o f  M e ta ls  
fro m  19 3 8  to 19 4 0 . H e  w as 
e lected  a F e llo w  o f  th e R o y a l 
S o c ie ty  in  19 2 3 ,  w a s P re s i­
d en t o f  the F a ra d a y  S o c ie ty  
fro m  19 2 6  to  19 2 8 , an d  has 
b een  P re s id e n t o f  th e Iro n  
an d  S te e l In stitu te  sin ce 
194 6 . H e  w a s aw ard ed  the 
In stitu te  o f  M e ta ls  (P la ti­
nu m ) M e d a l in 19 4 1  ; the 
B e sse m e r G o ld  M e d a l o f  the 
Iro n  an d S tee l In stitu te  in 
19 3 8  ; and rece ived  the 
h o n o ra ry  L L .D .  d eg ree  o f  
G la sg o w  U n iv e rs ity . H e 
w a s rece n tly  e lected  a C o r ­
resp o n d in g  M e m b e r  o f  the 
F re n c h  A c a d e m y  o f  Sc ien ce .

H e  d e liv ered  the E ig h ­
teenth  M a y  L e c tu re  to  the 
In stitu te  o f  M e ta ls  in  19 2 8  
on “  T h e  C h e m ic a l P ro p e r­
ties o f  C r y s t a ls ”  (j f . Inst.
Metals, 19 2 8 , vo l. 39), an d  is th e au th o r o f  n u m e ro u s  p a p ers  on 
m eta llu rg ica l an d  ch em ica l su b je cts , seven  o f  w h ic h  are p u b lish e d  in 
the Journal o f the Institute of Metals. In  1 9 1 4  and 19 19 ,  re sp e ct iv e ly , 
he p resen ted  the F ir s t  an d  S e co n d  R e p o rts  to  the B e ilb y  P r iz e  C o m ­
m ittee  on “ T h e  S o lid ific a tio n  o f  M e ta ls  fro m  the L iq u id  S t a t e ”  
(.J . 'I n s t . Metals, 1 9 1 4 ,  vo l. 1 1 ,  an d  19 1 9 ,  vo l. 22). H e  is also  the 
au th o r o f  severa l b o oks, in c lu d in g  h is  “ M e ta l lo g ra p h y ” , “ In te r- 
m eta llic  C o m p o u n d s ” , “  T h e  C h e m is try  o f  S o lid s  ” , an d  (w ith  F .  C . 
L e a )  “  C h e m is try  o f  C e m e n t and C o n cre te  ” .

Lieut.-Colonel Sir John Greenly

L ie u t .-C o lo n e l S i r  Jo h n  H e n ry  M a itla n d  G re e n ly , K .C .M .G . ,  
C .B .E . ,  M .A . ,  w h o  has b een  e lected  a F e llo w  o f  th e In stitu te  o f  
M e ta ls , w as b o rn  on 25 J u l y  18 8 5 , an d  is th e seco n d  son  o f  th e 
late E .  H . G re e n ly , J .P . ,  D .L . ,  o f  T i t le y  C o u rt , H e re fo rd sh ire , 
an d  S a ra h , d a u g h te r  o f  th e late L ie u t .- G e n e r a l B o w e s  F o ste r .

E d u ca te d  at C h a rte rh o u se  an d  T r in it y  C o lle g e , O x fo rd , w h e re  
h e g rad u ated , he w a s tra in ed  as a C iv i l  E n g in e e r . C o m m is­
sio n e d  in  190 6  in th e H e re fo rd sh ire  R e g im e n t ( T .F .) ,  h e  w as 
p ro m o te d  C a p ta in  in 1 9 1 2 ,  an d  se rv e d  in th e 1 9 1 4 - 1 8  w a r, b e in g  
a p p o in ted  to  b e a S t a f f  C a p ta in  an d  B rig a d e  M a jo r  in  19 1 6 ,  p ro ­
m o ted  to  L ie u t .-C o lo n e l in  1 9 1 7 ,  and tw ice  m en tio n ed  in d e ­
sp atch es . H e  w a s A ss is ta n t C o n tro lle r  o f  In sp e c tio n  o f  M u n itio n s  
o f  W a r  at th e M in is try  o f  M u n itio n s  fro m  1 9 1 6  to 19 19 .  In  1 9 1 9  
he w a s m ad e a C .B .E .

In  19 2 0  he w a s ap p o in ted  Jo in t  M a n a g in g  D ire c to r  o f  M e ssrs . 
W illia m  F o s te r , P a sco e , G re n fe ll and C o m p a n y , co p p e r m a n u ­
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fa c tu re rs  an d  sm elters  o f  L o n d o n  an d  Sw an sea , and su b seq u en tly  
Jo in t  M a n a g in g  D ire c to r  o f  M e ssrs . B r it ish  C o p p e r  M a n u fa c tu re rs ,

L td . H e  jo in e d  the B o ard  o f  
M e ss rs . B a b co ck  an d  W ilco x , 
L t d .,  in  19 2 9 , an d  becam e 
C h a irm a n  o f  th e E x e cu tiv e  
C o m m ittee  an d  D e p u ty  
C h a irm a n  o f  the C o m p a n y  in 
19 3 2 ,  an d  C h a irm a n  in  19 3 7 . 
H e  is also  a D ire c to r  o f  oth er 
C o m p a n ies.

S in ce  19 3 7  S ir  Jo h n  has 
b een  C h a irm a n  o f  th e B rit ish  
N o n -F e r ro u s  M e ta ls  R esearch  
A sso c ia tio n , in  w h ich  p osition  
he h as g ive n  o u tstan d in g  
serv ice  to the in d u stry . H e 
has a lso  h e ld  n u m ero u s o th er 
po sitio n s o f  em inence in  the 
fie ld s o f  sc ien ce and in d u stry . 
H e  w as C h a irm an  o f  the C o a l- 
B u rn in g  A p p lian ces  Jo in t  
C o n su lta tive  B o a rd  in  19 3 6  ; 
a  m e m b e r o f  th e A d v iso ry  
C o u n c il to th e C o m m ittee  
o f  the P r iv y  C o u n c il fo r 
S c ie n tific  an d  In d u str ia l R e ­

search  fro m  19 3 7  to 19 4 3  ; a  m e m b e r  o f  th e In d u str ia l A d v is o ry  
P an el to th e A ir  M in is try  fro m  19 3 8  to 19 3 9  ; C h a irm a n  o f  the 
P rim e M in is te r ’ s A d v iso ry  P a n el o f  In d u stria lists  on R ea rm am en t 
fro m  19 3 8  to 19 3 9  ; C o n tro lle r-G e n e ra l o f  the B r it ish  S u p p ly  
B o a rd  in  C an ad a  an d  th e U n ite d  Sta tes , 19 3 9 - 19 4 0  ; D e p u ty  
C h a irm a n  and A d m in istra to r , F ire  P rev en tio n  E x e cu tiv e , 1 9 4 1 -  
19 4 5  ; a m e m b e r o f  th e F ire  P rev en tio n  (O p eration al) C o m m ittee  
(M in is try  o f  H o m e S e c u rity ), 1 9 4 1 - 1 9 4 5  ; m em b er o f  the F u e l 
R e se a rc h  B o a rd , 19 4 2 - 19 4 7  ; m em b er o f  the A d v is o ry  P a n e l to  
th e M in is te r  o f  R eco n stru ctio n , 19 4 2  ; C h a irm a n  o f  the B rick s  
A p p e a l T r ib u n a l (M in is try  o f  W o rk s), 19 4 2 - 19 4 5  ; m e m b e r o f 
the F u e l and P o w e r  A d v is o ry  C o u n c il (M in is try  o f  F u e l and 
P o w er), 19 4 4 - 19 4 6  ; M e m b e r  o f  C o u n c il o f  the B r it ish  C oal 
U tiliz a tio n  R e se a rc h  A sso c ia tio n , 19 3 8 - 19 4 6  ; V ice -P re s id e n t o f 
th e  C o a l U tiliz a tio n  Jo in t  C o u n c il, 19 4 5 - 19 4 6  ; an d  is a M e m b e r  
o f  C o u n c il o f  th e B rit ish  W e ld in g  R e se a rch  A sso c ia tio n  ; a M e m b e r  
o f  the In stitu tio n  o f  M e ch a n ica l E n g in e e rs , the In stitu te  o f  F u e l, 
and the In stitu tio n  o f  E n g in e e r in g  In sp ectio n , an d  a F e llo w  o f  the 
In stitu tio n  o f  M e ta llu rg ists .

In  1 9 4 1 ,  he w a s created  a K n ig h t  C o m m a n d er o f  th e M o s t  
D ist in g u ish e d  O rd e r  o f  S t . M ic h a e l an d  S t . G eo rg e .

S i r  Jo h n  w a s P re s id e n t o f  the In stitu te  o f  M e ta ls  fro m  19 4 2  to 
19 4 4 , an d  is also  a P a st-P re s id e n t o f  the In stitu te  o f  F u e l, the 
In stitu tio n  o f  E n g in e e r in g  In sp ectio n , an d  the C o m b u stio n  A p p lia n ce  
M a k e rs ’ A sso c ia tio n  (S o lid  F u e l) .

In  19 4 6  h e w a s a w ard ed  th e In stitu te  o f  M e ta ls  (P la tin u m ) 
M e d a l in  reco gn itio n  o f  h is o u tstan d in g  serv ices  to  th e in d u stry . 
A s  a P a st-P re s id e n t h e rem ain s a M e m b e r  o f  th e C o u n c il, w h ic h  
th u s con tin u es to  b en efit fro m  h is  ad v ice  an d  in sp ira tion .

N E W S  A N D  A N N O U N C E M E N T S
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P E R S O N A L  N O T E S

M r .  J. L . A s t o n  has left C am bridge and is now  at Sheffield  
U n iversity , to undertake research on  the rapid heat-treatm ent o f  
steel, particularly from  the po in t o f  v iew  o f the m etallurgy o f  the  
ind uction  hardening o f  steel.

M r . K . W . J. B o w e n , B .S c . ,  is  now  at the G o ld sm ith s’ Laboratory, 
C am bridge U n iversity . H is address is S id n ey  S u ssex  C ollege.

P r o f e s s o r  S i r  L a w r e n c e  B r a g g ,  O .B .E . ,  S c .D ., F .R .S ., has  
retired from  the A d visory C ouncil for Scien tific  and Industrial 
Research.

M r .  R. V . B r y a n ,  L .I .M ., has left the M in istry  o f  Su p p ly  to  
take up  an appointm ent as Personal A ssistant to the Steel D ep t. 
M anager, Sanderson Brothers and N ew b o u ld , L td ., Sheffield .

M r . S t a n l e y  W . C a d d e n  has been appointed M anaging  
D irector o f  the T o m e y  G roup o f  C om panies, com prisin g  Joseph  
T o m e y  and Son s, L td ., A ston , B irm ingh am ; E xcelsior  G auge  
Com pany, L td ., E rdington , B irm in g h a m ; L . T o m ey , L td ., 
E rdington , B irm ingh am ; and J. L . T o m ey  (C oventry), L td ., 
B rom sgrove.

M r .  R. W . C a h n  has conclu ded  his w ork at the C avend ish  
Laboratory, C am bridge, and has taken up  an appointm ent w ith  
the A tom ic E nergy R esearch E stab lishm ent, M in istry  o f  Supp ly , 
H arw ell. H is  tem porary address is W innow ay Farm , H arw ell, 
near D id co t, Berks.

M a j o r  H . B. D e s h p a n d e , J .P ., M .S c ., F .I .M ., C h ief C h em ist 
and M etallurgist, E ast Indian Railway, w h o is in  E ngland on  a 
long  leave, m ade an extensive tour o f  Canada and the U n ited  
States in  A u gust last and has n ow  returned to  L ond on. H is  
address is  c /o  T h om as Cook and Son , L td ., 45 B erkeley Street, 
L ond on , W .i.

M r .  V . J. D o n n e l l y ,  A .I .M ., has returned hom e to  S ou th  
Africa. H is address is c /o  N ational B olts and R ivets, L td ., 49 
R aw bone Street, O phirton, Johannesburg.

D r .  D . S . E p p e ls h e im e r , D .S .,  has left the M etal H ydrides  
Corporation, B everly, M ass., U .S .A ., on  appointm ent as A ssociate  
P rofessor o f  M etallurgical E ngineering at the M issouri School o f  
M in es and M etallurgy, R olla, M iss.

M r .  K . S. F o s t e r  has sold  h is h o ld in g  in  C ookson H erm itage, 
L td ., and, after a long  illness, has now  jo in ed  A ssociated  C o m ­
bustion , L td ., M eonstoke, Southam pton.

M r .  F . F . G o r d o n ,  A sso c .M et., has been  appointed  M anaging  
D irector o f Spear and Jackson, L td ., Sheffield .

M r .  A . T . G r e e n , O .B .E ., F .R .I .C ., F .In st.P ., D irector o f  
R esearch o f  the B ritish R efractories R esearch A ssociation  and o f  
the B ritish C eram ic S ociety , has been  appointed  H onorary G eneral 
Secretary to  the B ritish C eram ic Society , in  su ccession  to the late  
D r. J. W . M ellor.

S i r  W i l l i a m  T . G r i f f i t h s ,  D . S c . ,  F .R .I .C ., F .I .M .,  Chairm an  
and M anaging D irector o f T h e  M o n d  N ick e l C om pany, L td .,  
and a P ast-P resident o f  the In stitu te , has been  appointed by the  
L ord  P resident o f  the C ouncil to  be a m em ber o f the A dvisory  
C ouncil for Scien tific  and Industrial Research.
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M r .  C. F. H a r r i s ,  B .S c . ,  A.R.S.M ., has completed his course a 
the Royal School of M ines and has been called up to serve in
H .M . Forces. Correspondence should be addressed to T he  
Homestead, 4 6  M urray Road, Northwood, Middlesex.

M r .  W. M . H o g e n d o o r n  has, since 1  July 1 9 4 7 , been in charge 
of the metallurgical laboratory, concerned with internal combustion 
engine development, of the N.V. Metaalindustrie “ Johan de 
Witt ” at Dordrecht, Holland. Th is Company is a branch of 
the N. V. Philips Gloeilampenfabrieken.

M r . L . C. H o l l y h e a d  graduated in June with an Honours 
degree (B.Sc.) from the School of Industrial Metallurgy, B irm ing­
ham University.

M r .  E. H u n t e r  has been appointed Manager of the Foundry 
Equipment Department of the Incandescent Heat Co., Ltd.

D r . L. J e n ic e k  has been appointed Research Director of the 
United Steelworks National Corporation, Czechoslovakia, but 
retains his connection with the Czechoslovak M in ing  and Metal­
lurgical Institute at Ostrava.

M r . K e n n e t h  S. Je p s o n  has been awarded the degree of B.Met. 
(Non-Ferrous) of the University of Sheffield.

M r .  H. O . L u d k e y  has acquired British nationality, and has 
changed the spelling of his name, from Luedke.

S i r  A n d r e w  M c C a n c e ,  D .S c . ,  A.R.S.M ., F.R.S., has retired 
from the Advisory Council for Scientific and Industrial Research.

M r .  I. M a n n i n g , has left David Brown and Sons, Ltd., Lock­
wood, Huddersfield, and is now Assistant Technical Officer with 
Imperial Chemical Industries, Ltd., Billingham Division, Billing- 
ham, Co. Durham. H is private address is 1 9  Oxford Road, 
Thom aby-on-T  ees.

M r .  A. J. W. M o o r e ,  B.Sc., has left Cambridge, to return to the
C.S.I.R. Section of Tribophysics, Melbourne University. H is 
private address is 2 7  Summerhill Avenue, East Malvern, Melbourne,
S.E.s, Vic., Australia.

M r .  Ja m es N a y s m i t h  now holds an appointment with the 
Anglo-Iranian Oil Company, Ltd. H is address i s : Reg. No. 
6 5 9 6 , SQ  1 3 3 / 5  Braun, c/o Anglo-Iranian Oil Company, Ltd., 
Abadan, South Iran.

M r . M . C. N ic k s o n , B .Sc., A .I.M ., has changed his place o f  
employment with The M ond  Nickel Company, Ltd., to 
Birmingham.

M r . F. S. P a s c h e k , B .Sc., A.R.S.M., has left the Royal School 
of Mines, London.

S i r  C l i f f o r d  P a t e r s o n , O.B.E., F.R.S., has been appointed 
Chairman of the General Council of the British Standards 
Institution.

M r .  B. W. P r i n c e  has left the David Brown Foundries Com ­
pany, Penistone, to take up an appointment with Firth-Vickers 
Stainless Steels, Ltd., Sheffield.

M r . C o l i n  W. R o b e r t s ,  B .Sc., A .I.M ., has left the A.I.D . 
Test House, Harefield, and is now at the Research Department 
of the National Smelting Company, Ltd., Avonmouth.
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M r .  J. A. R o b e r t s ,  who graduated with honours in metallurgy 
from the University College of Swansea, is now engaged at the 
W em  Alum inium  W orks of the L ight Alloy Section of Richard 
Thomas and Baldwins, Ltd. H is  new address is Lodway, 5  
Upper Cimla, Neath, South Wales.

M r .  Ja m e s B. R u s s e l l ,  B.S., has resigned his post as Metal­
lurgist at the Naval Research Laboratory at Washington, in order 
to take up a full-time graduate study of physical metallurgy 
at the University of California. H is present address is Hotel 
Carlton, Room 5 0 8 , 2 3 3 8  Telegraph Avenue, Berkeley 4 , Cal., 
U.S.A.

M r .  E. C. S m i t h  has been awarded the degree of Doctor of 
Science of the Case Institute of Technology, Cleveland, O., 
U.S.A.

M a j o r  P. L. T e e d , A.R.S.M ., on 9  October 1 9 4 7 , at the École 
Nationale Supérieure de l’Aéronautique, delivered a lecture to the 
Association Française des Ingénieurs et Techniciens de l’Aéronau­
tique, on “ Les Propriétés des Matériaux Métalliques aux Altitudes 
Stratosphériques

M r .  J. G. M . T u r n b u l l ,  B.Sc., Chief Chemist to C. A. Parsons 
and Company, Ltd., Newcastle-upon-Tyne, was elected a Fellow 
of the Institution of Metallurgists in January 1 9 4 7 .

M r .  T. H e n r y  T u r n e r ,  M . S c . ,  has been elected a Mem ber of 
the Institution of Mechanical Engineers.

B IRTH

L e e s . O n 2 2  September 1 9 4 7 ,  at Westminster Hospital, 
London, S.W .i, to M ay  (née Roberton), wife of D . C. G. Lees, 
M .A., a daughter.

D E A T H S

The Editor regrets to announce the deaths of :

M r .  G .  C. P i t c a i r n ,  of Metallisation, Ltd., Dudley, on 1 7  
October 1 9 4 7 .

M r .  J .  S. G l e n  P r im r o s e , A.R.T.C., Chief Metallurgist, The  
Rover Company, Ltd., Coventry, and an Original Mem ber of the 
Institute, on 2  October 1 9 4 7 .

M r .  H. B. P u l s i f e r ,  Ch.E., M .S., Metallurgist, the Ferry Cap 
and Set Screw Company, Cleveland, O., U.S.A., on 1  September 
1 9 4 6 .

Note : W ill members (in addition to informing the Institute’s 
administrative department of changes of address, occupation, 
&c.) kindly notify the Editor, separately, of all changes of occupa­
tion, appointments, awards of honours and degrees, &c., as these 
are matters which interest their fellow members ? Such notes 
should reach the Editor not later than the 2 1 st day of each month 
for publication in the next month’s issue.
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O TH ER NEWS
G E N E R A L  D ISC U SS IO N  O N  THE PH YSIC AL  C H EM ISTR Y  OF 

PROCESS M ET ALLU RG Y

The Faraday Society plans to hold, in the latter half of September 
1 9 4 8 , a general discussion on the physical chemistry of process 
metallurgy. It is intended that the discussion shall be devoted 
to the thermodynamics and kinetics of the high-temperature 
reactions involved in smelting and refining, and it is proposed to 
exclude reactions occurring in mechanical working and heat- 
treatment and also electrochemical processes in aqueous solutions. 
Thermodynamics will include thermochemical, free energy, and 
equilibrium studies, and kinetics will include both chemical 
reactions and diffusion processes.

Prospective contributors are requested to forward to the 
Secretary, The Faraday Society, 6  G ray’s Inn  Square, London, 
W.C. 1 , summaries of any papers that they would like to submit, 
indicating the subject matter and the method of treatment, as 
early as possible and not later than 1  February 1 9 4 8 . Papers 
accepted will be required to be submitted by 1  July 1 9 4 8 .

D EU TSC H E  G ESELLSCHAFT  FUR M E T A LLK U N D E

It is learned that, under the direction of Professor Dr. Glocker, 
Technische Hochschule, Stuttgart, American Zone, the Deutsche 
Gesellschaft fur Metallkunde has been revived.

A M E R IC A N  F O U N D R Y M E N ’S A SSO C IA T IO N  RESEARCH  
PROJECTS

Three specific interest divisions of the American Foundrymen’s 
Association have launched research projects on fundamental 
problems in foundry technology. Investigations proposed by the 
research groups of the aluminium and magnesium, brass and 
bronze, and malleable divisions, have been approved.

The light metals group will continue and expand the study of 
centrifugal casting of aluminium and magnesium alloys it has 
conducted during the past year. Plans for the immediate future 
include the design of experimental castings and the compilation 
of data on such aspects as operational requirements, density, 
grain-size, mechanical properties, production yield, and segregation. 
M r. R. F. Thomson, Metallurgist with the International Nickel Co., 
Detroit, is Chairman of the Division Research Committee.

A  comprehensive investigation of tin bronze test-bars is to be 
undertaken by the brass and bronze research body, headed by 
Dr. Blake M . Loring, Chief of the Non-Ferrous Division of the 
Naval Research Laboratory, Washington, D.C. Accurate deter­
mination of metal quality through the fracture test will be sought. 
As-cast structure of the bars will be examined by metallographic, 
radiographic, fractographic, and other means found desirable. 
It  is anticipated that, through determination of the proper test- 
bar design, melting conditions, and means of breaking the specimens, 
the fracture test may be established as a reliable, rapid, and in­
expensive method of analysing the quality of melts before castings 
are poured.
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The malleable division project is intended to yield data on the 
most desirable microstructure for pearlitic malleable-iron castings 
to be selectively hardened by flame or induction heating.

BRITISH  C O U N C IL  SC H O LA R SH IP S

The  British Council has awarded scholarships for 1 9 4 7 - 4 8  to 
2 5 6  graduates or others of like status from 6 2  countries, including 
the Dom inions and Colonies, to enable them to undertake a year’s 
specialist study in the United Kingdom. In  addition, 1 0 6  British 
Council scholars have had their scholarships extended for a further 
year. The subjects of study cover a wide range, and the majority 
of scholars are studying in British Universities or University 
Colleges.

FO U RTH  PLEN A R Y  W O R L D  PO W ER  C O N F E R E N C E

The conference will be held in London in 1 9 5 0 . Th is  decision 
was taken by the International Executive Council of the W orld 
Power Conference at its recent meeting at The  Hague.

A C T A  C R Y ST A L L O G R A P H IC A

A  new journal of crystallography, A cta Crystallographica, 
sponsored by the recently-formed International Un ion  of Crystal­
lography (see August issue of the Journal, p. xli) will start publica­
tion in 1 9 4 8 . It is intended to take the place of Zeitschrift f i ir  
Kristallographie, but, in recognition of the rapid development of 
structural studies in recent years, it is intended to be somewhat 
broader in its scope and to concern itself with all those physical 
and chemical properties of matter intimately connected with atomic 
arrangement.

The journal will be under the editorship of P. P. Ewald, a former 
editor of the Zeitschrift fü r  Kristallographie, and a panel of regional 
co-editors. It  will appear in six issues per year. The annual 
subscription will be $ 1 0  or £ 2  10s. European subscribers should 
write to the Cambridge University Press, Euston Road, London, 
N .W .i. Arrangements have been made for those in the U.S.A. 
and Canada to obtain the journal through the American Institute 
of Physics, 5 7  East 5 5 th St., New  York  2 2 , N.Y.

Articles for publication will be accepted in English, French, 
German, or Russian, and authors are now invited to submit 
manuscripts for consideration by the co-editors : in English, to 
R. C. Evans, Crystallographic Laboratory, Cavendish Laboratory, 
Cambridge, or to I. Fankuchen, Polytechnic Institute of Brooklyn, 
Brooklyn 2 , N.Y., U.S.A.

Q U A R T E R L Y  JO U R N A L  O F M E C H A N IC S  A N D  APPL IED  
M A T H EM A T IC S

Published quarterly by the Oxford University Press, under the 
editorship of Dr. V. C. A. Ferraro and Dr. G. C. McVittie, the 
first issue of this new journal will be published in April 1 9 4 8 . 
The journal will cover the fields of hydrodynamics including 
aerodynamics, sound and dynamical meteorology ; elasticity and 
plasticity ; numerical methods, including calculating machines and 
relaxation methods ; non-linear dynamics ; ballistics ; classical 
electromagnetism including the propagation of electric waves in
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space and in wave-guides. Contributions on these subjects are likely 
to contain references to published experimental work ; and when 
new experimental work is undertaken in this connection, it might 
be suitable for publication in the journal.

Papers to be considered for the early issues should be sent 
before December 1 9 4 7 , addressed by name to one or other of the 
executive editors, at K in g ’s College, Strand, London, W .C.2 .

M EM O R IA L  T O  D EN IS  PAPIN
The little commune of Chitenay (Loire-et-Cher, France) 

celebrated the tercentenary of the birth of Denis Papin on 2 0  July 
at the Closerie des Communes.

A  commemorative plaque was unveiled by M M .  Albert Caquot 
and Albert Portevin, members of the Institut de France, representa­
tives of the Academie des Sciences. During the banquet which 
followed the ceremony, very appreciative speeches were made by 
Professor E. N. da C. Andrade, a Fellow of the Royal Society, of 
which Denis Papin was a corresponding member, by M r. Dickinson, 
President of the Newcomen Society, by M r. Cortesao, representa­
tive of U N E S C O  and by Professor Cabannes, Vice-Chancellor of 
the University of Paris.

LO CAL SECTIO NS NEWS
At a special meeting of the London Local Section, to be held at 

4  Grosvenor Gardens, London, S.W .i, on Thursday, 2 7  November 
1 9 4 7 , at 7  p.m., Dr. W. J. K ro ll will give a lecture on “ Malleable 
Titanium  and Zirconium — Tw o Metals of the Future Made on a 
Commercial Scale

The title of the Swansea Local Section has been changed to 
South Wales Local Section.

DIA R Y  FOR DECEMBER
L O C A L  S E C T IO N S  M EE T IN G S

Birmingham Local Section.— Students’ Night. (James Watt 
Memorial Institute, Great Charles Street, Birmingham, Thursday, 
4  December 1 9 4 7 , at 6 . 3 0  p.m.)

London Local Section.— Dance. ( 4  Grosvenor Gardens, L o n ­
don, S.W .i, Friday, 5  December 1 9 4 7 . Tickets (single), price 1 6 s., 
obtainable from Dr. E. C. Rhodes, c/o The M ond  Nickel Co., Ltd., 
Development and Research Department, Bashley Road, London, 
N .W . 1 0 .)

Scottish Local Section.— M r. R. E. W ilson : “ Electroplating 
Practice and Engineering Application.” (Institution of Engineers 
and Shipbuilders in Scotland, 3 9  Elmbank Crescent, Glasgow,
C.2 , Monday, 8  December 1 9 4 7 , at 6 . 3 0  p.m.)

Sheffield Local Section.— M r. H. Evans, Assoc.Met.: “ Surface 
Finish and Electrolytic Polishing.” (M in ing Lecture Theatre, 
Department of Applied Science, The University, St. George’s 
Square, Sheffield, Friday, 1 9  December 1 9 4 7 , at 7 . 3 0  p.m.)
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South Wales Local Section.— Dr. R. Higgins, B.Sc.,and M r. D .W . 
Hopkins, B.Sc. : Accounts of visits to Canada and the United 
States under the auspices of the Nuffield Foundation Scheme. 
(Y.M.C.A., Swansea, Tuesday, 2  December 1 9 4 7 , at 6 . 3 0  p.m.)

O T H E R  M EE T IN G S

British Society for International Bibliography.— Dr. Marjorie 
P lan t: “ A  Project for a Periodicals Indexing Service ” ; and Henry 
Rottenburg : “ The Fundamentals of Classifying, Indexing, and 
Filing References.” (Institution of Electrical Engineers, Savoy 
Place, London, W .C .2 , Wednesday, 1 7  December 1 9 4 7 , at 2 . 3 0  

p.m.)

Cleveland Institution of Engineers.— W . Udall : “ Combination 
Rolling M ills.” (Cleveland Scientific and Technical Institution, 
Corporation Road, Middlesbrough, Monday, 1  December 1 9 4 7 , 
at 6 . 3 0  p.m.)

Geological Society of London.— Ordinary evening meeting. 
(Burlington House, Piccadilly, London, W .i, Wednesday, 1 0  

December 1 9 4 7 , at 5  p.m.)

Institute of Physics, Industrial Radiology Group.— R. Halmshaw : 
“ The Radiographic Examination of Welded Repairs in Casting.” 
(London, Friday, 5  December 1 9 4 7 , at 6 . 3 0  p.m.)

Institute of Physics, Midland Branch.— Dr. C. Sykes, F.R.S. : 
“ Physics and Steel M aking.” (Birmingham, Thursday, 1 8  Decem­
ber 1 9 4 7 , at 6  p.m.)

Institute of Welding, South London Branch.— J. A. D orra tt: 
“ Welding in Marine Engineering.” (Institute of Marine Eng i­
neers, 8 5 - 8 8  The  Minories, London, E.C.3 , Thursday, 1 1  Decem­
ber 1 9 4 7 , at 6 . 3 0  p.m.)

Institute of Welding, W est of Scotland Branch.— W. H. M il l­
wood : “ The Practical Application of Flash Butt Welding to 
M odem  Production.” (Institution of Engineers and Ship­
builders in Scotland, 3 9  Elmbank Crescent, Glasgow, C.2 , W ed­
nesday, 1 7  December 1 9 4 7 , at 6 . 4 5  p.m.)

Institution of Civil Engineers.— Professor S ir Charles Inglis,
O.B.E., M .A., L L .D ., F .R .S .: “ Mathematics in Relation to 
Engineering, with Special Reference to a Paper by the Lecturer on 
Shear-Stress Determination.” (The Institution, Great George 
St., London, S.W .i, Tuesday, 1 6  December 1 9 4 7 , at 5 . 3 0  p.m.)

Institution of Electrical Engineers, North-Western Installations 
Group.— M . E. Haine, B .Sc .: “ The Design and Construction of 
a New  Electron Microscope.” (Engineers’ Club, Albert Square, 
Manchester, Tuesday, 1 6  December 1 9 4 7 , at 6  p.m.)

Institution of Mechanical Engineers, Applied Mechanics Group.— -
W . A. P. Fisher, M .A . : “ Basic Physical Properties Relied
on in the Frozen Stress Technique ” ; and R. B. Heywood, B.Sc. : 
“ M odem  Applications of Photoelasticity.” (The Institution, 
Storey’s Gate, London, S.W .i, Friday, 1 2  December 1 9 4 7 , at 
5 . 3 0  p.m.)
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Institution of Mining and Metallurgy.— General Meeting. 
(Geological Society, Burlington House, Piccadilly, London, W .i, 
Thursday, 1 8  December 1 9 4 7 , at 5  p.m.)

Institution of Structural Engineers, Lancashire and Cheshire 
Branch, Graduates’ and Students’ Section.— J. M artin : “ Welded 
Structures.” (Milton Hall, Deansgate, Manchester, Tuesday, 
2  December 1 9 4 7 , at 7  p.m.)

Institution of Structural Engineers.— Professor R. V. Southwell, 
L L .D ., F.R.S. : “ Relaxation Methods as Applied to Structures.” 
(The Institution, 1 1  Upper Belgrave Street, London, S.W .i, 
Thursday, 1 8  December 1 9 4 7 , at 5 . 5 5  p.m.)

Leeds Metallurgical Society.— H. G. Warrington : “ Alum inium  
Alloys.” (Main Lecture Theatre, Chemistry Department, The 
University, Leeds, Wednesday, 3  December 1 9 4 7 , at 7  p.m.)

Leeds Metallurgical Society.— Buffet Dance. (Astoria Ballroom, 
Leeds, Thursday, 4  December 1 9 4 7 , at 8  p.m. to 2  a.m.)

Manchester Metallurgical Society.— Ivor Jenkins, M .S c . : 
“ Controlled Atmospheres for Heat-Treatment of Metals.” 
(Engineers’ Club, Albert Square, Manchester, Wednesday, 1 0  
December 1 9 4 7 , at 6 . 3 0  p.m.)

Newport and District Metallurgical Society.— A. H . W a ine : 
“ Forged Steel Rolls.” (Technical College, Newport, Saturday, 
1 3  December 1 9 4 7 , at 6 . 3 0  p.m.)

Sheffield Metallurgical Association.— Discussion on “ Ingot 
Surface Defects ” , to be opened by T . Arnold, N. H. Bacon, and 
G. E. Howarth. ( 1 9 8  West St., Sheffield, Tuesday, 1 6  December 
1 9 4 7 , at 7  p.m.)

Sheffield Society of Engineers and Metallurgists.— Symposium 
on “ The Use of L iquid Fuel in Open-Hearth Furnaces ” . (Royal 
Victoria Station Hotel, Sheffield, Monday, 1 3  December 1 9 4 7 , 
at 6 . 1 5  p.m.)

Swansea and District Metallurgical Society.— Discussion on 
“ O il-Firing of Metallurgical Furnaces ” . Introduced by R. W. 
Evans, M.Met., A. M . Gabe, B.Sc., and J. S. Lewis. (Royal 
Institution of South Wales, Swansea, Saturday, 1 3  December 
1 9 4 7 , at 6 . 3 0  p.m.)

W est of Scotland Iron and Steel Institute.— G. S. T . M artin : 
“ Maintenance of Steel Works Plant.” (Institution of Engineers 
and Shipbuilders in Scotland, 3 9  Elmbank Crescent, Glasgow,
C.2 , Friday, 1 9  December 1 9 4 7 , at 6 . 4 5  p.m.)

A P P O IN T M E N T  R EQ U IR ED .

M ETALLU RG ICAL CHEM IST  (35), now managing general non-ferrous foundry, seeks 
executive post suited to his knowledge and ability. Extensive experience aluminium alloy 
manufacture and working; with Company of repute. Special knowledge high-tensile castings. 
Sound technical training, B.Sc., Member Institute of Metals and Institute of British Foundry- 
men. Can control labour efficiently and get results. Reply Box No. 217, Institute of Metals, 
4 Grosvenor Gardens, London, S.W.I.
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A P P O IN T M E N T S  V A C A N T .
To conform to the requirements o f the Control o f Engagements Order, 

19 4 7 , these advertisements are published for the information of those only 
who are “ excepted persons ” under the Order.
A N A L Y T IC A L  C H E M IST S  required who should preferably be qualified and have experience 
in the assaying of non-ferrous metals, minerals, and by-products, including the rarer metals. 
Liberal salary will be paid. Apply to Derby and Co., Ltd., Cheyne House, 62-63 Cheapside 
London, E.C.2.

THE BRITISH IRON AND STEEL RESEARCH ASSOCIATION.
P H Y S IC IST  o r M E T A L L U R G IS T  with X-ray crystallographic experience required by the 
above Association for research on the surfaces of metals and coatings. University degree 
in physics or metallurgy essential. Appointment is in the Scientific Officer grade, age range 
22-30. Salary £350-£550 according to age, qualifications, and experience. Location of 
work Swansea. W ritten applications only giving full curriculum vitae to the Personnel 
Officer, B.I.S.R.A., 11 Park Lane, London, W .l.
M E T A LL U R G IS T  required by the above Association for research on the surfaces of metals 
and coatings. University degree essential, higher degree desirable. Appointment is in the 
Scientific Officer grade, age range 25-30. Salary £400-£550 according to age, qualifications, 
and experience. Location of work Swansea. W ritten applications only giving full curri­
culum vitas to the Personnel Officer, B.I.S.R.A., 11 Park Lane, London, W .l.

M E C H A N IC A L  A N D  E L E C T R IC A L  E N G IN E E R  with University degree, aged about 35, 
preferably but not essentially with some experience in the rolling section of the iron and steel 
industry, required by medium-sized public limited company in North-West. Commencing 
salary £1250 per annum. Reply giving particulars of education, experience, position held, and 
age to Box No. 216, Institute of Metals, 4 Grosvenor Gardens, London, S.W .l.
The C IV IL  S E R V IC E  C O M M IS S IO N E R S  invite applications for two posts in the Ministry 
of Supply, both of which are graded as either PRINCIPAL SCIENTIFIC OFFICER or 
SENIOR SCIENTIFIC OFFICER. Candidates must be British subjects bom on or before 
1 August 1915, and must possess a  First or Second Class Honours degree in metallurgy.

For Post I, a t Headquarters in London, candidates should have experience in the field of 
research and development on alloys and high temperature materials. The successful candidate 
will be responsible for handling research work connected with high-temperature alloys and 
materials for use in gas turbines and other engines.

For Post II, a t the Royal Aircraft Establishment, Famborough, Hants., candidates should 
have experience in the metallography of light alloys. The successful candidate will be required 
to undertake research and development work on light alloys used in aircraft production.

Both appointments are permanent with superannuation enefits under the Federated 
Superannuation System for Universities.

Successful candidates will be appointed as Principal Scientific Officer or Senior Scientific 
Officer according to their qualifications and experience, on one of the following inclusive salary 
scales :—

Principal Scientific Officer. Senior Scientific Officer.
Post I.—£900-£1220. Post I.—£650-£850.
Post II.—¿860-£1155. Post II .—£620-£810.

Rates for women are somewhat lower.
Forms of application are obtainable from the Secretary, Civil Service Commission, Scientific 

Branch, 27 Grosvenor Square, London, W .l, quoting No. 2032, to whom completed application 
forms should be returned not later than 9 December 1947.

FOSTER s m s
Specialists in the manufacture 
of Pyrometers for over 30 years.

F O S T E R  IN S T R U M E N T  C O ., LTD., L E T C H W O R T H ,  H E R T S
'Phone: Letchworth 984 (3 lines). G ram s: “ Resilia,”  Letchworth.
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. . . by M . Baeyertz

T h is  book  brings together, for the first tim e under a single cover, enough  o f  
the basic princip les w h ich  govern the form ation o f  inclu sions, the estim ation o f  
their am ount in  com m ercial products, and the identification  o f  their m ineralogical 
character to afford the beginner an in troduction  to the subject. I t  presents the  
signp osts that keep the beginner from  trip p ing  in  th e  crevasse that som etim es 
seem s to lie betw een  the fields o f  m etallurgy, m ineralogy, and physical chem istry.

“  In clusions ” g ives you  a survey o f  the nature and origin  o f  the com m on types o f  
non -m eta llic  inclu sions, and m eth ods that m ay be used  to stu dy  them . T w o  
kinds o f  non -m eta llic  inclusions are generally  recognized , and these are considered  
carefully. O ne type are those w h ich  are entrapped in  the steel in a d v er ten tly ; 
the other, those w h ich  separate from  it because o f  a change in tem perature or 
com position . T h e  book contains m any illustrations and charts.

135  Pages. R ed C loth  B ind ing. 7 1  Illustrations. g X 6 in. $3 .0 0 .

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

R E C E N T L Y  P U B L IS H E D

AN INTRODUCTION TO THE

ELECTRON THEORY OF METALS
by G. V. RAYNOR, M.A., D.Phil.

Research Fellow In Theoretical Metallurgy, Birmingham University 

Bound in cloth. 98 pages, with 62 figs.

7 s .  6 d .  post free. ( 3 s .  9 d .  post free to m em bers)

S p e c ia lly  c o m m is s io n e d  b y  th e  I n s t i t u t e  o f  M e ta ls ,  th is  b o o k  h a s  b e e n  w r i t ­
t e n  f o r  t h e  o ld e r  m e ta l lu r g is t  w h o s e  k n o w le d g e  o f  p u r e  p h y s ic s  is  in s u f f ic ie n t 
to  e n a b le  h im  to  c o m e  re a d i ly  to  te r m s  w i th  th e  m o d e m  th e o r e t ic a l  w o rk  o n  
th e  m e ta l l ic  s ta te .  •  T h e  a u th o r  d e a ls  w ith  t h e  n e w  a p p ro a c h  to  m e ta l lu rg y ,  
s o m e  b a s ic  p r in c ip le s  o f  a to m ic  th e o ry ,  t h e  B o h r  t h e o r y  o f  th e  a to m ,  th e  p r o ­
b a b i l i ty  c o n c e p t io n s ,  a p p l ic a t io n  to  m e ta ls ,  t h e  e ffe c t o f  c ry s ta l  s t r u c tu r e ,  
a p p l ic a t io n  to  a llo y  s t r u c tu r e s ,  a p p ro x im a t io n s  in v o lv e d  in  th e  r e s u l t s  o f  th e  
e le c t r o n  th e o r ie s ,  in s u la to r s  a n d  c o n d u c to r s ,  m a g n e t ic  p r o p e r t i e s  o f  m e ta ls  a n d  
a llo y s , a n d  th e  c o h e s io n  o f  m e ta ls .

T h i s  is  a  b o o k  w h ic h  s h o u ld  b e  re a d  b y  e v e ry  m e ta l lu rg is t .

INSTITUTE OF METALS 
4 GROSVENOR GARDENS, LONDON, S.W.I.
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Revised Prices o f  Institute Publications (Post Free) 
from  22nd M ay 1947

INSTITUTE OF METALS 
PUBLICATION.

Pub­
lished
Price.

Members 
Rate 
(one 

copy o f  
each)»

Book­
sellers

and
Library.

Rate.

£ s. d. £ s. d. £ s. d.
JOURNAL, bound in cloth, per vol. (annual) 3 0 0 1 10 0 2 10 0
M ETALLURGICAL ABSTRACTS, bound in

cloth, per vol. ( a n n u a l ) ............................................. 3 0 0 1 10 0

O©

JO URNAL A N D  M ETALLURGICAL AB­
STRACTS, bound in cloth, per annum 5 0 0 3 0 0 4 3 4

(M ONTHLY) JO URNAL A N D  M ETALLUR­
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A ST U D Y  OF PRO CESS V A R IA B L E S IN  T H E  1 1 1 4  
PR O D U C T IO N  OF A LU M IN IU M  PO W D E R  
B Y  ATOM IZATION.*

B y  J .  S . T H O M P S O N ,f  B .S c . ,  S t u d e n t  M e m b e r .

S y n o p s i s .

The process of molten-metal atomization has long occupied a position 
of major importance among the methods o f production of metal powders, 
and its application to aluminium has been common, in various modi­
fications, for many years. Presumably because of the numerous ways 
in which this process may be performed, there has been little information 
published about the subject, and therefore a study has been made of the 
effects o f certain variables upon the most important characteristics of the 
product and the method of operation. Particular attention has been 
paid to the rate at which atomization proceeds, the size grading of the 
powder, and the ease and efficiency of operation.

Of the variables investigated, those concerned with nozzle design 
have been shown to be of relatively minor importance, giving results 
peculiar in form, as well as in magnitude, to a specific set of operating 
conditions. Rate of atomization has been found to be simply related to 
the variables : metal head, air pressure, metal temperature, and area of 
metal orifice, when each is considered separately, since linear relationships 
have been established by the use of very simple functions of these factors.
The variables are interdependent, however, and when two or more are 
considered together the relationships become more complex. A general 
explanation of the mechanism of operation has been outlined and a 
tentative equation developed to cover the dependence of rate of atomiza­
tion upon the most important variables. The principal advantages of the 
method are given together with a summary of the value of each variable 
as a means of process control. The determination of the size distribution 
of the powder of sub-sieve size is described briefly in the Appendix.

I . — I n t r o d u c t i o n .

R e c e n t  d ev e lo p m en ts in  th e  use o f  a lum in ium  pow der in  a  num ber o f  
in d u str ies  h a v e  m a d e  m a n y  dem an d s u p on  th e  producers o f  th is  
m ateria l, d em and s a ccen tu a ted  during th e  w ar period  b y  th e  ex ten siv e  
use o f  a lum in ium  pow der as an  in gred ien t o f  incen d iary  and  ex p lo siv e  
co m p osition s. In  a d d itio n  to  th e  h igh  co n su m p tion , th e  u ses o f  th e  
m ateria l are so h ig h ly  d iversified  th a t  th e y  n ecessita te  th e  produ ction  
o f  pow ders differing w id e ly  in  th e ir  sp ecific  characteristics. Y e t  o f  th e  
m a n y  m eth od s a t presen t a v a ilab le  for th e  p rod u ction  o f  m eta l pow ders 1 
o n ly  four are used  for a lum inium  : m illing , sh o ttin g , granu lation , and  
a to m iza tio n . O f th ese , m illin g  p rodu ces a lum in ium  in  flake form , 
ch aracterized  b y  i t s  u se  as a p igm en t, w h ile  sh o ttin g  and  granu lation

* Manuscript received 29 January 1947.
t  Development Manager, Metals Division, Durham Chemicals, Ltd., Birtley. 
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give comparatively coarse products of uncertain oxide content. The 
remaining process, that commonly referred to as atomization, has been 
found to be of great flexibility with respect to the size distribution of the 
product, and, surprisingly enough when the underlying mechanism is 
considered, the oxide content is sufficiently low to permit the production 
of strong compacts by the normal devices of powder metallurgy.2 A 
certain looseness of terminology exists in the current use of the word 
“  atomization ”  since it is used to cover methods of metal-powder 
manufacture differing widely in their characteristics. The word is 
used here to refer to those processes, the essential principle of which is 
that a stream of molten metal is disintegrated by a controlled flow of 
compressed fluid; such a definition would exclude any methods of 
production of metal .powders by mechanical disintegration of molten 
metal.

The idea of disintegrating a metal stream by a blast of compressed 
fluid is by no means new,3 in its most elementary form it was the basis 
of a German patent taken out in 1882, the object being the production of 
lead powder for use in accumulators. Since that date there has been a 
steady improvement in both apparatus and technique, the principal 
trend being towards the development of a compact, self-contained 
nozzle as opposed to the original independent system. Two American 
patents 4 granted in 1924 and 1925 describe, respectively, a system for 
the atomization of metals and, in more detail, a nozzle for use with this 
system. The special feature of this nozzle is that the compressed gas 
issues from an annulus concentric with the metal orifice; this principle 
has been made the basis of many atomizing nozzles since then and is, 
indeed, characteristic of the nozzle with which the present work was 
performed.

Although there is abundant material, particularly patent literature, 
dealing with the construction of apparatus used for atomization, there 
appears to have been little or no published work indicating the scope of 
the process, its advantages over other production methods, or its more 
practical fundamental aspects. Doubtless this can be ascribed to the 
many modifications of apparatus which can be employed and the 
necessarily highly specific character of an investigation dealing with the 
details of any particular method. Nevertheless, it was felt that reason­
ably comprehensive tests, concerned with operational conditions and 
factors of nozzle design as means of control of the characteristics of the 
final product, might yield useful results and indicate, in at least a 
general manner, the fundamental factors underlying the process. For 
comparative purposes, some research was carried out on water spraying 
as a preliminary to aluminium; the results are included at appropriate



places in the text because of their value in confirming those obtained 
with metal.

II.—S c o p e  o e  E x p e r i m e n t a l  W o r k .

The object of the research was to determine the effects of certain 
variable factors upon the nature of the product and the practicability 
of the method for the production of aluminium powder. It was decided 
that, under any set of conditions, the results of operation could be 
defined by three characteristics, so that, in essence, the work comprises 
a study of the effects of alteration in the variable factors upon these 
characteristics, viz. productive rate, quality of product, and ease of 
operation.

1. Productive Rate.
Many production methods for metal powders which have proved to 

be eminently satisfactory on a laboratory or pilot-plant scale have 
suffered because the rate of output has proved to be prohibitively low 
when applied on a works scale. Perhaps this has been more commonly 
experienced with iron powder than with aluminium ; nevertheless, the 
productive rate is of immense importance since it greatly influences the 
manufacturing costs of the process.

2. Quality of Product.
The quality of a metal powder is essentially a composite property, 

and has several fundamental attributes inevitably associated with it. 
Of these, there are three which might be considered as primary ; others, 
such as flow factor, apparent density, and pressing properties, which 
derive from these primary properties, were not therefore investigated.

(a) Chemical Quality. Obviously the suitability of a metal powder 
for a particular requirement is originally governed by conformation to 
the chemical specification for the material. When relatively pure metal 
(i.e. as distinct from alloys) is used in powder metallurgy, chemical 
considerations become almost solely limited to the quantity of oxide 
present and its mode of distribution ; where this is important, reference 
to it will be found in the text.

(b) Size Distribution. Although the fundamental questions of size 
distribution of any given powder, and their relation to the processing of 
that powder, are not fully understood, it is nevertheless accepted as one 
of the most important factors of powder metallurgy and one which 
exerts considerable influence upon such properties as flow factors and 
apparent densities. In this work, size distribution was investigated 
by sieving and by representative sub-sieve size analyses carried out 
using an air elutriator of simple but effective design (see Appendix).

Production of Alum inium  Powder by Atomization 103



(c) General Characteristics. In this group are included those 
properties which are rather difficult of quantitative interpretation, 
such as shape of particles and surface characteristics, properties which 
almost certainly represent the “  unknown factors ”  in flow, loose 
packing, and ease of pressing. Atomized particles are generally stated 
to possess an elongated tear-drop form. In actual practice they are, of 
course, highly variable in shape (atomized copper powder can be 
obtained in the form of almost perfect spheres because of the high 
surface tension of the molten metal), but their mode of formation is 
such that they are usually elongated, in the case of aluminium generally 
approximating to an ellipsoid in which the major axis is almost exactly 
twice that of the smaller dimension. This fact was determined 
statistically from microscopic measurement of a large number of 
particles, and was found to hold for all sizes from 36 mesh B.S. sieve 
(422 microns) down to 10 microns. During the trials, the particle 
shape showed no systematic change with alteration in any variable; it 
was felt that investigation of this factor could, therefore, be justifiably 
eliminated. Characteristically the particles were found to be irregular 
in outline but superficially smooth (see Figs. 22-25 (Plate XVII)) and 
appeared to be quite sound, almost completely lacking in large discon­
tinuities such as are found in metal powders produced by certain other 
methods.

3. Operational Characteristics.
Certain conditions connected with the process, which, although 

permitting brief periods of satisfactory operation, rendered continuous 
atomization impracticable, were discovered during the trials. Where 
such conditions have militated against complete accuracy of results, 
the reason and possible solution have been indicated at the appropriate 
points in the text.

Owing to the tremendous number of possible combinations, any 
work which involves the investigation of the effects of a number of 
variable factors on the characteristics of a general process must 
necessarily be incomplete. It was decided therefore, in this ease, 
that isolated treatment of each factor, while maintaining all others 
constant, would yield a representative set of data, sufficient to give at 
least a general picture of the process mechanism.

III .—A p p a r a t u s .

1. Layout of Plant.
When considering erection of plant for the production and collection 

of even small quantities of aluminium powder, one of the governing
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factors is complete observance of all reasonably practical safety 
precautions.5 When dispersed in air aluminium can be dangerously

A. Melting furnace.
B. Atomizing unit.
C. Motor.
D. Fan.

K e y .
E. Explosion vents.
F. Cyclone.
G. Shut-off slide valve.
H. Off-take rotary valve.

inflammable 6; static dust clouds must therefore be strictly avoided at 
any point in the circuit, and the concentration of powder in suspension 
should be kept below the 
explosive limit through­
out as great a part of the 
plant as is practicable.
A number of systems for 
handling aluminium powder 
are at present in use, and 
that described below can 
probably claim safety and 
efficiency at least equal to 
any of the others. The prin­
cipal features and general 
layout of the experimental 
plant are shown in Fig. 1.

The metal is originally 
melted and raised to the 
requisite temperature in a 
gas-fired crucible furnace,
from which it is transferred to a separate gas-heated crucible to which 
the atomizing nozzle is attached (Fig. 2). The powder is blown into a 
large-diameter conveying tube, the mouth of which is encased in J-in.

Fxo. 2.—Detail of Atomizing Unit. 
K e y .

A. Clay-grapMte crucible.
B. Gas Burner.
0 . Compressed-air line.
D. Atomizing nozzle.
E. Collecting trunking.
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MILD STEEL INNER SHEATH

M ILD STEEL OUTER SHEATH

armour plate, and, by virtue of the suction created by a fan, is carried 
through trunking to a cyclone of conventional design, where the majority 
of the powder is deposited and continuously collected. A small amount 
of fine powder is drawn out of the cyclone by the effluent air and is 
conducted to a water scrubbing tower where it is trapped and carried 
away as a dilute slurry.

2. Nozzle Design.
During the atomization of aluminium, an operating temperature of 

about 800° C. is generally employed, and this imposes severe refractory- 
corrosive conditions on the nozzle material. Trials conducted with 
common ferrous materials gave highly unsatisfactory results, the rapid

formation of FeAls caus­
ing irreparable deteriora­
tion of the nozzles;
even special heat-resisting 
steels lasted only several 
minutes. Graphite, al­
though giving a slightly 
longer life, was never­
theless subject to corro­
sive attack and was
mechanically unsatisfac­
tory. Eventually, a 

special refractory material was tried and found to be eminently 
suitable; there appeared to be no corrosive attack, and refractory 
strength was sufficiently high to withstand any normal treatment 
required during operation. The essential features of this particular 
type of nozzle are that the metal stream, issuing from the central 
orifice, is caught up by an annular blast of atomizing medium (in this 
case compressed air) concentric with the jet, disintegrated, and expelled 
from the nozzle as a confined spray of originally molten droplets, which
are chilled and solidify at some point distant from the nozzle. Details
of nozzle design are shown in Fig. 3, and it will be noted that only the 
inner nozzle is constructed of refractory material, other parts not in
contact with the aluminium being of mild steel.

IV.—E x p e r i m e n t a l  P r o c e d u r e .

The original metal charged to the melting furnace was virgin 
aluminium in the form of 50-lb. ingots, the general analysis of which 
is indicated in Table II. On attaining the requisite temperature, this 
metal was transferred to the blowing unit and maintained at a constant

F ig . 3 .— Atomizing Nozzle.



head and temperature during atomization. The viscous and highly 
tenacious oxide skin which inevitably forms on aluminium at elevated 
temperatures proved highly detrimental to the atomization process, 
causing partial blockage of the orifice and consequent diminution of 
metal flow. For this reason, the metal was frequently fluxed and 
skimmed during atomization. As soon as a steady flow was obtained 
from the nozzle orifice, i.e. when sufficient head of metal was attained 
in the bath, the compressed air was applied. Previous tests had proved 
that air at atmospheric temperature could be used for the atomization 
of aluminium without causing undue risk of freezing at the nozzle. 
This fact is perhaps surprising when the details of the process are 
considered, but the use of such air was adhered to throughout the tests.

Figures given for rates of atomization were obtained from the 
material delivered at the cyclone. It was appreciated that this 
introduced a slight error, in that losses throughout the plant were 
disregarded, but recovery figures showed these losses to be of a low 
order (approximately 2%) and sufficiently constant to have little 
serious effect on the accuracy of the results. Previous experiments 
on water spraying had given highly reproducible results; Table I has 
been included for the specific purpose of showing that the degree of 
reproducibility obtained in the atomization of aluminium is also of quite 
a high order. The discrepancies which do arise can be attributed to 
the obstruction of the nozzle by particles of oxide, injected to the base 
of the blowing crucible when metal is transferred to it. These particles, 
although not causing complete stoppage of the metal flow, cause a 
considerable diminution, which may not be readily observed. Thus 
results can be recorded which are not truly typical of the operational 
conditions. The practical solution of the problem is to probe the 
nozzle with a rod of slightly smaller diameter than the nozzle bore; 
if this is done carefully the material causing the obstruction can be 
pushed into the body of the metal in the crucible, where it has an 
opportunity to move to the surface. Only by regular probing can 
the maximum productive rate be assured. During operation, metal 
temperature was measured at five-minute intervals by a bare immersion 
Chromel-Alumel thermocouple, previously checked against a standard 
couple. The temperature could be maintained within ± 10 °  C. of any 
desired value.

The problem of representative sampling in this case, as in most 
others where relatively large quantities of material are handled, was 
not solved completely satisfactorily. Recourse was made to the use 
of a conventional sampling “ thief ” , one sample being taken from 
each 2 cwt. of powder produced; subsequent quartering reduced
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the sample to a workable size. Full precautions were taken to 
avoid segregation and classification, and all tests were performed in 
triplicate. Sieving analyses were carried out,7 using a set of British 
Standard Specification Fine Test Sieves which had been calibrated 
microscopically and shown to agree closely with their nominal sizes. 
It rapidly became obvious that to report, say, 50% of a powder as 
passing the 200-mesh sieve without further specification of the fine 
material was highly unsatisfactory, but considerable difficulty was 
experienced in finding an apparatus suitable for the analysis of

T a b l e  I .—Effect of Variation in Metal Head on Rate of Atomization.

Test
Designation. Metal Head, in. Temp., ° 0. Bate of Atomization, 

lb/hr.

A . 1. a. m 773 415
b. 10.1 770 412
c. _ 101 773 409

A . 2. a. 760 413
b. n 765 407
c. n 770 410

A . 3. a. n 773 406
b. n 780 408
c. n 775 404

A . 4. o. 51 771 403
b. 51 775 400
c. 51 773 400

A . 5. a. 31 773 396
b. 31 773 387
c. 31 775 390

Average values from Table I give the results shown graphically in Pig. 4, and 
the comparable results obtained with water are shown in Pig. 5.

sub-sieve-size powder. Eventually, determinations of size distribution 
of material in this range (i.e. finer than 76 microns) were made using a 
four-tube elutriator described in the Appendix. A further matter 
affording some difficulty of solution was that of suitable graphical 
means of representing size distribution. Finally, it was decided that 
two simple, but nevertheless effective, methods might be employed :

(a) As an indication of the trend of powder quality throughout 
a series; the percentage weight of powder which passed the 200-mesh 
sieve (76-micron aperture) was plotted against the variable factor 
of the series. It can be taken that such a plot indicates the general 
effect on the fineness of the powder through the series.

(b) The complete picture of the nature of any variations in size



distribution is afforded by the use of the cumulative percentage 
oversize plot, which indicates whether a change is merely a general 
shift towards increased fineness or coarseness, or whether the actual 
character has changed, e.g. accentuation or diminution of peaks in 
the curve, introduction of double-peaked distribution, &c.

V.—E x p e r i m e n t a l  R e s u l t s .

1. Pressure of Metal Head.
(a) Constant Factors: metal orifice, in .; air annulus, in .; 

protrusion, in .; inclination of external sheath, zero; air pressure, 
75 lb./in.2; metal temperature, 775° C.
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F i g . 4.— Effect of Metal Head on Rate of Atomization.

It will be seen from the graphs of Figs. 1  and 5 that, within a limited 
range (the limits being imposed by operating conditions), pressure of 
metal head has but slight effect on the rate of atomization. With 
water, the change is considerably more marked; as might be expected, 
a linear relationship exists between productive rate and the square root 
of water head. The shape of the curve of Fig. 4 (cf. the curves of Fig. 5) 
suggests that in all probability a similar relationship holds for aluminium 
but the working range is too short to permit accurate statistical 
correlation. Nevertheless, it can be said that, qualitatively at least, 
the results fall into line with theoretical expectations, and it is only in 
the magnitude of the change that the results are rather divorced from 
theory. It is perhaps interesting to note that when reduced to the 
same orifice diameters, aluminium production at 4-in. metal head and 
rate of atomization of water at 4-in. water head are nearly equal, in 
spite of the differences in physical characteristics such as specific



gravity and viscosity (aluminium at 4-in. head : 395 lb./hr.; water at 
4-in. head : 403 lb./hr.).

In the light of the results obtained for rate of production, it is 
relatively easy to explain the effect of metal head on the size grading 
of the resultant powders. Since the air pressure is constant, the 
quantity of energy available for atomization must also be constant. 
Further, since the energy required to disintegrate the metal stream to 
independent particles must be a function of total surface and therefore 
of particle size, it follows that an increase in the quantity of metal 
available for atomization must inevitably lead to a decrease in the 
energy available per unit weight of metal, with consequent increase in 
the general coarseness of the product. This allows a generalization to
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F i g . 5 .—Effect of Water Head on Rate of Atomization.

be made which should be verified by succeeding results : if any factor, 
which does not in itself affect the energy available for atomization, is 
altered so as to increase the rate of atomization, then there should be a 
corresponding decrease in the efficiency of atomization; the powder 
should become coarser. In cases where the actual available energy, or 
the energy required for disintegration, are altered, then factors appear 
which may compensate for, or even completely efface, the above effect. 
In this particular series, there is a definite decrease in atomization 
efficiency as the head of metal is increased ; even the general 
characteristic, weight of material passing a 200-mesh sieve, shows a 
steady reduction throughout the series, and the cumulative plot 
indicates a general shift towards increased particle size. The typical 
distribution curve, which can be deduced from the cumulative curves 
of Fig. 6, is characterized by two peaks separated by a minimal trough
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at about 80 microns. The major peak occurs at about 25 microns, and 
is typical of an asymmetric or skew probability distribution; the other 
peak is less sharply defined, occurring at about 130 microns and falling 
away smoothly to zero value at a very large particle size.

Operation throughout the series was good, although at the lower 
heads, particularly3Jin ., 
difficulty was experi­
enced with excessive 
injection of dross into 
the nozzle, and it became 
necessary to resort to 
more frequent probing 
than was the case with 
the higher heads. In 
spite of this, however, 
atomization was gener­
ally quite satisfactory 
down to 3J-in. head; 
below this figure the 
metal issuing from the 
orifice possessed a very 
low velocity, and fouling 
at the nozzle tip was 
greatly facilitated.

As stated previously 
in connection with 
chemical quality of the 
powder, the only im­
portant factor is the 
q u a n t i t y  o f  o x i d e  
present; this is sub­
stantiated by the figures 
given in Table II. I f  the F ig .  6.—E ffe c t o f  M e ta l H e a d  o n  S ize  D is tr ib u tio n , 
a s s u m p t i o n ,  s t a t e d
earlier, that the oxide is principally concentrated on the surface of 
the particles, is true, then it would be expected that with increased 
fineness of powder the oxide content would increase, owing to the very 
much greater specific surface. This was tested in a general manner by 
taking three rather broad sieve groups and determining the quantity of 
metallic aluminium present in powder from each of the groups; a 
marked decrease in this constituent was apparent as the fineness 
increased.
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It is interesting to note in this connection that it has been shown 
by Cremer and Cordiano 2 that superficial oxide envelopes, if not too 
tliick, do not militate seriously against the value of atomized aluminium 
for fabrication of articles by powder-metallurgical technique; in fact, 
for such purposes atomized powder is preferred to other forms of 
comminuted aluminium. Only very slight modifications of normal 
pressing procedure are required, and in certain cases the slight oxide 
coating which is inevitably present may be of actual value in the 
finished pressing, e.g. for grain-size control.

(b) Spray Form. Characteristically the spray consists of a conical

T a b l e  II.—Composition of Original Aluminium and Aluminium Powders.

Constituents. Virgin Alumin­
ium Ingots, %.

Powder 
A .l.c , %.

Powder 
A.S.b, %.

T o ta l  a lu m in iu m  . . . . 99-3 990 99-1
M eta llic  a lu m in iu m 99-0 98-35 98-5
C o m b in e d  a lu m in iu m  (b y  d ifference) 0-3 0-65 0-6
Z in c  . . . . . . 0-05 0-08 0-05
I r o n  . . . . . . 0-30 0-25 0-30
C o p p er . . . . . 0-02 0 0 3 0 0 3
L e a d  . . . . . . 001 0-01 0-02
S ilicon  . . . . . 0-10 010 0-08

T a b l e  III .—Effect of Particle Size on Metallic Aluminium Content of 
Aluminium Powder.

Group Size. Metallic Aluminium, %.

+  44 99-50
85-100 98-52
-  200 96-67

shell, which comes to a focus at about 1J  in. from the tip of the nozzle 
and then diverges quite regularly. (The position of the focal point 
naturally varies with operating conditions, but is generally between 1 
and 1 J  in. from the nozzle tip.) The stream of liquid metal which 
initially issues from the orifice persists as a jet for a certain distance 
from the tip and then “  fountains ”  quite abruptly to the periphery 
of the cone. Since the cone appears to begin at the outer rim of the 
refractory nozzle, the film of aluminium must actually be drawn back on 
to this surface, from which it is subsequently expelled to take the 
conical form typical of the process. Obviously, the air in the vicinity 
of the nozzle must be in a complex state of turbulence, so that at various 
points in the field the operative forces will vary considerably, both in 
magnitude and direction. Probably within the shell there exists a
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F i g . 7 . - -Diagrammatic Kepresentation of Spray 
Form.

slight but nevertheless effective positive pressure directed towards the 
nozzle, while outside the 
cone the effluent air creates 
a force directed away from 
the nozzle. Thus a two- 
way motion must go on in 
the shell of the cone, there 
being an inner stream flow­
ing towards the periphery 
and also an outer stream in 
which the particles are mov­
ing in exactly the opposite direction and are ejected to the atmosphere 
(Fig. 7).

2. Pressure of Atomizing Medium : Compressed A ir.
(a) Constant Factors : metal orifice, -3\  in .; air annulus, in- > 

protrusion, \  in .; inclination of external sheath, zero; metal head, 
9J in .; metal temperature, 775° C .; volume of free air through nozzle, 
250 ft.3/min.

From the early results it appeared that a direct linear relationship 
existed between air 
pressure (i.e. gauge 
line pressure) and rate 
of atomization, but 
closer examination 
revealed that the 
points actually lie on 
a smooth curve, as 
shown in Fig. 8. Fig. 9 
shows that, in a series 
of curves at different 
heads, relating rate of 
atomization and air 
pressure, as the head 
is increased the curves 
approximate more
closely to straight lines of decreasing slope, until at large heads it appears 
probable that alteration in air pressure will cause no change in rate of 
atomization. Therefore, it follows that the effluence of the compressed 
air from the annulus produces a force which acts upon the metal stream 
and imparts to it a greater velocity of flow through the orifice. In the 
previous section, it was shown that immediately in front of the nozzle

A IR  PRESSURE , LB. / SQ  IN.

F i g . 8 .— Effect of Air Pressure on Rate of Atomization 
of Aluminium.
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there must exist a slight force, due to the compressed air, directed towards 
the nozzle. The fact that the results of this series show that there must 
be a force directed away from the nozzle must at first sight appear 
anomalous, but it is feasible that these forces operate at quite different 
points within the field, and can therefore exert an effect simultaneously. 
A further fact revealed by the curves of Fig. 9 is that the force exerted 
by the compressed air on the effluent liquid is not constant, but depends 
upon the head of liquid1 causing flow. Thus the increase in rate of 
atomization effected by increasing the air pressure from 0 to 100 lb./in.2
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becomes progressively less as the head alters from 2 to 24 in. Since at 
constant head the force due to the head of liquid cannot be affected by 
alteration in air pressure, it follows that any variations which do occur 
must be due to changes in the magnitude of the force caused by the 
compressed air.

Momentarily considering only isolated series at fixed heads, it has 
been found that a relationship similar to that between liquid head and 
rate of atomization exists, i.e. the rate is directly proportional to the 
square root of the air pressure, and not to the air pressure itself. In 
conformity with the previous series, this suggests that the velocity of 
the effluent air, and not the actual gauge line pressure, is the controlling
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factor. The application of this explanation is extended in the discussion 
of the results.

Such conditions render it rather difficult to predict the effect of 
change in air pressure 
upon the fineness of 
the resultant powder.
In the simple case 
where the rate of flow 
is increased without 
altering the conditions 
of atomization, it has 
been shown that there 
is a coarsening of the 
product; but in this 
case there is a com­
pensatory factor, in 
that any increase in 
air pressure gives a 
greater available en­
ergy, and thus the 
final effect will be 
governed by the rela­
tive magnitudes of 
these two factors.
Castleman,8 engaged 
on work of a similar 
nature but different 
in application, has 
suggested that particle 
size should decrease as 
the air pressure in­
creases. In this par­
ticular case, the re­
sults obtained are 
shown in Fig. 10, and 
it will be appreciated 
that the shape of the 
curve does not lend itself to simple interpretation. The fact has been 
substantiated, however, by more recent work on other metals, i.e. 
increased air pressure causes an increase in fineness up to a maximum, 
after which there is no further increase; in some cases there may 
actually be a decrease. It is feasible that a maximum may occur on
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F io. 10.—Effect of Air Pressure on Size Distribution.
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the fineness curve if that curve is the resultant of two opposing curves, 
one indicating an increase due to the increased air velocity, the other 
a decrease due to the increased flow of metal. The average oxide 
content of the powder showed only a slight increase throughout the 
series, and it is probable that this is merely due to the increased quantity 
of fines, and therefore increased surface area. The difference in 
combined aluminium contents between the 30 and 90 lb./in.2 products 
was of the order of 0-75%.

3. Protrusion of Inner Refractory Nozzle.
(a) Constant Factors: metal orifice, in .; air annulus, tV in .; 

inclination of external sheath, zero; air pressure, 75 lb./in.2; metal 
head, 9|- in .; metal temperature, 775° C.

Reference to Figs. 3 and 7 will make clear the implied meaning of 
the term “  protrusion It is an actual measurement of the length 
of the refractory nozzle which is not encased by the outer sheath, and 
obviously controls the point at which the compressed air impinges 
upon the metal stream.

The results obtained in the water spraying were considered originally 
to be rather anomalous, the minimal trough being particularly difficult 
to interpret. However, the results obtained in the aluminium 
atomization are similar in nature; the absence of the minimal trough 
might be due to some difference in nozzle design, or, more probably, 
either the position of the trough or its magnitude is sufficiently different 
from that of water for it not to be shown on the curve within 
the experimental range. In general, the fact that there is a definite 
maximum on the curve is not surprising if it is considered that protrusion 
has a two-fold effect:

(i) As protrusion is increased, the direction of flow of the effluent 
air becomes more nearly collinear with that of the metal jet, and 
therefore the tractive component of the force acting on the metal 
becomes greater. (This is accompanied by an increase in the “  focal 
length ” of the metal cone.)

(ii) As protrusion increases, the point of application of the 
compressed air becomes further removed from the point of initial 
emergence, and therefore the energy available for atomization must 
be reduced by a purely dissipative effect, which would mean a decrease 
in the force applied to the metal.

Unfortunately, the subject does not lend itself to more rigorous 
treatment, but it is quite conceivable that, at a certain value for 
protrusion, the loss due to dissipation more than compensates for the
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increased value of the component force, and if protrusion is increased 
further there must be a steady reduction in the magnitude of the tractive 
force and corresponding reduction in the rate of flow.

PR O T R U S IO N . IN.

F i g . 11 .

P R O T R U S IO N . IN. 

F i g .  1 2 .

F i g . 11 .—Effect of Protrusion on Rate of Atomization of Aluminium. 
F i g . 1 2 .—Effect of Protrusion on Rate of Atomization of Water.
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F i g . 1 3 .—Effect of Protrusion on Size Distribution.

The curve shown in Fig. 13, relating protrusion and percentage of 
“  fines ” , is interesting in that it is the direct reverse of that for 
protrusion and rate of production (Fig. 11). Thus the fines are at a

VOL. L X X IV . K
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maximum at low protrusions, fall rapidly to a minimum, and then rise 
gradually, as the protrusion increases, to a relatively high value. It 
is justifiable to assume that, except at high protrusions, where the 
dissipative effect will be marked, alteration in protrusion will have no 
great effect upon the actual atomization, and therefore changes in 
atomization efficiency will be conditioned almost solely by changes in 
rate of flow. (This, of course, is in agreement with the earlier statement 
on inter-relation of flow rate and efficiency of atomization.)

Difficulty of operation imposed a lower limit to the series, for, while 
zero protrusion was quite feasible when atomizing water, with 
aluminium it was found that even at |-in. protrusion operating 
conditions became difficult, owing to the effluent metal fouling the air 
annulus; and at zero protrusion atomization was quite impracticable. 
At the other end of the scale, operation was quite satisfactory even at 
the high protrusion of 1 in.

4. Orifice Area.
(a) Constant Factors: air annulus, in .; protrusion, J  in .; 

inclination of external sheath, zero; air pressure, 75 lb./in.2; metal 
temperature, 775° C.

O R IF ICE  AREA, SQ.IN. X  10 3 O R IFICE  AREA, SQ .IN  X  I 0 3

F i g . 1 4 . F i g . 15 .

F i g . 14 .—Effect of Orifice Area on Rate of Atomization of Aluminium.
F i g . 1 5 .—Effect of Orifice Area on Rate of Atomization of Water.

The effect of alteration in area of metal orifice is quite clearly 
shown in the curves of Figs. 14 and 15, from which it is obvious that a 
marked linear relationship exists between rate of flow and area of
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orifice, for both, water and aluminium. Only at very low diameters is 
it possible that any deviation exists, since at such diameters the effects 
of wall friction might become of sufficient importance to cause an 
appreciable alteration in the velocity of flow through the orifice. 
However justifiable this may be theoretically, in practice its effect is 
negligible. Since alteration in the orifice area does not in itself change 
the conditions of atomization, any variation in size distribution can only 
be considered as a secondary effect, i.e. as a consequence of the altered 
metal flow. Therefore, since there is a definite quantity of energy 
available for atomization, it is probable that the fineness of the product
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F i g . 16 .—Effect of Metal Orifice on Size Distribution.

will decrease in a regular manner. Fig. 16 shows this to be true, and 
also that fineness actually changes linearly with orifice area.

One operational characteristic which had not been noted previously 
was observed during this series, particularly at the higher end of the 
scale where rates of atomization were of the order of 1000 lb./hr. It 
is well known that metal particles will bond together quite strongly if 
pressure is applied to them, even at atmospheric temperature. It is, 
perhaps, not so fully appreciated that metal powders will sinter, or 
adhere together strongly, at elevated temperatures below their melting 
points, in the absence of any external applied pressure. An example 
of this particle cohesion under the influence of temperature was observed 
during the blowing tests conducted in this series. At high rates of 
atomization, large “  growths ” occurred in the pipe-line into which the 
powder was initially blown. These growths commenced some 6 ft. 
from the mouth and on the floor of the pipe-line, grew to the central
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axis of the pipe, and then increased in length towards the nozzle, 
frequently attaining a length of about 5 ft., with a diameter of 2 ft. 
at the base. In the earlier stages of formation, it is quite definite that 
the individual particles were not molten when they joined the mass, 
since the typically atomized form of each particle was retained in the 
final, coherent body, and yet the strength of the deposit was frequently 
great enough to resist manual disintegration. Such growths naturally 
had a serious effect on the accuracy of the results, and for this reason 
short running periods and frequent cleaning had to be resorted to during 
the tests at large orifice areas.

5. Angular Inclination of External Sheath.

(a) Constant Factors : metal orifice, in .; air annulus -fe in .; 
protrusion, J  in .; air pressure, 75 lb./in.2; metal temperature, 775° C.

This factor, which is purely one of nozzle design, has effects similar 
to, and is comparable with, one previously discussed, namely protrusion

SH E A T H  IN C L IN A T IO N , DEG REES SH EA TH  IN C L IN A T IO N , DEG REES 

F i g . 1 7 . F i g . 18 .

F i g . 1 7 .—Effect of Sheath Inclination on Rate of Atomization of Aluminium.
F i g . 18 .— Effect of Sheath Inclination on Rate of Atomization of Water.

of the inner refractory nozzle. Obviously, any increase in the angular 
inclination of the external sheath inevitably means that the air stream 
is made to converge more rapidly, whereas increase in protrusion has 
a reverse effect, giving a greater degree of divergence. Owing to the 
turbulence existing in the region adjacent to the nozzle tip, it is not 
feasible to make any strict geometrical comparison between the two 
factors, but examination of Figs. 1 1  and 17 shows that the general
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relationship outlined above does exist, i.e. the graph relating rate of 
atomization and decreasing inclination of external sheath could almost 
be superimposed on that of rate of atomization and protrusion.

It is a rather surprising fact that the maximum point on both the 
curves (i.e. for aluminium and for water) occurs at approximately 45° 
sheath inclination; indeed, on consideration, it is strange that any 
maximum should occur at all. On purely theoretical grounds, it would 
be expected that the productive rate would show a continuous reduction 
in magnitude as the convergence of the air stream became more 
pronounced, since the horizontal, tractive component of the force 
exerted by the air on the metal would steadily decrease. The effect 
of altered sheath inclination upon size distribution was also rather 
unaccountable, for the only tendency which was observed, and that 
only to a very small degree, was towards a slight increase in fineness as 
inclination increased; but the differences were so small as to be almost 
within the limits of experimental error. It is feasible, however, that 
increase in the angle of impact of the air and metal streams will alter 
the actual atomization and probably render it less efficient. Such an 
effect would be offset by the decreased production, so that a balance 
might be effected between the two, giving very little change in the 
resultant size distribution. Operationally, high angles of inclination 
were found to be unsatisfactory, giving a much more divergent spray 
and aggravated “  side-splashing

6. Metal Temperature.
(a) Constant Factors: metal orifice, -3% in .; air annulus, in-! 

protrusion, in .; sheath inclination, \  in .; air pressure, 75 lb./in.2.
The variable factors investigated previously have exerted what 

might be termed an external effect on the process, but this represents 
something quite different, in that the resistance of the metal to 
atomization must inevitably be altered by any changes in temperature. 
The metal property which exerts most control over the process will 
obviously be surface tension, with viscosity as a factor of secondary 
importance. By comparison with normal liquids, it may be assumed 
that, for liquid metals over short ranges of temperature, both surface 
tension and viscosity are inversely proportional to temperature, and 
therefore the resistance to disruption must also decrease with increased 
temperature. Fig. 19 shows, however, that the exact reverse of this 
occurs, and that there is a steady reduction in rate of production as the 
temperature of the metal is increased. The explanation of this apparent 
anomaly is not difficult to find. The process of atomization, as carried 
out with this type of nozzle, is not characterized by the weight of metal
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flowing through the orifice, but by the volume, a characteristic which is 
readily affected by alterations in temperature. From this, it will be 
appreciated that, as the temperature of the metal is increased, the 
actual volume of metal passing the orifice will not be changed (this 
ignores viscosity fluctuations), but the resultant mass will be con­
siderably less than that obtained at lower temperatures. Since all 
rates of atomization are reported in units of mass, it is obvious that 
there will be a decrease in mass rate of atomization with temperature, 
a decrease which will be slightly modified by the simultaneous effect of

METAL TEMPERATURE.  ° C

I ’ll}. 19..—Effect of Metal Temperature on Rate of Atomization.

temperature changes upon viscosity, but which should, nevertheless, 
be linear, since cubical expansion of the metal and viscosity are, 
respectively, direct and inverse linear functions of temperature. In 
the case of degree of atomization, the effects of temperature on surface 
tension become of considerable importance, since it is the magnitude of 
the forces of surface tension which primarily governs the size of the 
original liquid droplets, into which the mass of metal is disintegrated. 
Therefore, if the temperature of the metal is increased, the surface 
tension is decreased and the available energy can effect more complete 
breakdown of the stream, giving liquid droplets smaller in size than 
those obtained at lower temperatures. Further, the droplets are initially 
at a higher temperature and therefore pass through a greater thermal 
range before reaching room temperature; they consequently suffer 
a greater reduction in volume than corresponding “  low-temperature ”
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particles. As a result of these two factors, it is to be expected that the 
general fineness of the powder will increase throughout the series in a 
regular, probably linear, manner. The two factors which exert the 
most influence upon particle shape will be temperature at time of 
formation and time interval between formation and solidification. I f  
the temperature of the metal is increased, the magnitude of the forces
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ITo. 20.—Effect of Metal Temperature on Size Distribution.

of surface tension will be less at the actual moment of drop formation, 
which would give a tendency to reduced sphericity. To compensate 
for this, however, there is the increased period during which the 
particles remain liquid, so that the slightly reduced forces have a longer 
time in which to affect particle shape. Examination of the powders 
produced throughout this series revealed no appreciable change in 
particle shape; the 2 : 1 major- to minor-axis ratio was maintained, 
even at the highest temperature.

VI.—D i s c u s s i o n  o f  R e s u l t s .

Castleman 8 has attempted to give an analysis of the process of 
atomization (particularly as applied in internal-combustion engines), 
based on Rayleigh’s work relating to the instability of liquid columns.9 
Although Castleman’s derivations cannot be directly applied to this 
work, the general theory certainly can, since conditions are quite 
comparable in both cases. His major assumption, that, unless the air 
velocity is exceedingly high, atomization proceeds by a process of 
ligament formation, appears quite sound, and is in accordance with 
known facts. Thus the ultimate particles are not produced directly
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from the main body of liquid, but are formed as a result of the collapse 
of elongated ligaments torn from the main mass by the external air 
stream. The size of the ultimate particles is determined by the initial 
diameters of the ligaments, which for any given liquid are simply a 
function of the velocity of the surrounding atomizing medium, the 
diameter and life of any ligament decreasing with increased air speed.

In the atomization of aluminium, the rate of atomization is 
completely determined by the rate of flow of metal through the orifice. 
Since exhaustive mathematical treatment would be impracticable, the 
only operative forces will be considered to be the pressure of metal 
head in the crucible and the tractive force applied to the metal by the 
emergent compressed air. (Whether this tractive force is a resultant 
of several forces due to the compressed air or not has no material effect 
upon the analysis.) Superficially, it would appear that these two 
forces are distinct and in no way related, but this is not true. The 
curves shown in Fig. 5 indicate that, at any given pressure, the 
relationship between head and rate of atomization can be expressed 
by an equation of the type :

R  =  a V H  + b ................................... (1)
where R  is the rate of atomization in lb./hr.; H  is the head, in inches; 
and a and b are constants.

Similarly, at any given head, the rate of production is proportional 
to the square root of the air pressure, and the two factors are related 
by the general equation :

R  =  c V P  +  d ................................... (2)
Thus, assuming the variables to be completely independent, combination 
of equations (1) and (2), to render them more broadly applicable, would 
yield an equation of the form :

R2 =  K .H .P  +  K 1 ................................... (3)

This equation cannot be correct, however, since it demands that 
dR /dP  increases with H, when actually the reverse is required (see 
Fig. 9). This is perhaps obvious when it is considered that the variables 
cannot be independent, since the magnitude of the tractive force due 
to the compressed air is determined by the velocity of the air relative 
to that of the metal and not by the simple air velocity.

Thus, the true equation must be of the type :

R  = f { H }  +  ( f{P}  ~ f Á H } )  . . . .  (4)
where (i) f { H } is some function of head which accounts for the increase 
of R  with H  at fixed values of P  (probably /{//} =  K V h ); (ii) 
( f {P}  — f\{H }) is a composite term involving, functions of P  and H  so
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that the whole term allows for the decrease in magnitude of dR/ dP  as H  
increases, i.e. the whole term is essentially a function of the relative 
velocity of air to metal in the immediate vicinity of the nozzle tip.

Obviously it is possible to visualize a state where velocities are 
equal and the metal stream moves inside a cylindrical shell of air without 
any actual atomization occurring. Further, if the effluent velocity of 
the liquid is very high compared with that of the air, conditions are 
altered so that they become comparable with those which obtain during 
pressure atomization or the so-called “  airless ” injection.

It was appreciated at the outset that graphic presentation of size 
data offered several difficulties which would not be solved by the use of

PART ICLE  S IZE. M IC R O N S  

F i g .  2 1 .—Nature of Size Distribution of Atomized Aluminium.

curves showing the effect of variation of a factor of process control upon 
the weight percentage of powder passing a 200-mesh sieve, but, never­
theless, its general value was considered to be sufficient to justify its 
use. In the case of increasing metal head at constant air pressure, it has 
been shown that the most important consequences are that the rate of 
metal flow is increased, and because of this the velocity of the air 
relative to the metal is decreased, both of which factors lead to increased 
particle size. This is shown in Fig. 6, and with reference to the 
cumulative oversize plot it is interesting to note that the characteristic 
distribution curve is not that of the usual skew-probability type, but 
exhibits two peaks, the major one occurring at approximately 30 
microns and the other at approximately 120 microns (see Fig. 21). It 
is felt that this is an essential characteristic of the process and is due
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to the fact that the material distribution within the spray is not uniform, 
but is affected by the gravitational force exerted on the metal as it 
leaves the orifice. Thus, the metal stream is not truly concentric with 
the effluent compressed air, but is inclined towards the lower part of the 
surrounding cone, with the result that two separate sets of conditions 
operate simultaneously, and that the distribution curve shown in Fig. 
21 (b) is actually the resultant of two curves. This is substantiated by 
the fact that powder resulting from atomization in a vertical plane 
(i.e. either upwards or downwards) where there is complete symmetry, 
usually exhibits a simple asymmetric or skew-probability distribution 
in the “  as-blown ”  condition.

When considering the effects of alteration in air pressure upon the 
size grading of the product, it is necessary to remember that several 
processes operate simultaneously. When the air pressure is increased, 
there is an automatic increase in atomization efficiency, but there is 
also an increase in the quantity of material available for atomization; 
and these two factors, to a certain extent, oppose each other, the 
resultant effect depending upon their relative magnitudes and relative 
rates of change. It is conceivable that, above a certain pressure, the 
increased coarseness due to an increase in the quantity of metal flowing 
becomes greater than the refinement due to the increased air velocity. 
Such an explanation accounts for the maximum which occurs in Fig. 10 
and the subsequent slight decrease in fineness at air pressures above 
50 lb./in.2.

The two factors, protrusion of inner nozzle and angular inclination of 
external sheath, investigated in Part V (sections 3 and 5), are rather 
similar in nature, as has been indicated earlier, and it is considered that 
the explanations developed in section 3 adequately account for what at 
first sight may appear to be anomalous results. Thus, as the protrusion 
is increased, the point of application of the compressed air to the metal 
stream is moved further from the point of emergence of the compressed 
air, so that its velocity, which has been shown to be the important 
factor, is considerably less than the original effluent velocity. The 
immediate result of such conditions would be a steady decrease in the 
rate of flow through the nozzle, but initially there is a strong compen­
satory factor, a consequence of nozzle design, in that a slight protrusion 
prevents the highly undesirable buffering action of the compressed air 
in the immediate vicinity of the nozzle tip, and aligns the flow of the air 
more completely with that of the metal stream. At a particular value 
for protrusion, the decrease due to the reduction in velocity becomes 
greater than the preventive action of the increased protrusion, and 
as the protrusion is increased beyond this figure so the rate of flow



suffers a corresponding decrease. Since the effects of increased pro­
trusion upon fineness are directly opposite to those relating to rate of 
atomization, it appears that, within the experimental limits, fineness 
of product is conditioned to a very considerable extent by changes in 
rate of flow brought about by increased protrusions (cf. Figs. 11 and 
13). The results obtained for the series concerned with the inclination 
of the external sheath (this in effect means the inclination of the effluent 
air) do not lend themselves readily to interpretation, since there would 
not appear to be any factor capable of causing a sudden change in 
the rate of production as the value for sheath inclination reaches 
approximately 45°.

It was appreciated that the size of the orifice would exert considerable 
influence on the process, and it can be said that it is the most important 
controlling factor in the whole process, mainly because of the magnitude 
of the changes in rate of production and quality of powder brought 
about by any alteration in the diameter of the nozzle orifice. The 
flow of metal through the orifice is governed by two factors, the velocity 
of the metal and the cross-sectional area of the orifice, and although 
alteration in area must have some effect upon the frictional losses 
throughout the system, it is probably safe to assume that, within the 
limits of the working range, alterations in the area of the orifice have 
but little effect upon the mean velocity through the orifice. 
Theoretically, therefore, changes in area mean a corresponding and 
predictable change in the rate of flow or atomization. That such 
conditions are not completely attained in practice is indicated by the 
fact that the theoretical curve cannot be superimposed completely upon 
the curve obtained experimentally, but the discrepancies are only 
relatively slight. Further, since the conditions of atomization are not 
affected directly, apparent changes in efficiency of atomization will 
be due solely to variations in the quantity of metal available for 
atomization.

In addition to this obvious effect, there is an important connection 
between orifice area and efficiency of operation. It was stated earlier 
that throughout the tests air at atmospheric temperature was to be 
employed, and this proved quite satisfactory until attempts were made 
to operate with relatively small orifices of the order of f-in. diameter. 
At such low values, it was found that the rate of flow of metal was too 
small to counteract the abstraction of heat from the body of the nozzle 
by the air passing through the annulus, with the inevitable consequence 
that freezing at the nozzle tip became so frequent as to render continuous 
operation impracticable. This difficulty was solved by preheating the 
air prior to its entry into the nozzle, thus permitting smaller orifices to
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be employed, giving a considerable improvement in fineness. Isolated 
tests, combining the use of preheated air and small bores, have been 
performed, and powder passing more than 90% by weight through a 
240-mesh sieve has been readily produced at a rate of approximately 
1 cwt./hr.

In magnitude of effect, metal temperature is the variable next in 
importance to orifice area, and, like that factor, its effects are relatively 
straightforward and applicable over wide ranges of conditions. That 
is, no matter what combinations of nozzle design, metal head, air 
pressure, and metal orifice are used, it is highly probable that linear 
relationships will exist between temperature and rate of flow and 
quality of product because of the fundamental character of the relation­
ships. With respect to rate of production, such conditions will also 
prevail for metal head, air pressure, and metal orifice, but the nature 
of the results of variation in the other factors (i.e. sheath inclination and 
protrusion) will be much more affected by alteration in the remaining 
controlling factors. Reverting to considerations of metal temperature, 
there must obviously be a lower limit of temperature for satisfactory 
operation, but this limit varies considerably with other conditions, 
particularly temperature and pressure of the atomizing medium. 
These conditions govern the rate of heat abstraction, and the area 
of the orifice, in conjunction with metal temperature, control the 
amount of heat given up to the body of the nozzle. With an orifice of 
-352 in. dia. and air at 75 lb./in.2 at atmospheric temperature, the 
lower limit of operation was found to be about 720° C., at which 
temperature periodic freezing occurred, rendering the process inter­
mittent in operation.

Although the data available are insufficient to allow the rate of 
atomization to be expressed as a specific function of the primary control 
variables (i.e. metal head, air pressure, metal orifice, and metal 
temperature), adequate information has been derived to allow a general 
relationship to be established. Thus, the relationship between rate of 
production and air pressure and metal head has been considered to be 
covered by equation (4) : •

R = f { H }  +  ( f { P } - A { H } )  . . . .  (4)

Introducing the variables, area of metal orifice and metal temperature, 
into equation (4) gives the general equation :

• • •  (5)

where R  is the rate of metal flow; A  is the cross-sectional area of metal



orifice; T  is the metal temperature, and is a variable of limited 
applicability (i.e becoming invalid at the minimum temperature for 
satisfactory atomization, and also at the boiling point of the metal) ; 
H  is the metal head ; and (/{P} — %{//}) is a composite term covering 
relative velocity of air to metal (see p. 124).

Although certain of the results lend themselves to more definite 
mathematical treatment (e.g. metal temperature and orifice), it would 
not be of any advantage to make equation (5) any more specific in 
application for these particular variables while factors such as pro­
trusion and sheath inclination can be discussed only in very general 
terms.

V II.— C o n c l u s i o n s .

The process of atomization which has been described is highly 
suitable for the production of good-quality aluminium powder of either 
a coarse grade, such as 36/dust, or a relatively fine grade, such as 
200/dust. The rate of atomization is not constant, but is governed by 
the size distribution required in the final product, and in this connection 
it has been found that, as a general rule, any increase in rate of flow is 
inevitably accompanied by a decrease in the fineness of the resultant 
powder. Nevertheless, the productive rate is high when compared with 
other processes, and although it is difficult to produce 200/dust powder 
at a rate of more than 1 ewt./hr., a rate of 6-7 cwt./hr. can readily be 
maintained on standard 36/dust powder. Operation can be brought 
to a high pitch of efficiency, ultimate losses being approximately 3%  
during the production of material passing 50-60% through a 200-mesh 
screen.

The powder produced by this process is of high quality. Oxidation 
of the powder is in no degree excessive, and for metallurgical (i.e. 
pressing and sintering) and explosive uses the powder has been found 
to be eminently satisfactory. Contamination by other materials during 
production is very limited ; slight dissolution of iron is caused by using 
steel ladles for transmission to the blowing crucible, but this factor, 
were it to become serious, could be readily overcome. Particle shape is 
surprisingly uniform, the length of each particle being approximately 
twice as great as the other dimensions, and this “  shape factor ” is 
probably a general constant, typical of any specific metal powder 
produced by this process.

Control of the size characteristics of the product is achieved by 
alteration of several process variables, the most important of which 
are metal head, air pressure, metal temperature, and metal orifice. 
In summary, the effects of increasing these variables are :
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(i) Metal Head : Slight increase in rate of atomization. Corre­
sponding decrease in fineness of product.

(ii) A ir Pressure: Steady increase in rate of production. 
Increase in fineness up to 50 lb./in.2, thereafter a slight decrease.

(iii) Metal Temperature : Strongly marked linear decrease in rate 
of production (about 1 lb./hr./0 C.). Corresponding linear increase 
in fineness.

(iv) Area of Metal Orifice : Linear increase in rate of production 
up to very high values (1200 lb./hr. at 0-079 in.2 area). Corresponding 
linear decrease in fineness.

In magnitude, the effects of none of the variables compare with those 
deriving from alteration in the area of the metal orifice. In practice, 
alteration in this factor is employed to effect the major adjustments in 
size distribution which are required, and other variables are only 
altered to bring about further slight modifications necessary to bring 
the material within specification. Subsidiary variables, such as 
protrusion of inner nozzle and inclination of external sheath, effect such 
relatively small changes that they are unsatisfactory as means of 
process control, but may conveniently be employed in certain particular 
circumstances.

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

The investigation was carried out at the works of Durham 
Chemicals, Ltd., Birtley, and the Department of Metallurgy, King’s 
College, Newcastle-upon-Tyne. The author is indebted to Professor
C. E . Pearson of King’s College for many valuable suggestions during 
the course of the study, and to the directors of Durham Chemicals, 
Ltd., for permission to publish the results.

R e f e r e n c e s .

1. J. C. Chaston, Elect. Commun., 1935, 14, (1), 133.
2. 6 .  D. Cremer and J. J. Cordiano, Trans. Amer. Inst. M in. Met. Eng., 1943,

152, 152.
3. T. H. Turner and N. F. Budgen, “ Metal Spraying ” . London : 1926 (Griffin

and Company, Ltd.).
4. E. J. Hall, U.S. Patents No. 1,501,449 and 1,545,253.
5. Fire Offices’ Committee, “ Code of Precautions Recommended for Aluminium-

Powder Factories ” , London : 1945.
6. I. Hartmann, J. Nagy, and H. R. Brown, U.S. Bur. Mines Rep. Invest.,

1943, (3722), 44 pp.
7. “ British Standard Specification for Test Sieves.” (B.S. 410). London : 1943.
8. R. A. Castleman, J . Research Nat. Bur. Stand., 1931, 6, 369.
9. Lord Rayleigh, Proc. Lond. Math. Soc., 1879, 10, 4.

10. H. E. T. Haultain, Trans. Canad. Inst. Min. Met., 1937, 40, 232.
11. P. S. Roller, Proc. Amer. Soc. Test. Mat., 1932, 32, 607.



Production o f A lum inium  Powder by Atomization 131

A PP E N D IX .

S i z e  G r a d i n g  o f  S u b -S i e v e -S i z e  P o w d e r  b y  A i r  E l u t r i a t i o n .

The accurate classification of powders of sub-sieve sizes is a problem 
which has received attention from investigators in all the fields concerned 
with the handling and treatment of finely particulate matter. Although 
all the methods which can be applied must ultimately be dependent 
upon microscopic calibration, certain of the standard methods suffer 
through lack of reproducibility in results, which renders them unsuitable 
for either routine sizing tests or for more accurate research work. 
Most of the methods which can be applied to particles in the 1- 10 0  
micron range have been tried in connection with this work, and, of these, 
only air elutriation, which is not strictly dependent upon any funda­
mental law, was found to give satisfactorily reproducible results in 
a relatively short time.

The majority of the earlier methods employed for size determination 
belonged to that class now commonly referred to as “  sedimentation 
methods ” , and are typically dependent upon Stokes’ Law  relating to 
the unhindered fall of solid particles in homogeneous fluids. The 
technique of elutriation is essentially the reverse of sedimentation, in 
that it depends upon the provision, in a fluid medium, of velocities 
greater than the ultimate free falling velocity of certain of the particles 
under the given conditions of test. Further, in elutriation, conditions 
are such that the fluid medium is in a state of considerable turbulence, 
which renders Stokes’ Law  inapplicable except as a very approximate 
basis for calculation.

The most interesting apparatus which have been developed of recent 
years are those due to Haultain 10 and Roller,11 similar in both principle 
and design, and apparently efficient and accurate in operation. For 
the sizing of aluminium powder, preliminary tests indicated that air 
elutriation afforded a satisfactory method, and an apparatus was 
devised which, although similar to both the Haultain Infra-Sizer and 
the Roller Air-Analyser in design, differed from them in certain respects, 
and was, in general, simpler in operation. The elutriator consisted of 
four glass tubes, connected in series to a regulated supply of compressed 
air. The tubes increased progressively in size, and the effluent from 
the largest was led to a bag filtration unit. The air inlet, at the base 
of each tube, was designed so that maximum agitation of the powder 
was obtained. Extensive calibration tests showed conclusively that, 
even with this relatively simple apparatus, results reproducible to 
within rt  2%  could be obtained within 40 min., with the additional



advantage that the grades of powder are available, if  required, for 
further physical or chemical examination. The efficiency of separation 
obtainable with the instrument can readily be appreciated from Figs. 
24 and 25 (Plate X V II), which are comparative photomicrographs of 
fractions produced after different times of elutriation.
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THE SURFACE TENSIO N AND D ENSITY 1115 
OF LEAD-ANTIM ONY AND CADMIUM- 
ANTIMONY ALLOYS.*

B y  H . T . GREENAWAY.f B .M et.E .

S y n o p s i s .

T his p a p e r  describes th e  firs t p a r t  o f  a  p rog ram m e o f research  on 
several aspects o f  th e  surface tension  of liqu id  m eta ls an d  alloys, including 
th e  significance o f th is  p ro p e rty  in  casting  a n d  soldering . T h e  w ork  of 
earlier in v estig a to rs  is briefly  review ed, a n d  a  d escrip tion  is g iven  o f th e  
con stru c tio n  an d  checking o f th e  m ax im um -bubble-pressure a p p a ra tu s  
w hich  w as se lected  fo r use.

U sing  vacuum -d istilled  m ercu ry  an d  w a te r  as s ta n d a rd  liqu ids, an d  
values o b ta in ed  b y  prev ious w orkers as a  basis fo r com parison, th e  
eq u ip m en t a n d  tech n iq u e  h av e  been p roved  to  g ive co nsisten t a n d  reliable 
resu lts .

T he surface ten s io n s o f m olten  c a d m iu m -an tim o n y  an d  le a d -  
an tim o n y  alloys h av e  been d e te rm in ed ; th e  curves o f su rface tension  
p lo tte d  ag a in s t com position  show  a  large fa ll fo r th e  cad m iu m -an tim o n y  
system , w hich co n ta in s a  solid  in te rm e ta llic  com pound, b u t on ly  a  sm all 
fall fo r th e  le a d -a n tim o n y  sy stem , in  w hich  n o  solid in te rm e ta llic  com pound 
occurs. T h is finding is in  co n fo rm ity  w ith  th o se  o f  o th e r  inv estig a to rs .

A  sim ple, accu ra te  m eth o d  h as  been developed fo r m easuring  th e  
densities o f m o lten  alloys, u sing  a  v a r ia tio n  o f  th e  m axim um -bubble- 
p ressure m e th o d  em ployed fo r th e  d e te rm in a tio n  o f  su rface tens ion .

I . — I n t r o d u c t io n .

A g e n e r a l  investigation of the measurement of the surface tensions of 
liquid metals and alloys has been undertaken because it is considered 
that the data obtained will have considerable practical and theoretical 
significance in certain metallurgical operations involving liquid metals 
and alloys. For example, surface tension is considered to be im­
portant in determining the ability of liquid metals and alloys to be 
cast into intricate shapes and small sections. Likewise, the spreading 
of solders is governed by a balance of interfacial tensions. On the 
theoretical side, the existence of intermetallic compounds in liquid 
alloys is likely to be revealed by an analysis of the relationship between 
composition and surface tension.

The work described in this paper was also undertaken to correlate 
the surface-tension-composition relationship in liquid alloy systems 
with the presence of intermetallic compounds in the solid systems.

* M anuscrip t received  28 N ovem ber 1946.
f  A n officer o f  B roken  H ill A ssociated  S m elters P ty .,  L td ., on  loan  to  th e  

Council fo r Scientific a n d  In d u s tr ia l  R esearch , D ivision  o f  In d u s tr ia l  C hem istry , 
M elbourne, A ustra lia .
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Two metal systems were therefore chosen—one (cadmium-antimony) 
containing a solid intermetallic compound, and one (lead-antimony) 
containing no solid intermetallic compound— and their surface-tension- 
composition relationship established.

A  comprehensive survey (up to 1935) of the methods employed by 
various investigators working on the surface tension of liquid metals 
and alloys is given by Bircumshaw 1 and will not be repeated in this 
paper.

Sugden 2 has shown that Macleod’s 3 “  constant ”  y*/(D  — d) (where y  
is the surface tension in dynes/cm., D  the density of the liquid, and d 
that of the vapour) is constant over large ranges of temperature for a 
large number of non-associated organic liquids, but increases with 
temperature for associated organic liquids. Bircumshaw,1 assuming 
that Sugden’s findings would apply to liquid metals, has shown that 
tin, lead, bismuth, cadmium, and antimony are all associated in the 
liquid state.

Matsuyama 4 observed changes of gradient in the curves of surface 
tension plotted against composition for the systems cadmium-antimony 
and zinc-antimony at the compositions of the solid intermetallic 
compounds known to exist in these alloy systems. The curves also 
showed a large fall from linearity. On the other hand, the curve for 
the lead-antimony alloy system (which contains no solid intermetallic 
compound) showed only a slight fall. From these results he con­
cluded that an intermetallic compound existing in the solid phase 
does not decompose during melting, and exists as such in the liquid 
phase.

Sauerwald and Drath 5 obtained similar results in that the systems 
bismuth-tin and bismuth-lead, which contain no intermetallic com­
pound, showed comparatively small falls in the curves of surface tension 
plotted against composition, while the systems copper-antimony and 
copper-tin, containing one or more intermetallic compounds, gave 
large falls. They found also that copper and cast-iron melts show a 
positive temperature coefficient of surface tension.

I I .—A p p a r a t u s  a n d  G e n e r a l  T e c h n iq u e .

1 . Surface-Tension Determinations.
The differential maximum-bubble-pressure method was chosen for 

use in the present investigation because of the formation of a fresh 
surface with each bubble, independence of angle of contact, and easy 
temperature control.

Fig. 1  shows the concentric tubes, the stand used to hold them
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vertically, and the means employed to melt the metal or alloy under 
test. The dimensions of the concentric tubes are given in Table I.

In the preliminary tests, both hydrogen and nitrogen were used. 
The commercial gases were deoxidized by passing through heated fine 
copper turnings and dried with calcium chloride and phosphorus 
pentoxide. The rate of flow of gas was adjusted to approximately

F i g . 1.— Surface-T ension A p p ara tu s.

A. In n e r tu b e .
B. O uter tub e .
C and  D. Cocks.
E . S tud .
F . Spring.
G. Plunger.
H . Mild-steel block.
J .  M ild-steel block w ith  V-groove 

accom m odate B.

K e y .
K . T ripod  s ta n d .
L . Levelling  screws.
M. E lec tric  resistance fu rnace .
N . N o. 2 M organ B a tte rsea  crucible. 
O. A sbestos cover.
P . C hrom el-A lum el therm ocouple.

1 bubble per min. Pressures were measured on a 2 mm.-bore water 
manometer, a cathetometer reading to 0-001 cm. being used to obtain 
accurate values.

The effect of various degrees of polish on the ends of the silica tubes 
was investigated, the following being used as final polishing m edia:
(1) Oakey’s No. 120 carborundum paper, (2) Oakey’s No. 400 car­
borundum paper, and (3) -j- 5 to —15  p. aloxite abrasive on a wet polishing 
cloth.

The method employed to calculate surface tension from the observed



maximum bubble pressures was the method of successive approxima­
tions developed by Sugden.6 The calculations were based on the 
assumption that the bubbles blown in mercury leave the outer circum­
ference of the tubes, which is a reasonable assumption since the tube 
material is not wetted by mercury. Confirmation of the correctness of 
the assumption is provided by the fact that calculations based on the 
internal diameters give decidedly low values. On the other hand, 
when bubbles are blown in a liquid which wets the tube material, the 
correct value of surface tension is obtained only by calculations based 
on the inner diameters. The fact that the bubbles form on the inner

T a b l e  I .—Diameters of Tubes Used in Surface-Tension Determinations.

136 Greenaway : Surface Tension and Density of

Silica Tubes.
Glass

Tubes.
Stainless-

Steel
Tubes.Set 1. Set 2.

D ia., mm. Dia., mm. D ia., mm. Dia., mm.

O uter tu b e  (ex te rn a l d ia.) 

O u te r tu b e  ( in te rn a l d ia.) 

In n e r  tu b e  (ex te rn a l dia.) 

In n e r  tu b e  ( in te rn a l dia.)

10-93
± 0 -0 5

6-73
± 0 -0 1

2-69
± 0 -0 3

1-76
± 0 -0 1

10-244
± 0 -0 0 8

6-02
± 0 -0 2

2-702
± 0 -0 0 7

7-690
±0-001

5-895
± 0 -0 0 6

2-169
± 0-0 1 3

1-172
± 0 -0 0 3

9-597
± 0-0 1 5

8-084
± 0 -0 7 0

2-193
± 0-0 0 3

1-479
±0-001

surfaces of the tubes can be confirmed visually in the case of water, 
which wets all the tube material used.

In  order to check the reliability of the apparatus, the surface 
tensions of distilled water and vacuum-distilled mercury were deter­
mined. Table I I  gives the results obtained.

The accepted value for the surface tension of water at 20° C. is 
72-8 dynes/cm., with which the average values obtained (734 with 
silica tubes and 72-8 with glass tubes) agree quite well. The average 
values for the surface tension of mercury obtained with the three 
types of tubes agree within 1% , averaging 507 dynes/cm. for both 
nitrogen and hydrogen. Other investigators who have used the 
maximum-bubble-pressure method have reported values for mercury 
ranging from 465 to 502 dynes/cm. The values obtained in the present 
investigation are higher than this range, but are of the same order. 
I t  can therefore be concluded that the apparatus and technique are 
satisfactory.

The silica tubes ground on No. 120 polishing paper are seen to 
give irregular high values for the surface tension of mercury, while
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T a b l e  II .—Surface-Tension Determinations on Mercury and Water at 

Room Temperature (20° C.).

Liquid. Tube Material. Atmosphere.
Abrasive Used in Pinal 
Preparation of Ends 

of Tubes.
Surface Tension, 

dynes/cm.

M ercury Silica (Set 1) N itrogen O akey’s N o. 120 p ap e r 562
557
573

A ver. 564
Mercury Silica (Set 1) N itrogen O akey’s N o. 400 p ap e r 510

504
506
512

A ver. 508
Mercury Silica (Set 2) N itrogen + 5  to  —15 p. a lox ite  on 

w et po lish ing  c lo th
510
509
510
511 
511

A ver. 510
M ercury Glass N itrogen O akey’s N o. 400 p ap e r 513

505
507

A ver. 508
Mercury S tain less steel N itrogen O akey’s N o. 400 p ap e r 502

503 
502 
505 
508

A ver. 504
Mercury Stain less steel H ydrogen O akey’s N o. 400 p a p e r 507

500
504
513

A ver. 506
W ater Silica (Se t 1) N itrogen O akey’s N o. 400 p ap e r 73-6

73-9
73-5
74-0 
72-7 
72-2

A ver. 73-4
W ater Glass N itrogen O akey’s N o. 400 p a p e r 7 3 1

73-2
71.9
72-4
73-3

A ver. 72-8



those polished with the two finer abrasives give consistent values of 
the order expected. These results vary somewhat from those obtained 
by Bircumshaw,1 who found that silica tubes, when ground with No. 3 
emery, gave values for mercury of the order expected, but when 
polished with “  fine emery ” , gave much higher values. Using glass 
tubes, he found that the fine-emery polish gave only slightly higher 
values than the No. 3-emery finish.

2. Density Determinations.

In determining surface tension by the maximum-bubble-pressure
method, it is necessary 
to know the density of 
the molten metal under 
investigation. The appara­
tus shown in Fig. 2 was 
developed for this purpose. 
The protruding ends of the 
two tubes were arranged to 
be 4-5-5-0 cm. apart verti­
cally, and the precise dis­
tance was measured by a 
travelling microscope. The 
tubes were obtained with 
identical lower-end dia­
meters by taking a length 
of tube of 2-5-3-0 mm. ex­
ternal dia., cutting it in the 
desired position, an,d polish­
ing the two mating surfaces 
flat and perpendicular to 
their axes.

The difference in the 
pressures required to detach 
bubbles from the two 
tubes in turn (measured 
as in surface-tension de­
terminations) provides a 

measure of density, since the surface-tension effects cancel out.
The formula used was :

D en sity  o f  m e ta l =
P ressu re  difference (cm. w ater) X D en sity  o f w a te r  a t  room  tem p.
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F ig . 2.— D ensity  A ppara tu s.

K e y .

A a n d  B . Silica or stainless-steel tub es sealed 
in to  C.

C. D ouble-core silica rod  ad ap tab le  to  s ta n d
used  fo r su rface-tension  d eterm inations.

D. Tw o-w ay cock.

V ertica l d is tan c e  betw een  th e  ends o f tu b e s  (cm .).



A small correction has to be made to the measured distance between 
the ends of the two tubes to allow for the thermal expansion of the 
tubes and for the increase in depth of immersion caused by the extra 
metal displaced from inside the deeper-immersed tube as compared 
with the second tube.

The apparatus was checked by determining the density of mercury 
at 20° C. The results obtained are given in Table I I I .
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T a b l e  III .

Pressure Difference, 
cm. water.

Corrected Length 
Between Ends of Tubes, 

cm.
Density, g./c.c.

64-7 4-779 13-54
64-7 13-54
64-6 13-53

The accepted value for the density of mercury is 13-54:6 at 20° C., 
with which the observed values agree closely, proving the method is 
sound.

I I I .— E x p e r i m e n t a l  P r o c e d u r e  f o r  C a d m iu m -A n t im o n y  a n d  L e a d -  
A n t im o n y  A l l o y s .

1 . Liquidus Measurements.

Various alloy compositions were chosen to obtain an accurate 
graph of surface tension plotted against composition, with particular 
attention to the vicinity of the intermetallic compound in the cadmium- 
antimony system. Cooling curves were determined on those alloys 
for which the liquidus temperatures were not accurately known, a 
portable potentiometer reading to 1 ° C. being used. Samples of 
approximately 1000 g. of each alloy were used.

2. Density Measurements.
The metal or alloy was melted, and the stand placed over the 

furnace and levelled. The ends of the tubes were gradually lowered 
into the metal, and the pressures required to detach bubbles from the 
two tubes in turn were measured. This was done for temperatures 
increasing in 10° C. intervals over a range of 100° C. from the liquidus, 
except for those cadmium-antimony alloys containing more than 50%  
antimony. These were found to attack stainless steel severely and 
silica slightly, and only two points were obtained for them near the 
liquidus, using silica tubes.
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The density values thus obtained were plotted against temperature
and the average values used in the surface-tension calculations.

*

3. Surface-Tension Measurements.
Surface-tension measurements were carried out over the ranges of 

temperature investigated in the density determinations. The values 
of Macleod’s “  constant ” were calculated for each surface-tension 
determination.

(a) Cadmium-Antimony System.—Nitrogen was found to give incon­
sistent and high results for the surface tension of cadmium. Hydrogen 
gave consistent results agreeing closely with published figures of other 
investigators, and was therefore used throughout all tests on this 
system.

Uncovered cadmium drossed severely, but a thin layer of molten 
flux on the metal surface was found to prevent this trouble. Satis­
factory fluxes w ere:

(i) 22%  KC1, 78%  CdCl2, m.p. 383° C.
(ii) 41-5%  K B r, 58-5% CdBr2, m.p. 302° C.

These fluxes tended to become viscous and finally solid after a few 
hours (depending on the temperature). The addition of a small amount 
of ammonium chloride gave a flux which appeared to stay fluid for a 
longer time and which could be used satisfactorily for one test. 
Chemical tests failed to reveal any potassium in the metal.

(b) Lead-Antimony System.—-This system gave more experimental 
difficulties in surface-tension determinations than the cadmium- 
antimony alloys because, when the temperature was within approxi­
mately 100° C. of the liquidus, the maximum bubble pressures were 
inconsistent, and this condition became progressively worse as the 
temperature decreased in this range. The trouble was particularly 
evident with the lower-antimony alloys (10 and 20%  antimony). 
Values obtained in this doubtful range gave a marked positive gradient, 
although little reliance can be placed on these figures. The surface 
tension of a fresh sample of 10 %-antimony alloy gave similar results 
using nitrogen. It  is interesting to note that the parent metals gave 
much more consistent maximum bubble pressures at temperatures 
near their melting points than did their alloys. This has not been 
satisfactorily explained. Grosheim-Krisko 7 has shown that the vis­
cosities of 0- 12 %-antimonial lead alloys are slightly less than that of 
lead, from which it would appear that the viscosity of the alloys has 
nothing to do with the trouble. Bircum shaw1 feported that he 
encountered the same trouble with inconsistency of maximum bubble
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pressures when working with lead-tin alloys in the lower-temperature 
range (250°-350° C.), although he has been able to obtain results in 
this range. 

The curve of surface tension plotted against composition was con­
structed, using values of the surface tensions at 140° C. above the 
liquidus temperature for each alloy. No flux was needed to prevent 
drossing.

IV .— R e s u l t s .

The experimental results are given in Tables IV -X I.

T a b l e  IV .— Chemical Analysis of the Three Basis Metals.

Metal. Impurities, %.

E le c tro ly tic  C adm ium . 
S ta r  A n tim ony .

B .H .A .S . Special L ead.

Z n  0-016, P b  0-0115, Cu 0-001, E e 0-002.
P b  0-42, Cu 0-031, N i 0-005 m ax ., As 0-02 m ax ., F e  

0-005 m ax.
Ag 0-003, Cu 0-0014, Zn 0-018.

T a b l e  V .—Composition-Liquidus Data for the Three Metals and 
Thirteen Alloys Used.

Alloy No. Composition.
Liquidus

Temperature,
°0 .

E le c tro ly tic  cadm ium 321°
S ta r  an tim o n y 630°
B .H .A .S . special lead 327°

1 18-8% Sb, 81-1%  C d- 343°*
2 29-5%  Sb, 70-3%  Cd 379°*
3 40-4%  Sb, 59-4%  Cd 432° *
4 48-7%  Sb, 51-1%  Cd 452°
5 53-8%  Sb, 45-9%  Cd 456°
6 59-0%  Sb, 40-7%  Cd 445°
7 71-2%  Sb, 28-5%  Cd ■ 505° *
8 87-3%  Sb, 12-3% Cd ■ 569° *
9 10-1%  Sb, 89-9%  P b 260°

10 18-6%  Sb, 81-1%  P b 313° *
11 38-5%  Sb, 61-1%  P b 4 3 0 » *
12 64-1%  Sb, 35-8%  P b 522° *
13 79-7%  Sb, 20-2%  P b 577°*

* Values o b ta in ed  from  cooling curves. T he rem ain d er w ere ta k e n  from  
H ansen, “  D er A u fb au  d er Zw eistofflegierungen ” , B erlin  : 1936. 

f  Values ob ta in ed  b y  difference.

The surface-tension-composition relationships and the phase 
diagrams of the two alloy systems, as obtained from the experimental 
results, are given in Fig. 3.
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F iq . 3.— Surface-T ension- 
Com position R e la tions 
an d  Phase D iagram s for:

(a) C adm ium  -  an tim o n y  
alloys.

(b) L ead -a n tim o n y  alloys.

T a b l e

T he

ANTIMONY, PER CENT.

V I.—Surface-Tension Values Obtained for Cadmium, Lead, and 
Antimony.

values o b ta in ed  b y  o th e r  in vestiga to rs (using hydrogen) are  given for 
com parison.

Temp.,
°0 .

Surface Tension, dynes/cm.

Temp., 
0 C.

Surface Tension, 
dynes /cm.

Cadmium Lead. Antimony.

Hog-
ness .8

Hog-
ness.8A uthor. Bircum-

shaw .1 A uthor. Bircum-
shaw .1 A uthor. Bircum-

shaw .1

330° 564 570 635° 383
340° 577 606 448 640° 384 350
350° 584 583 449 453 442 650° 384
360° 596 446 675° 384
370° 608 592 6Î6 444 700° 382 349
380° 606 617 443 725° 383
390° 604 442 750° 383
400° 609 597 443 446 438 775°
410° 600 442 800° 380 346
420° 598 622 442
430° 608 441
440° 606 439
450° 611 621
460° 608
470° 612
480° 607
490° 599
500° 600 591 6Î9



Table VII.—Density, Surface Tension, and Macleod’s “  Constant ” versus Temperature Results for Cadmium and
Alloys 1-1 Inclusive.

Temp.,
° 0 .

Cadmium A lloy 1. Alloy 2. Alloy 3. Alloy 4.

D ensity
0»),

g./c.c.

Surface 
Tension 

(y), 
dynes / 

cm.

Maeleod’s 
"  Con­

s tan t ” ,
y i  ID -

D ensity
(-0),

g./c.c.

Surface 
Tension 

(y)> 
dynes / 

cm.

Macleod’s 
“ Con­

s ta n t ” , 
Y i  I S .

D ensity
(£),

g./c.c.

Surface
Tension

(y),
dynes/

cm.

Macleod’s 
“ Con­

s ta n t ” , 
y l/D .

Density
(-0),

g./c.c.

Surface 
Tension 

(y), 
dynes / 

cm.

Macleod’s 
“ Con­

s ta n t ” , 
y i  ID .

D ensity
(-0),

g ./c.c.

Surface
Tension

(y)>
dynes/

cm.

Macleod’s 
“  Con­

s ta n t ” , 
y i/4 ) .

330°
340° 8-009

564
577

0-608
0-612

350° 584 0-614 7-677 471 0-ëÔ7
360° 7-986 596 0-616 7-637 466 0-608
370° 608 0-623 7-592 463 0-612
380° 7-956 606 0-624 7-571 460 0-612
390° 604 0-624 7-529 458 0-616 7-387 440 0-619
400° 7-942 609 0-624 7-486 455 0-617 7-365 437 0-620
410°
420°
430°
440°

7-916

7-884

600
598
608
606

0-625
0-626
0-627
0-628

7-443
7-423
7-417
7-390

450
446
442
440

0-619
0-619
0-620
0-622

7-345
7-328
7-305
7-283

436
'434
433
430

0-622
0-622
0-624
0-624 7-198 399 0-620450° 611 0-630 7-271 428 0-625 7-180 398 0-622460° 7-858 608 0-631 7-249 425 0-627 7-158 398 0-624 394 0-632470°

7-830
612 0-632 7-223 7-133 397 0-625 391 0-633480° 607 0-633 7-201 7-109 397 0-627 388 0-633490°

7-821
599 0-633 7-180 7-074 395 0-630 6-987 386 0-635500° 600 0-634 7-043 394 0-633 6-960 385 0-636510 7-010 394 0-635 6-944 385 0-638520° 6-978 393 0-637 6-926 384 0-639530° 6-946 393 0-640 6-911 383 0-642540°

550°
560°

6-913 392 0-644 6-895 383 0-643
6-863 382 0-645

... 381 0-646

Lead-Antim
ony 

and 
C

adm
ium

-Antim
ony 

Alloys 
143



Table VIII.—Density, Surface Tension, and Macleod’s “  Constant ”  versus Temperature Results for Alloys 5-8
Inclusive and Antimony.

Temp.,
°0 .

Alloy 5. Alloy 6. Alloy 7. Alloy 8. Antimony.

Density
w ,

g./c.o.

Surface 
Tension 

(y), 
dynes / 

cm.

Macleod’s 
“ Con­

stant”, 
y i  /■»•

Density
(? ) ,

g./o.o.

Surface
Tension

(y)>
dynes/

cm.

Macleod’s 
** Con­

stant”, 
rllD .

Density
(D),

g./c.c.

Surface
Tension

(y),
dynes/

cm.

Macleod’s 
“ Con­
stant” , 

Vi id .

Density
(?),

g./c.o.

Surface
Tension

(y)>
dynes/

cm.

Macleod’s 
“  Con­
stant ”, 
Yi ID.

Density
(•»),

g./c.c.

Surface
Tension

(y),
dynes/

cm.

Macleod’s 
“ Con­

stant ", 
y i  ¡D.

450° 6-806 383 0-651
460° 6-923 388 0-641 6-782 381 0-653
470° 6-901 386 0-642 6-756 380 0-655
480° 6-890 384 0-643 6-730
490° 6-866 383 0-645 6-713
500° 6-861 381 0-645 6-695
510° 6-850 6-694 381 0-662
520° 6-839 6-670 380 0-664
530° 6-653
570° 6-667 379 0-662
580° 6-661 378 0-662
635° 383 0-678
640° 384 0-678
650° 6-530 384 0-676
675° 6-518 384 0-679
700° 6-509 382 0-679
725° 6-498 383 0-681
750° 6-468 383 0-683
775° 6-458
800° 6-424 380 0-687
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Table IX. Density, Surface Tension, and MacLeod’s “ Constant ” versus Temperature Results for Lead and Alloys
9-11 Inclusive.

Temp.,
" 0 .

Lead.

Density
(-»),

g./c.c.

Surface
Tension

(y)>
dynes/cm.

Macleod’s 
“  Con­
stant ” ,
y i  ID.

320°
330°
340° 10-57 448 0-436
350° 10-55 449 0-436
360° 10-54 446 0-437
370° 10-52 444 0-437
380° 10-52 443 0-437
390° 10-51 442 0-437
400° 10-49 443 0-438
410° 10-46 442 0-438
42 0 ° 10-46 442 0-439
430° 10-43 441 0-439
440° 10-43 439 0-439
450°
460°
47 0 °
480°
4 9 0 °
500°
510°
520°

Alloy 9. Alloy 10. Alloy 11.

Density
(J>),

g./c.c.

Surface Tension 
(y), dynes/cm. Macleod’s 

“ Con­
stant”, 
yl/D .

Density
w ,

g./c.c.

Surface
Tension

(y),
dynes/cm.

Macleod’s 
“ Con­

stant ”, 
r t  ID.

Density
(-0),

Surface
Tension

Macleod’s 
” Con­

Nitrogen. Hydrogen.
g./c.c. (y). 

dynes/cm.
stant ”, 
y i  ID.

10-18 427?
10-17 416? 427?
10-16 417? 428?
10-16 420? 429? 9-479
10-15 430? 429? 9-464
10-14 429? 432? 9-441 436 0-483
10-12 430 432? 9-423 434 0-484
10-11 430 437 0-452 9-406 433 0-485
10-09 429 436 0-453 9-385 433 0-485
10-07 429 435 0-453 9-365 432 0-486
10-06 428 434 0-454 9-342 431 0-487
10-05 427 433 0-454 9-324 430 0-487
10-04 429 432 0-455 9-311 428 0-488 8-51010-02 427 431 9-287 427 0-489 8-504

424 431 0-455 8-498 410 0-529424 430 0-455 8-493 409 0-530423
421

430
429

0-456
0-456

8-486
8-480

409
408

0-530
0-531420 429 0-457 *■ 8-470

8-467
8-462

407
405

0-531
0-531

Lead-A
ntim

ony 
and 

C
adm

ium
-A
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ony 
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T a b l e  X .— Density, Surface Tension, and Macleod’s “ Constant ”  versus 
Temperature Results for Alloys 1 2 - 13  Inclusive and Antimony.

Alloy 12. Alloy 13. Antimony.

Temp.,
° 0 .

Density
(J>),

g./c.c.

Surface 
Tension 

(y), 
dynes / 

cm.

Macleod’s 
“ Con­

stant ”,
y i /-»•

Density
(•»),

g./c.c.

Surface
Tension

(y).
dynes/
cm.

Macleod’s 
Con­

stant ”,
yi ID-

Density
(¿9,

g./c.c.

Surface 
Tension 

(y), 
dynes /

cm.

Macleod’s 
“ Con­
stant ”,
yi AD­

540° 7-729
550° 7-721
560° 7-700
570° 7-670 -392 0-580
580° 7-660 392 0-580
590° 7-643 392 0-581 395 0-647
600° 7-628 391 0-582 6-880 394 0-647
610° 389 0-583 6-875 393 0-647
620° 388 0-584 6-858 394 0-647
630° 386 0-584 6-851 391 0-647
640° 6-839 391 0-649 384 O-678
650° 6-825 389 0-650 6 5 3 0 384 0-678
660° 6-820 389 0-651
670° 6-820 389 0-651 6-518 384 0-679
680° 6-815
690° 6-813
700° 6-509 382 0-679
725° 6-498 383 0-681
750° 6-468 383 0-683
775° 6-458
800° 6-424 380 0-687

T a b l e  X I .—Average Increase in Macleod’s “ Constant ’’for the Various 
Metals and Alloys Investigated.

Metal or Alloy. Temperature 
Bange, ° 0.

Average Increase 
in Macleod’s 
” Constant ” 

per ° O.

C adm ium 330°-390° 0-00040
C adm ium 390°-500° 0-000085
A lloy 1 . 350°-440° 0-00017
A lloy 2 . 390°-460° 0-00011
A lloy 3 . 440°-540° 0-00024
Alloy 4 . 460°-560° 0-00014
A ntim ony 635°-800° 0-00006
L ead  . . . . 340°-440° 0-00003
A lloy 9 . . . . 390°-500° 0-000045
A lloy 10 . 370°-450° 0-000075
A lloy 11 . 460°-510° 0-00004
A lloy 12 . 570°-630° 0-000075
Alloy 13 . 590°-670° 0-00005
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V .— D i s c u s s io n  o f  R e s u l t s  a n d  C o n c l u s io n s .

The surface tension of cadmium has been found to have a large 
positive temperature coefficient from its melting point upwards for 
40° C., after which it becomes slightly negative. This is in agreement 
with other workers, including Bircum shaw1 and Hogness.8 The 
variation of values obtained by different investigators for cadmium 
and antimony is of the same order as that obtained for mercury.

Macleod’s “  constant ”  has been found to increase for all the liquids 
investigated. I f  the constancy of this relation is accepted as a criterion 
of an unassociated liquid, then it appears that all the metals and 
alloys investigated are associated to some extent in the liquid state 
for the temperature ranges investigated. It  has also been shown that 
the increase in Macleod’s “  constant ”  is much larger for cadmium 
(330°-370° C.) and the cadmium-antimony alloys Nos. 1-4 , than it is 
for lead, antimony, cadmium (370°-500° C.), and the lead-antimony 
alloys. The ranges of temperature investigated for the cadmium- 
antimony alloys Nos. 5-8 were not sufficiently large to obtain an 
accurate average increase in Macleod’s “  constant ” , but the values 
which have been obtained indicate that these alloys give similar results 
to alloys Nos. 1-4 . These results suggest that cadmium (350°-370° C.) 
and cadmium-antimony alloys are more highly associated than lead, 
antimony, cadmium (370°-500° C.), and lead-antimony alloys. The 
higher association of cadmium-antimony alloys could be due to the 
persistence of the intermetallic compound CdSb in the liquid state.

The curves of surface tension plotted against composition show a 
large fall for the cadmium-antimony system, which contains a solid 
intermetallic compound, but only a small fall for the lead-antimony 
system, in which no solid intermetallic compound occurs. From these 
results it may be concluded that the intermetallic compound (CdSb) 
existing in solid cadmium-antimony alloys up to the liquidus tempera­
ture does not decompose during melting.

The method developed for measuring the densities of molten metals 
and alloys was found to give reproducible results, the values obtained 
for mercury, lead, antimony, and cadmium being in close agreement 
with accepted values.

R e f e r e n c e s .
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[vii], 6, 510; 1931, [vii], 12, 59 6 ; 1934, [vii], 17, 181.

2. S. Sugden, J . Chem. Soc., 1924, 125, 32, 1167.
3. D. B. M acleod, Trans. Faraday Soc., 1923, 19, 38.



148 Lead-Antim ony and Cadm ium -Antimony Alloys

4. Y . M atsuyam a, Sei. Rep. Töhoku Im p . Univ., 1927, [i], 16, 555.
5. P .  Sauerw ald  an d  G. D ra th , Z . anorg. Chem., 1926, 154, 7 9 ; 1927, 162, 301;

1929, 181, 353.
6. S. Sugden, J . Chem. Soc., 1922, 121, 858.
7. K . W . G rosheim -K risko, Z. Metallkunde, 1942, 34, 102.
8. T. R . H ogness, J . Am,er. Chem. Soc., 1921, 43, 1621.



( 1 4 9  )

AUTUMN LECTURE, 1947.

THE METALLURGICAL RESOURCES OF 
SCOTLAND.

B y P r o f e s s o r  G. W E S L E Y  A U ST IN ,*  O .B .E ., M .A., M .Sc., 
V i c e -P r e s i d e n t .

EIG H TEEN TH  AUTUMN L E C T U R E  TO TH E IN STITU T E OF 
M ETALS, D E L IV E R E D  23 SE P T E M B E R  1947.

S y n o p s i s .

A survey  is m ade o f  th e  ores, fluxes, fuels, an d  hydro-elec tric  energy  
available, th e  favourab le  geograph ical location , clim ate, a n d  existing  
p lan ts. Also, an d  p a rticu la rly , th e  tech n ica l a n d  scientific h eritag e  in  
m etallurgy, a s  exem plified by  th e  in v en tio n  o f  th e  h o t b la s t by Neflson, 
th e  steam  ham m er b y  N asm y th , an d  th e  v aried  co n tribu tions to  th e  
problem  of steel quality  b y  M cCance, p rove g re a t la te n t  capac ity .

T he m a te ria l resources, to g e th e r  w ith  th e  m eta llu rg ica l inheritance , 
a n d  la te n t  cap ac ity  can  assure  an  in te restin g  fu tu re , even  during , an d  after, 
a  possible tra n s itio n  from  conven tional h eav y  m etallic  construction  w ith  
m assive p a rts , to  lig h te r, o ften  fast-m oving  a p p a ra tu s , o f  g re a te r  p re ­
cision. B u t design, research , a n d  developm ent, a n d  tra in in g  in  these, 
should be carried  o u t on a  very  large scale, h ith e r to  u n approached , to  ensure 
progress, to  d iscover ta le n t, a n d  to  d is tr ib u te  an d  buffer em ploym ent.
Such design a n d  research  a n d  developm ent estab lishm en ts sc a tte red  over 
S cotland, w ith  full-scale op era ted  p ilo t p lan ts , could abso rb  som e o f th e  
pow er resources available, an d  p erh ap s be m ore in  line w ith  tra d itio n a l 
S co ttish  m ethods a n d  fu tu re  req u irem en ts th a n  th e  erec tion  o f  a  few 
standard ized , g igan tic  m eta llu rg ica l p la n ts  in  or n ea r  th e  p resen t 
in d u s tr ia l zone.

M a y  I  say at once how greatly I  appreciate the honour you have 
conferred on me by inviting me to deliver the Autumn Lecture. I t  was 
not easy to select a suitable subject, and I trust the present title and 
subject matter are appropriate to this meeting. Perhaps you will 
decide during and after the lecture that I have not been strictly fair in 
my treatment of the subject: I  felt the word “  resources ”  gave me a 
chance to develop several themes to which I am particularly attached. 
For not only do I  propose to discuss “  resources ”  in the sense of 
“  supplies ” —prolific, as those described by Captain Cook in his first 
voyage when he opened up the B ay  of Plenty, where “  the anchor was 
let go in eleven fathoms, the seine nets were got out and marvellous 
hauls of fish were made, while the shore parties bought oysters, wild 
celery, lobsters, wood, and plenty of good water ” , or scanty, perhaps,

* P rofessor o f  M e ta llu rgy , C am bridge U n iv e rs ity .
VOL. LXXIV. M
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as in the passage of Victor, Hugo’s “ Toilers of the Sea ”  in which the 
hero, supposedly entirely without resources, had wreckage for fire, 
water for power, wind for blast, a stone for an anvil, and his will alone 
for energy, yet successfully completed his task—but I propose to 
describe also the resource of some Scotsmen, particularly metallurgists, 
in their capability of meeting a situation or problem, rising to the 
occasion, and finding a solution. So, perhaps by considering the 
resources of this country, and the resource of its people, a picture may 
be obtained of the possibilities of the future.

I  should like at this stage to acknowledge the help I  have received 
from many friends, books, and periodicals; to list them all would 
almost double the length of this lecture.

The mineral deposits of Scotland were dealt with by Dr. Robertson 
in his lecture to the Scottish Local Section of the Institute in 1945. 
Most of my comments are taken from Dr. Robertson’s paper. He 
concluded that, on the whole, the Scottish output and resources of 
most of the common economic minerals are low. Lead and zinc ores 
have been worked profitably, and although not worked at present, 
there is a possibility of profitable deposits at greater depths. Copper 
and nickel occur in small amounts, but it seems doubtful whether 
exploitation will occur. The principal iron ore is a Scottish black- 
band. Clay-band has also been worked. The estimated resources of 
the black-band ores of Scotland are :

P r o v e d ...........................................  7,772,000 tons.
Probable . . . . .  76,652,600 tons.
Possible . . . . .  423,230,500 tons.

Mushet discovered this stone in 1801 when crossing the Calder in 
the parish of Old Monkeland. He quickly satisfied himself of its 
nature, iron content, and value. It  was smelted at once at the Calder 
Iron Works and the Clyde Iron Works. But it was not extensively used 
until 1825 when, in addition, raw pit coal and hot blast were employed. 
Mushet considered the hot blast admirably adapted for smelting black- 
band iron-stone. The output per furnace increased from 60 to 90 tons 
per week, of which 10  tons were attributed to the use of pit coal and 
20 tons to hot blast. There were then some 33 furnaces in the neigh­
bourhood of Glasgow smelting black-band. The bed of oolitic iron­
stone in the south of the Isle of Rasay should also be mentioned.

Fluxes and refractory materials are more plentiful. Limestones 
have been extensively worked; there are immense quantities of high- 
grade dolomite in the North-West Highlands. There are also large and 
very valuable resources of fire-clays. Silica in various forms and
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purities is available and may be potentially very valuable. The fine­
ness of the sea sand is remarkable; consider the sands of Iona trodden by 
St. Columba.

Turning next to sources of energy, Scotland possesses immense 
coal reserves, estimated at 21,000 million tons. The majority of the 
coals are bituminous: but there are first-class steam coals, bunker 
coals, house coals, gas and cooking coals, and anthracitic types. Quan­
tity, quality, and variety are thus available for metallurgical purposes.

Dr. James Young of Glasgow obtained a patent in 1850 for the 
distillation of bituminous coals to obtain paraffin wax and oils. But 
Young turned from the coals to bituminous shales, and the successful 
results of his investigations led to the Scottish shale-oil industry. 
The Scottish shale-oil industry is the only one which has been developed 
on a large scale. The production of oil from shale is about 2 1 gal. per 
ton. Ordinarily, oil from an oil-field is cheaper, but the plants developed 
in Scotland for refining shale oil became examples for the oil-fields of 
the rest of the world.

The water-power resources of Scotland are now being developed by 
the North of Scotland Hydro-Electric Board. I t  is expected that the 
production of electricity will reach 400,000 kW. within the next three 
years and that this will increase as time goes on. This is a large output 
of power. Some 3000 million units per annum will be available for new 
industrial or agricultural purposes.

The foregoing brief review has indicated a country rich in fuels, 
electrical energy, and refractory materials, but poor in ores, except 
black-band iron-stone. The excellent geographical location, with its 
indented coast-line, on the fringe of the great western land mass, suggests 
the importation of ores, bringing them to the fuels and energy. This 
is, of course, occurring, and exemplary plants for iron and steel pro­
duction, with manifold products, for aluminium production, and for the 
forming of many metals and alloys by a wide variety of processes, are 
in operation. Many of the plants will be visited by members.

Next, let us consider the resource which Scotsmen have applied to 
typical metallurgical problems. First, that of Jam es Beaumont Neilson, 
who was born in Shettleston in 1792. He became foreman and then 
manager of the Glasgow Gas Company. In  the course of his employ­
ment he made many improvements to the gas-generating plant and to 
the gas-consuming apparatus. Apparently, a Glasgow iron-master 
asked his advice whether it were possible to purify the air blown into 
the blast furnaces in the same way as coal gas is purified. The iron­
master thought that the presence of sulphur in the atmospheric air 
caused the irregular working and poorer iron obtained during the 
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summer months. Neilson, however, thought over the matter, and in a 
paper read in 1825 stated, correctly, that the cause was a want of 
oxygen during the summer months on account of the lower density of 
the air and also because of the greater moisture content in the air in 
the summer. His idea to deal with the latter was to pass the air 
through two long tunnels containing calcined lime and so dry the air. 
He did not actually test this idea. He was also asked advice from a 
friend about an iron furnace situated half a mile from the blowing engine, 
and which did not make as much iron as a furnace located nearer. It 
occurred to Neilson that if the air at the distant furnace were heated, 
and its volume increased, it might do more duty. Being an experi­
mentalist, he at once tried the effect of heated air on the combustion of 
illuminating gas, and observed more perfect combustion, and that the 
illuminating power of the flame had increased. He repeated the 
experiment in a smith’s fire, and noticed that the heat was more intense. 
He considered that a similar increase in the intensity of combustion, 
and in temperature, would occur if  the same plan were applied on a 
much larger scale to the blast furnace. The iron-masters were not 
prepared to listen to his proposals because their own observations led 
them to believe that the colder the blast the better the quality of the 
iron made, and the larger the quantity. But as an early writer on the 
subject very properly stated “  . . . this being the state of the practice, 
and this the state of the science, and known to men of skill in the 
iron trade, it occurred to Mr. Neilson, who was fortunately out of the 
trade, and consequently unencumbered with either its practices or its 
prejudices, that the power of the blast in igniting the materials would be 
greatly increased if  in its passage to the tuyeres it were heated to a very 
considerable temperature Neilson, in his experiments, had glimpsed 
the factor of intensity. He at length obtained permission from Mr. 
Charles Macintosh and Mr. Colin Dunlop of the Clyde Iron Works to 
try  out the effect of blowing the heated air into an iron furnace. The 
results soon showed that the idea was sound, and although the design 
and development of a successful stove proved difficult, success eventually 
followed. The difficulties were concerned with the design and operation 
of apparatus and not with the principle. The total coal consumption 
eventually fell from about 8 tons per ton of iron made with cold blast 
to 5 tons per ton of iron made with the blast heated to 150° C.

Neilson’s invention thus resulted in a considerable saving of fuel, 
and in increased output. Both these factors are of great importance to 
metallurgists at the present time. It  is permissible to speculate whether 
further development along the lines of Neilson’s invention are possible 
to-day. I think so. A  similar increase in the intensity of combustion
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may be obtained by removing the nitrogen ballast from the air supplied 
to furnaces, notably the blast furnace and the open-hearth steel furnace. 
The condition is that described by Neilson, namely, input of heat at a 
high temperature level. The application of such enriched airs, or oxygen, 
could prove very successful. Examples might be the production of 
ferro-alloys in small blast furnaces, and much more rapid melting in the 
steel furnaces. The application might also give rise to increased output 
from a given apparatus, and lower fuel consumption. The field of fuel 
economy in metallurgical works is to-day most important.

I would refer next to the invention of the steam hammer by Nasmyth. 
Time is inadequate to deal with the fascinating history of the family, 
whose coat of arms was a sword between two hammers with broken 
shafts and the motto “  Non arte sed Marte Jam es Nasmyth eventu­
ally proved himself a true smith despite the family coat of arms and 
motto. He was born in Edinburgh in 1808, and from the age of 15  
onwards made excellent working models of steam engines which he 
sold, and used the proceeds to pay for admission to the lectures on 
Natural Philosophy and Chemistry delivered at the University of 
Edinburgh. He also made an engine for a steam coach, which worked 
successfully and was eventually employed to drive a small factory. He 
determined to work in a large engineering works, and decided that the 
factory of Henry Maudslay of London was the most desirable. He 
made, including the castings and forgings, a small steam engine which 
he took and showed Maudslay, who at once appointed him as his 
private mechanic. We obtain a glimpse of a true mechanical engineer, 
capable of using tools and of producing sound designs. He founded the 
Bridgwater Foundry in Manchester, where he invented the steam 
hammer.

The tools for working iron had not kept pace with the production 
of the metal, and although improvements had been made to tilt 
hammers, they were capable of working only small sections. Machine 
tools were being made in Nasmyth’s factory to machine the engines of a 
large paddle steamer, and the problem arose of forging the large 30-in. 
dia. paddle shaft for the vessel. No forge-master was prepared to under­
take this work, and the designer asked Nasmyth if  he might dare to 
use cast iron. Nasmyth immediately considered the mechanics of the 
existing hammers, and then stated the problem to himself, which was 
that of lifting a block of iron sufficiently high, letting it fall on to the 
forging, and guiding it while it fell. He made a sketch immediately 
of a steam-lifted block to carry out the programme of operations he 
had conceived, and the steam hammer was invented. The paddle 
shaft, however, was not forged because screw propulsion was substituted
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in the vessel. No forge-master was prepared to order a hammer, 
particularly in view of the then prevailing depression, perhaps not 
realizing that a new tool, enabling new products to be made, might 
conceivably help to break the depression. The French iron-master, 
Schneider, of le Creusot, when on a visit to Nasmyth’s works, in 
Nasmyth’s absence was shown the sketches of the hammer, and on his 
return to France built a hammer on these principles. Nasmyth later, 
when on a visit to le Creusot, saw his invention at work there. On his 
return to England, a hammer was soon built. It  worked successfully, 
as was expected, and full development followed.

The steam hammer was invented to meet a particular technical 
problem, the forming of a mass of metal into a desired shape. I t  
involved a considerable knowledge of mechanics and an unusual capacity 
in mechanical design. Nasmyth’s father was an exceptionally gifted 
artist and had a good knowledge of architecture and civil engineering. 
These factors may have led to the son’s interest, and success, in design.

The design and manufacture of plant for forming metals and alloys 
is of the greatest importance in metallurgy. The behaviour of metals 
subjected to deformation, cold and hot, is a subject now fairly well 
understood; but much remains to be done to design the most efficient 
machines for carrying out forming operations on all sizes of material. 
Surely the mechanical skill employed in the design of ships, their parts, 
and their power plants can be applied to this problem ? The hammer, 
the press, and the mill still oiler many problems which await inspired 
and detailed design. Other forming processes, casting, welding, and 
compacting, present their problems, but these are preponderantly of a 
scientific nature.

May I  now be permitted to pass to a problem of a very different 
type ? I  refer to the “  quality ”  of steel. The question, as it then 
appeared, was stated in Glasgow on several occasions by Mushet over 
a century ago. May I quote his words ? “ At this day, assisted by a
variety of facts, mechanical and philosophic, we yet remain in com­
parative ignorance of what constitutes the real difference in point of 
quality betwixt home-made iron and that imported from foreign 
markets ”  . . . “  but if  the matter is impartially investigated, there 
will be sufficient reason to comprehend that our knowledge and general 
progress in the iron trade are more applicable to quantity than quality. 
The successful exertions of individuals have increased the manufacture 
of cast and malleable iron beyond all precedent in this country.”

Although the question has become modified during the century, it 
was constantly asked wherein lay the real difference between steels of 
the same general composition, made by different processes, at different
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works? These differences were revealed by their relative ductility, 
toughness, ability to case-harden, hardenability, &c.

Dissolved gases were considered a possible cause, and the gases 
evolved on heating steels were investigated for quantity and compo­
sition by very many workers, the late Dr. J .  W. Donaldson among them. 
I t  was found that with increasing temperature of extraction the pro­
portion of carbon monoxide increased. New techniques, such as adding 
tin and antimony, and the use of high-frequency heating permitted 
fusion, and a further increase in carbon monoxide was observed. The 
conclusion was then slowly reached that the carbon monoxide was a 
reaction gas, not a gas held in solution, and that it was generated by 
the reduction of iron and other oxides in the steel by the carbon present. 
These hot-extraction methods were thus not really methods for the 
determination of dissolved gas, but for the determination of oxide in 
steel. Progress was also made with wet-extraction methods, and a 
clearer picture was obtained of the quantity and composition of the 
solid oxides present. Inclusions in steel were also investigated by 
various methods, particularly metallographic, and the paper by McCance 
on “  Inclusions in Steel ”  in 19 18  focused attention on this aspect of 
the subject.

A further very important development was the attempt made by 
McCance shortly afterwards to apply the laws of physical chemistry to 
steel and steel-making processes. His theoretical treatment of the 
solubility of oxygen in molten iron broke new ground and was one of 
the starting points for a series of very fruitful researches and one can 
say a whole literature on this very important subject, which, while of 
absorbing theoretical interest, is now able to deal quantitatively with 
many of the actual operating aspects of steel production. The origin, 
type, and composition of inclusions or slags— “  every impurity which 
enters into a metal from the melting vessel ” —were now becoming 
more clear.

But, further, the original pattern of the inclusions in the ingot of 
steel as cast, its skeletal form, was also being brought out, together with 
the features of ingot segregation, by groups of investigators. Service 
has made important contributions in this field. I t  was demonstrated 
clearly that the dendrites growing inwardly into the mother liquor both 
push forward some slag inclusions and enmesh or “  land-lock ”  others, 
so mapping out both a major ingot pattern and a minor interdendritic 
one in which a skin of inclusions surrounds the dendritic forms. The 
grosser heterogeneities of pipe, A- and V-segregates, and the sedimentary 
cone were also explained. These gross macro- and finer micro-patterns 
persist throughout the normal life of the steel. They are deformed and



perhaps broken up by the working processes, but nevertheless they 
finally give rise to the texture or fibre of the finished product. The 
bold relief, or fineness, of this pattern has a great effect on the quality 
of the steel, particularly as measured by tests “  with ”  or “  across ”  the 
grain ; in fact, many of the old differences of quality can now be ade­
quately explained. The theory also indicates directions in which 
quality may be improved, and sets d ib its to the quality which may be 
expected from large masses of metal produced by present-day processes.

What lines of development may be expected in this field ? Certainly 
a great improvement in the quality and uniformity of our products as 
knowledge now available is persistently applied to practice. Research 
work in progress on the effect of gases on quality has already given very 
important results and will doubtless give more. I t  may prove, however, 
that avoidance altogether of the ingot stage of metal making is the only 
method of avoiding grosser heterogeneities. The continuous solidifica­
tion of a jet of molten metal may be the answer.

Light has thus been thrown on the old question of the quality of 
steel, mainly by groups of workers, investigators in quite different fields, 
although definite moves forward and indications of promising lines have 
been made by particularly gifted workers here and elsewhere. Rather 
than the individual inspiration to “  heat the blast ”  or “  lift the hammer 
by steam ” , the teams, inspired by intellectual curiosity or pressure of 
urgent works problems, have together solved the problem. Here, as 
elsewhere, if the problem be compared with a forest, the greater the 
area cleared, the more numerous are the contacts with the remaining 
trees. This is perhaps in accordance with the nature of a complex 
problem, and to-day such problems seem to be the principal ones.

Trained scientists and technologists are more than ever necessary 
for the solution of such problems. Scotland’s share in the training of 
metallurgists is large, and its graduates have proved successful in all 
fields. I f  I might be permitted, I would suggest that somewhere in­
struction, and facilities for research, in technical electrometallurgical 
processes and metallurgical engineering be provided, particularly in 
view of the hydro-electric developments to which I  have referred. 
It  would be particularly appropriate there, for the students would see 
at first hand the importance of electrometallurgical processes.

Do these sketches I have attempted to make of the material resources, 
location, heritage, emergence of gifted men, and flow of metallurgists 
enable us to suggest a line, or lines, or development? I think they 
do. It  is possible that a gradual transition is occurring in our large- 
scale employment of metals and alloys as constructional materials. 
Reasons of economy alone compel us to construct as lightly as possible ;
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with lighter and smaller power units the majority of transport will tend 
to decrease in size and become faster-in movement. Perhaps the day 
of the great ship and the heavy train is passing. During such a period, 
design, research, and development should be extremely active if  a 
position in the van of progress is to be maintained. The numbers 
engaged on these problems should be increased. With every increase in 
numbers, there is a greater possibility of discovering first-class talent.

Several problems awaiting solution have already been indicated, 
and there remains the great problem of the gasification of coal under­
ground. This surely is one requiring knowledge of many branches of 
physics, chemistry, and engineering. Much of the data required for 
the solution is already known. Much more could be obtained by team 
work. The large-scale experimental work would demand first-class 
engineers and chemists. With the will and the investigators, the 
problem cannot be regarded as without prospects of solution.

The trend seems, therefore, towards a very large-scale expansion of 
research and development, directed towards the main problems of fuel 
supply and economy, metal extraction, forming processes, and the 
application of metals and alloys.

Superb locations are available in Scotland for such establishments, 
and ample power to operate large trial plants is becoming available. 
Some of the establishments could be located in development areas, and 
others in the Highland centres. They would absorb man-power, act as 
foci for instruction, and complement other schemes for a wider dispersal 
of flexible activities throughout Scotland. Such schemes, or modifica­
tions of them, might be more capable of rapid realization, and of greater 
value to our economy, than the erection of a few giant metallurgical 
plants in or near the present industrial zone.
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I.— PROPERTIES OF METALS

[Discussion on E. V. Potter and H. C. Lukens’s P aper:] “ Solubility of 
Hydrogen in Electrolytic Manganese and Transition Points in Electrolytic
Manganese.”  -------  (M etals Technol., 1947, 14, (4 ) ; A .I .M .M .E .  Tech.
Puhl. N o . 2187, 3 7 -4 0 ).— Cf. M et. A bs., 1947, 14, 1. W . R . H a m  a n d  C. H . 
Samans d iscu ss th e  t r a n s i t io n  p o in ts  in  m an g an ese . T h e y  p o in t  o u t  t h a t  
iron , n ick e l, a n d  c o b a lt w h en  p re s e n t  a s  o x id es in  g lasses u n d e rg o  tr a n s itio n s , 
th e  te m p , o f  w h ich  fo llow  series law s o f  th e  ty p e  T n =  c ( l  /3 2 — 1 /n 2). M e asu re­
m en ts o f  h y d ro g e n  d iffusion  in d ic a te  t r a n s i t io n  te m p , o f  th e  sa m e  ty p e . 
T hese m a y  b e  d u e  to  e lec tro n ic  sh if ts  in  th e  a to m s, a n d  H . a n d  S. su g g e st 
t h a t  se ries t r a n s it io n s  o f  th is  ty p e  m a y  be  p re se n t in  so lid  m a n g an ese , a n d  m a y  
be resp o n s ib le  fo r  th e  d isc rep an c ie s  b e tw e e n  th e  r e su lts  o f  d if fe re n t in v e s tig a to rs  
fo r som e o f  th e  t r a n s i t io n  te m p . C hanges o f  th is  k in d  m a y  b e  d is t in c t  fro m  
p h ase  ch an g es . I n  r e p ly  to  M . B . Bever, P . a n d  L . s ta te  t h a t  th e y  fo u n d  
fu sed  q u a r tz  p re fe ra b le  to  a lu n d u m  c ru c ib les  fo r  m e ltin g  m an g a n e se . F . T .  
Worrell show s a  p h o to g ra p h  o f  tw in s  in  a  c o p p e r-m a n g a n e se  a llo y , a n d  su g ­
g es ts  t h a t  y -m an g an ese  m a y  h e  fa c e -c e n tre d  cu b ic  a n d  n o t  fa c e -c e n tre d  
t e t r a g o n a l ; th e  l a t t e r  m a y  b e  d u e  to  s tr a in s  in  q u en ch in g .— W . H .-R .

Discussion on [R. M. Parke and J. L. Ham ’s Paper :] “ The Melting of 
Molybdenum in the Vacuum Arc.”  —  (M etals Technol., 1947, 14, (4); 
A .I .M .M .E .  Tech. Puhl. N o . 2187, 11 -1 4 ).— Cf. M et. A bs., 1947, 14, 2. 
W. J .  K roll a n d  A . W . Schlechten  re fe r  to  e a r lie r  p a p e rs  o n  m e ltin g  in  th e  
v a c u u m  a rc . T h e y  e m p h as ize  th e  d ifficu lties  lik e ly  to  a r ise  f ro m  v a p o r iz a tio n  
o f  m e ta l ,  a n d  f ro m  g as  d isc h a rg e  f ro m  re s id u a l g a s  in  th e  m e ta l. T h e y  fo u n d  
d ifficu lty  in  m a in ta in in g  a  s te a d y  A .C . a rc , a n d  w ere  fo rc e d  to  u se  D .C . ; i t  
m ig h t  b e  po ss ib le  to  su p e rim p o se  D .C . o n  A .C . P . a n d  H . in  re p ly  s ta te  t h a t  
v a p o r iz a tio n  d ifficu lties  w ere  n o t  e n c o u n te re d  w ith  m o ly b d e n u m , b u t  m ig h t 
be  e x p e c te d  w ith  r e la t iv e ly  v o la ti le  m e ta ls  su c h  a s  ch ro m iu m  o r  m a n g an ese . 
So lo n g  a s  a  su ffic ien t c .d . w as  m a in ta in e d , th e y  fo u n d  th e  A .C . a rc  v e ry  s te a d y . 
I n  r e p ly  t o  0 .  F . Comstock a n d  R . S . Dean, P .  a n d  H . s t a te  t h a t  w i th  n ew  
ty p e s  o f  v a c u u m  p u m p s , th e  re q u ire d  d eg ree  o f  e v a c u a tio n  cou ld  be  o b ta in e d .

— W . H .-R .
Viscosity of Molten Aluminium and Its Alloys. (A kim ow ). See p . 99.

*Copper Oxidation Study Using Radio-Active Cu Tracer. J .  B a rd e e n , 
W . H. B ra t ta in ,  an d  W . S h o ck ley  (B ell Teleph. System , Tech. P ubl., 1946, 
M o n o g rap h  B-1425).— R e p rin te d  f ro m  J .  Chem. Physics, 1946, 14, (12), 
7 1 4 -7 2 1 ; see M et. A bs., 1947, 14, 305.— J .  L . T .

*Linear Casting Shrinkage of Gold and Its Alloys. (H o lle n b a c k ) . See p . 
104.

[Discussion on E. A. Gulbransen and J. W. Hickman’s Papers :] “ Electron- 
Diffraction Study of Oxide Films on Iron, Cobalt, Nickel, Chromium, and 
Copper and Alloys at High Temperatures.”  (-------) See p. 102.

Recent Developments and Prospects for the Future Regarding the Resistance 
of Materials. C h. M a sso n n e t (Rev. U niv. M ines, 1947, [ix ], 3, (4), 118-126). 
— A  rev iew .— M . E .

* D eno tes a  p ap e r describ ing  th e  re su lts  of o rig inal research , 
t  D enotes a  first-class critica l review .

H
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The Failure o£ Metals by Fatigue. J .  N e ill G reenw ood  (M etallurgia, 1947, 
35, (210), 2 8 9 -2 9 0 ).— A  g en e ra l in tro d u c tio n  to  a  sy m p o s iu m  o n  th e  “  F a ilu re  
o f  M e ta ls  b y  F a t ig u e  ”  h e ld  u n d e r  th e  au sp ices o f  th e  F a c u l ty  o f  E n g in e e rin g , 
U n iv e rs i ty  o f  M elb o u rn e .— J .  L . T .

Theories of the Mechanism of Fatigue Failure. W . B o a s (Metallurgia, 
1947, 35, (210), 2 9 0 -2 9 1 ).— A  su m m a ry  o f  a  p a p e r  p re se n te d  a t  th e  sy m p o s iu m  
on  th e  “  F a ilu re  o f  M eta ls  b y  F a t ig u e  ”  h e ld  u n d e r  th e  au sp ices o f  th e  F a c u l ty  
o f  E n g in e e rin g , U n iv e rs i ty  o f  M elb o u rn e .— J .  L . T .

Fatigue Problems Associated with Aircraft Materials. H . S u tto n  (M etal­
lurgia, 1947, 35, (210), 2 9 1 -2 9 2 ).—A  su m m a ry  o f  a  p a p e r  p re se n te d  a t  th e  
sy m p o s iu m  o n  th e  “  F a ilu re  o f  M eta ls  b y  F a tig u e  ”  he ld  u n d e r  th e  ausp ices 
o f  th e  F a c u l ty  o f  E n g in e e rin g , U n iv e rs i ty  o f  M e lbourne .— J .  L . T .

[Discussion on J. H. Hollomon’s P aper:] The Mechanical Equation of
State. --------  (M etals Technol., 1947, 14, (4 ) ;  A .I .M .M .E .  Tech. Publ. N o.
2187, 9 -1 1 ).— Cf. M et. A bs., 1947, 14, 4. J .  H . P a lm  a n d  A . V. W ijngaarden  
su m m arize  th e ir  w o rk  (M etalen, 1946, (D ec.)) w h ich  lead s  to  H .’s e q u a tio n .
D . J .  M cA dam  em p h as izes t h a t  so ften in g  o f  a  m e ta l  a f te r  co ld  w o rk  c a n  ta k e  
p lace  a t  te m p , w ell below  t h a t  o f  r e c ry s ta lliz a tio n . H . ag rees , a n d  considers 
t h a t  th e  co n cep t o f  a  m ech an ica l e q u a tio n  o f  s ta te  does n o t  p re c lu d e  th e  p o ss i­
b i l i ty  t h a t  th e  s tre s s  m a y  b e  d if fe re n tly  d e p e n d e n t o n  s t r a in  a t  d iffe re n t te m p , 
o r  r a te s  o f  s t r a in .— W . H .-R .

*Surface States and Rectification at a Metal-Semi-Conductor Contact. J o h n  
B a rd e e n  (Phys. R ev., 1947, [ii], 71, (10), 717 -7 2 7 ).— T h e o re tic a l. T h e  c o n ­
d it io n  o f  a ffa irs a t  th e  in te rfa c e  b e tw een  a  m e ta l  a n d  a  se m i-c o n d u c to r  is  d is ­
cussed . T h e  p re v io u s  th e o ry  re g a rd e d  im p u r ity  a to m s  a s  g iv in g  rise  to  new  
en e rg y  lev e ls  in  th e  fo rb id d e n  reg io n  b e tw een  th e  filled  a n d  co n d u c tio n  b a n d s  
o f  a  se m i-co n d u c to r. T h is  v iew  is e x te n d e d  to  ta k e  in to  a c c o u n t localized  
s ta te s  o n  th e  su rface  w ith  en erg ies in  th e  fo rb id d e n  reg io n . A  c o n d itio n  o f  no  
n e t  ch a rg e  o n  th e  su rface  m a y  co rre sp o n d  to  a  p a r t ia l  filling  o f  th e se  s ta te s . 
I f  th e  d e n s ity  o f  su rface  lev e ls  is  su ffic ien tly  h ig h , th e re  w ill be  a n  ap p rec iab le  
d o u b le  la y e r  a t  th e  free  su rfa c e  o f  a  se m i-c o n d u c to r  fo rm e d  fro m  a  n e t  ch arge  
f ro m  e le c tro n s  in  su rface  s ta te s  a n d  a  sp a ce  ch a rg e  o f  o p p o site  s ign , s im ila r  to  
t h a t  o f  a  r e c tify in g  ju n c tio n , e x te n d in g  in to  th e  se m i-co n d u c to r. T h is  
d o u b le  la y e r  te n d s  to  m a k e  th e  w o rk  fu n c tio n  in d e p e n d e n t o f  th e  h e ig h t o f  th e  
F e rm i level in  th e  in te r io r  w h ich  in  t u r n  d e p e n d s  o n  th e  im p u r ity  c o n te n t. 
I f  c o n ta c t  is m ad e  w ith  a  m e ta l, th e  d ifference  in  w o rk  fu n c tio n  b e tw een  m e ta l 
a n d  se m i-c o n d u c to r  is c o m p e n sa te d  b y  su rfa c e -s ta te s  charge  r a th e r  th a n  b y  a  
sp a ce  ch a rg e  a s  is  o rd in a rily  assu m ed , so  t h a t  th e  sp ace-ch arg e  la y e r  is  in d e ­
p e n d e n t o f  th e  m e ta l. R e c tif ic a tio n  c h a ra c te r is tic s  a re  th e n  in d e p e n d e n t o f  
th e  m e ta l. T h ese  id e a s  a re  u se d  to  d iscuss con flic ting  e x p e r im e n ta l d a ta .

— W . H .-R .
♦Contact Potential Difference in Silicon Crystal Rectifiers. W a lte r  E . 

M e y erh o f (Phys. Rev., 1947, [ii], 71, (10), 727 -7 3 5 ).— Cf. p reced in g  a b s tra c t .  
T h e  re c tify in g  p o r t io n  o f  a  c ry s ta l rec tifie r  is  th e  c o n ta c t  b e tw een  a  sm a ll 
p o in t  o f  m e ta l  su c h  a s  tu n g s te n , a n d  a  se m i-c o n d u c to r  su c h  a s  silicon  co n ta in in g  
su ita b le  im p u ritie s . T h e  p o te n tia l  en e rg y  c h a ra c te r is tic s  o f  su c h  c o n ta c ts  a re  
rev iew ed , a n d  th e  u su a l th e o ry  d escrib ed . T h e  c o n ta c t  p .d . b e tw een  n  a n d  p  
ty p e s  o f  silicon  a n d  d iffe ren t m e ta ls  w ere m easu red  e x p e r im e n ta lly  b y  a  m e th o d  
(S te p h e n s , S erin , a n d  M eyerhof, Phys. Rev., 1946, [ii], 69, 42, 2 4 4 ; see M et. 
A bs., 1946, 13, 158) in  w h ich  th e  zero  v o lta g e  re s is ta n c e  o f  th e  c o n ta c t  is 
m e a su re d  a s  a  fu n c tio n  o f  th e  te m p . T h e  c o n ta c t  p .d . v a lu e s  w ere p ra c tic a lly  
in d e p e n d e n t o f  th e  k in d  o f  m e ta l  u se d , a n d  o f  th e  s t ru c tu re  o f  th e  silicon  
su rface . T h e  w o rk -fu n c tio n  d ifferences b e tw e e n  th e  sa m e  su b s ta n c e s  w ere 
o b ta in e d  in d e p e n d e n tly  b y  a  p a ra lle l-p la te  co n d en se r (K elv in ) m e th o d , u sin g  
su rfaces  p re p a re d  u n d e r  v a r io u s  c o n d itio n s  a s  re g a rd s  ex p o su re  to  th e  a tm o ­
sp h e re . T h e  re su lts  show ed  n o  c o r re la tio n  b e tw een  th e  c o n ta c t  p .d . a n d
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w o rk -fu n c tio n -d iffe re n ce  v a lu e s . T h is  is  in  c o n tr a s t  to  a c c e p te d  th e o ry , 
a n d  th e  re a so n s  fo r  th is  a re  d isc u sse d .— W . H .-R .

*The K  X-Ray Absorption Edge of Silicon. V o la  P . B a r to n  a n d  G eorge A . 
L in d sa y  (P hys. R ev., 1947, [ii], 71, (7), 4 0 6 -4 0 8 ).

Erratum : The K  X -R ay Absorption Edge of Silicon. V o la  P . B a r to n  a n d  
G eorge A . L in d s a y  (P hys. Rev., 1947, [ii], 71, (10), 7 3 6 -7 3 7 ).— A  n o te  m ak in g  
c o rre c tio n s  to  th e  a u th o r s ’ p a p e r  (see  p re c e d in g  re fe ren ce ).— W . H .-R .

*The Magnetic Quenching of Supraconductivity. J .  W . S to u t  (Phys. Rev., 
1947, [ii], 71, (10), 741).— A  n o te . S ien k o  a n d  O gg (Phys. R ev., 1947, [ii], 
71, 3 1 9 ;  see M et. A 6.5., 1947, 14, 310) su g g e ste d  t h a t  f o r  th e  “  so f t  ”  su p ra -  
co n d u c to rs  le a d , m e rc u ry , t in ,  in d iu m , th a l l iu m , C uS , A u 2B i, z inc , a n d  c a d ­
m iu m , th e  th re sh o ld  m a g n e tic  fie ld  H T fo r  th e  d e s tru c t io n  o f  su p ra c o n d u c tiv i ty  
is b e t t e r  r e p re s e n te d  b y  th e  ex p ress io n  H T =  A ( T cal2 — S’3' 2) th a n  b y  th e  
p a ra b o lic  r e la t io n  H T =  B ( T 2 — T 2). T„ is  th e  te m p , a t  w h ich  th e  m e ta l 
b ecom es su p ra c o n d u c tin g  in  zero  fie ld . S y s te m a tic  e x a m in a tio n  o f  th e  m o s t 
a c c u ra te  d a ta  sh o w s t h a t  n e ith e r  re la t io n  e x a c t ly  f its  th e  d a ta ,  a n d  t h a t  th e  
p a ra b o lic  r e la t io n  is in  a l l  cases th e  b e t t e r  a p p ro x im a tio n .— W . H .-R .

F o r  A .S .T .M . S tandards, see p p . 124 -1 2 9 .

II.— PROPERTIES OF ALLOYS

Viscosity of Molten Aluminium and Its Alloys. G . A k im o w  (M etal Progress, 
1946, 49, (1), 99—100).— T h e  v isc o s ity  o f  m o lte n  a lu m in iu m  a n d  o f  c e r ta in  
a lu m in iu m -s ilic o n  a n d  a lu m in iu m -c o p p e r  a llo y s  h a s  b een  in v e s tig a te d  by  
S ergeiev  a n d  P o la c k  b y  o b se rv a tio n s  o f  th e  d a m p in g  e ffec ts o f  th e  m o lte n  
m a te r ia ls  o n  th e  to rs io n a l o sc illa tio n  o f  a  s te e l b a ll  su sp e n d e d  in  th e  m e lt. 
T h e  b a ll  a n d  p iv o t  w ere  p ro te c te d  b y  a  re f ra c to ry  c o a tin g . D a ta  o b ta in e d  a t  
1290° F .  (699° C.) fo r  a lu m in iu m -s ilic o n  a llo y s  a n d  a t  1265° F .  (680° C.) 
fo r  a lu m in iu m -c o p p e r  a llo y s  a re  su m m a riz e d  g ra p h ic a lly , p o r t io n s  o f  th e  r e ­
sp e c tiv e  c o n s titu t io n a l  d ia g ra m s  b e in g  re p ro d u c e d  fo r  c o m p ariso n . T h e  
v isc o sity  in  b o th  cases in c rease s  sh a rp ly  a s  th e  second  co m p o n e n t in  th e  a llo y  
f irs t  a p p e a rs , a n d  d ec reases  c o n s id e ra b ly  a t  e u te c tic  co m p o s itio n . T h e  
d isc re p a n c y  b e tw e e n  th e se  r e s u l ts  a n d  th o se  o f  S a u e rw a ld  m a y  b e  e x p la in e d  
b y  th e  f a c t  t h a t  S . m e a su re d  th e  v isc o s ity  a t  te m p , w ell a b o v e  th e  liq u id u s .

— P . R .
*Room-Temperature Tensile Properties of Aluminium Alloy Sheet Following 

Brief Elevated-Temperature Exposure. J .  T . L a p sle y , A . E . F la n ig a n , W . F . 
H a rp e r ,  a n d  J .  E .  D o rn  (J . Aeronaut. S c i., 1947, 14, (3), 148 -1 5 4 ).— N a tu ra l ly  
a g e d  m a te r ia ls  24S -T , 2 4 S -R T , a n d  61S -W  m a y  be  ex p o se d  (w ith o u t d e ­
fo rm a tio n )  fo r  20  m in . a t  te m p , u p  to  500° F . (260 C.) w ith  l i t t le  o r  n o  loss in  
y ie ld  s tre s s . T h e  a r tif ic ia lly  a g e d  m a te r ia ls  24S -T 81 , 24S -T 84 , 24S-T 86, 
61S -T , R 3 0 1 -T , a n d  X B 7 5 S -T  m a y  b e  s im ila r ly  ex p o sed  w ith o u t  lo ss in  y ie ld  
s tre s s  a t  te m p , u p  to  400° F .  (205° C .), b u t  ab o v e  450° F .  (233° C .) th e  loss 
becom es g re a t .  D e fo rm a tio n s  in v o lv e d  in  h o t  fo rm in g  m a y  in d u c e  a n  
a c c e le ra tio n  o f  th e  e le v a te d - te m p . a g e in g  p ro cess .— H . P l .

[Discussion on A. E. Flanigan, L. F. Tedsen, and J. E. Dorn’s Paper ;] 
“ Stress-Rupture and Creep Tests on [Alclad] Aluminium Alloy Sheet at Ele­
vated Temperatures.”  -— —  (M etals Technol., 1947, 14, (4 ) ;  A .I .M .M .E .  
Tech. Publ. N o . 2187, 7 -8 ) .— Cf. M et. A bs., 1947, 14, 5. I n  r e p ly  to  ./. C. 
M cDonald, th e  a u th o r s  s t a te  t h a t  e lo n g a tio n s  a t  f ra c tu r e  in  s h o r t- tim e  te n s ile  
te s ts  te n d e d  to  be  g r e a te r  th a n  e lo n g a tio n s  a t  f ra c tu r e  in  s t re s s - to -ru p tu re  
te s ts .  I n  r e p ly  to  K . R . van H orn, th e y  s a y  t h a t  e x tra p o la t io n  o f  sh o r t- tim e  
creep  d a ta  w o u ld  seem  h a z a rd o u s .— W . H .-R .
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♦Brittle Failure oi Hogged-Out Fittings from 14S-T Billets. G iven  B rew er 
a n d  H e rm a n  C. Ih se n  (M etal Progress, 1946, 49, (3), 566 -5 7 1 ).— A n  a c c o u n t is 
g iv en  o f  fa ilu re  in  a  la rg e  a ir c ra f t  f i tt in g  h o g g ed -o u t f ro m  14S-T  b ille t  fo r 
e x p e r im e n ta l p u rp o ses , p a r ts  a c tu a l ly  p u t .  in to  se rv ice  b e in g  n o rm a lly  d ro p  
fo rg ed . F a ilu re  a t  a  v e ry  low  te n s ile  s tre s s  o c c u rre d  in  o n e  o f  th e  lu g s, a n d  
o b se rv a tio n s  o f  s tre s s  d is tr ib u tio n  o n  a  p h o to -e la s tic  m o d el show ed  a  m a rk e d  
d iffe ren ce  b e tw e e n  th e  a c tu a l  d is tr ib u tio n  a n d  t h a t  a s su m e d  fo r  d u c tile  m a te r ia l. 
T e s ts  o f  p ieces o f  th e  sa m e  sh a p e  a s  th e  lu g  a g a in  sh o w ed  a n  u n e x p e c te d ly  
low  b re a k in g  s tre ss , w h ile  s im ila r  p ieces in  2 4 S -T  sh o w ed  s a tis fa c to ry  p ro p e rtie s  
in te n s io n  a n d  a  h ig h e r  sh e a r  s t r e n g th  th a n  w as p re d ic te d . M easu rem en ts  
o f  s tre s s  d is tr ib u tio n  b y  m ean s  o f  p h o to -g rid s  su g g e sted  t h a t  s ta n d a rd  te s tin g  
m e th o d s  d id  n o t  sa t is fa c to r i ly  d isc rim in a te  b e tw e e n  s a tis fa c to ry  a n d  p oor 
m a te r ia l . T e s ts  w ere  th e n  c a rr ie d  o u t  o n  te n s ile  p ieces w ith  a  c e n tra l ro u n d  
h o le , th e  re su lts  co rre sp o n d in g  fa i r ly  w ith  th o se  su g g e sted  b y  th e  s tress  
d is tr ib u tio n . S im ila r  te s ts  o n  b ille ts  w h ic h  w ere  u p s e t  befo re  d ra w in g  show ed  
a  co n s id e rab le  im p ro v e m e n t in  p ro p e rtie s . I t  is  c o n c lu d ed  t h a t  (a) n o tc h -  
se n sitiv en ess  c a n  b e  s a tis fa c to rily  d e te c te d  b y  u s in g  h o led  te s t-p ieces , (6) 
b i lle ts  fo r  h o g g in g -o u t sh o u ld  b e  u p s e t  a n d  d ra w n  a t  fo rg in g  te m p , befo re  being  
m a c h in e d . I t  is n o te d  t h a t  14S-T  in  e x tru d e d  o r  p la te  fo rm  do es n o t  show  
s im ila r  n o tch -sen s itiv e n ess .— P . R .

[Discussion on A. H. Geisler and F. Keller’s Paper :] “ Precipitation in Age- 
Hardened Aluminium Alloys.”  (------ ) See p . 102.

[Discussion on A. D. Smigelskas and E. 0 .  Kirkendall’s P aper:] “ Zinc 
Diffusion in Alpha Brass.”  —-—  (M etals Technol., 1 9 4 7 ,14, (4 ) ;  A .I .M .M .E .  
Tech. P M .  N o . 2187, 1 5 -2 2 ).— Cf. M et. A bs., 1947, 14, 94. B . Smoluchowski 
r e g a rd s  S . a n d  K .’s  re su lts  a s  ev id en ce  fo r  th e  ex is te n ce  o f  la t t ic e  d e fec ts  a n d  
v acan c ie s, a n d  is su rp r ise d  t h a t  th e  in flu en ce  o f  v acan c ie s  is  so la rg e . B . F . 
M ehl d iscu sses th e  b ea rin g  o f  th e  re su lts  o n  th e  g en e ra l th e o ry  o f  d iffusion .
C. S . Sm ith  su g g e sts  t h a t  th e  ch an g es in  co m p o s itio n  re su lt in g  f ro m  diffusion  
se t  u p  s tra in s  o n  a c c o u n t o f  ch an g es in  la t t ic e  sp a c in g . T hese  s tra in s  m a y  be 
re lie v e d  b y  th e  fo rm a tio n  o f  c rack s  o r  fissu res th ro u g h  w h ich  z in c  m a y  p ass  b y  
v a p o r iz a tio n , a n d  th is  m a y  a c c o u n t fo r  a n  a p p a r e n t  d iffu sion  o f  z inc  g re a te r  tt» 
t h a n  t h a t  o f  co p p e r. L . S . Darken  p o in ts  o u t  t h a t  in  th e  fo rm a tio n  o f  o x id e  
sca les, i t  h a s  a lr e a d y  b e e n  reco g n ized  t h a t  th e  m o b ilitie s  o f  an io n  a n d  c a tio n  
a re  n o t  e q u a l. H e  a lso  d ev e lo p s th e  a c t iv i ty  th e o ry  o f  d iffusion . E . W. 
P alm er  ra ise s  th e  p o ss ib ility  o f  th e  re su lts  be in g  a ffe c ted  b y  o x id a tio n , a n d  
M . B . H erm an  s ta te s  t h a t  re su lts  s im ila r  to  th o se  o f  S. a n d  K . h a v e  b e e n  o b ­
se rv e d  in  th e  s tu d y  o f  d iffusion  in  a  a lu m in iu m  b ronzes. E . O . K . rep lie s  to  
th e  d iscu ssio n , a n d  th in k s  i t  im p ro b a b le  t h a t  th e  re su lts  w ere  a ffe c ted  b y  
o x id a tio n .— W . H .-R .

♦Constitution of the System Indium-Tin. F . N . R h in e s , W . M. U rq u h a r t ,  
a n d  H . R . H o g e  (Trans. Am er. Soc. M etals, 1947, 39, 6 9 4 -7 1 1 ; d iscussion , 
7 1 1 -7 1 2 ).— T h e  liq u id u s  w as d e te rm in e d  f ro m  coo ling  cu rv e s  a n d  th e  so lidus 
b y  o b se rv in g  th e  te m p , a t  w h ich  a  l ig h tly  lo a d e d  t e s t  spec im en  ru p tu re d  
d u r in g  slow  h e a tin g . M e ta llo g rap h ic  o b se rv a tio n s  w ere  m a d e  o n  spec im en s c u t  
w ith  a  ra z o r  b lad e , g ro u n d  w ith  600 c a rb o ru n d u m  in  so a p  so lu tio n  on  b ro a d ­
c lo th , po lish ed  w ith  a lu m in a  in  so ap  so lu tio n  o n  s ilk  n a p  c lo th , a n d  e tc h e d  in  a  
so lu tio n  o f  6 g. K 2C rO , in  H 2S 0 4 20, s a tu r a te d  N aC l so lu tio n  12, H F  80, 
H N O j 40, a n d  w a te r  300 c.c. I n  g en e ra l, th e  d ia g ra m  o f  F in k , J e t te ,  K a tz , 
a n d  S c h n e tt le r  (Trans. Eledrbchem. Soc., 1939, 75, 4 6 3 ; see M et. A bs., 1939,
6, 403) is  con firm ed , b u t  i t  is co n sid ered  t h a t  th e  y -p h ase  u n d e rg o es  p e r ite c to id  
d eco m p o s itio n  below  80° C. a n d  n o t  p e r ite c tic  d eco m p o s itio n  a t  124° C. T h e  
l im its  o f  th e  a -  a n d  S-phase fields a re  re lo c a te d . R e s is ta n c e  to  com pression  
is a  w ell d e fin ed  m a x im u m  n e a r  th e  lim it  o f  so lid  so lu b ility  o f  in d iu m  in  t in .

— J .  C. C.
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[Discussion on E. A. Gulbransen and J. W. Hickman’s Papers :] “ Electron- 
Diffraction Study of Oxide Films on Iron, Cobalt, Nickel, Chromium, and 
Copper and Alloys at High Temperatures.”  ( ----- ) See p . 102.

[Discussion on R. S. Busk and E. G. Bobalek’s Paper:] “ Hydrogen in
Magnesium Alloys.”  ------- (M etals Technol., 1947, 14, (4 ) ;  A .I .M .M .E .
Tech. P u ll .  N o . 2187, 2 2 -2 4 ).— Cf. M et. A bs., 1947, 14, 95. L . A . Carapella 
s ta te s  t h a t  h y d ro g e n  co u ld  b e  re m o v e d  m o re  ra p id ly  b y  v ig o ro u s m ech an ica l 
s tir r in g , o r  b y  v ib ra t io n  d u r in g  h ig h -fre q u e n c y  m e ltin g . I n  re p ly  to  q u e s tio n s , 
R . S. B . s ta te s  t h a t  th e  ro le  o f  h y d ro g e n  in  m a g n es iu m  a llo y s  is t h a t  o f  a g g ra v a ­
tio n  o f  m ic ro -sh rin k ag e . A s a  v o id  is fo rm ed  o n  c o n tra c tio n  o f  th e  so lid ify in g  
liqu id , h y d ro g e n  g as d iffuses in to  th e  sp a ce , a n d  so p re v e n ts  m o re  l iq u id  fro m  
feed ing  th e  v o id . I n  r e p ly  to  L . C. Chang, R . S . B . sa y s  t h a t  th e  so lid  
so lu b ility  o f  h y d ro g e n  in  m a g n es iu m  is m a rk e d ly  a ffe c ted  b y  th e  p resen c e  o f  
a llo y in g  e le m e n ts , b u t  n o  c o rre la tio n  w ith  th e  P e r io d ic  T a b le  co u ld  b e  fo u n d . 
J . J .  N aughton  ra ise s  th e  q u e s tio n  o f  h y d ro g e n  e m b r i tt le m e n t ,  a n d  R . S . B . 
say s t h a t  th e r e  w as n o  ev id e n c e  o f  h y d ro g e n  e m b r itt le m e n t o f  m ag n es iu m  
alloys.— W . H .-R .

[Discussion on J. P. Doan and G. Ansel’s Paper :] “ Some Effects of Zirconium  
on Extrusion Properties [and Constitution] of Magnesium-Base Alloys Con­
taining Zinc.”  -------  (M etals Technol., 1947, 14, (4 ) ;  A .I .M .M .E .  Tech.
Publ. N o . 2187, 24—25 ).— Cf. M et. A bs., 1947, 15, 199. I n  r e p ly  to  P . Gordon,
A. s ta te s  t h a t  l i t t le  is  k n o w n  a b o u t  th e  c h a ra c te r is tic s  o f  th e  z irco n iu m  p h ase  
p re se n t in  th e  m a g n e s iu m -ric h  a llo y s . T h e  im p ro v e m e n t in  p ro p e rtie s  is  d u e  
chiefly  to  g ra in  re fin e m e n t. A . B . K a u fm a n n  ra ise s  th e  q u e s tio n  o f  e x tru s io n  
speed , a n d  A . s ta te s  t h a t  th e  e ffe c t o f  v a r ia t io n s  in  th is  fa c to r  co u ld  be  a sc rib e d  
la rg e ly  to  th e  te m p , d ev e lo p ed . I n  r e p ly  to  A . V. Lorch, A . sa y s  t h a t  th e re  
w as n o  a p p a r e n t  effec t o f  z irco n iu m  o n  th e  co rro sio n  o f  m a g n e s iu m -z irc o n iu m , 
o r  m a g n e s iu m -z in c -z irc o n iu m  alloys.-—W . H .-R .

Nickel and High-Nickel Alloys. N o rm a n  E .  W o ld m a n  (M aterials and  
Methods, 1946, 24, (6), 1475—1490).— A  “  m a te r ia ls  a n d  m e th o d s  m a n u a l ” . A  
co m p reh en siv e  su m m a ry  is g iv en  o f  th e  p ro p e rtie s  o f  th e  co m m erc ia lly  a v a ila b le  
fo rm s o f  n ick e l a n d  n ick e l a llo y s , w ith  a n  a c c o u n t o f  p re fe rred  p ra c tic e s  fo r  
h e a t- tre a tin g , w e ld in g , c lean in g , fin ish in g , a n d  m a c h in in g  th e se  m a te r ia ls .

—J. c. c.
Physical Metallurgy of Precious-Metal Alloys. (W ise). See p . 105.
Development of Silver Alloys with Specialized Physical Characteristics.

(Shell). See p . 105.
Super Alloys for High-Temperature Service. H . A . K n ig h t  (Mécanique, 

1946, 30, (337), 2 1 8 -2 2 0 ).— P ro m  M aterials and Methods, 1946, 23, (6) ; see 
M et. A bs., 1947, 14, 200.— W . G. A .

Magnetic and Electrical Materials. R o b e r t  S. B u rp o , J r .  (M aterials and 
Methods, 1947, 26, (2), 115, 117).— E n g in e e rin g  F ile  F a c ts  N o . 146.— J .  L . T .

A Periodic Chart for Metallurgists. C arl A . Z apffe  (Trans. Am er. Soc. 
M etals, 1947, 38, 239—265 ; d iscu ssio n , 265—270).— T h e  e le m e n ts  a re  a r ra n g e d  
o n  a  sc h e m a tic  re p re se n ta tio n  o f  th e  e le c tro n  sh e lls  o f  th e  h e a v ie s t e le m e n t. 
T h e  e le m e n ts  o f  a to m ic  w e ig h t 89 a n d  u p w a rd s  ( in c lu d in g  th e  fo u r  n ew ly  
d isc o v e red  e le m e n ts  93—96) a re  a r ra n g e d  a s  a  se c o n d  se ries  o f  r a re  e a r th s . 
T h e  u se  o f  th e  c h a r t  to  i l lu s tr a te  c e r ta in  p r in c ip le s  o f  a llo y  fo rm a tio n  is 
d iscu ssed . — J .  C. C.

F o r  A .S .T .M . Standards, see  p p . 124—129.
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III.— STRUCTURE
(Metallography ; Macrography ; Crystal Structure.)

[F o r  a l l  a b s tra c ts  o n  th e  c o n s titu t io n  o f  a llo y  sy s tem s, in c lu d in g  X -ra y  
s tu d ie s , see I I . — P ro p e rtie s  o f  A lloys.]

[Discussion on A. H. Geisler and F. Keller’s Paper :] “ Precipitation in 
Age-Hardened Aluminium Alloys.”  —— (M etals Technol., 1947, 14, (4);
A .I .M .M .E .  Tech. Publ. N o. 21 8 7 ,8 -9 ) .— Cf. M et. A bs., 1 9 4 7 ,1 4 ,97. I n  re p ly  
to  J .  H . Hollomon, G. a n d  K . s ta te  t h a t  q u e n c h in g  o f  a llo y s  p ro d u ces  p la s tic  
d e fo rm a tio n , so t h a t  s lip  b a n d s  a re  v is ib le  on  a  p o lish ed  su rface , a n d  th e se  m a y  
a c t  a s  s ite s  fo r  lo ca lized  p re c ip ita t io n  in  th e  e a r ly  s ta g e s  o f  ageing . T h e  effec t 
is n o t  o b se rv e d  w ith  slow er r a te s  o f  cooling . A . S . Coffinberry q u es tio n s  th e  
use  o f  th e  e le c tro n  m icro sco p e  fo r  d e te c tin g  lo calized  p re c ip ita tio n , a n d  G. 
rep lie s  t h a t  th e  o rd in a ry  lig h t  m icro sco p e  w ill su p p ly  ev id en ce  o f  localized  
p re c ip ita t io n  m o re  re a d ily  th a n  th e  e le c tro n  m icro sco p e  b ecau se  a  la rg e  a re a  
m u s t  b e  sc an n ed . T h e  e le c tro n  m icro sco p e  w ill reso lv e  p a r tic le s  w h ich  a re  
to o  sm a ll fo r  th e  o rd in a ry  m icro sco p e .— W . H .-R .

[Discussion on E. A. Gulbransen and J. W. Hickman’s Papers :] “ Electron- 
Diffraction Study of Oxide Films on Iron, Cobalt, Nickel, Chromium, and
Copper and Alloys at High Temperatures.”  ------ (M etals Technol., 1947, 14,
(4) ; A .I .M .M .E .  Tech. Publ. N o. 2187, 2 5 -3 7 ).— Cf. M et. A bs., 1947, 14, 98. 
P . K . K oh  re fe rs  to  th e  effec t o f  th e rm a l e x p a n s io n  o n  th e  m e a su re d  la t t ic e  
spac in g s, a n d , a f te r  rep ly in g , G. rep ro d u c es  a  g ra p h  show ing  th e  re d u c e d  
la t t ic e  c o n s ta n ts  o f  th e  o x ides in  iro n  sca le  a s  a  fu n c tio n  o f  th e  o x y g en  c o n te n t.
B . F . M ehl d iscusses th e  o r ie n ta t io n  a n d  r a te  o f  g ro w th  o f  film s. I n  re p ly  
to  C. O. Ooetzel, G . d esc rib es  a n d  i l lu s tr a te s  th e  e le c tro n -d if f ra c tio n  c a m era  
h ig h - te m p . fu rn a c e . C. H . Sam ans  s ta te s  t h a t  r e su lts  fo r  th e  o x id a tio n  o f  
s te ll i te  in  a i r  a t  900°-1100° C. d id  n o t  ag ree  w ith  th o se  o b ta in e d  u n d e r  th e  
co n d itio n s  u se d  b y  G . a n d  H .,  a n d  reaso n s  fo r  th is  a re  d iscussed . A . B .  
Bobrowsky  q u e s tio n s  th e  se n s it iv i ty  o f  th e  e le c tro n -d if f ra c tio n  m e th o d s  fo r 
d e te c tin g  sm a ll p e rc e n ta g e s  o f  one o x id e  in  th e  p resen ce  o f  a n o th e r . I n  re p ly  
to  Boger Sutton, G. s ta te s  t h a t  m o s t o f  th e  o x ides u se d  w o u ld  n o t  be  e x p e c te d  
to  deco m p o se  a t  th e  te m p , a n d  p re ssu re s  concern ed . H . S . A very  re fe rs  to  
F e 30 4 a n d  th e  sp ine ls , a n d  em p h as izes t h a t  m a n y  sp in e l co m p o s itio n s a re  
possib le . G . a n d  H . d iscuss th is ,  a n d  d esc rib e  e lec tro n -m icro sc o p ic  o b se rv a ­
tio n s  o f  th e  g ro w th  o f  film s. M . L . Fuller re fe rs  to  th e  p o ss ib ili ty  o f  false  
v a lu e s  b e in g  o b ta in e d  fo r  la t t ic e  sp ac in g s ow ing to  th e  a c c u m u la tio n  o f  p o sitiv e  
c h a rg e  o n  th e  sp ec im en , w ith  a  re su ltin g  deflec tio n  o f  th e  d if fra c te d  e lec tro n  
b eam s. G . a n d  H . ag ree  w ith  th is ,  b u t  sh o w  t h a t  th e  effec t co u ld  n o t  be 
resp o n s ib le  fo r  th e  re la t iv e ly  la rg e  la t t ic e  sp a c in g s w h ic h  th e y  o b ta in e d . 
V a r ia tio n s  in  th e  co m p o sitio n s o f  d iffe re n t spec im en s m ig h t a c c o u n t fo r  th e  
con flic tin g  la t t ic e  spac in g s. U. B . Evans  ag rees t h a t  d e p a r tu re  fro m  
s to ic h io m e tr ic a l eq u iv a len ce  o f te n  occu rs. H e  th e n  describ es e x p e r im e n ts  
o n  th e  s tr ip p in g  o f  film s fro m  ox id ized  su rfaces ; th e se  film s w ere  o ften  w rin k led  
o r  cu rv ed , su g g e stin g  th e  p resen c e  o f  s tre sse s  w h ich  w ou ld  a ffe c t th e  la t t ic e  
sp a c in g s . A . 0 . Quarrell em p h as izes t h a t  th e  re la t iv e ly  s lig h t d ifferences 
b e tw e e n  th e  la t t ic e  sp a c in g s o f  d iffe re n t sp in e ls  l im its  th e  u se  o f  e lec tro n - 
d if fra c tio n  m e th o d s  fo r  id e n tify in g  su b s ta n c e s  in  th e  film . H e  a lso  d iscusses 
th e  p ro te c tiv e  m ech an ism .— W . H .-R .

[Discussion on C. S. Barrett and C. T. Haller’s Paper:] “ Twinning in
Polycrystalline Magnesium [Alloys].”  -------(M etals Technol., 1947, 14, (4) ;
A .I .M .M .E .  Tech. Publ. N o. 2187, 1 -7 ).— Cf. M et. Abs., 1947, 14, 202. B . L . 
Dietrich su m m a riz e s  p re v io u s  w ork , a n d  s ta te s  t h a t  th e  d e fo rm a tio n  o f  po ly- 
c ry s ta llin e  m ag n es iu m  a llo y s  is n o t  co m p le te ly  e x p la in e d  b y  w o rk  o n  sing le
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c ry s ta ls . H e  a g rees  w ith  B . a n d  H . t h a t  {101} s lip  is a c t iv e  a t  ro o m  te m p ., 
a n d  show s a n  e x a m p le  o f  a  b a n d e d  s tru c tu r e . K . Jetter  i l lu s tr a te s  b a n d e d  
s t ru c tu re s  p ro d u c e d  b y  b e n d in g ; th e s e  a re  o u tc ro p s  o f  reg io n s w h ere  localized  
a s  a  r e s u l t  o f  r e -o r ie n ta t io n  re su lt in g  f ro m  {102} tw in n in g . B a n d e d  s tru c tu r e s  
a n d  o th e r  e x a m p le s  o f  lo ca lized  d e fo rm a tio n  p ro d u c e d  in  ro llin g  a re  i l lu s tr a te d  
a n d  d isc u sse d . B . a n d  H . c o n s id e r  t h a t  f u r th e r  ev id en ce  is n e e d e d  befo re  
tw in n in g  is  d e f in ite ly  e s ta b lish e d  a s  re sp o n s ib le  fo r  th e se  s tru c tu re s . 6 .  
A nsel  e n q u ire s  w h e th e r  th e  d ec rease  in  te n s ile  y ie ld  s tr e n g th  o ccu rrin g  in  th e  
ro lle r-lev e llin g  p ro cess  is  th e  r e s u l t  o f  re - tw in n in g  o f  m a te r ia l  tw in n e d  d u rin g  
ro lle r- lev e llin g , a n d  B . a n d  H . ag re e  t h a t  th is  is  p ro b a b le . G. show s n ew  po le 
figu res fo r  m a te r ia l  su b je c te d  to  co m p ress io n .— W . H .-R .

*Some Special Metallographic Techniques £or Magnesium Alloys. P . P .  
G eorge (T rans. Am er. Soc. M etals, 1947, 38, 6 8 6 -7 0 8 ; d isc u ssio n , 7 0 8 ; a n d  
(su m m ary ) A lu m in u m  and M agnesium , 1947, 3, (5), 11 -13 , 24—2o).— S pecia l 
e tc h in g  so lu tio n s  a re  f re sh ly  m a d e  u p  f ro m  I ,  5 g. o f  p ic ric  a c id  d isso lv ed  in  
e th a n o l to  m a k e  100 c .c . ; I I ,  g lac ia l a c e tic  a c i d ; I I I ,  conc. n i t r ic  a c i d ; 
IV , 4 8 %  h y d ro flu o ric  a c i d ; a n d  V , d is til le d  w a te r . A  m ix tu re  o f  I  50, V  20, 
a n d  I I  20 p a r t s  b y  v o l., u se d  fo r  e x a c t ly  15 sec ., fo rm s a n  am o rp h o u s  film  on  th e  
p o lish ed  su rface  o f  m a g n e s iu m -a lu m in iu m -z in c  so lid -so lu tio n  a llo y s  w ith in  a  
re s tr ic te d  ra n g e  o f  co m p o s itio n s , a n d  a  m ix tu re  I  50, V  20, a n d  I I  16 fo rm s a  
s im ila r  film  o n  a llo y s  w ith in  a  r a th e r  m o re  e x te n d e d  ra n g e . T h e  film s, w h en  
d ry , d e v e lo p  c rack s  p a ra lle l  to  th e  t r a c e  o f  th e  b a s a l p la n e  in  each  g ra in . 
T hese  e tc h a n ts  m a y  be  u se d  fo r  re v e a lin g  ch an g es in  co m p o s itio n  w ith in  g ra in s , 
fo r  sh o w in g  d iffu s io n  d u r in g  h e a t - t r e a tm e n t,  fo r  d is tin g u is h in g  b e tw een  
m ic ro -sh rin k ag e  a n d  fu sio n  v o id s , a n d  fo r  e s t im a tin g  th e  te m p , a t  w h ich  som e 
a llo y s  h a v e  b een  ag ed . A  m ix tu re  o f  I  100, I I  5, a n d  I I I  3 slow s d iffu s io n  o f  
a lu m in iu m  fro m  a n  a lu m in iu m -c la d  b a se  m e ta l  to  a  m a n g a n e se -c o n ta in in g  
c la d d in g  m e ta l .  A  m ix tu re  o f  e q u a l v o l. o f  I  a n d  V  g iv es g r e a t  c o n tr a s t  
b e tw een  M g2Si (b ri l l ia n t  b lu e) a n d  th e  m an g an ese  c o n s titu e n t  (d u ll  g rey ). 
A  m ix tu re  o f  IV  10 a n d  V  90  d a rk e n s  M gl;A l]2 c o m p o u n d  a n d  leav es M g3A l2Z n 3 
u n e tc h e d  a n d  w h i t e ; a n d  i f  th e  sp e c im en  is th e n  im m ersed  in  a  m ix tu re  o f  
I  10 a n d  V  90, th e  m a tr ix  is s ta in e d  a  g o ld en  co lo u r a n d  M g3A l2Z n 3 re m a in s  
w h ite . T h is  p ro c e d u re  en su re s  t h a t  th e  te r n a ry  c o m p o u n d  is n o t  o v e rlo o k ed . 
G rain  b o u n d a r ie s  in  c a s t  a llo y s  a n d  th o se  w ro u g h t a llo y s  w h ich  a re  u su a lly  
h a rd  to  e tc h  m a y  h e  re v e a le d  w ith  a  m ix tu re  o f  I  100, V  10, a n d  I I  5, w h ich  
also  d if fe re n tia te s  b e tw e e n  g ra in s  o f  v a r io u s  o r ie n ta t io n s  a n d  is v e ry  se n s itiv e  
in  re v e a lin g  d is to r t io n . G o o d  c o n tr a s t  b e tw e e n  th e  tw o  ty p e s  o f  p re c ip i ta te  
fo u n d  in  th e  m a g n e s iu m -a lu m in iu m  a n d  m a g n e s iu m -a lu m in iu m -z in c  a llo y s 
is g iv e n  b y  a n  e tc h a n t  c o n ta in in g  I  100 a n d  V  10.— J .  C. C.

Visual Aids in Teaching Metallography. J .  O. L o rd  (M achinery Lloyd, 
1946, 18, (2), 6 7 -6 9 ).— T h e  A m e ric a n  S o c ie ty  fo r  T e s tin g  M a te ria ls  sp o n so red  
a  p ro g ra m m e  o f  re se a rc h  a n d  e x p e r im e n ta t io n  in  th e  d e v e lo p m e n t o f  m o tio n  
p ic tu re s  d e a lin g  w ith  so m e o f  th e  e le m e n ta ry  c o n cep ts  o f  p h y s ic a l m e ta llu rg y . 
L . su p e rv ise d  th e  p ro d u c tio n  o f  a  m o tio n  p ic tu re  e n t i t le d  “ M e ta l C r y s ta ls ” , 
w h ich  re q u ire d  4 0  m in . show ing . H e  d escrib es th e  d ifficu lties  e n c o u n te re d  
a n d  th e  te c h n iq u e  a d o p te d  in  th e  p ro d u c tio n  o f  th is  film .— H . P l .

Metallography, Fatigue of Metals, and Conventional Stress Analysis. H . G. 
M oore (M etallurgia, 1947, 35, (210), 290).— A  su m m a ry  o f  a  p a p e r  p re se n te d  a t  
th e  sy m p o s iu m  o n  th e  “  F a ilu re  o f  M e ta ls  b y  F a t ig u e  ”  h e ld  u n d e r  th e  au sp ices 
o f  th e  F a c u l ty  o f  E n g in e e rin g , U n iv e r s i ty  o f  M e lbourne , A u s tra l ia .— J .  L . T .

Fractography. -------  (M achinery Lloyd, 1946, 18, (4), 81).— “  F ra c to -
g ra p h y  ”  is  d e sc rib e d  a s  a  n ew  m e ta llu rg ic a l te c h n iq u e  fo r  s tu d y in g  f ra c tu re s  
in  m e ta ls . T w o m a in  o p e ra tio n s  a re  c a r r ie d  o u t ;  f irs t, a n  in d iv id u a l 
f a c e t  is  se lec ted  fo r  e x a m in a tio n  b y  th e  a id  o f  a  m a g n ify in g  g la s s ;  seco n d , 
th e  sp e c im en  is m o u n te d  b e tw e e n  c la m p s a t  r ig h t  a n g le s  to  th e  a x is  o f  th e  
m icroscope b y  m e a n s  o f  a  s im p le  o r ie n tin g  m ech an ism . N e i th e r  po lish in g



n o r  e tc h in g  is  p e rfo rm ed , th e  a c tu a l  p la n e  o f  w eak n e ss b e in g  th e  o n ly  su rface  
e x a m in e d .— H . P i,.

The National Physical Laboratory [Use of Electron Microscope]. ------
(M achinery Lloyd, 1946, 18, (15), 8 2 -8 3 ).— R e feren ce  is m a d e  to  th e  u se  o f  th e  
e le c tro n  m icroscope in  th e  m e ta llu rg ic a l la b o ra to ry . B y  in d ire c t  m e th o d s , 
m ag n ific a tio n s  u p  to  10,000 d ia . h a v e  b een  o b ta in e d  w h ich  a re  su p e rio r  in  
d e f in itio n  to  th o se  o b ta in e d  in  o p tic a l m icroscopes a t  a  m ag n if ic a tio n  o f  1000 
d ia .— H . P l .

Direct Determination of Stacking Disorder in Layer Structures. W . H .
Z a c h a ria se n  (P hys. Rev., 1947, [ii], 71, (10), 7 1 5 -7 1 7 ).— T h e o re tic a l. I r r e g u ­
la r itie s  in  th e  r e la tiv e  d isp la c e m e n t o f  th e  la y e rs  p a ra lle l to  th e ir  ow n p lan es 
occu r in  m a n y  c ry s ta ls  o f  th e  la y e r -s tru c tu re  ty p e . T h is  s ta c k in g  d iso rd e r 
g iv es rise  to  c h a ra c te r is tic  fe a tu re s  in  th e  X -ra y  a n d  e lec tro n -d iffrac tio n  
p a t te r n s  o f  su c h  c ry sta ls . A  s ta c k  o f  N  id e n tic a l, p a ra lle l, a n d  e q u i-d is ta n t  
la y e rs  is u se d  as a  sim p le  m o d el ; ir re g u la r it ie s  in  th e  r e la tiv e  d isp lac em en ts  
p a ra lle l to  th e  p la n e  o f  th e  lay e rs  co rre sp o n d  to  s ta c k in g  d iso rd er. I t  is  show n 
th a t  X - ra y  d iffra c tio n  d a ta  p e rm it  a  d ire c t  d e te rm in a tio n  o f  th e  F o u rie r  
coeff. o f  th e  fu n c tio n s  w h ich  d escrib e  th e  s ta c k in g  d iso rd e r .— W . H .-R .

F o r  A .S .T .M . Standards, see p p . 126, 130.
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IV.— DENTAL METALLURGY

The Use of Base-Metal Alloys in Casting. P a u l C ollins (•/. Dental Research, 
1946, 25, (3), 158).— S u m m a ry  o f  a  p a p e r  p re se n te d  to  th e  I n te rn a t io n a l  
A sso c ia tio n  fo r  D e n ta l  R e sea rch . T h e  d e v e lo p m e n t o f  in d u s tr ia l  ca s tin g  
p ra c tic e s  b ased  o n  th e  lo s t-w a x  m e th o d  com m on  in  d e n tis try , a n d  th e  e x te n t  
o f  th e  a p p lic a tio n  in  in d u s try , a re  d esc rib ed . T h e  n a tu r e  o f  th e  in v e s tm e n t 
u se d  fo r cas tin g  V ita l l iu m -ty p e  a llo y s  fo r  su p e rc h a rg e r  b u c k e ts  a n d  o th e r  
a irc ra ft-e n g in e  p a r ts  a re  d iscu ssed . P ra c tic e  a n d  ex p e rien ce  g a in e d  fro m  
d e n ta l  c a s tin g  p ra c tic e s  w ere o f  v a lu e  to  th e  in d u s tr ia l is t .  I n  lik e  m a n n e r  
i t  is  e x p e c te d  t h a t  a d d e d  in fo rm a tio n  g a in ed  b y  in d u s tr ia l  re se a rc h  d u rin g  
re c e n t y e a rs  w ill be  o f  im p o rta n c e  in  th e  fu tu re  im p ro v e m e n t o f  des ign  a n d  
so u n d n e ss  o f  q u a l i ty  d e n ta l  s tru c tu re s .— A u t h o r .

Developments in Investments for the Casting of Gold Alloys and Base 
Metals. T . E . M oore (J. Dental Research, 1946, 25, (3), 158).— S u m m a ry  o f  a  
p a p e r  p re se n te d  to  th e  In te rn a t io n a l  A sso c ia tio n  fo r D e n ta l  R e sea rch . T h e  
co m p o sitio n  a n d  p h y sic a l a n d  chem ical p ro p e rtie s  o f  th e  v a rio u s  in v e s tm e n t 
ty p e s  t h a t  a re  u se d  in  d e n t is t r y  to  m a k e  in la y s  a n d  p a r t ia l-d e n tu re  c a s tin g s  o f  
g o ld  a n d  b a se -m e ta l a llo y s  a re  d iscu ssed . T h e  a p p lic a tio n  o f  th e  d e n ta l 
in v e s tm e n ts  a n d  th e  lo s t-w a x  p rocess to  in d u s tr ia l  u se  fo r c a s tin g  c r itic a l 
w a r  p a r t s  o f  h ig h -m .p . ch ro m iu m  allo y s  is  a lso  desc rib ed . N ew  in v e s tm e n ts  a n d  
p rocesses t h a t  w ere  d e v e lo p ed  a n d  u se d  d u r in g  th e  w a r  a re  rev iew ed .— A u t h o r .

*A Study of Investment Expansions Required for Gold Inlay Castings. 
C lau d e  W a t ts  (J . Denial Research, 1946, 25, (3), 160).— S u m m a ry  o f  a  p a p e r  
p re se n te d  to  th e  In te rn a t io n a l  A sso c ia tio n  fo r  D e n ta l  R e sea rch . T h is  is  a  
p re lim in a ry  re p o r t  g iv in g  th e  r e su lts  o f  e x p an s io n  te s ts  on  a n  in v e s tm e n t 
m a te r ia l a n d  in c lu d es d a ta  o n  th e rm a l ex p an s io n , se t tin g  ex p an s io n , a n d  h y g ro ­
scop ic ex p an s io n . A  co m p ariso n  o f  re su lts  o b ta in e d  b y  tw o  d iffe ren t m e th o d s  
o f  d e te rm in in g  se t tin g  ex p a n s io n  is m ad e . C o n s id e ra tio n  is g iv en  to  th e  
effec t o f  th e  sh a p e  o f  th e  w a x  p a t t e r n  o n  th e  in v e s tm e n t ex p an s io n . R e su lts  
o f  e x p e r im e n ta l te s ts  o n  in la y  c a s tin g s  a re  g iven , c o rre la tin g  su c h  fa c to rs  a s  
ty p e  o f  in la y  go ld , to ta l  in v e s tm e n t ex p an s io n , a n d  f it  o f  th e  ca s tin g .— A u t h o r .

»Linear Casting Shrinkage of Gold and Its Alloys. G eorge M. H o lle n b a c k  
(J . Dental Research, 1946, 25, (3), 159).— S u m m a ry  o f  a  p a p e r  p re se n te d  to  
th e  In te rn a t io n a l  A sso c ia tio n  fo r  D e n ta l R e sea rch . T h e  lin e a r  cas tin g



sh r in k a g e  o f  go ld  w as e s ta b lish e d  a s  1 -6 5 % ± 0 -0 3 %  ; p rev io u sly , th e  a c c e p te d  
figu re  h a d  b een  1-25% . A llo y in g  m e ta ls  re d u c e  th e  sh r in k a g e  co n s id e rab ly , 
b u t  th e  r e d u c tio n  is n o t  p ro p o r tio n a l  to  th e  p e rc e n ta g e  o f  th e  a llo y in g  m e t a l ; 
th e  effec t o f  d if fe re n t m e ta ls  sh o u ld  be  in v e s tig a te d .— J .  L . T .

»Effects of Variation in the Mercury : Alloy Ratio Upon the Amalgam  
Filling. R a lp h  W . P h illip s  (J . Dental Research, 1946, 25 , (3), 183).— S u m m a ry  
o f  a  p a p e r  p re se n te d  to  th e  I n te rn a t io n a l  A sso c ia tio n  fo r  D e n ta l  R e sea rch . 
T h e  p u rp o se  o f  th e  in v e s tig a tio n  w as to  d e te rm in e  th e  im p o rta n c e  o f  s t r ic t  
ad h e re n c e  to  th e  re c o m m e n d e d  r a t io  o f  m e rc u ry  a n d  a llo y  in  th e  m a n ip u la tio n  
o f  d e n ta l  a m a lg a m . S ix  a llo y s  o f  v a ry in g  g ra in -s ize  w ere  u se d  a n d  th re e  
d if fe re n t m e rc u ry  : a llo y  r a t io s  : (1) 1 5 %  less m e rc u ry  th a n  reco m m en d ed , 
(2) rec o m m e n d e d  ra t io , a n d  (3) 1 5 %  m o re  m e rc u ry  th a n  re c o m m e n d e d . T h e  
p e rc e n ta g e  o f  re s id u a l  m e rc u ry  w as d e te rm in e d  in  e a c h  case, a n d  th e  p h y sic a l 
p ro p e rtie s  te s te d .— J .  L . T .

Physical Metallurgy of Precious-Metal Alloys. E . M . W ise (J . Dental 
Research, 1946, 25, (3), 159).— S u m m a ry  o f  a  p a p e r  p re se n te d  to  th e  I n t e r ­
n a t io n a l  A sso c ia tio n  fo r  D e n ta l  R e se a rc h . D iscu ss io n  is  g iv e n  o f  th e  p ro p e rtie s  
o f  th e  in d iv id u a l p rec io u s m e ta ls  a n d  th e  sy s te m s  g o ld - s i lv e r -c o p p e r , p a l ­
la d iu m -s ilv e r-c o p p e r , a s  w ell a s  th e  m o re  co m p lic a te d  a llo y s  c o n ta in in g  
p la t in u m  a n d  p a lla d iu m  d e r iv e d  f ro m  th e se  sy s tem s, w h ich  a re  th e  b as is  fo r 
th e  a llo y s  b ro a d ly  e m p lo y e d  in  d e n t is t r y . P re c io u s-m e ta l a llo y s  h a v in g  
h ig h e r  m .p . a re  a lso  d esc rib ed . A tte n t io n  is g iven  to  som e o f  th e  p re c ip i ta ­
t io n -h a rd e n in g  tra n s fo rm a tio n s  a n d  th e  m e ltin g  b e h a v io u r  o f  d e n ta l  a llo y s.

— A u t h o r .
»Effects of Heat-Treating [Silver-] Amalgam Alloy Ingots Before Cutting 

Into Filings. K . W . R a y  (J . Dental Research, 1946, 25, (3), 159).— S u m m a ry  
o f  a  p a p e r  p re se n te d  to  th e  I n te rn a t io n a l  A sso c ia tio n  fo r  D e n ta l  R e sea rch . 
V a r ia tio n  in  h e a t- t r e a tm e n t  o f  s ilv e r-a m a lg a m  a llo y  in g o ts  befo re  th e y  a re  
c u t  in to  filings can  a l te r  th e  p ro p e r t ie s  o f  th e  a m a lg a m  m a d e  fro m  th e  filings 
c o n s id e rab ly  i f  th e  a llo y  c o n ta in s  7 0 %  s i lv e r ; b u t  in  a n  a llo y  c o n ta in in g  
6 8 %  s ilv e r  th e  p ro p e rtie s  a r e  n o t  a ffe c ted .— J .  L . T .

Development of Silver Alloys with Specialized Physical Characteristics. 
J o h n  S h e ll ( J .  Denial Research, 1946, 25, (3), 160).— S u m m a ry  o f  a  p a p e r  
p re se n te d  t o  th e  I n te rn a t io n a l  A sso c ia tio n  fo r  D e n ta l  R e sea rch . D u rin g  th e  
la s t  t e n  y e a rs , n u m e ro u s  r a th e r  c o m p lic a te d  a n d  u n u su a l a llo y s  o f  s ilv e r  h a v e  
been e m p lo y ed  fo r  specific in d u s tr ia l  uses. T h e  re q u ire m e n ts  m a y  v a ry  f ro m  
a h ig h  e le c tr ic a l c o n d u c tiv ity  to  a  h ig h  te n s ile  s tre n g th . S ilv e r  a s  a  bas is  fo r 
such  a llo y s h a s  b een  fo u n d  to  c o n tr ib u te  re m a rk a b le  p ro p e rtie s  n o t  g e n e ra lly  
a t ta in a b le  b y  th e  u se  o f  a n y  o th e r  m e ta l .— A u t h o r .
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V — POW DER METALLURGY

The Use of Ultra-Fine [Copper] Particles in Powder Metallurgy. H e n ry  H . 
H a u sn e r  (M aterials and Methods, 1946, 24, (1), 9 8 -1 0 2 ;  a lso  (su m m ary ) 
Metallwrgia, 1947, 35, (210), 3 1 5 -3 1 6 ; a n d  M ecanique, 1946, 30 , (339), 283).—  
T he u se  o f  a  n ew  ty p e  o f  fine co p p e r p o w d er, h a v in g  a n  a v e ra g e  d ia . o f  2 y  
a n d  m o re  u n ifo rm  th a n  “  —325 m esh  ”  p o w d er, is  d isc u sse d . U sed  a lo n e , i t  
g ives h ig h  d e n s itie s  w ith  low  c o m p a c tin g  p ressu res . M ix tu re s  w ith  co arse r 
copper, t in ,  o r  tu n g s te n  p o w d ers flow  w ell a n d  g iv e  th e  h ig h e s t d en s itie s  w ith  
h ig h  c o m p a c tin g  p re ssu re s .— J .  C. C.

Heavy Alloy. G . H . 8 . P ric e  ( In d ia n  Eng., 1947, 121, (1), 42—43).— P . 
d escrib es a  “  h e a v y  a llo y  ”  d e v e lo p e d  b y  th e  G en era l E le c tr ic  C o m p an y , L td .  
I t  is a  p ro d u c t o f  p o w d e r  m e ta l lu rg y  c o n ta in in g  9 0 %  tu n g s te n  w ith  n ickel 
a n d  copper. T h e  a llo y  c a n  b e  m a c h in e d , p u n c h e d , a n d  d r ille d  w ith  ease, 
a n d  h a s  a  te n s ile  s t r e n g th  o f  42 to n s / in .2, y ie ld  p o in t  o f  38 to n s /in .2, co m ­
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p ress iv e  s t r e n g th  o f  o v e r  130 to n s / in .2, a n d  a n  e lo n g a tio n  o f  3 % . T h e  a lloy , 
which is  tw ice  a s  h e a v y  a s  s te e l, h a s  a  m o d u lu s  o f  e la s tic ity  o f  32 X  106 lb . / in .3 
and a B rin e ll h a rd n e ss  o f  290. I t  h a s  b een  u se d  in  a i r c ra f t  fo r  flig h t-co n tro l 
su rfaces  a n d  c ra n k sh a fts , a s  w ell a s  in  g y roscopes a n d  g y ro -com passes. I t  is 
an ideal m a te r ia l  fo r  a rc in g  c o n ta c ts  o f  o il-im m ersed  h e a v y -c u r re n t c irc u it  
b re a k e rs .— S. K . G.

Powdered Metal vs. Other High-Production Methods. H e rb e r t  C hase 
(M aterials and Methods, 1946, 24, (2), 3 6 3 -3 6 9 ).— P o w d e r-m e ta llu rg y  p ro d u c ts  
can be m a d e  in  sizes u p  to  a b o u t  8 in .2 in  cross-sec tio n a l a re a  a n d  3 in . h ig h , 
w ith  som e lim ita t io n s  o n  sh a p e , w ith  l i t t le  la b o u r  a n d  neg lig ib le  sc ra p  loss 
to  re a so n a b le  d im e n sio n a l to le ra n c e s . S u rface s a re  sm o o th  a n d  i t  is possib le  
t o  in c o rp o ra te  in se rts . C om p ariso n s a re  d ra w n  w ith  p ro d u c ts  fo rm e d  b y  
sand- o r  d ie -cas tin g , s ta m p in g , o r  m ach in in g .— J .  C. C.

Powder Metallurgy: The Key to High-Temperature Power Applications.
 (M achinery Lloyd, 1946, 18, (4), 95).— A  rev iew  o f  th e  re se a rc h  p ro je c ts
o f  th e  A m erican  E le c tro -M e ta l C o rp o ra tio n  is  g iv en  w h ich  in c lu d es  (1) f in d in g  
a  co m b in a tio n  o f  r e f ra c to ry  m e ta ls  a n d  re f ra c to ry  ceram ics w h ich  w ill re s is t  
h ig h  te m p ., (2) th e  co m b in in g  o f  m e ta ls  a n d  p la s tic s  so a s  to  le n d  th e  s tr e n g th  
o f  th e  m e ta ls  to  th e  m ix tu re , (3) th e  d e v e lo p m e n t o f  h ig h -s tre n g th  a llo y -stee l 
p a r ts  fo r  q u a n t i ty  p ro d u c tio n  th ro u g h  p o w d e r  m e ta llu rg y . “  S in te e l G  ”  is 
one  o f  th e  firm ’s p r o d u c t s ; th is  is  a  1 0 0 % -d en se  “  b ro n ze  ” , p ro d u c e d  b y  in ­
f i l tr a t in g  m o lte n  c o p p e r in to  p o ro u s  s te e l.— H . P l .

Some Aspects oi the Problem of Powder Metallurgy. A. M a rtig n y  (Usine  
Nouvelle, 1947, 3, (34), 1 2 ; (35), 12).— A  rev iew  o f  re c e n t te c h n ic a l a d v a n c e s  
in  th e  m a n u fa c tu re  a n d  u sa g e  o f  m e ta llic  p o w d ers.— J .  L . T .

Extruding Powdered Metals to Form Synthetic Welding Wires. F . G. 
Daveler (M achinery Lloyd, 1946, 18, (26), 8 6 -8 9 ).— A n  a llo y  w eld in g  ro d  
composed o f  d ra w n  w ire  c la d  w ith  a llo y in g  e le m e n ts  h a s  b een  p ro d u c e d  
by p o w d e r-m e ta llu rg y  m e th o d s . T h e  p ro d u c tio n  o f  th is  n e w -ty p e  w ire  h a s  
paved th e  w a y  fo r  d e v e lo p m e n t o f  a  m e th o d  o f  e x tru d in g  p o w d e re d  m e ta ls  
a n d  c o m p a c tin g  th e m  a ro u n d  a  w ire , em p h as is  b e in g  p la c e d  o n  c o n tro l o f  
particle size a n d  se lec tio n  o f  a  su ita b le  lu b r ic a n t .— H . P l .

New Ceramic Combines Ceramic Materials and Powdered Metals. H e n ry  
H . H a u s n e r  (Ceram. In d ., 1946, 47, (4), 8 7 -1 0 5 ; (5), 9 0 -9 6 ).— A  d iscu ssio n  
o f  th e  p ro c e d u re s  a p p lie d  in  p o w d er m e ta llu rg y  a n d  ceram ic  p ra c tic e . H . 
co m p ares th e se  p rocesses a n d  th e  m a te r ia ls  em p lo y ed  in  e a c h  fie ld , a n d  
su g g e sts  t h a t  th e  w ay  is o p en  fo r  n ew  c e ra m ic -m e ta l p ro d u c ts . A  few  e x ­
am p les , i l lu s t r a te d  w ith  p h o to m ic ro g ra p h s  o f  c o m p o u n d  m a te r ia ls , a re  
g iv en .—J .  S .

F o r  A .S .T .M . S tandards, see  p . 130.

VI.— CORROSION AND RELATED PHENOMENA

Corrosion of Light Alloys.  (M etal Progress, 1946, 49, (5), 1028, 1030,
1032, 1034).— A  su m m a ry  o f  G e rm a n  w o rk  p u b lish e d  in  Korrosion u . M etall- 
schwlz a n d  A lu m in iu m  in  1943 a n d  1944. S tre ss-co rros ion  o f  a lu m in iu m -r ic h  
a lu m in iu m -z in c -m a g n e s iu m  fo rg in g  a llo y s  c o n ta in in g  o v e r 5 %  z in c  a n d  
m ag n es iu m  to g e th e r , h a s  been  fo u n d  b y  G erm an  w o rk e rs  to  d e p e n d  o n  q u e n c h ­
in g  te m p , a s  w ell a s  o n  c o n d itio n s  a f te r  h o m o g en iza tio n . T h e  e ifec t o f  re d u c ­
in g  q u en ch in g  te m p , fo r  co ld -w o rk ed  a n d  q u e n c h -h a rd e n e d  a llo y s to  ju s t  
be low  so lu tio n  te m p , w as o b se rv ed  u n d e r  d iffe re n t co n d itio n s  o f  exp o su re , 
cooling , a n d  ageing . S tre ss-co rro s io n  in  spec im en s ag ed  a t  ro o m  te m p , a n d  
a t  h ig h  te m p , im p ro v e d  a t  th e  ex p en se  o f  m ech an ica l p ro p e rtie s , b u t  a ir-  
coo led  spec im en s re m a in e d  su p e rio r . W a te r-q u e n c h e d  a n d  su b se q u e n tly  age- 
h a rd e n e d  sa m p le s show ed  in c rease d  s e n s it iv i ty  to  stress-co rro s io n  a f te r  
an n e a lin g  a t  175°-265° F . (80°-130° C.) ; im p ro v e d  re s is ta n c e  w as co n ferred
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b y  w a te r-q u e n c h in g  f ro m  715° S'. (380° C.) a n d  n o rm a liz in g  a t  212° F. (100° C .), 
b u t  th is  d id  n o t  a p p ly  to  sp ec im en s ag ed  fo r  lo n g  p erio d s. S tru c tu r a l  d e ­
te r io ra t io n  o f  a lu m in iu m  a n d  m a g n es iu m  b y  co rrosion , a s  d esc rib ed  b y  W . 
P a t te r s o n ,  d e p e n d s  b o th  o n  th e  n a tu r e  o f  th e  p h ases  p re se n t  (i.e. o n  th e  p .d . 
b e tw e e n  th e m )  a n d  o n  th e  a r ra n g e m e n t o f  th e  p h a se s  in  th e  s t r u c tu r e ; 
se c o n d a ry  c o n s titu e n ts  less “ n o b le ”  th a n  th e  m a tr ix  w ill b e  d isso lv ed  o u t, 
f u r th e r  p e n e tra t io n  th e n  d e p e n d in g  o n  th e  p ro p e rtie s  o f  th e  m a tr ix .  I f  th e  
l a t t e r  is  th e  less “  n o b le  ” , i t  w ill be  a t ta c k e d  a t  th e  b o u n d a r ie s  b e tw een  
p h ases , a n d  g ra in in g  a n d  p i t t in g  w ill r e s u lt .  A  2 -p h ase  s t ru c tu re  w ith  a  
d e f in ite  p h a se  a r ra n g e m e n t is  re g a rd e d  a s  a n  e s se n tia l c o n d itio n  fo r  co rrosive  
d e te r io ra tio n  in  lig h t  a llo y s, th e  p resen c e  o f  c e r ta in  p h a se s  u su a lly  in d ic a tin g  
in s ta b il i ty .  F a c to r s  in  “  la y e r  ”  co rro s io n , in te rc ry s ta l l in e  co rrosion , a n d  w eld  
c rack in g  a re  rev iew ed , th e  d im in ish e d  w e ld  c ra c k in g  o f  m a g n e s iu m -m a n -  
g a n e s e -c e riu m  a llo y s  a f te r  a d d it io n s  o f  a lu m in iu m  b e in g  a s so c ia te d  w ith  th e  
fo rm  in  w h ich  CeM g9 a n d  C eA l2 re sp e c tiv e ly  a re  d e p o s ite d  a t  th e  g ra in  
b o u n d a r ie s .— P . R .

Developments in Corrosion Studies and Corrosion Control. H . M. Olson 
(Iro n  Steel E ng., 1946, 23, (1), 8 0 -9 5 ).— A  rev iew  o f  A m erican  l i te ra tu r e  on  
co rro sio n  (m a in ly  w a te r  corrosion) a n d  i t s  p re v e n tio n , co v erin g  th e  p e rio d  
1 9 3 5 -4 5 . A  bibliography o f  100 re fe ren ces is  a p p e n d e d .— M. A . V .

Corrosion. M . G . F o n ta n a  (M achinery Lloyd, 1946, 18, (14), 6 7 -7 3 ; 
(17a ), 3 7 -4 1 ).— F . a r b i t r a r i ly  classifies co rro s io n  in to  e ig h t  fo rm s  : (1) u n ifo rm  
a t ta c k ,  n o rm a lly  c h a ra c te r iz e d  b y  a  ch em ica l o r  e lec tro ch em ica l r e a c t io n ;  
(2) p i t t in g , v e ry  lo ca lized  a t t a c k ; (3) g a lv a n ic , w h ich  is n o t  n e c e s sa rily  
l im ite d  to  d ire c t  c o n ta c t  o f  tw o  d iss im ila r  m e ta ls , b u t  m a y  o ccu r in  a  sy s te m  
w h ere in  a  co m p le te  e lec tr ic  c irc u it  e x i s t s ; (4) d ez in c ifica tio n , w h ich  ca n  be  
ch eck ed  fo r  b y  th e  a d d i t io n  o f  c e r ta in  a llo y in g  e le m e n ts  ; (5) s tre ss-co rro s io n , 
w h ich  is a  fu n c tio n  o f  s tresses , te m p .,  a n d  c o n c e n tra tio n  o f  c o rro d in g  in fluence  ; 
“  cau s tic  e m b r i tt le m e n t  ”  a n d  “  seaso n  c ra c k in g  ”  a re  e x a m p le s ; (6) e rosion  
co rrosion , w h ich  o ccu rs  f re q u e n tly  in  p u m p s , v a lv e s , lin es, c e n tr ifu g a ls , & c .; 
(7) in te rg ra n u la r  c o r ro s io n ; a n d  (8) c o n c e n tra tio n  cell, w h ich  in v o lv es  d iffe r­
ences in  e n v iro n m e n t, in  c o n tra s t  to  th e  g a lv a n ic  ty p e .  M e n tio n  is m a d e  o f  
th e  w o rk  o f  th e  C orrosion  R e se a rc h  C e n tre  a t  th e  O h io  S ta te  U n iv e rs ity .

— H. P l.
F o r  A .S .T .M . S tandards, see  p p . 126, 130.

V II.-PR O T E C T IO N
(Other than by Electrodeposition.)

The Alumilite Process. R . H . P e t t i t  (M odern M etals, 1947, 3, (7), 16-18).—  
T h e  uses o f  th e  A lu m ilite  ( su lp h u r ic  a c id  an o d iz in g ) p rocess a re  d escrib ed , but 
n o  d e ta i ls  o f  o p e ra tio n  a re  g iven .— N . B . V .

Anodic Treatment for Aluminium-Base Alloys. (Chromic Acid Process.)
• (Aeronaut. M aterial Specification (S .A .E .) , 1947, (AMS 24,700), 2  pp.).—
A  re v ise d  spec ifica tio n .

Developments in Tinplate Substitutes.  (T in ,  1947, (May), 22-23).—
A lth o u g h  n o  e le c tro ly tic  t in p la te  is  a s  y e t  b e in g  m a n u fa c tu re d  in Great 
B r ita in , a la rg e  p la n t  is  in  th e  co u rse  o f  e re c tio n  in  th e  w o rk s  o f  Richard 
T h o m a s  a n d  B a ld w in  in  S o u th  W ales . O th e r  su b s t i tu te s  fo r  t in ,  or hot- 
d ip p e d  t in p la te ,  h a v e  n o t  p ro v e d  sa tis fa c to ry .— J .  S.

Actual State of Our Knowledge on the Brittleness of Galvanized Malleable
Black-Heart Cast Iron. ------- (Fonderie, 1947, (13), 487-A95).— A review o f
th e  re sea rch es  o f  W . R . B e a n , H . M a rsh a ll, T . K i tu k a ,  a n d  M . Leroyer. The 
c a s t  iro n  is n o t  b r i t t le  w h en  i ts  p h o sp h o ru s  c o n te n t  is  less th a n  0 10% , or after 
h e a tin g  fo r  30 h r . a t  950° C. fo llow ed  b y  40 h r . a t  670° C. and quenching in 
w a te r .— M. E .
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Flame Spraying. P . G. C lem en ts  (M achinery Lloyd, 1946, 18, (14), 8 4 -  
8 5 ;  (2 1 a ) , 5 3 -5 5 ).— T h e  S eh o ri m e ta l-p o w d e r  p is to l is u se d  fo r  sp ra y in g  
p ro te c tiv e  z in c  a n d  d e c o ra tiv e  b ro n ze  co a tin g s . U su a lly  z in c  is sp ra y e d  to  
a  th ic k n e ss  o f  0-003 in . a t  th e  r a te  o f  250 f t .2/h r .  T h e  sp ra y e d  co a tin g  is 
less b r i t t le  a n d  m u c h  th ic k e r  th a n  th e  o ld  g a lv an ized  c o a tin g .— H . P l .

Protection by Means of Metallic Deposits. J .  K a m e c k i (H utn ik, 1946, 13, 
7 0 -8 2 ).—-[In  P o lish ] . D iffe ren t m e th o d s  o f  d ep o s itin g  t i n  a n d  z in c  on  m e ta ls  
a re  d iscu ssed .— W . J .  W .

Protective and Decorative Finishes. I.— Protective Chemical Methods and 
Pre-Treatment of Metals. R. E . B la k e y  (M achinery Lloyd, 1946, 18, (13), 
67-76).—-T re a tm e n ts  o f  th e  s im p le  in v e rs io n  ty p e  fo r copper, co p p er a lloys, 
a lu m in iu m  a llo y s , z in c-b ase  a llo y s , a n d  m ag n es iu m  a llo y s  a re  desc rib ed . 
E le c tro d e p o s ite d  co a tin g s  a n d  sou rces o f  co rrosion  tro u b le s  a re  d e a l t  w ith . 
T h e  M .B .V . p rocess fo r  a lu m in iu m  a llo y s  g ives a n  e x c e lle n t bas is  fo r  p a in ts , 
b u t  th e  E .W . p rocess p ro d u c e s  a  film  w h ich  g ives a  h ig h e r d eg ree  o f  corrosion  
p ro te c tio n . A lu m in iu m  an o d iz in g  t r e a tm e n ts ,  in c lu d in g  th e  B e n g o u g h -  
S tu a r t  a n d  su lp h u r ic  a c id  p rocesses, a re  a lso  rev iew ed .— H . P l .

Paint Research Station Investigates Raw Material. L . A . J o r d a n  (Board  
o f Trade J . ,  1947, 153, (2648), 1630-1631).— A  b r ie f  su rv e y  o f  p ro g ress in  th e  
m a n u fa c tu re  o f  p a in ts ,  a n d  th e i r  u se  in  p ro te c tin g  m e ta l  su rfaces fro m  c o r­
ro s io n .— J .  L . T .

Treatments for Metal Surfaces Prior to Painting. E . F . H ick so n  a n d  W . C. 
P o r te r  (Product Eng., 1947, 18, (8), 128 -1 3 0 ).— A  s u m m a ry  o f  s ta n d a rd  
p ra c tic e  in  th e  t r e a tm e n t  o f  m e ta l  su rfaces , fe rro u s  a n d  n o n -fe rro u s .— H . V .

F o r  A .8 .T .M . S tandards, see p p . 126, 128, 130.

VIII. -  ELECTRODEPOSITION

*Measurement of Embrittlement During Chromium and Cadmium Electro­
plating and the Nature of Recovery of Plated Articles. C arl A . Z apffe a n d  
M. E le a n o r  H as lem  (Trans. Am er. Soc. M etals, 1947, 39, 241—2 5 8 ;  d iscussion , 
2 5 8 -2 6 0 ).— T h e  h y d ro g en  e m b r itt le m e n t p ro d u c e d  in  a n n e a le d  a n d  co ld -d raw n  
w ires o f  A IS I  440-C  17 %  ch ro m iu m  sta in le ss-s te e l w ire  b y  ch ro m iu m  p la tin g  
is, u n e x p e c te d ly , m u c h  m o re  se vere  th a n  t h a t  p ro d u c e d  b y  s t r a ig h t  c a th o d ic  
p ick lin g  a t  th e  sa m e  te m p , a n d  c .d . I n  c a d m iu m  p la t in g  also , in  w h ich  o n ly  
a b o u t  10 %  o f  th e  c u r re n t  is  u til iz e d  in  lib e ra tin g  h y d ro g en , th e  e m b r itt le m e n t is 
g r e a te r  th a n  t h a t  p ro d u c e d  b y  c a th o d ic  p ick lin g . E m b r it t le m e n t w as m easu red  
b y  a re v e rse -b e n d  te s t .  C h ro m iu m -p la te d  specim ens c a rry in g  a  lig h t  d ep o s it 
a n d  c a d m iu m -p la te d  spec im en s re c o v e r  d u c t i l i ty  o n  h e a tin g  a t  100° C. I n  
th is  o p e ra tio n , a n  in i t ia l  re c o v e ry  is fo llow ed  b y  a n  “  ag e in g  re la p se  ” , w h en  
reco v e ry  is su sp e n d e d  (a n d  a  te m p o ra ry  in c rease  in  b r itt le n e s s  m a y  occur) 
d u e  to  re d is tr ib u tio n  o f  h y d ro g e n  b e tw e e n  core a n d  c o a tin g . O n  f u r th e r  
h e a tin g , re c o v e ry  p ro ceed s to  f in a lity . H e a tin g  in  a q u e o u s  so lu tio n s  a p p e a rs  
to  be  co n s id e ra b ly  m o re  e ffec tive  in  re m o v in g  h y d ro g e n  th a n  h e a tin g  in  oil 
o r  a rg o n . W ith  th ic k  ch ro m iu m  d ep o s its , o n ly  p a r t ia l  re c o v e ry  c a n  be  
e ffe c ted  b y  h e a tin g  a t  100° C. E v e n  a t  300° C. re c o v e ry  is in c o m p le te ; a n d  
a l th o u g h  th e  o rig in a l b e n d  v a lu es  a re  o b ta in e d  a f te r  h e a tin g  a t  400° C ., th e  
s t r u c tu r e  o f  th e  s te e l core a n d  c o a tin g  a re  a ffe c ted .— J .  C. C.

Chromium Plating of Cylinder Bores and Piston Rings. E . V . P a te rso n  
(M achinery Lloyd, 1946, 18, (3), 6 7 -7 0 ).— T h e  V a n  d e r  H o r s t  m e th o d  o f  
p o ro u s  ch ro m iu m  p la tin g  h a s  co n s id e ra b ly  in c rease d  th e  life  o f  c y lin d e r liners. 
I n  th e  case o f  one m ed iu m -s ized  D iesel en g ine  o f  400 /600  m m . bo re  w ith  
c h ro m iu m -p la te d  lin e rs , w e a r  a v e ra g e d  o n ly  0-0002 in . p e r  1000 x-unning h r . 
P o ro s ity  is  o b ta in e d  b y  a  c u rre n t- re v e rs in g  t r e a tm e n t ,  a n d  i t  is possib le  to  
o b ta in  a  4 0 % -p o ro u s  su rface . A  m in im u m  p la tin g  th ick n ess  o f  0-0005 in . is
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reco m m en d ed . S om e g o o d  re s u lts  h a v e  b een  se c u re d  b y  c h ro m iu m -p la tin g  
p is to n  rin g s , b u t  i t  is  d e f in ite ly  n o t  a d v a n ta g e o u s  to  em p lo y  c h ro m iu m -p la te d  
r in g s  w ith  a  c h ro m iu m -p la te d  b o re .— H. P l .

Hard Chromium Plate and Its Uses. J .  M. H o sd o w ich  (M aterials and  
Methods, 1946, 24, (4), 8 9 6 -9 0 0 ; co rre sp o n d en ce , (6), 1 493-1494).— U ses o f  
th ic k  e le c tro d e p o s its  o f  c h ro m iu m  a re  l is te d .— J .  C. C.

Chromium Plating, Hard.  (Aeronaut. M aterial Specification (S .A .E .) ,
1947, (AMS 2406), 3 p p .) .— S p ec ifica tio n s fo r  ch ro m iu m  p la t in g  o n  fe rro u s  
m a te r ia ls  to  in c re a se  a b ra s io n  re s is ta n c e  a re  g iv en .— J .  L . T .

* Determination of the Thickness of Chromium Deposits on Nickel by the 
Drop Test. E . S. S p en ce r-T im m s (Oalvano, 1947, 16, (127), 7 -1 0 ).— T ra n s la te d  
f ro m  J .  Electrodepositors' Tech. Soc., 1946, 21, 7 9 - 9 0 ;  see M et, A bs., 1947, 
14, 112.— J .  L . T . *

Copper Plate as a Stop-Off When Nitriding. W . V . S te rn b e rg e r  a n d  E . R . 
F a h y  (M etal Progess, 1946, 50, (4), 673).— S tre ss  is la id  o n  th e  im p o rta n c e  o f  
th e  ty p e  o f  c o p p e r d e p o s it  u se d  a s  a  m a sk  in  n i tr id in g  i f  th e  cycle  is  re la tiv e ly  
l o n g ; th e  e x p e rien ce  o f  C. J .  M iller to  th e  o p p o site  effec t w as  d e r iv e d  f ro m  a  
6 5 -h r. cy c le  o n ly . T h e  effec t o f  sa n d  b la s tin g  w as to  in c rease  th e  d e p th  o f  
c o a tin g  n e e d e d  fo r  p ro te c tio n  r a th e r  t h a n  to  im p ro v e  th e  u n ifo rm ity  o f  
p la t in g .— P . R .

[Production of] Ultra-Thin Nickel Ribbons [for Use in Bolometers]. F ra n k
G . B ro c k m a n  (M etal Progress, 1946, 49, (6), 1172).— T h in  r ib b o n s  o f  n ick e l 
h a v e  b een  p ro d u c e d  b y  e le c tro d e p o s itin g  n ick e l o n  co p p e r fo il f ro m  a  n ick e l 
su lp h a te  +  a m m o n iu m  ch lo rid e  -j- b o ric  a c id  b a th , sh e a rin g  th e  fo il in to  
r ib b o n s  o f  th e  r e q u ire d  d im en sio n s , a t ta c h in g  th e se  to  a  f ra m e  o f  p la t in u m  
w ire, a n d  d isso lv in g  th e  co p p e r e le c tro c h e m ic a lly  in  a  c y a n id e  b a th . T h e  
r ib b o n s , w h ich  m a y  be  o n ly  0-1 p  th ic k , a re  u se d  a s  se n sitiv e  f ila m e n ts  in  
b o lo m ete rs  (fo r th e  m e a s u re m e n t o f  m in u te  q u a n t i t ie s  o f  r a d ia n t  h e a t ,  e .g . 
in  a s tro n o m y  a n d  sp e c tro sc o p y ) .— P . R .

Tin Plating. -------  (Aeronaut. M aterial Specification (S .A .E .) ,  1946,
(AMS 2408), 2 p p .) .

Has Electrolytic Tinplate Come to Stay in the U.S.A. P ------ ( T in ,  1947,
(M ar.), 20).— T h e  d e v e lo p m e n t o f  th e  te c h n iq u e  d u r in g  th e  w a r  o f  e lec tro - 
d e p o s itin g  t in  a t  h ig h  sp e ed s  a n d  h ig h  c .d . re su lte d  in  th e  e s ta b lis h m e n t in  
th e  U .S .A . o f  la rg e  p la n ts  fo r  th e  m a n u fa c tu re  o f  e le c tro - tin p la te . C on­
s tru c te d  o r ig in a lly  w ith  a n  ey e  o n  a  po ss ib le  s c a rc ity  in  t in ,  th e s e  p la n ts  
to -d a y  su p p ly  e le c tro ly tic  t in p la te  to  a  w id en in g  m a rk e t .  W h ile  h o t-d ip p e d  
t in p la te  h o ld s  a lm o s t th e  w ho le  m a rk e t  in  G re a t  B r i ta in , in  A m e ric a  th e  
p e rc e n ta g e  o f  e le c tro ly tic  to  h o t-d ip p e d  t in p la te  w as 4 7 %  in  1946. A  rev ised  
co n se rv a tio n  o rd e r  p e rm itt in g  a  w id e r  scope fo r  e le c tro ly tic  t in p la te  th a n  
befo re  is a n o th e r  s ig n  t h a t  i t  h a s  com e to  s ta y  in  th e  U .S .A .— J .  S.

Continuous Electro-Zinc Plating.  (M achinery L loyd, 1946, 18, (3),
88).— Z inc c a n  be  d e p o s ite d  o n  co n tin u o u s  s t r ip s  o f  s te e l u p  to  38 in . in  w id th  
a t  a  sp e ed  o f  160 f t . /m in .— H . P i,.

Abstracts of Papers Presented at the 33rd Annual Convention of the A.E.S.
 (M onthly Rev. Am er. Electroplaters' Soc., 1946, 33, (7), 707—711, 745).—
A b s tra c ts  o f  th e s e  p a p e rs  a re  g iv en  : W illiam  B lu m ,  “  W a r tim e  A c tiv itie s  o n  
P la t in g  a t  th e  N a tio n a l  B u re a u  o f  S ta n d a rd s  ”  ; A bner B renner  a n d  Grace E . 
Riddell, “  N ick e l P la t in g  on  S tee l b y  C hem ica l R e d u c tio n  ”  ; A bner B renner  
a n d  W alter A . Olson, “  P u rif ic a tio n  o f  R h o d iu m -P la tin g  B a th s  ”  ; J .  Edward  
Bem iller, “  C orron iz ing  W ire  S creen  C lo th  U s in g  R a d ia n t  H e a tin g  ” ; Theodore 
Voyda, “  X -R a y  D iffra c tio n  S tu d ie s  o f  E le c tro d e p o s its  ” ; P aul R . Gutter, 
“  M a n o d y z in g  a n d  D y e-C o lo u rin g  M a g n esiu m  A llo y s ” ; George Shore, 
“ P la t in g  w ith  A c id  C o p p e r S o lu t io n ” ; A . W. Hothersall, “ R e v ie w  o f  
D e v e lo p m e n ts  in  E le c tro p la t in g  in  G re a t  B r i ta in  D u rin g  th e  W a r ” ; C. J .
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L ew is, “  D isp o sa l o f  P la tin g -R o o m  W a s te  L iq u o rs  in  C om pliance  w ith  S tre a m - 
P o llu tio n  L a w s ” ; Van M . Darsey, “ E ffe c t o f  S u rface  P re p a ra tio n  o n  th e  
D u ra b il i ty  o f  O rg an ic  C o a tin g s ”  ; F . L . Scott, “  R e sin s  o f  th e  V in y l F a m ily  
in  M e ta l F in is h in g ” ; C. W . Sm ith , “ E x a m in a tio n  o f  E le c tro -C lean e d  S tee l 
b y  th e  E le c tro n -D iffra c tio n  T e c h n iq u e ” .— J .  L . T .

Technical Advances in  Electroplating. A llen  G . G ra y  (Steel, 1946, 119,
(2), 102 -1 0 4 , 106, 108).— A  su m m a ry  o f  th e  p ro ceed in g s o f  th e  1946 C o n v en ­
t io n  o f  th e  A m erican  E le c tro p la te r s ’ S o c ie ty .— M. A . V.

Electroplating by Brush.     (M etal F in ishing, 1947, 45, (9), 84).—
E n g in e e rin g  d a ta  sh e e t.— J .  L . T .

Precision Metal Parts Produced by Electroîorming. H . R . C lauser (Materials 
and Methods, 1946, 24, (1), 1 12 -116).— P a r t s  u p  to  J  in . th ic k  a re  p ro d u c e d  b y  
e le c tro d e p o s itio n  o f  iro n , co p p er, o r  n ick e l o n  a  m a tr ix  m a d e  f ro m  e ith e r  a  
b is m u th - le a d  ty p e  o f  a llo y  o f  low  m .p ., a  s te e l m a n d re l c o a te d  w ith  a  p a r t in g  
c o m p o u n d  (o f  t in ,  cad m iu m , w a x , o r  la c q u e r) , o r  f ro m  a  m e ta l  su c h  a s  a lu ­
m in iu m , z in c , o r  m ag n es iu m  t h a t  ca n  su b s e q u e n tly  be  d isso lv ed . T h e  p ro ­
d u c ts  h a v e  a n  e x c e p tio n a lly  h ig h  su rface  fin ish  a n d  c a n  b e  m a d e  in  in tr ic a te  
sh a p e s  to  close d im e n sio n a l to le ra n c e s  (± 0 -0 0 0 2  in .) . Som e a p p lic a tio n s  a re  
d esc rib ed .— J .  C. C.

F o r  A .S .T M .  S tandards, see  p . 130.

XI.— ANALYSIS

Distinguishing the C om m on A lu m in iu m  A lloys. F ra n k  C. B e n n e tt,  J r .  
(M etal Progress, 1946, 50, (4), 659, 661).— C h a ra c te r is tic  in g re d ie n ts  in  c e r ta in  
l ig h t  a llo y s  ca n  b e  d e te c te d , a n d  in  som e cases th e  g ro u p  o f  a llo y  id en tified , 
b y  sim p le  ch em ica l te s ts .  M n  in  17S a n d  24S  is d e te c te d  b y  t r e a tm e n t  w ith  
conc. H N 0 3 a n d  a  l i t t le  so d iu m  b is m u th a te  a f t e r  th e  d e te c tio n  o f  C u w ith  
N a O H , th e  excess N a O H  b e in g  re m o v e d  b y  g e n tle  w a s h in g ; a  p u rp le  co lour 
is p ro d u c e d , w h ile  th e  M n-free  11S g iv es n o  co lou r. A llo y  3S, w h ich  do es n o t  
c o n ta in  C u , is  n o t  b la c k e n e d  b y  N a O H  b u t  g ives th e  p u rp le  c o lo ra tio n  i f  M n 
is p re se n t. S uccessive t r e a tm e n t  w ith  conc. HC1, 2 0 %  H 2S 0 4, p h e n o l in  
g la c ia l a c e tic  a c id , a n d  s -d ip h e n y lc a rb a z id e  u n d e r  s ta te d  c o n d itio n s  p ro d u ces  
a  c h a ra c te r is tic  ro se  co lo u r w ith  52S, 53S, a n d  61S.— P . R .

Rapid Method for the Determination of Total Platinum Metals. V. M. 
M u k h a c h e v  (Zavod. L a b .,  1946, 12, (11 /12), 9 2 7 -9 2 9 .— [In  R u s s ia n ] . A  
m e th o d  is  p ro p o se d  fo r  th e  s e p a ra tio n  o f  th e  P t  m e ta ls  f ro m  a  so lu tio n  o f  a  
3 -m m .-d ia . C u w ire .—N . A .

X III.-P H Y S IC A L  AND MECHANICAL TESTING, INSPECTION, 
AND RADIOLOGY

A New Portable Hardness Tester.  (Indust. D iamond Rev., 1947, [N .S .],
7 , (82), 266).— A  d e sc rip tio n  o f  a  n ew  h a rd n e ss  te s te r  em p lo y in g  a  136° 
d ia m o n d  p y ra m id . T h e  specim en  is g r ip p e d  in  a  v ice  a n d  th e  lo a d  a p p lie d  
h y d ra u lic a lly  ; th e  in d e n ta t io n  is m e a su re d  w ith  a  m icroscope.— R . W . R .

Hardness-Testing Method for Small Cylindrical Work-Pieces. M. C. 
A tt in g e r  (Indust. D iam ond Rev., 1947, [N .S .], 7, (82), 264—265 ).— A  t r a n s ­
la t io n  o f  B ull. A n n . Soc. Suisse Chronométrique et du  Laboratorie Suisse de 
Recherches Horlogères (Lausanne), 1946, 2, 321.— R . W . R .

New Machines for Creep and Creep-Rupture Tests. M. J .  M an jo ine  (M achinery 
Lloyd, 1946, 18, (25), 9 6 -1 0 1 ).— M. describ es m ach in es  d es ig n ed  a t  th e  W est- 
ing h o u se  R e se a rc h  L a b o ra to r ie s  to  te s t  h ig h - te m p . m a te r ia ls . T h e  le v e r-a rm



1947 X I I I . —Physical and Mechanical Testing, &c. I l l
creep m ach in e  is  u se d  fo r  lo n g - te rm  te s ts  a n d  th e  sc rew -d riv en  c re e p -ru p tu re  
m achine fo r  th e  s h o r te r  te s ts .  B o th  m ach in es  a re  d e sc rib e d , to g e th e r  w ith  
the  tw o  d if fe re n t ty p e s  o f  e x te n s o m e te rs  u se d . T o  d e m o n s tra te  th e  ty p e s  o f  
te s ts  m a d e  o n  th e  tw o  m ach in es , a  h ig h - te m p . a llo y  w a s  su b je c te d  to  a  se ries 
o f  te s ts  in  w h ic h  th e  t im e  to  ru p tu re  v a r ie d  o v e r  a  w id e  ra n g e . M e th o d s o f  
re p re se n ta tio n  o f  th e  fa m ily  o f  c re e p - ru p tu re  cu rv e s  a n d  th e  sign ificance o f  
th e  “  t r a n s i t io n  p o in t  ”  a re  d isc u sse d .— H . P l .

The Tensile Test. L . S a n d e rso n  (Machinery Lloyd, 1946, 18, (18), 8 5 -  
88).— S. g ives a n  e le m e n ta ry  e x p la n a tio n  o f  l im it  o f  p ro p o rt io n a li ty , y ie ld  point, 
m ax . s tre s s , p ro o f  s tre s s , a n d  e lo n g a tio n , a n d  g iv es d e ta i ls  o f  th e  B .S .I . 
s ta n d a rd  te n s ile  te s t-p ie c e s .— H . P l .

The Testing of Sheet Metal for Pressings. M. C. B o u le t  (Usine Nouvelle, 
1947, 3, (18), 9 ;  (19), 12).— A  re v ie w  o f  te s t in g  m a c h in e s .— M . E .

Supersonic Inspection of Materials. H . R . C lau se r  (Materials and Methods,
1946, 24, (2), 379—384).— T h e  p rin c ip le s  a n d  a p p lic a tio n s  o f  re flec tio n  a n d  
tr a n sm iss io n  m e th o d s  o f  su p e rso n ic  in sp e c tio n  a re  o u tl in e d .— J .  C. C.

F o r  A.S.T.M . Standards, see p p . 126-1 3 1 .

RADIOLOGY
♦Radiography and the Fatigue Strength of Spot Welds in Aluminium Alloys.

R . C. M cM aste r a n d  H . J .  G ro v e r (Weld. J. (J. Amer. Weld. Soc.), 1947, 26,
(3), 2 2 3 -2 3 2 ).— A  series  o f  sp o t  w eld s , in  tw o -la y e r  c o m b in a tio n s  o f  19 S .W .G . 
A lc lad  24S-T , w ere  p re p a re d  u n d e r  a  ra n g e  o f  o p e ra tin g  co n d itio n s . T h e  
p re se n t  r e p o r t  is  o f  a  p re lim in a ry  n a tu re , b u t  in d ic a te s  t h a t  r a d io g ra p h y  
p ro v id e s  a  se n sitiv e  m e th o d  o f  e v a lu a tin g  th e  p ro p e r t ie s  o f  sp o t w eld s w h ich  
a ffe c t fa tig u e  s tr e n g th . F a t ig u e  fa i lu re  o c c u rre d  in  five  c h a ra c te r is tic  w ay s , 
w h ich  a re  d esc rib ed . T h e  te n s ile  s tr e n g th  a n d  h ig h -s tre ss  fa tig u e  life  a p p e a re d  
to  b e  d e te rm in e d  p r im a rily  b y  th e  size o f  th e  n u g g e t a t  th e  fa y in g  p la n e , 
w h ereas  th e  lo w -stress , lo n g -life  fa t ig u e  fa ilu re  w as  f re q u e n tly  r e la te d  to  th e  
d ia . o f  th e  co ro n a  r in g  (p e rip h e ra l zo n e  o f  b o n d in g  b e tw e e n  th e  a lu m in iu m  
su rfaces). In c re a s in g  th e  n u g g e t size r e s u l ts  in  a  sm a lle r  r e la t iv e  g a in  in  
fa tig u e  s t r e n g th  t h a n  in  te n s ile  s tr e n g th . I t  is  d e s ira b le  t h a t  w e ld s lik e ly  
to  be  su b je c t  to  f a tig u e  c o n d itio n s  sh o u ld  possess goo d  co ro n a  b o n d in g . 
In c lu s io n s  o f  a lu m in iu m  c la d d in g  in  th e  n u g g e t p ro v id e  n u c le i fo r  th e  p ro ­
p a g a tio n  o f  c ra c k s  in  h ig h -s tre ss  fa tig u e  te s ts .  I n  th e  case o f  s im p le  sh e a r  
lo a d in g , c ra c k s  a n d  d e fe c ts  in  th e  n u g g e t h a v e  l i t t le  in fluence  o n  th e  fa t ig u e  
s t r e n g th  sin ce  fa ilu re  o ccu rs a t  th e  fa y in g  p la n e  o r  a t  th e  e x tre m itie s  o f  th e  
w e ld .— P . H .

Importance of Radiography in Inspection. E . L . L a G re liu s  (Found. 
Trade J., 1947, 82, (1606), 139 -1 4 0 ).— A  g en e ra l rev iew  o f  c u r re n t  p ra c tic e  in 
m e ta llu rg ic a l ra d io lo g y .— J .  E .  G .

Industrial X-Ray Developments. G eorge W . M cA rd  (Mass Production,
1947, 23, (9), 4 2 -4 6 ).— A n  e le m e n ta ry  a c c o u n t o f  som e re c e n t  a p p lic a tio n s  in  
m e ta llu rg y  a n d  elsew here .— R . W . R .

20-Million-Volt Betatron. ------ - (Steel, 1946, 119, (22), 6 8 -6 9 , 92).— A
d e sc rip tio n  o f  th e  b e ta t ro n  a n d  i t s  u se  in  in d u s tr ia l  ra d io g ra p h y . M a te ria l 
o f  th ic k n e ss  a t  le a s t  3 in . ca n  b e  e x a m in e d  w ith  i t .— M . A . V .

F o r  A.S.T.M. Standards, see p . 127.
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XV.— FOUNDRY PRACTICE AND APPLIANCES

Making a Light Alloy-Snap Flash. J .  A . M c In to sh  (Found. Trade J .,  
1947, 81, (1598), 313).

Control of Bronze Melts for the Production of Pressure-Tight Castings.
W . A . B a k e r  (Found. Trade J .,  1947, 82, (1610), 22 9 -2 3 3  ; d iscu ssio n , (1614), 
3 1 7 -3 1 8 , 3 2 4 ; a n d  M etal In d .,  1947, 71, (3), 43—46).— R e a d  to  th e  I n s t i tu te  o f  
B r it ish  F o u n d ry m e n . A  rev iew  o f  c u r re n t  re se a rc h  o n  th e  m ech an ism  in ­
v o lv e d  in  th e  fo rm a tio n  o f  p o ro s ity  a n d  i t s  e ffec t o n  th e  p ro p e rtie s  o f  b ro n ze  
cas tin g s . B . d iscusses th e  p ra c tic a l  a p p lic a tio n  o f  th e se  resea rch es , w ith  
p a r t ic u la r  re fe ren ce  to  th e  p ro d u c tio n  o f  sa n d  c as tin g s  re q u ire d  to  b e  p ressu re- 
t ig h t  in  se rv ice .— J .  E . G.

im provem ents in Hollow Sticks and Billets by Casting on to Metal Cores 
[Bronzes and Gun-Metals]. W . T . P e ll-W a lp o le  (Found. Trade J .,  1947, 
81, (1597), 2 8 5 -2 9 3 ; 82, (1602), 44).— I t  is  s u b m it te d  b y  P .-W . t h a t  th e  
a sb e s to s -w ra p p e d  core p rocess sh o u ld  be  e m p lo y e d  fo r co red  s tic k s  w ith  cores 
u p  to  2 J  in . d ia ., a n d  th e  sp lit-c o re  p rocess fo r  core s t ic k s  re q u ir in g  th ic k e r  
cores. C ores u p  to  2£ in . d ia . a n d  u p  to  3 f t .  lo n g  sh o u ld  b e  w ra p p e d  w ith  
a sb e s to s  p a p e r  (0-015 in . th ic k ) , a llo w in g  o n e  co m p le te  w ra p p in g  p e r  1 in . o f  
core th ic k n e s s . T h e  core sh o u ld  possess a  sm o o th  su rface , i t s  d ia . be in g  
ta p e re d  A in . / f t .  le n g th . T h e  a sb e s to s  p a p e r  sh o u ld  be  se a led  o n  to  th e  core 
w ith  a  su sp en s io n  o f  5 %  a lu m in iu m  p o w d er in  a  2 %  a q u e o u s  so lu tio n  o f  a  
d e x tr in e - ty p e  g u m ;  th is  a lso  se rv es a s  a  core c o a t. B efo re  u se , th e  c o a te d  
core sh o u ld  b e  b a k e d  fo r  n o t  less t h a n  15 m in . a t  300° C. A f te r  th e  ca s tin g  
h a s  so lid ified  a n d  coo led  to  a p p ro x . 300° C., i t  sh o u ld  be  s tr ip p e d , w a te r  
q u e n c h e d , a n d  a llow ed  to  s ta n d  fo r  5 m in ., a f te r  w h ich  th e  core m a y  be  re a d ily  
ta p p e d  o u t .  C ores o f  d ia . g r e a te r  th a n  2}  in . sh o u ld  b e  s p li t  v e r t ic a l ly  to  
fo rm  fo u r  e q u a l se g m en ts. F ro m  e a c h  ra d ia l  face  a  c u t  sh o u ld  b e  ta k e n  o f  
0-015 in ./ in .  o f  core d ia . I n  use , th e  fo u r  se g m en ts  sh o u ld  be  h e a te d  to  100° C ., 
d re sse d  w ith  resin o u s a lu m in iu m  p a in t ,  a n d  se t  u p  in  th e  m o u ld  w ith  a sb esto s 
p a p e r  in se r ts  (p rev io u s ly  b a k e d  a t  300° C.) p la c e d  b e tw e e n  e a c h  se g m en t. 
A f te r  th e  c a s tin g  h a s  cooled  to  a p p ro x . 300° C ., o n e  o f  th e  core se g m en ts  is 
ta p p e d  o u t,  th u s  re leas in g  th e  re m a in in g  th r e e  se g m e n ts . F o r  e i th e r  ty p e  o f  
core, b ro n ze  sh o u ld  b e  d eg assed  b y  m e ltin g  u n d e r  a n  o x id iz in g  f lu x  (1 p a r t  
co p p e r-m ill sca le , 1 p a r t  se a  sa n d , a n d  1 p a r t  e i th e r  o f  fu se d  b o ra x  o r  o f  a  
lead -free  g lass). T h e  flu x  m u s t  b e  re m o v e d  befo re  c as tin g , a n d , w h en  sc ra p  
o r  in g o t ch a rg es  h a v e  b een  m e lted , th e  n ecessa ry  a d d itio n s  m u s t  be  m a d e  fo r  
o x id a tio n  losses (e .g . a p p ro x . 0 -5%  t in ,  a n d  0 - 2 - 0 3 %  p h o sp h o ru s  fo r  2B 8 
b r o n z e ; 0 -5 %  t in  a n d  0 -5%  z in c  fo r  g u n -m e ta ls ; a n d  0 -5 %  t i n  a n d  1 %  lead  
fo r  le a d e d  b ro n zes). T h e  b ro n ze  sh o u ld  b e  to p -p o u re d  th ro u g h  a  p re -h e a te d , 
m o is tu re -fre e  re f ra c to ry  nozzle. T h e  p o u r in g  r a te  is g iv en  b y  th e  fo rm u la  
B  =  K D ,  w h ere  B  is  th e  r a te  in  lb ./m in ., AT is a  c o n s ta n t  d e p en d in g  o n  th e  
p h o sp h o ru s  c o n te n t ,  a n d  D  is  th e  su m  o f  th e  in te rn a l  a n d  e x te rn a l  d ia . o f  th e  
c a s tin g . T h e  v a lu e  o f  K  sh o u ld  be  ta k e n  a s  6 w h e n  th e  p h o sp h o ru s  c o n te n t  
is  less th a n  0 -2 5 % , 5 fo r  0 -5 -1 %  p h o sp h o ru s , a n d  4 fo r  1 -5 -2 %  p h o sp h o ru s . 
T h e  n u m b e r  o f  s tre a m s  sh o u ld  be  tw o  fo r  c as tin g s  u p  to  2 in . d ia ., fo u r  u p  to  
4  in . d ia ., s ix  u p  to  8 in . d ia ., a n d  tw e lv e  fo r  la rg e r  cas tin g s.— J .  E . G .

The Use of Base-Metal Alloys in Casting. (C ollins). See p . 104.
Sound Copper Castings. L . S a n d e rso n  (M achinery Lloyd, 1946, 18, (15), 

9 2 -9 3 ).— T h e  em p lo y m e n t o f  a  m o d e rn  fu rn a c e  w h ich  h a s  b een  d es ig n ed  w ith  
d u e  a t te n t io n  to  m e ltin g  v o l., b u rn e r  t ip  d ia ., choice o f  lin in g  to  p ro v id e  m a x . 
h e a t  r a d ia t io n  in  m in im u m  tim e  in sid e  th e  fu rn a c e , co rre c t a i r  p re ssu re  a n d  v o l., 
fu l l  co m b u s tio n  co n tro l, a n d  a u to m a tic  p ro p o rtio n in g , w ill en su re  th e  p ro d u c tio n  
o f  su p e rio r  co p p e r m e lts . M ou ld in g -san d  p e rm e a b ility  sh o u ld  be a b o u t 25 , 
a n d  b o tto m  p o u rin g  is reco m m en d ed .— H . P l .
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Magnesium : Cast Alloys. G . F itz g e ra ld -L e e  (M achine Shop M ag., 1947, 

8, (8), 7 9 -8 1 ).— A  su m m a ry  o f  th e  p ro p e r t ie s  a n d  a p p lic a tio n s  o f  m ag n es iu m  
allo y s (M ag n u m in iu m  a n d  E le k tro n  se ries).— H . Y .

Magnesium Moulding Sands. F .  A . A llen  (Light M etals, 1947, 10, (110), 
120-123).— A . in tro d u c e s  th e  u su a l sa n d  te c h n iq u e s  em p lo y e d  in  m ag n es iu m  
fo u n d ries  a n d  e m p h as izes  th e i r  p r in c ip a l d is a d v a n ta g e , w h ic h  is t h a t  th e  sa n d s  
a re  d ifficu lt to  w o rk ;  b e in g  m a in ly  s y n th e tic ,  th e  m o u ld s  d r y  o ff q u ic k ly , 
a n d  a c c id e n ta l d a m a g e  is d ifficu lt to  r e p a ir .  A . s ta te s  t h a t  e q u a lly  effec tive  
in h ib itio n  ca n  b e  a c h ie v e d  b y  a  sp e c ia l m ix tu re  w h ic h  co n fe rs  b e t t e r  m o u ld in g  
p ro p e rtie s  a n d  less te n d e n c y  to  d r y  o u t .  T h e  n o v e l ty  in  th e  m ix tu re  p ro p o se d  
consists o f  th e  a d d it io n  to  th e  sa n d  o f  so lid  b o ric  a c id  a n d  so lid  a m m o n iu m  
b ifluoride . I f  th e se  tw o  s u b s ta n c e s  a re  m ix e d , a n  u n e x p e c te d  re a c tio n  ta k e s  
p lace , a n d  a  w e t m a ss  is  fo rm e d . W h e n  th e  s a n d  is m illed , th e  r e a c tio n  
occurs, a n d  m o is tu re  is l ib e ra te d . I t  is  su g g e s te d  t h a t  th e  ch em ica lly  ev o lv ed  
w a te r  is  m o re  e ffec tiv e  in  w e t t in g  th e  sa n d  th a n  is  th e  w a te r  a d d e d  to  i t  in  
th e  o rd in a ry  w a y . B r ie f  t e s t  r e su lts  a re  g iv e n  sh o w in g  t h a t  sa n d  c o n ta in in g  
th ese  in h ib ito rs  (as w ell a s  th e  u s u a l  s u lp h u r)  b e h a v e s  b e t t e r  f ro m  a  fo u n d ry  
h a n d lin g  p o in t  o f  v iew  th a n  s im ila r  sa n d  c o n ta in in g  o n ly  th e  c o n v e n tio n a l 
in h ib ito rs .— F . A . F .

[Discussion on R. S. Busk and E. G. Bobalek's P aper:] “  Hydrogen in 
Magnesium Alloys.”  (------- ) See p . 101.

[Discussion on R. M. Parke and J. L. Ham ’s Paper:] “ The Melting o!
Molybdenum in the Vacuum Arc.”  (------- ) See p . 97.

Induction Melting Furnaces. (C h e sn u t). S e e p .  115.
Some Notes on Feeding. S. L . F in c h  (Found. Trade J . ,  1947, 82, (1613), 

2 9 7 -3 0 3 ; (1614), 319—3 2 4 ; d isc u ssio n , 83, (1618), 3—6).— P re s e n te d  a t  th e  
A n n u a l C onference  o f  th e  I n s t i tu te  o f  B r it ish  F o u n d ry m e n . A  d e ta i le d  a c c o u n t 
o f  (1) th e  m ech an ism  o f  c ry s ta l l iz a tio n , so lid if ica tio n , a n d  sh r in k a g e , (2) th e  
p rin c ip le  o f  d ire c tio n a l so lid if ica tio n , a n d  (3) th e  f a c to rs  a ffe c tin g  flow  o f  m e ta l  
fro m  feed e r h e a d  to  c a s tin g .— J .  E . G.

[Further Discussion on J. L. Francis’s Paper:] “ Some Casting Troubles.”
  (Found. Trade J . ,  1946, 80, (1581), 344).— Of. ibid., 1946, 79, 1554,
1 0 3 -1 1 1 ; see M et. A bs., 1946, 13, 309.— W . G . A .

Current Problems. T o m  S h a n k s  (Found. Trade J .,  1946, 80, (1577), 
2 4 1 -2 4 3 ).— In a u g u ra l  A d d re ss  to  th e  S c o ttish  B ra n c h  o f  th e  I n s t i tu te  o f  
B r i t ish  F o u n d ry m e n .— W . G . A .

The Modern Foundry.  (U sine Nouvelle, 1947, 3, (12), 12).— A  rev iew
o f  E n g lis h  a n d  A m erican  m e th o d s .— M . E .

Progress in Casting. A Review of American Foundry Practice. -------
(M etallurgia, 1947, 36, (212), 9 7 -9 9 ).— A  d ig e s t o f  p a p e rs  in  Foundry, 1946, 
74, (1), 7 0 -1 0 3 ;  see M et. A bs., 1946, 13, 231 .— M . A . V.

Vacuum Plate Method for Casting in Porous Moulds and Patterns. L es 
W ilson  (M aterials and M ethods, 1946, 24, (6), 1505-1506).— A  n o te . I n  th is  
te c h n iq u e , th e  p la s te r  m o u ld  is p la c e d  o n  a  m a rb le  p la te  d ir e c t ly  ab o v e  a  
hole le a d in g  to  a n  a s p ira to r  o r  v a c u u m  p u m p . A  re ta in in g  r in g  is p la c e d  
a ro u n d  th e  m o u ld  a n d  th e  space  b e tw e e n  th e  r in g  a n d  th e  p a t t e r n  se a led  w ith  
“  P la s tif le x  T h e  v a c u u m  sy s te m  w ill th e n  a b s t r a c t  a i r  a n d  gases f ro m  th e  
m o u ld  d u r in g  th e  p o u r in g  o p e ra tio n .— J .  C. C.

Some Notes on the Surface Drying of Moulds. A . C rack n e ll a n d  F .  C ousans 
(Found. Trade J .,  1947, 82, (1614), 3 1 3 -3 1 5 ; (1615), 3 4 3 -3 4 7 ; (1616), 3 6 5 -  
369).— P re se n te d  a t  th e  A n n u a l C onference  o f  th e  I n s t i tu te  o f  B r i t ish  F o u n d ry ­
m en . A n  a c c o u n t o f  th e  fa c to rs  a ffe c tin g  th e  su rface  d ry in g  o f  m o u ld s . T h e  
a u th o rs  co n c lu d e  : (1) t h a t  i t  is  u n n e c e ssa ry  fo r  th e  m o u ld  te m p , to  a t t a in  
100° C. fo r  th e  d ry in g  o f  th e  su rfa c e  to  b e  a c c o m p lish ed  in  a  re a so n a b le  t im e  ; 
in  f a c t ,  i f  a i r  is  u se d  fo r  d ry in g  a t  a  te m p , g r e a tly  in  excess o f  300° C. th e  
su rface  la y e r  o f  th e  m o u ld  fo rm s a n  eas ily  b ro k e n  s h e l l ; (2) sk in -d rie d  m o u ld s  

I
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m a y  b e  c a s t  s a tis fa c to rily  w ith  th e  m o is tu re  c o n te n t  o f  th e  m o u ld  reach in g  
i t s  o rig in a l v a lu e  a  l i t t le  o v e r  \  in . fro m  th e  su rface  ; (3) a  h ig h  vo l. o f  a ir  a t  a  
m o d e ra te  te m p , is  n ecessa ry  to  a v o id  sp a llin g  a n d  m a in ta in  re a so n a b le  d ry in g  
p e rio d s  ; (4) m o u ld s  le f t  to  s ta n d  a f te r  sk in  d ry in g  c o n tin u e  to  lose m o is tu re  ;
(5) m o u ld s  a i r  d r ie d  a t  sh o p  te m p , a t t a in  a  co n d itio n  s im ila r  to  t h a t  o f  sk in - 
d r ie d  m o u ld s  w h ich  h a v e  b een  a llo w ed  to  s t a n d ; (6) th e  r a te  o f  a ir  d ry in g  
o f  a  m o u ld  a p p e a rs  to  b e  a n  in v e rse  fu n c tio n  o f  th e  p e r m e a b i l i ty ; (7) th e  
e m p lo y m e n t o f  a  fix ed  sk in  te m p , in  o rd e r  to  a t t a in  u n ifo rm  re su lts  is n o t  
p o s s ib le ; a n d  (8) sk in -d r ie d  m o u ld s  le f t  to  ag e  fo r  sh o r t  p e rio d s  ca n  be  u se d  
sa tis fa c to r ily .— J .  E . G.

Patterns for a Production Foundry. G. A . P e a le r  (Found. Trade. J .,  1946, 
80, (1572), 1 09-110).— S u m m a ry  o f  a  p a p e r  re a d  b e fo re  th e  A m e ric a n  
F o u n d ry m e n ’s A sso c ia t io n ;  see M et. A bs., 1947, 14, 24 .— W . G. A.

Cellulose Derivatives as Core Binders in German Foundries. O. R . J .  L ee 
(Found. Trade J .,  1947, 82, (1606), 135—136).— D e ta ils  a re  g iv en  o f  tw o  
A lk y lin  b in d e rs , v iz . A lk y lin  360, a  sa w d u s t- lik e  so lid  d esc rib ed  a s  m e th y l 
cellu lose , a n d  A lk y lin  260, cellu lose g lyco llic  a c id . T h e  ch ie f  ch a ra c te r is tic s  
o f  th e se  b in d e rs  a re  : (1) th e  d e v e lo p m e n t o f  a  low  h o t  s tr e n g th , th u s  o v e r­
co m in g  te a r in g  d ifficu lties  in  lig h t-a llo y  c a s t in g s ; (2) low  d eco m p o sitio n  
te m p , w h ich  re su lts  in  e x c e lle n t k n o c k -o u t c h a ra c te r is t ic s ; (3) low  gas e v o lu ­
tio n  ; a n d  (4) low  d ry in g  te m p . (150° C.).— J .  E . G.

Improvements in the Manufacture of Metal Castings by the Centrifugal
Method.    (M achinery Lloyd, 1946, 18, (26), 8 9 -9 0 ).— T h is  im p ro v e d
m e th o d  o f  m a n u fa c tu r in g  c as tin g s  b y  th e  c e n tr ifu g a l p ro cess  is  ap p lic a b le  to  
th e  r a p id  c a s tin g  o f  a n y  re la t iv e ly  s h o r t  ho llow  b o d y . A  c h a ra c te r is tic  f e a tu re  
is t h a t  d u r in g  th e  cas tin g  o p e ra tio n  gases a re  e v a c u a te d  f ro m  th e  in te r io r  o f  th e  
ca s tin g .— H . P l .

Precision Casting of High-Melting-Point Alloys Containing Nickel. H .
E v a n s , P . S. C o tto n , a n d  J. T h e x to n  (Found. Trade J .,  1947, 82, (1609), 
2 0 5 -2 1 0 ; (1610), 2 2 3 -2 2 7 ; d iscu ssio n , (1615), 3 3 7 -3 4 2 ; (1616), 3 6 9 ; 83, 
(1621), 6 4 ;  a n d  (su m m ary ) A ircraft Prodn., 1947, 9, (106), 3 0 3 -3 0 7 ).— R e a d  
to  th e  I n s t i tu te  o f  B r i t ish  F o u n d ry m e n . A  d e ta i le d  a n d  i l lu s tr a te d  a c c o u n t 
o f  th e  te c h n iq u e  em p lo y ed  fo r  th e  m a n u fa c tu re  o f  c a s tin g s  in  h ig h -m .p . 
n ic k e l a llo y s  b y  th e  lo s t-w a x  p rocess. T h e  p ro c e d u re  em p lo y ed  in v o lv es 
th e  u se  o f  z irco n  flou r in  th e  sp ra y e d  c o a tin g  a n d  s ill im a n ite  in  th e  in v e s tm e n t.

— J .  E . G.
Principles of Precision Investment Casting. K e n n e th  G eis t a n d  R o b e r t  M. 

K e r r ,  Jr. (Found. Trade J .,  1947, 82, (1611), 2 4 7 -2 5 4 ; (1612), 2 6 9 -2 7 3 ; 
(1613), 2 9 1 -2 9 6 ; d iscu ssio n , (1615), 337 -342 , (1616), 3 6 9 ; 83, (1621), 64).—  
A n  A .E .A . ex ch an g e  p a p e r  p re se n te d  a t  th e  A n n u a l C onference o f  th e  I n s t i tu te  
o f  B r it ish  F o u n d ry m e n . T h e  a u th o rs  g ive a  d e ta i le d  a n d  i l lu s t r a te d  a c c o u n t 
o f  th e  lo s t-w a x  p rocess o f  in v e s tm e n t m o u ld in g . O th e r  a sp e c ts  d iscu ssed  
in c lu d e  p la n t  la y o u t a n d  fa c to rs  in flu en c in g  c a s tin g  d es ig n .— J .  E . G .

Developments in Investments for the Casting of Gold Alloys and Base 
Metals. (M oore). See p . 104.

Engineering and Design of Aluminium Permanent Moulds. E . G. F a h lm a n , 
E . V . B la c k m u n , W . J .  B r in k m a n , I I .  R . D osw ell, W . J .  K la y e r , G . C. K o h ls ,
C . H . M o rrison , a n d  E . C. N o c a r  (M odern M etals, 1947, 3, (7), 2 4 -2 5 ).— A  
concise a c c o u n t o f  th e  a d v a n ta g e s  a n d  d isa d v a n ta g e s  o f  th e  g r a v i ty  d ie -cas tin g  
p ro cess , w i th  n o te s  o n  th e  d es ig n  o f  d ie s .— N . B . V .

Shrinkage Allowance in Die-Casting Die Design. R . L . W ilco x  (Tool and 
Die J . ,  1947, 12, (10), 6 8 -7 1 ).— I t  h a s  b een  fo u n d  t h a t  p u b lish e d  d a ta  on  
so lid if ica tio n  sh r in k a g e  a re  u s u a lly  excessive  fo r  d ie -cas tin g  w o rk . T h e  
fa c to rs  a ffe c tin g  th e  so lid ifica tio n  sh r in k a g e  o f  z in c-b ase  a llo y s, su c h  a s  r a te  
o f  coo ling , m e th o d s  o f  p o u r in g , m o u ld  m a te r ia l, &c., a re  d iscu ssed . W . 
s ta te s  t h a t  one  re a so n  w h y  p ra c tic a l  sh rin k ag e  a llo w an ces in  d ie -cas tin g  design
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w ork a re  u su a lly  less t h a n  th o se  c a lc u la te d  is th e  f a c t  t h a t  th e  a c tu a l  a v e rag e  
tem p , a t  w h ic h  a  c a s tin g  is  fo rm e d  in  a  d ie  is  be low  th e  freez in g  p o in t  o f  th e  
alloy . A n o th e r  im p o r ta n t  f a c to r  te n d in g  to  re d u c e  th e  sh rin k ag e -a llo w an ee  
fa c to r  f ro m  th e  c a lc u la te d  v a lu e  is th e  sh a p e  o f  th e  c a s tin g  o r  i t s  a b i l i ty  to  
sh rin k  fre e ly  in  th e  d ie . A n y  re s tr ic t io n  o n  sh r in k a g e  in  th e  d ie , e .g . a t  th e  
g a te  o p en in g , g a te  ru n n e r , a n d  overflow  w ells , w ill p ro v e  th e  n o rm a l sh rin k ag e - 
a llo w an ee  fa c to r  ex cessiv e .— J .  S.

Steels for Die-Casting Die Blocks. J a m e s  L . E ric k so n  (M aterials and  
Methods, 1946, 24, (2), 3 8 9 -3 9 6 ).— A  co m p reh en siv e  su rv e y .— J .  C. C.

F o r  A .S .T .M . Standards, see p p . 127 -129 .

XVI.— SECONDARY METALS : SCRAP, RESIDU ES, &c.

Selenium Pume Exposure. M a rsh a ll C lin to n , J r .  (J . In dust. H yg. Toxicol., 
1947, 29, (4), 225—226).— A  d e sc rip tio n  o f  cases o f  se len iu m  p o iso n in g  w h ich  
o c c u rre d  w h e n  som e a lu m in iu m  c o n ta m in a te d  w ith  se len iu m  (sc rap  se len iu m - 
re c tif ie r  p la te s )  w as a c c id e n ta lly  c h a rg e d  in to  a  re v e rb e ra to ry  fu rn a c e  m e ltin g  
sc ra p  a lu m in iu m . S om e o f  th e  fu rn a c e  w o rk e rs  ex p e r ie n c e d  se vere  sy m p to m s  
o f  a  te m p o ra ry  n a tu r e ,  r a th e r  s im ila r  to  th o se  p ro d u c e d  b y  su lp h u r  d io x id e , 
b u t  a ll  c o m p le te ly  re co v e red  d u r in g  th e  co u rse  o f  th e  n e x t  tw o  d a y s . I t  is 
c o n c lu d e d  t h a t  th e  u n p le a s a n t i r r i ta t in g  e ffec ts l im ite d  ex p o su re  to  th e  t im e  
n e o essa ry  to  e scap e  f ro m  th e  c o n ta m in a te d  a tm o sp h e re , so t h a t  in  n o  in s ta n c e  
d id  sig n if ic a n t ex p o su re  o ccu r.— I t .  W . R .

XVII.— FURNACES, FUELS, AND REFRACTORY MATERIALS

Induction Melting Furnaces. F r a n k  T . C h e sn u t (Am er. Foundrym an, 1947, 
11 , (3), 2 2 -2 5 ) .— A  g e n e ra l re v ie w  in  w h ic h  a re  d isc u sse d  t h e  r e la t iv e  a d v a n ­
ta g e s  a n d  d is a d v a n ta g e s  o f  h ig h -fre q u e n c y  in d u c t io n  fu rn a c e s  a n d  su b m e rg e d  - 
r e s is to r  fu rn a c e s  fo r  th e  m e ltin g  o f  n o n -fe rro u s  m e ta ls  a n d  a llo y s .— J .  E .  G.

Producing High-Purity Metals with Vacuum. J .  D . N isb e t  (Iron  Age, 1947, 
159, (25), 56—59).— N . d e sc rib e s  a  v a c u u m -m e lt in g  sy s te m  in  w h ich  a  c e n tr i ­
fu g a l  o p e ra t io n  is  p e r fo rm e d  a n d  a n  a r ra n g e m e n t p ro v id e d  fo r  lo a d in g  a n d  
m a k in g  a d d it io n s  to  th e  fu rn a c e  w ith o u t d is tu rb in g  th e  v a c u u m . H e  o u tlin e s  
th e  p ro c e d u re  fo r  p ro d u c in g  a  6 -lb . in g o t u n d e r  less th a n  50 m ic ro n s  p re ssu re .

— J .  H . W .
Industrial Fuel in Victoria. J .  R . N ic h o lso n  (Proc. Soc. Chem. In d .,  

Victoria, 1946, 46, (1), 7 3 9 -7 5 3 ; d iscu ssio n , 7 5 3 -7 5 4 ).— A m o n g  th e  m e th o d s  
su g g e ste d  fo r  th e  m o re  effic ien t u se  o f  co a l is  th e  e m p lo y m e n t o f  re c u p e ra to rs  
in  in d u s tr ia l  fu rn a c e s . T a b le s  sh o w  th e  sa v in g  in  fu e l w ith  tw o  d if fe re n t ty p e s  
o f  r e c u p e ra to rs .— J .  L . T . ___________________

XV III.— H EAT-TREATM ENT

Induction Heating. E d w in  L a ird  C a d y  (M aterials and M ethods, 1946, 24,
(2), 4 0 0 -4 1 0 ).— A  “  m a te r ia ls  a n d  m e th o d s  ”  m a n u a l. B a sic  ty p e s  o f  e q u ip ­
m e n t a re  d e sc rib e d  a n d  co s ts  d iscu ssed . U ses  fo r  h a rd e n in g  a n d  fo rg in g  
fe rro u s  m a te r ia ls  a re  o u tl in e d  a n d  re fe ren ce  m a d e  to  in d u c tio n  b ra z in g  a n d  
so ld e rin g .— J .  C. C.

Induction Heating. N . R . S ta n se l ( Iron  Steel Eng., 1946, 23, (1), 102-111).
-—T h e  th e rm a l , e le c tr ic a l, a n d  m a g n e tic  p ro p e r t ie s  o f  m e ta ls  a ffe c tin g  th e  
in d u c tio n -h e a tin g  p ro c e ss  a re  d iscu ssed , a n d  form ulae q u o te d  re la t in g  th e
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e le c tr ic a l, p h y sic a l, a n d  g e o m etrica l q u a n t i t ie s  in v o lv e d  in  p ra c tic e . T h ese  
fo rm ulse  a re  i l lu s t r a te d  g ra p h ic a lly . T h e  a p p lic a tio n s  o f  th e  p rocess to  
m e ltin g , m a ss  h e a tin g , a n d  su rface  h e a tin g  a re  co n sid ered .— M. A . V.

Coax Coil for Heating Small Holes. D a v id  B a u m o e l (Electronics, 1947, 
20, (9), 160, 162).— A n  in d u c tio n -h e a tin g  w o rk  coil is d esc rib ed  fo r th e  h e a t-  
t r e a tm e n t  o f  th e  in s id e  su rfaces  o f  sm a ll ho les  b e tw een  A  a n d  |  in . d ia . C o­
a x ia l  c o n d u c to rs  a re  u se d . P ro v is io n  c a n  b e  m a d e  fo r  cooling  o f  th e  co n d u c to rs  
a n d  fo r  q u e n c h in g  o f  th e  w ork -p iece  in  h a rd e n in g  o p e ra tio n s .— D . M . L .

How Industry is Using H.F. Heat in Production.    (Electronic In d .
and Instrum entation, 1 9 4 7 ,1 , (7), 5).— A  series o f  p h o to g ra p h s  is g iv en , show ing  
th e  u se  o f  H .P .  h e a tin g  in  p ro d u c tio n  p rocesses w h ere  h ig h  p ro d u c tio n  r a te  
a n d  close c o n tro l o f  h e a te d  a re a  a re  e ssen tia l. T h e  il lu s tr a t io n s  show  th e  
a n n e a lin g  o f  ch a in  p in s , th e  s ilv e r  so ld e rin g  o f  a  th ree -p iec e  tu b e  assem b ly  
a n d  k itc h e n  u te n s ils , th e  b ra z in g  o f  ra d io  co m p o n en ts , a n d  th e  edge-g lueing  
o f  w o o d en  sp a rs .— D . M . L .

Cleaning and Heat-Treating Aluminium Alloy [Castings]. (R o g ers, C arl, 
S e a b u ry , a n d  S m ith ) . See p . 118.

♦Effects of Heat-Treating [Silver-]Amalgam Alloy Ingots Before Cutting Into 
Filings. (R a y ) . See p . 105.

[Correspondence on F. W. Jones and W. I. Pumphrey’s Paper:] “ Some 
Experiments on Quenching Media.”  (M iss) R . E .  W . G u n n  (J . Iro n  Steel 
In s t., 1947, 156, (4), 524).— Cf. ibid., 1947, 156, 3 7 ;  see M et. A bs., th is  vo l., 
p . 61. T h e  ca lc u la tio n  o f  th e  c e n tre  te m p , o f  c y lin d e rs , u s in g  S c h m id t’s 
m e th o d  in  th e  m a n n e r  su g g e sted  b y  J .  a n d  P ., f re q u e n tly  le a d s  to  a r i th m e tic a l  
f lu c tu a tio n s . G . su g g e sts  a  w a y , a lso  b a se d  o n  S c h m id t’s m e th o d , in  w h ich  
th e se  f lu c tu a tio n s  m a y  b e  a v o id e d .— R . W . R .

F o r  A .8 .T .M . Standards, see  p p . 129-131 .

X IX .— WORKING

♦Research on the Forgeability of Light Alloys. P a u l  B a s tie n  ( P M .  Sci. 
Tech. M inistere A ir  (France), Rapport N o . 196, 1946, 76 p p .) .— S ta t ic  a n d  
d y n a m ic  b e n d in g  te s ts  g ive  in fo rm a tio n  o n  th e  fo rg e a b ility  o f  a  n ew  a llo y  ra p id ly  
a n d  eas ily . T h e  te m p , ra n g e  o v e r w h ich  a n  a llo y  c a n  b e  fo rg ed  is  th u s  o b ta in e d . 
T o  in v e s tig a te  th e  in fluence  o f  a n  iso la te d  fa c to r  su c h  a s  c ry s ta l  size, th e  m o s t 
se n sitiv e  t e s t  is  sh o c k  b en d in g . T h e  re su lts  o b ta in e d  b y  B . u s in g  su c h  te s ts  
a re  in  go o d  a g re e m e n t w ith  th e  r e su lts  o b ta in e d  in  in d u s try . T h e  effec t o f  
c o m p o s itio n  o n  fo rg e a b ility  is su c h  t h a t  w h e n  th e  a m o u n t o f  a d d e d  m e ta l 
ex cee d s  th e  lim it  o f  so lid  so lu b ility  a t  th e  te m p , in  q u e s tio n , th e  e x te n t  to  
w h ich  th e  a llo y  m a y  b e  h o t  w o rk ed  d e p e n d s  o n  th e  c o n s titu e n t  p re c ip ita te d  
f ro m  th e  so lid  so lu tio n , i t s  n a tu r e  a n d  fo rm , &c. T h e  s tu d y  o f  th e  p la s tic  
d e fo rm a tio n  o f  v a r io u s  b in a ry  a llo y s  b y  la b o ra to ry  p ro ced u res , su c h  a s  th o se  
d e sc rib e d , w h ich  p e rm it  q u a n t i ta t iv e  d a ta  to  be  o b ta in e d , en a b le s  g en e ra l 
law s o f  fo rg e a b ility  a p p lic a b le  to  n ew  a llo y s  to  be  d e d u c e d .— J .  L . T .

Advantages of Forgings Over Castings. ------  (Non-Ferrous Forgings
Digest, 1947, 2, (3)).— A  b r ie f  rev iew .— J .  L . T .

Details of a New 18-in. Reversing Cold Steckel Mill. L . W . L a w  (Sheet 
M etal In d .,  1947, 24, (243), 1349-1351 , 1365).— R . G r .

The Application to Shaping Processes of Hencky’s Laws of Equilibrium. 
E . S iebel (J . Iron  Steel In st.,  1 9 4 7 ,155, (4), 526—5 3 4 ; d isc u ssio n , 156, (4), 5 1 1 -  
5 2 2 ; a n d  Iron  and Steel, 1947, 20, (6), 2 6 6 -2 6 8 ).— T h e  u se  o f  H e n c k y ’s L aw s 
e n a b le s  th e  p r in c ip a l s tre sses  in  a  b o d y  b e in g  p la s tic a lly  d e fo rm e d  to  be  ca lc u ­
la te d  f ro m  a  k n o w led g e  o f  th e  slip -lin e  sy s te m . U s in g  th e  ru le s  p ro p o u n d e d  
b y  P ra n d t l ,  S . h a s  d e d u c e d  th e  slip -lin e  sy s te m s  o p e ra tin g  in  a  n u m b e r  o f  m e ta l­
w o rk in g  processes, in c lu d in g  d ire c t  com p ress io n , d ie -fo rg in g , ro lling , d raw in g ,
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e x tru s io n , a n d  p ie rc in g . T h e  e ffe c t o f  f r ic t io n  is co n s id ered . I n  som e in s ta n c e s  
(d raw in g , e x tru s io n , a n d  p ie rc in g ) m a th e m a tic a l  ex p ress io n s  fo r  th e  fo rces 
a c tin g  a re  d e r iv e d  f ro m  c o n s id e ra tio n  o f  th e  s lip -lin e  d ia g ra m s. T h e  m e th o d  
e m p lo y ed  a s su m e s  co n d itio n s  o f  c o n s t, s h e a r  s tre s s , b u t  S. t r e a t s  th e  e ffe c t o f  
w o rk -h a rd e n in g  m a th e m a tic a l ly  a n d  sh o w s t h a t  th e  m e th o d  is v a lid  fo r  a  w ork- 
h a rd e n in g  m a te r ia l ,  p ro v id e d  t h a t  th e  s lip  lin es possess th e  sa m e  c u rv a tu re  in 
b o th  d ire c t io n s  ; in  o th e r  in s ta n c e s , t h e  e r ro r  c a u se d  b y  w o rk -h a rd e n in g  is 
n o t  la rg e , a n d  th e  m e th o d  y ie ld s  a n  a p p ro x . so lu tio n .— R . W . R .

Joint Discussion on “ The First Report of the Rolling-Mill Research Sub­
com mittee ”  (Special Report No. 34) and on the Papers: “ Fluctuations of the 
Distribution of Torque Between Rolling-Mill Spindles ” , by E. A. W. Hoff, and 
“  The Application to Shaping Processes of Hencky’s Laws of Equilibrium ” , by
E. Siebel. -------(J . Iro n  Steel In st., 1947, 156, (4), 5 1 1 -5 2 2 ).— Cf. ibid., 1947,
155, (1 ), 51 ; see M et. A bs., th is  v o l., p . 63.— J .  L . T .

Modern Extruded Metals. E . J .  C a r tw r ig h t (M achinery Lloyd, 1946, 18, 
(6), 71—75).— C o m m erc ia lly  e x tru d a b le  m e ta ls  a n d  a llo y s  ra n g e  f ro m  th e  so ft 
w h ite  m e ta ls , le a d  a n d  t in ,  th ro u g h  th e  l ig h t  a llo y s  o f  a lu m in iu m  a n d  m a g ­
n es iu m , th e  co p p e r-b ase  a llo y s, a n d  th e  yellow  m e ta ls , to  M onel m e ta l  a n d  th e  
n ick e l-rich  a llo y s. D e ta ils  o f  th e  p ro cess  a n d  d e sc rip tio n s  o f  som e m o d e rn  
e x tru s io n  m a c h in e s  a re  g iv en .— H . P l .

Extruded Shapes Speed Brass Forging Output. H e rb e r t  C hase (M aterials 
and Methods, 1946, 24, (1), 103 -1 0 8 ).— ,!. C. C.

[Discussion on J. P. Doan and G. Ansel’s Paper:] “ Some Effects of Zir­
conium on Extrusion Properties [and Constitution] of Magnesium-Base Alloys 
Containing Zinc.”  (-------) See p . 101.

Stamped [Brass and Bronze] Bushings. D . B . W ilk in  (Steel, 1946, 119, 
(22), 6 4 -6 6 , 104).— T h e  s ta m p in g  o f  b ra ss  a n d  b ro n ze  b u sh in g s  a n d  b ea rin g s , 
s te e l b u sh in g s , a n d  b ra s s  fe rru le s  a t  th e  w o rk s  o f  th e  N a tio n a l  F o rm e ta l  
C o m p an y , C lev e la n d , 0 . ,  is  d e sc rib e d .— M . A . V .

Metal Stampings.  (M etal Progress, 1946, 50, (1), 132, 134 ,136 ,138).—
A d v an ce s  in  p ro d u c tio n  te c h n iq u e  a n d  th e  d e v e lo p m e n t o f  n ew  a llo y s  h a v e  
e x te n d e d  th e  a p p lic a tio n s  o f  s ta m p in g s  ; close to le ra n c e s  p e rm it  in te rc h a n g e ­
a b i l i ty  a n d  a llo w  s ta m p in g s  to  be  b u i l t  u p  in to  co m p lex  assem b lies  o r  co m b in ed  
w ith  fo rg ed  o r  c a s t  p ieces. P ro d u c tio n , jo in in g , fin ish in g , a n d  a p p lic a tio n  
o f  a  p ro te c tiv e  c o a tin g  a re  o f te n  u n d e r ta k e n  se ria lly  in  a  sing le  f a c to ry . 
N o ta b le  a d v a n c e s  in  p ra c tic e  in c lu d e  (1) im p ro v e d  in sp e c tio n  m e th o d s ;  
(2) d e e p  d ra w in g  w ith o u t  in te rm e d ia te  a n n e a lin g  ; (3) im p ro v e d  w e ld in g  a n d  
b ra z in g  m e th o d s  ; (4) in tro d u c tio n  o f  n ew  l ig h t  a llo y s  ; (5) s a tis fa c to ry  
en a m e lle d  co a tin g s  fo r  s te e ls , in  so m e cases su ccessfu lly  u se d  o n  copper- 
b ra z e d  jo in ts  ; a n d  (6) p ro d u c tio n  o f  la rg e r  a n d  h e a v ie r  h o t p ress in g s, b o th  
in  s te e l a n d  in  a lu m in iu m  a n d  b rass . F u r th e r  d e v e lo p m e n t in  th e  p ress  
fo rm in g  o f  m a g n e s iu m  sh e e t is  re g a rd e d  a s  d e s ira b le .— P . K .

*The Turning of Light Alloys. R e n é  S c h w e y c k a rt (Rev. A lu m in iu m , 1947, 
(130), 44—51).— A  s tu d y  o f  th e  fo rces a c t in g  o n  to o ls  a n d  o f  th e  fo rm a tio n  o f  
ch ip s in  th e  tu rn in g  o f  l ig h t  a llo y s. S tre sse s a re  lo w est w h en  th e  r a t io  o f  
lo n g itu d in a l feed  in  m m . p e r  re v o lu tio n  to  tr a n sv e rs e  feed  in  m m . is g r e a te r  
th a n  0-4 fo r  p u re  a lu m in iu m  a n d  g re a te r  th a n  0-5 fo r  a lu m in iu m  a llo y s .— M. E .

The Machining o£ Magnesium. ------ ( Usine Nouvelle, 1947, 3, (9), 13).
— M. E .

W et-Belt Machining Method [for Castings]. W illia m  F . S ch le ich e r  
(A lu m in u m  and M agnesium , 1947, 3, (5), 8 -1 0 , 20, 22).— S. d e a ls  w ith  a  n ew  
p ro cess fo r  g r in d in g  m e ta l  p a r ts ,  u su a lly  ca s tin g s , b y  m e a n s  o f  a  coo led  
a b ra s iv e  b e lt .  T h e  n o v e lty  lies in  th e  re c e n t successfu l d e v e lo p m e n t o f  a  
s u ita b le  b e l t  w h ich  w ill w ith s ta n d  th e  e ffec ts o f  th e  c o o la n t, a n d  o f  sp ecia l- 
p u rp o se  g r in d in g  m a c h in e s  f o r  u s in g  th e m . F l a t  o r  c u rv e d  faces ca n  be  s u r ­
faced  a t  sp eed s o f  th e  o rd e r  o f  4000 f t . /m in .  fo r  a lu m in iu m  a llo y . T h e  g r i t
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m a y  be  silicon  ca rb id e  a n d  is p la s tic -b o n d e d  to  a  c lo tb  b ack in g  ; i t  is  a p p lie d  
b y  a n  e le c tro s ta t ic  m e th o d . T o le ran ce s  a s  close a s  0-0005 in . h a v e  b een  
m a in ta in e d . T h e  c o o la n t u se d  is  so lu b le  o il in  w a te r . P a r t ic u la rs  o f  v a r io u s  
su c cess fu l a p p lic a tio n s  a re  g iv en .— P . A . P .

XX .— CLEANING AND FINISHING

Cleaning and Heat-Treating Aluminium Alloy [Castings]. W . J .  R o g e rs ,
F .  C a rl, R . S e a b u ry , a n d  N . S m ith  (M odern M etals, 1947, 3, (6), 2 4 -2 6 ).—  
A  rev iew  o f  c u r re n t  p ra c tic e .— N . B . V .

Surface Finishes for Aluminium [and Its Alloys]. J .  P .  M ason  (M achines 
et M étaux, 1947, 31, (349), 311).— T ra n s la te d  f ro m  Iro n  Age, 1946, 158, (9), 
4 0 -4 3  ; (10), 5 0 -5 3  ; (11), 6 6 -6 9  ; see M et. A bs., 1946, 13, 439. —J .  L . T .

Electropolishing. C h arles  L . F a u s t  (M achinery Lloyd, 1946, 18, (12a ), 
3 7 -4 3 ).— P . d iscu sses so m e o f  th e  in d u s tr ia l  a p p lic a tio n s  a n d  l im ita tio n s  o f  
e le c tro ly tic  p o lish in g . I t s  a p p lic a b il i ty  to  th e  p o lish in g  o f  recessed  su rface  
a re a s  is  c ite d  a s  th e  o u ts ta n d in g  a d v a n ta g e  o f  th e  p rocess. F o r  p ra c tic a l  
p u rp o se s , fe rro u s  a llo y s  a re  g e n e ra lly  p o lish e d  in  th e  sa m e  so lu tio n s , w h ereas 
sp e c ia l c o m b in a tio n s  a re  u se d  fo r  th e  n o n -fe rro u s  m e ta ls . E le c tro p o lish in g  
u n ifo rm ly  rem o v es th e  excess m e ta l  f ro m  th e  o u ts id e  d ia . o f  sc rew s so t h a t  i t  
c a n  be  re p la c e d  b y  e le c tro d e p o s ite d  m e ta l  a n d  s t i l l  m a in ta in  th e  d im en sio n a l 
to le ra n c e s  o rig in a lly  specified .— H . P l .

Vapour Blast : Some Recent Developments. D . G ra n t  (M achinery Lloyd, 
1946, 18, (22), 67-72 ; (25a), 37-41).— D ifficu lties in  m a in ta in in g  a n  “  e le c tro ­
c lean  ” su rface  d u r in g  th e  sc o u rin g  o f  a  40 f t .  X 60 f t .  s te e l sieve p r io r  to  
c o p p e r p la t in g  w ere  overco m e b y  u s in g  a  te c h n iq u e  k n o w n  a s  “  co p p e r m u lti-  
c o a t in g ” . I n  th is  p rocess, b o th  th e  c lean in g  o f  th e  s te e l a n d  th e  w ork - 
h a rd e n in g  o f  th e  d e p o s it  w ere  c a rr ie d  o u t  w ith  a  lo w -v e lo c ity  h e a v y -sa n d  
a b ra s iv e  s tr e a m , th e  p la t in g  p ro ceed in g  a t  th e  sa m e t im e .— H. P l .

X X I.— JOINING

Soldered versus  Double-Seamed Closures. C. H . H a n n o n  (M etal Progress, 
1946, 49, (6), 1171-1172).— C a p a c ito r  cas ings o f  s ta n d a rd  ty p e  can  be  sea led  
w ith o u t so ld e rin g  b y  u sin g  a  d o u b le -seam ed  c lo su re , m e c h a n ic a lly  sp in n in g  
th e  co v e r o n  to  th e  b o d y , a n d  a p p ly in g  a  m e ta llic  sea lin g  ad h e s iv e  b efo re  th e  
f in a l h e a t- t r e a tm e n t.  T h e  ad h e s iv e  m u s t  be  u n a ffe c te d  b y  th e  th e rm a l 
t r e a tm e n t  a n d  m u s t  n o t  c o n ta m in a te  th e  d ie lec tr ic  m a te r ia l .— P . R .

Contribution to the Study of the Phenomena of Expansion and Shrinkage 
[in Soldering]. P . B e r th e t  (Soudure et Techniques Connexes, 1947, 1, (1 /2 ), 
2 5 - 3 3 ;  a n d  (ab rid g ed ) Weld J .  (J . Am er. Weld. Soc.), 1947, 26, (7), 3 7 0 -  
371s).— B . d escrib es a  m e th o d  o f  m e a su rin g  th e  sh r in k a g e  o f  so ld e r  on  sh e e ts  
b y  m e a n s  o f  b e n d  te s ts .  In c re a s in g  th e  sp e ed  o f  th e  p rocess d ec reases th e  
sh r in k a g e  o f  th e  so ld e r.— M. E .

Brazing Lawn-Mower Rotors.    (Electronics, 1947, 20, (9), 168,
170).— A n i l lu s tr a te d  d esc rip tio n  o f  th e  b ra z in g  o f  th r e e  p a r ts — sp id e r, d riv e r-  
sh a f t ,  a n d  b e a r in g  r e ta in e r— in  one  o p e ra tio n . P o u r  a ssem b lies a re  b ra z e d  
a t  one  t im e , th e  co m p le te  h e a tin g  cycle  be in g  30 sec. T h e  m e th o d  o f  assem b ly  
a n d  th e  sy s te m  o f  jig s  fo r  h o ld in g  th e  assem b lies  in  th e  h e a tin g  coils a re  
d e sc rib e d . T h e  b ra z in g  m ed iu m  is s ilv e r  so ld e r.— D . M . L .

Automatic Induction Brazing Speeds Tool Tipping.  (Iron  Age, 1946,
157, (15), 5 4 -5 5 ).— T h e  a u th o r  d esc rib es th e  in d u c tio n  b ra z in g  o f  tu n g s te n  
c a rb id e  t ip s  o n  to  c u t t in g  to o ls . T h e  u se  o f  in d u c tio n  h e a tin g  r e su lts  in  a  
c o n s id e rab le  sa v in g  o f  tim e .— R . W . R .
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Eutectic Low-Temperature Welding. R . D . B o y le  (Australasian E ng .,

1946, (A u g .), 7 1 -7 3 ).— B . d esc rib es  th e  e u te c tic  lo w -te m p . w eld in g  p rocess, 
w h ich , th o u g h  s im ila r  to  b ra z in g , d iffers f ro m  i t  in  t h a t  th e  te m p , u se d  is 
be low  th e  m .p . o f  th e  fille r m e ta l. T h e  l a t t e r  is  sp e c ia lly  ch o sen  to  fo rm  eas ily  
a  e u te c tic  w ith  th e  p a r e n t  m e ta l .  S u ita b le  a llo y s  h a v e  b een  d e v e lo p e d  fo r  
u se  w ith  e a s t  iro n , s te e l, c o p p e r  a llo y s , a n d  a lu m in iu m  a llo y s.— N . B . V .

*Static and Fatigue Tests of Arc-Welded Aluminium Alloy 61S-T Plate.
E . C. H a r tm a n n , M a rsh a ll H o lt ,  a n d  A . N . Z a m b o k y  (W eld. J .  (J . Am er. 
Weld. Soc.), 1947, 26, (3), 129—138s).— T h e  te s ts  w ere  c o n d u c te d  o n  15 ty p e s  
o f  p a n e ls  f a b r ic a te d  b y  a rc  w e ld in g  f ro m  f - in .- th ic k  a lu m in iu m  a llo y  o f  
n o m in a l co m p o s itio n  : c o p p e r  0-25, m a g n e s iu m  1-0, s ilico n  0-6, c h ro m iu m  
0 -2 5 % , b a la n c e  a lu m in iu m . P a n e ls  w ith  d re sse d  b u t t  w e ld s g a v e  th e  h ig h e s t 
fa tig u e  s tr e n g th s  o b se rv e d  in  th e se  te s ts ,  w i th  v a lu e s  o f  4 9 -5 4 %  o f  th e  so lid  
spec im en . F a t ig u e  fa ilu re  in  th is  ty p e  o f  jo in t  w as  a s so c ia te d , in  v e ry  m a n y  
cases, w ith  s p a t te r  m a rk s  o n  th e  p a r e n t  p la te . S ta t ic  te n s ile  te s ts  sh o w ed  a  
m a x . jo in t  effic iency  o f  a p p ro x . 5 0 %  in  th e  case o f  b u t t  w e ld s w ith o u t d re ss ­
in g . A s w ith  m o s t  o f  th e  o th e r  ty p e s  o f  p an e ls , b u t t  jo in ts  g a v e  te n s ile  v a lu e s  
in  ex cess o f  th e  te n s ile  s t r e n g th  o f  th e  a n n e a le d  m a te r ia l. T h e  le a s t  s a t is ­
f a c to ry  jo in ts  in  e i th e r  te n s ile  o r  fa t ig u e  te s ts  w ere  th o se  o f  a s y m m e tr ic a l 
design . N o  im p ro v e m e n t in  te n s ile  s tr e n g th , o r  fa tig u e  s t r e n g th  a t  long  
life , w as o b se rv e d  a s  a  r e s u l t  o f  sc a llo p in g  th e  ed g es o f  th e  p la te s . In fe r io r  
r e su lts  w ere  o b ta in e d  f ro m  p a n e ls  w ith  sp lice  p la te s  f a s te n e d  b y  f ille t w e ld s 
ac ro ss th e  m a in  jo in t .— P . H .

Fabricating Sheet-Metal Parts of Jet Engines. H a ro ld  A . K n ig h t  (M aterials 
and M ethods, 1946, 24, (6), 1461—1465).— B rie f  n o te s  a re  g iv e n  o n  th e  w eld in g  
o f  In c o n e l c o m b u s tio n -c h a m b e r  lin e rs .— J .  C. C.

Fine Silver Welded Tubing. J .  G. H e n d e rso n  (Product Eng., 1947,18, (6), 
160).— P ra c t ic a l  h in ts  o n  th e  w eld in g  o f  s ilv e r  a n d  th e  h a n d lin g  o f  s ilv e r  
tu b in g . T h e  d e n s ity , te n s ile  s tr e n g th , e lo n g a tio n , h a rd n e ss , m .p ., th e rm a l 
c o n d u c tiv i ty , m a lle a b ili ty , d u c t i l i ty ,  a n d  w o rk -h a rd e n a b ility  o f  99-9% co m ­
m erc ia l s ilv e r  a re  t a b u la te d .— J .  L . T .

Ensuring the Best Results from Welding. R . K in g  (M ass Production,
1947, 23, (10), 65, 74).— A n  e le m e n ta ry  a c c o u n t o f  so m e p o in ts  o f  te c h n iq u e .

— R . W . R .
Modern Resistance W elding : Costs, Design, and Application. W . B e rn a rd  

(A ustralasian E ng., 1946, (S ep .), 5 8 -6 3 ).— A  p a p e r  r e a d  b efo re  th e  A u s tra l ia n  
W e ld in g  I n s t i tu te ,  S y d n e y  B ra n c h . S p o t,  p ro je c tio n , a n d  se a m  w e ld in g  a re  
re v ie w e d .— N . B . V .

Some Fundamental Principles for the Resistance Welding of Sheet Metal. 
H . E . D ix o n  (Sheet M etal In d .,  1947, 24, (243), 1 4 3 0-1435).— T h e  fa c to rs  w h ich  
in flu en ce  th e  s p o t  w e ld in g  o f  a lu m in iu m -b a se  a llo y s  a re  co n s id e red  u n d e r  th e  
fo llow ing  h e a d s  : c o n ta c t  re s is ta n c e , w eld in g  h e a v y  g au g es , e ffe c t o f  m a te r ia l  
co m p o s itio n , a n d  g e n e ra l f e a tu re s  in  s p o t  w eld s (c o a te d  D u ra lu m in - ty p e  
a llo y s) . F la s h  a n d  b u t t  w e ld in g  o f  lig h t  a llo y s  a re  a lso  co n s id ered .— R . G k.

Design of Fixtures for Projection Welding. M ario  L . O ch iean o  (Iro n  Age, 
1946, 157, (18), 55—56).— S o m e s im p le  ru le s  a re  g iv en .— R . W . R .

Technique for the Gas Welding of Magnesium Alloys. (B rit. Weld. Research 
Assoc. P ub ., 1946, T.16, 38 p p .) .— T h is  u se fu l b ro c h u re  w as p re p a re d  b y  a  
sp e c ia l p a n e l o f  a  C o m m itte e  o f  th e  B r it is h  W e ld in g  R e se a rc h  A sso c ia tio n , 
a n d  c o v e rs  th e  w ho le  fie ld  o f  g as w e ld in g  o f  m a g n e s iu m  a llo y s , e x c e p t  t h a t  
th e  r e p a ir  o f  c a s tin g s  is  n o t  d e a l t  w i th  in  d e ta i l .  T h e  b o o k le t is  co m p reh en siv e  
a n d  d e a ls  w ith  th e  effec t o f  co m p o s itio n  o f  th e  a llo y , th e  w eld in g  flam e, fluxes, 
des ig n , a n d  m a n ip u la t io n . F in ish in g  a n d  p ro te c tiv e  t r e a tm e n ts  a re  d esc rib ed  
a t  so m e le n g th , a n d  w e ld  d e fe c ts  a n d  in sp e c tio n  a re  a lso  co n sid ered . T h e re  
a re  m o re  t h a n  tw e n ty  i l lu s tr a t io n s , in c lu d in g  p h o to m ic ro g ra p h s .

— F . A . F .
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*The Chemical Surface Treatment of Magnesium Alloy Sheet for Spot Weld­
ing. W . F .  H ess, T . B . C a m ero n , a n d  D . J .  A sh c ra f t  (W eld. J .  {J. Am er. 
Weld. Soc.), 1947, 26, (3), 1 7 0 -1 9 0 s).— T h e  s u i ta b i l i ty  o f  v a rio u s  re a g e n ts  fo r 
p re p a r in g  m ag n es iu m  a llo y s  fo r  sp o t  w e ld in g  h a s  b een  in v e s tig a te d . A  
so lu tio n  o f  u n iv e rsa l a p p lic a tio n , c o n ta in in g  10 %  ch ro m ic  a c id  a n d  0 -05%  
so d iu m  s u lp h a te  is  g iv en  p a r t ic u la r  a t te n t io n .  T h is  so lu tio n  h a s  a  re la tiv e ly  
sh o r t  a c tiv e  life  a n d  re q u ire s  re g e n e ra tio n  b y  a d d it io n  o f  so d iu m  su lp h a te . 
A n a ly tic a l c o n tro l is n ecessa ry , a n d  su ita b le  m e th o d s  a re  d iscu ssed . M a te ria l 
fro m  o n e  su p p lie r  re sp o n d e d  sa tis fa c to r ily  to  a  so lu tio n  o f  ch ro m ic  ac id  
w ith o u t a d d itio n s , a n d  th is  w as a t t r ib u te d  to  a  tra c e  o f  su lp h a te  a c q u ire d  b y  
th e  su rface  o f  th e  sh e e t w h e n  in  th e  m ill. P la in  ch ro m ic  a c id  so lu tio n s  d iffer 
f ro m  o th e r  re a g e n ts  in  p ro d u c in g  a  d isc o n tin u o u s  a t ta c k ,  w h ich  g iv es a  longer 
a c tiv e  life  to  th e  b a th . R e su lts  a re  im p ro v e d  a n d  ch ro m ic  a c id  sa v e d  i f  th is  
t r e a tm e n t  fo llow s a  h o t  a lk a lin e  c lean e r. S o lu tio n s  o f  ch ro m ic  a n d  n itr ic  
a c id s  a re  n o t  re a d ily  a d a p ta b le  to  d iffe re n t a llo y s  a r .d  te m p e rs , a n d  a re  
c r itic a l in  u se . T h e  f irs t  s te p  in  su rface  p re p a ra tio n  w as  d eg reas in g  in  
tr ic h lo re th y le n e . A  2 0 %  so lu tio n  o f  a c e tic  a c id  w as e ffec tive  in  rem o v in g  
ch ro m a te  p ick le  fin ish , leav in g  a  su rface  s u ita b le  fo r  p re p a ra tio n  b y  o th e r  
re a g e n ts . W h ere  sp o t w eld in g  is en v isag ed , i t  is  a n  a d v a n ta g e  to  u se  sto c k  
w h ich  h a s  n o t  rece iv ed  a  c h ro m a te  p ick le  fin ish . C hem ica l p re p a ra t io n  is 
co n v e n ie n t fo r  sp o t w eld ing  a n d  is  in  n o  w a y  in fe rio r  to  sc ra tc h  b ru sh in g , 
fo llow ing  w h ich  t r e a tm e n t  th e  su rface  re s is ta n c e  w ill r a p id ly  in c rease  in  h o t  
a n d  h u m id  a tm o sp h e re s . T h e  u se  o f  ch em ica lly  p re p a re d  s to c k  g iv es a  longer 
e le c tro d e  t ip  life .— P . H .

High-Speed Spot Welding. B e rn a rd  G ross ( Iron  Age, 1946, 157, (8), 5 2 -  
55).— G. d iscu sses th e  a d v a n ta g e s  o f  sp o t w eld in g  a n d  d escrib es th e  w eld ing  
m ach in es  a n d  te c h n iq u e s  u se d . V ario u s  m ean s  o f  sp e ed in g -u p  th e  p ro cess a re  
co n s id ered .— R . W . R .

Inspection and the Resistance Spot Welding of Light Alloys. M ichael 
S m ith  (Australasian Eng., 1946, (M ar.), 45—48).— A n  a c c o u n t o f  th e  sp o t-  
w e ld in g  p rocess a n d  o f  th e  d u tie s  o f  G o v e rn m e n t in sp e c to rs .— N . B . V .

Spot Welding of Assemblies. F lo y d  M a tth e w s (Aero Digest, 1947, 54, 
(4), 82).— S p o t-w e ld in g  p ro ced u re  fo r  th e  fa s te n in g  o f  in te rn a l  co rru g a te d  
s tiffen e r p a n e ls  to  th e  c e n tre  w in g  sk in  se c tio n s a t  th e  B oe ing  A irc ra ft fa c to ry  
is su m m a riz e d . A  p re lim in a ry  d e te rm in a tio n  o f  th e  e le c tr ic a l re s is ta n c e  
b e tw e e n  su rface  film s is c a rr ie d  o u t ,  a n d  a d ju s tm e n ts  a re  m a d e  to  th e  c le a n ­
in g  p ro c e d u re  u n t i l  th is  re s is ta n c e  is less th a n  21 m icro h m s.— H. P l .

*Radiography and the Fatigue Strength of Spot Welds in Aluminium Alloys. 
(M cM aster a n d  G ro v er). See p . 111.

Welding. H . E . L in s le y  (Iron Age, 1946, 157, (1), 136 -138 , 141, 278, 280, 
282).— A  rev iew  o f  th e  p o s itio n  o f  w eld in g  a t  th e  b eg in n in g  o f  1946. Som e 
re c e n t d e v e lo p m e n ts , su c h  a s  th e  s p o t  w eld in g  o f  h eav y -g a u g e  a lu m in iu m  
sh e e t a n d  th e  H e lia rc  w e ld in g  o f  s ta in le s s -s te e l sh e e t, a re  describ ed .

— R . W . R .
The Principles of Welding Metallurgy. J .  C a n d lish  (Australasian Eng., 

1946, (M ay), 3 6 -4 6 ).— A  p a p e r  re a d  b efo re  th e  S y d n e y  B ra n c h  o f  th e  A u s tra lia n  
W eld in g  I n s t i tu te .— N . B . V .

Machining of Arc-Welded Products. W a lte r  J .  B ro o k in g  (Iron Age, 1943, 
152, (24), 54).— B . s tre sse s  th e  a d v a n ta g e s  w h ich  f re q u e n tly  a c c ru e  f ro m  th e  
p re -m a c h in in g  o f  p a r t s  a n d  s u b -s tru c tu re s , a n d  describ es th e  p re c a u tio n s  
w h ich  m u s t  be  ta k e n  w h e n  w eld in g  th e s e  to  th e  m a in  a s se m b ly .— R . W . R .

Symposium “  Welding and Health ” . (1) Welding and Fire. D . V. M ills 
(A ustralasian Eng., 1946, (A ug .), 7 3 -7 4 ) ;  (2) Welding and Electric Shocks.
H . S. L lo y d  (ibid., (Sep .), 4 8 -4 9 ) ;  (3) Welding and Eyes. R . G . G io v an e lli



1947 X X I I .— Industrial Uses and Applications 121
(ibid., (O c t.) , 8 9 - 9 0 ) ;  (4) Welding and Fumes. G o rd o n  C. S m ith  (ibid., (N o v .), 
7 9 -8 1 ).— P a p e r s  r e a d  a t  a  sy m p o s iu m  h e ld  b y  th e  A u s tra l ia n  W eld in g  I n s t i tu te .  
H e a l th  h a z a rd s  in  w eld in g  a re  d e a l t  w i th  a n d  p re c a u tio n s  d escrib ed .

— N . B . V .
Rotor-Blade Production [Use of Cycleweld Cements]. J o h n  T . P a rso n s  

(Aero Digest, 1947, 54, (3), 73, 132—134).— C yclew eld  c e m e n ts  d ev e lo p  
th o ro u g h ly  s a t is fa c to ry  v a lu e s  o n  a  c o lla r - to -sp a r  a p p lic a tio n  w h e n  th e  p ro ­
ced u re  is  r ig id ly  c o n tro lle d  a n d  th e  f ix tu re s  a re  p ro p e r ly  d es ig n ed . P .  d e ­
sc rib es m e th o d s  o f  o v e rco m in g  d ifficu lties  d u e  to  th e  e x p a n s io n  o f  th e  S ik o rsk y  
R -5  s p a r  a n d  th e  te n d e n c y  o f  jo in ts  to  s lid e  o u t  o f  a l ig n m e n t ju s t  befo re  th e  
cu r in g  te m p , o f  th e s e  c em en ts .— H . P l .

F o r  A .S .T .M . S tandards, see  p . 128.

X X II.— INDUSTRIAL USES AND APPLICATIONS

Air-Conditioning System for the Martin 3 -0 -3  [Aeroplane]. P . H . P o r t te u s  
(M odern M etals, 1947, 3, (7), 14—15).— A  d e sc rip tio n  o f  th e  p a r t  p la y e d  b y  
lig h t-a llo y  c o m p o n e n ts  in  a i r c ra f t  p re ssu riz in g  a n d  a ir -c o n d itio n in g  e q u ip ­
m e n t.— N . B . V .

The Tucker [Automobile] Gets Under Way. W . B . G riffin  (M odern  
M etals, 1947, 3 , (7), 1 2 -1 3 ).— A  b r ie f  d e sc rip tio n  o f  th e  “  T u c k e r  ’4 8 ” , w h ich  
is  p la n n e d  to  in c o rp o ra te  a  m u c h  g re a te r  q u a n t i ty  o f  l ig h t  m e ta ls  th a n  a n y  
p re v io u s  c a r .— N . B . V .

New [Aluminium] Chemical Drum.  (M odern M etals, 1947, 3, (7 ),
19).— D esig n ed  p r im a ri ly  fo r  t r a n s p o r t in g  h y d ro g e n  p e ro x id e , th e  30-gal. 
d ru m  d e sc rib e d  m a y  a lso  be  u se d  fo r  a  w id e  ra n g e  o f  o th e r  chem ica ls . T h e  
d ru m  is m a d e  b y  H elia rc -w e ld in g  to g e th e r  o f  tw o  d ee p -d ra w n  h a lv e s  o f  h ig h - 
p u r i ty  (99 -6%  a n d  over) a lu m in iu m , a n d  is re in fo rc e d  w ith  h ig h -s tre n g th  
a llo y  e x tru s io n s . I t  w eig h s 34 lb ., o r  a b o u t  h a l f  th e  w e ig h t o f  a  co m p arab le  
s te e l d ru m .— N . B . V .

Aluminium and Its Alloys in Present-Day Construction. G. W . M cA rd  
(Meeh. World, 1947, 122, (3166), 279—281).— A  b r ie f  re v ie w  o f  th e  a p p lic a tio n s  
a n d  a d v a n ta g e s  o f  a lu m in iu m  a llo y s  in  b u ild in g  c o n s tru c tio n  a n d  a u to m o tiv e  
en g in ee rin g .— R . W . R .

Aluminium Jeep Tops. J .  A . C a rso n  (M odern M etals, 1947, 3 , (6), 16).
— N . B . V .

Designing a Combination Lighter and Cigarette Case [in Aluminium Alloy 
Die-Castings]. F re d  F . F u k a l  (M odern M etals, 1947, 3, (6), 20-21).— N . B . V.

Paint-Spraying Equipment Utilizes Aluminium Forgings. ------- (M odern
M etals, 1947, 3 , (7), 30).— T h e  one-p iece  b o d y  o f  th e  s p ra y  g u n  d e sc rib e d  h e re  
is o f  a  h ig h -s tr e n g th  a lu m in iu m  a llo y  fo rg ed  a n d  h e a t - t r e a te d  to  g iv e  m a x . 
s tr e n g th . T h e  to t a l  w e ig h t o f  th e  g u n  is 26 oz.— N . B . V .

Pressed [Aluminium Alloy] Pistons for Heavy-Duty Diesel Engines. L . P . 
G ibson  (M achinery Lloyd, 1946, 18, (2 5 a ), 4 6 -5 0 ).— E x p e rie n c e  g a in e d  w ith  
p re ssed  p is to n s  in  th e  a ir c ra f t  in d u s try  h a s  b een  a p p lie d  to  h e a v y -d u ty  oil 
eng in es . “  Y  ”  a llo y  is co n s id e red  a s  th e  s tro n g e s t k n o w n  p is to n  a llo y , w hile  
a n  a lu m in iu m -1 2 %  silicon  a llo y , “  L o -E x  ” , h a s  a  s lig h tly  low er coeff. o f  
e x p a n s io n  a n d  possesses r e la t iv e ly  h ig h  h o t- s t r e n g th  v a lu e s . G . su m m arizes  
th e  fu n d a m e n ta l  d iffe ren ces b e tw e e n  c a s t  a n d  p re ssed  p is to n s  a n d  o u tlin e s  
th e  p re ss -sh o p  te c h n iq u e .— H . P l .

Precision [Aluminium Alloy] Trailer Coaches.  (M odern M etals, 1947,
3, (6), 27).— F o r  th e  a l l-m e ta l  c a ra v a n  t r a i le r  d e sc rib ed , 3S sh e e t is  u se d  fo r 
w a lls  a n d  ro o f  in  c o n ju n c tio n  w ith  2 4 S -T  A lc lad  e x tru s io n s .— N . B . Y .

Aluminium Water Pump [for Cooling Automobile Engines].  (Modern
M etals, 1947, 3 , (6), 15).— T h e  p u m p  d e sc rib e d  w eighs 4 0 %  less th a n  a  ca s t-
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iro n  one, red u ces  co rro s io n  tro u b le s  in  th e  coo ling  sy s te m , a n d  le a d s  to  h ig h e r 
e n g in e  efficiency.— N . B . V.

Light Metals and Tenite Plastic ior Piano Actions. ------1 (M odern M etals,
1947, 3 , (7), 27).— M a gnesium  a llo y  e x tru s io n s  a re  u se d  fo r  th e  m a in  ra il  a n d  
h a m m e r ra il .— N . B . V .

Magnesium in Electrical Batteries. H a ro ld  A . K n ig h t  (M aterials and  
M ethods, 1946, 24, (6), 1469-1472).— T h e  c o n s tru c tio n  a n d  c h a ra c te r is tic s  o f  
m a g n e s iu m -s ilv e r-c h lo rid e  b a t te r ie s  w ith  sea  w a te r  a s  e le c tro ly te  a re  b riefly  
d isc u sse d ; d im en sio n s  a n d  d isc h a rg e  d a ta  o f  som e co m m erc ia l cells a re  
ta b u la te d .— J .  C. C.

Engraved Magnesium Plates Cut Printing Costs. ------  (M odern M etals,
1947, 3, (7), 2 8 -2 9 ).— R e p r in te d  f ro m  Editor and Publisher, 19 J u l y  1947. 
T h e  p o ss ib ility  o f  re d u c in g  n e w sp a p e r  p ro d u c tio n  co s ts  b y  a s  m u c h  a s  5 0 %  
is o p e n e d  u p  b y  th e  p ro cess  d esc rib ed , w h ich  co n s is ts  o f  p h o to -e n g ra v in g  
m a t te r  ty p e d  b y  e le c tro m a tic  p ro p o rtio n a l-sp a c in g  m ach in es . A ll ty p e s e ttin g  
a n d  s te re o -c a s tin g  is  th e re b y  e lim in a te d . M ag n esiu m  is u se d  fo r  th e  p la te s  
becau se  i t  is  l ig h t  a n d  e a sy  to  e tc h . T h e  p la te s  can  be  u se d  o n  e i th e r  f la t ­
b ed  o r  r o ta ry  p resses.— N . B . V.

Selling Magnesium in Canada. A . C. N o rcro ss (M odern M etals, 1947, 3,
(6), 12—14).— A  su rv e y  o f  th e  w id e  ra n g e  o f  p ro d u c ts  o f  a  C a n a d ia n  m ag n es iu m  
fo u n d ry .— N . B . V .

Manufacturing a Magnesium Combination Storm and Screen Window. 
 (M odem  M etals, 1947, 3, (7), 2 0 -2 1 ).— N . B . V .

Mechanical Filtration with Metal Filter Cloths. R . F .  B la c k  (N ickel 
B ull., 1947, 20, (1 /2 ), 33—34).— A b s tra c te d  f ro m  Interned. Sugar J .,  1946, 
48, 2 0 7 -2 0 8 .— J .  S.

[Production of] Ultra-Thin Nickel Ribbons [for Use in Bolometers]. 
(B ro c k m a n ). See p . 109.

[Zinc] Die-Casting to Relieve Labour Shortage.  (Mech. World, 1947,
122, (3165), 259—260).— A  d esc rip tio n  o f  th e  m e r i ts  o f  z in c -b ase  d ie -castin g s , 
a s  o p p o se d  to  ca s t-iro n  s a n d  ca s tin g s , fo r  e le c tr ic a l sw itc h -g ea r .— R . W . R .

Zinc Alloy [Die-]Castings. New Applications. —  G ru n b e rg  (U sine  
Nouvelle, 1947, 3, (17), 11).— A  b r ie f  r e p o r t  o f  a  p a p e r  p re se n te d  a t  le C en tre  
d ’Ë tu d e s  S u p é rieu re s  d e  M éta llu rg ie . T h e  c h ie f  cause  o f  fa ilu re  o f  d ie -cas tin g s  
is  in te rc ry s ta l l in e  co rro s io n . T h re e  a llo y s h a v e  b een  s ta n d a rd iz e d  in  A m erica  : 
Z a m a k  2, 3, a n d  5. T h e y  h a v e  m a n y  uses in  sm a ll d e c o ra tiv e  p a r t s ,  e sp ec ia lly  
w h e n  ch ro m iu m  p la te d .— J .  L . T .

Zinc Alloy Moulds for Short Runs.  (M odern Plastics, 1946, 23, (12),
150).— T o  p ro d u c e  sm a ll q u a n t i t ie s  o f  c lea r  p la s tic  m o d e ls  a t  low  co s t a n d  
w ith  e q u ip m e n t a v a ila b le  in  th e  U .S . A rm y  m o d el sh o p s , a  n ew  p ro cess u s in g  
z in c  a llo y  m o u ld s  h a s  b een  e v o lv ed .— H . P l .

The Production of Die-Castings for Ford Carburetters. H e rb e r t  C hase 
(M achinery (Bond.), 1947, 71, (1818), 2 4 2 -2 4 6 ).— J .  C. C.

Development in Aircraft-Engine Metallurgy, 1920-1946. W a lte r  E . 
Jo m in y  (M etal Progress, 1946, 50, (4), 687—690).— O u ts ta n d in g  m e ta llu rg ic a l 
a d v a n c e s  in  a irc ra ft-e n g in e  p ro d u c tio n  f ro m  1920 o n w ard s  in c lu d e  : (1) th e  
use o f  s in te re d  c a rb id es  ; (2) in d u c tio n  h e a tin g  ; (3) ch ro m iu m  p la tin g  ;
(4) th e  a v a ila b il i ty  o f  n ew  m a te r ia ls  : a c c o u n ts  a re  g iv en  o f  th e  a p p lic a tio n s  
o f m a g n es iu m  cas tin g s , s ilv e r  (esp ec ia lly  in  b earin g s), a lu m in iu m  a llo y  fo rg ­
ings, a n d  N itra l lo y  ; a n d  (5) th e  co n tro l o f  g ra in -s ize  in  s te e l.— P . R .

Naval Engineering Duty in War-Time. R ic h a rd  D o u g h to n , J r .  (M etal 
Progress, 1946, 50, (3), 455—461).— T h e  m e ta llu rg ic a l a sp e c ts  o f  n a v a l  en g in e e r­
in g  a re  rev iew ed . U n d e r  w a r  co n d itio n s , d ifficu lty  w as caused  b y  th e  u se  o f  
su c h  s u b s t i tu te  m a te r ia ls  a s  le a d  fo r  t in  in  b e a r in g  m e ta ls  a n d  th e  so f te r  
g ra d e s  o f  M onel m e ta l  fo r  K -M o n el in  p u m p  im p e lle r  r in g s , cas ing  r in g s, a n d  
im p e lle r  n u ts .  C o n st, m a in te n a n c e  o f  a  h ig h  s ta n d a rd  o f  efficiency w as
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d e m a n d e d , a s  w as  a  w id e  v a r ie ty  o f  re p a irs  a t  sea , o f te n  o f  m a jo r  im p o rta n c e . 
L a rg e  v esse ls  p o ssessed  a  m a c h in e  sh o p , b la c k s m ith ’s  a n d  c o p p e rsm ith ’s 
sh o p s , a n d  w e ld in g  a n d  f la m e -c u ttin g  e q u ip m e n t, to g e th e r  w ith  m e ltin g  a n d  
a n n e a lin g  e q u ip m e n t b u i l t  u p  b y  th e  e n g in ee rin g  p e rso n n e l. S to c k  m a te r ia ls  
in c lu d e d  m ild -s te e l b a r  a n d  ro d , b ra ss , co p p e r, a n d  M onel m e ta l  b a r  a n d  
sh e e t, a n d  se v e ra l ty p e s  o f  e le c tro d e , z in c  b a rs , a n d  p la te .  A c c o u n ts  a re  g iv en  
o f  th e  c a s tin g  o f  z in c  p en c ils  f ro m  sp e lte r  w h e n  ro d  w as n o  lo n g er a v a ila b le  
a n d  o f  th e  u se  o f  25  : 20  c h ro m iu m -n ic k e l e le c tro d e s .— P . R .

Centrifugal Castings in the Shipbuilding Industry. N . S o k o lo v  (Fonderie, 
1947, 1, (14), 5 4 6 -5 4 8 ).— A  c o n d en sed  t r a n s la t io n  f ro m  Sudostroenie, 1945, 
(3 /4 ), 2 5 - 3 1 ;  see  M et. A h s ., 1946, 13, 373).— J .  L . T .

Hard Alloys Go Underground. S h e ld o n  P .  W im p fd e n  (M in . and M et., 
1947, 28, (483), 1 4 8 -1 4 9 ).— D esc rib e s th e  a p p lic a tio n  o f  tu n g s te n  c a rb id e  
in s e r t -b i ts  in  ro c k  d rills .— N . B . V .

Mechanized Wiring. J® hn M a rk u s  (Sci. Am erican, 1946, (A u g .), 6 3 -6 5 ). 
— M a n y  h a n d  o p e ra tio n s  in  w irin g  v a r io u s  e lec tr ica l a n d  e lec tro n ic  m ech an ism s 
c a n  b e  e lim in a te d  b y  th e  u se  o f  sp ra y e d -m e ta l co a tin g s , p re fo rm e d  a n d  w elded  
h a rn e sse s , a n d  m e ta llic  p a in ts  a p p lie d  th ro u g h  silk  sc reens.— H . P l .

Metal Coatings on Ceramics. E . R o s e n th a l (Electronic Eng., 1 9 4 6 ,18, (222), 
2 4 1 -2 4 2 , 262).— T h e  S ch o o p  sp ra y in g  p ro cess  is  b e in g  a p p lie d  w ith  sa t is fa c to ry  
re s u l ts  to  h ig h -v o lta g e  p o w e r  b u sh in g s . T h e  a d h e re n c e  is  im p ro v e d  i f  th e  
c o a tin g  is  a p p lie d  to  a  g laze  h a v in g  a  lo w er so f te n in g  te m p , th a n  th e  p o rce la in  
b o d y . N o t  a ll  m e ta ls  a d h e re  e q u a lly  w e l l ; in  th e  case o f  c o p p e r i t  is  a d v isa b le  
t h a t  g ro u n d  la y e rs  o f  o th e r  m e ta ls  sh o u ld  f irs t  b e  a p p lie d . T h e  a p p lic a tio n  o f  
th e  c o a tin g  b y  c a th o d e  v o la ti l iz a t io n  o r  b y  r e d u c tio n  o f  m e ta ls  f ro m  sa lt  
so lu tio n s  h a s  th e  d is a d v a n ta g e , in  co m m o n  w ith  th e  S ch o o p  p ro cess , t h a t  
d im e n sio n a l c o n tro l o f  th e  d e p o s ite d  la y e r  is  e x tre m e ly  d ifficu lt. T h e  b u rn in g  
o f  m e ta l  p re p a ra t io n s  c o n ta in in g  ce ram ic  f luxes o n  to  th e  ce ram ic  h a s  so lved  
th e  p ro b le m  o f  a d h e re n c e , a n d  d e ta ils  o f  th is  p ro cess  a re  g iv en . A  ceram ic  
ro d  c a n  b e  c o v e red  w ith  a  th in ,  b u rn t-o n  s ilv e r  c o a tin g , th e  th e rm a l ex p a n s io n  
o f  w h ic h  is  so le ly  d e te rm in e d  b y  th e  th e rm a l  e x p a n s io n  o f  th e  ce ram ic . U se  
is  m a d e  o f  th i s  f a c t  in  th e  m a n u fa c tu re  o f  m e ta lliz e d  ce ram ic  coils w h ich  
e x h ib it  in d u c ta n c e  ch an g es  w h ic h  v a r y  l i t t le  w ith  v a ry in g  te m p .— H . P l .

Metal-Coated Plastics.  (M odern P lastics, 1946, 24, (4 ), 106 -1 0 8 ).—
T h e re  a re  th r e e  w a y s  o f  a p p ly in g  film s o f  m e ta l  to  p la s tic  su rfaces  : (I)  in  vacuo 
a n d  a t  h ig h  te m p .,  w h e n  th e  m e ta l  d is in te g ra te s  a n d  fa lls  like -dew o n  th e  
p la s tic  m o d e l, (2) a  s h in y  m e ta llic  s p r a y  c a n  b e  a p p lie d  to  p la s tic s  b y  a ir  
p re ssu re , a n d  (3) a  c o a tin g  o f  s ilv e r  ca n  b e  p a in te d  o r  sc re e n -p r in te d  o n  a  
p la s tic  s u r f a c e ; th is  s ilv e r  d e p o s it  a c ts  a s  a n  e le c tr ic a l c o n d u c to r  fo r  th e  
a p p lic a tio n  o f  a n  e le c tro p la te d  c o a t. A  re c e n t a p p lic a tio n  o f  m e ta l  sp ra y in g  
is a  ra d io  ch assis , in  w h ich  th e  m e ta l  co n n ec tio n s  a re  sp ra y e d  o n  to  a  p la s tic  
h o u sin g  in  one o p e ra tio n . T h e  sp ra y e d  m e ta l  fo rm s s t r ip s  0-1 in . w id e  a n d  
0-0002 in . th ic k , e lim in a tin g  th e  n e e d  fo r  a  so ld e rin g  iro n  in  ra d io  assem b ly .

— H . P l .
[Metals in] Plastics Engineering in 1946.  (M odern Plastics, 1947,24, (5),

137-1 4 6 ).— M a n y  n ew  a ir c ra f t  w ill h a v e  floo ring  m a d e  w ith  h o n ey co m b  faced  
w ith  a n  a lu m in iu m  a llo y  sk in . I n  one  in s ta l la t io n , a  3 5 %  sa v in g  in  w e ig h t, 
w ith  a  3 0 %  in c re a se  in  s t r e n g th ,  w as effec ted . V a c u u m  e v a p o ra tio n  is  u se d  
to  a p p ly  m e ta llic  co a tin g s  to  p la s tic s . C o a tin g s  o f  a lu m in iu m  a n d  s ilv e r  on  
sh e e t m e th y l  m e th a c ry la te  g iv e  v e ry  goo d  m irro r  su rfaces . T h e  a d v a n ta g e s  
o f  b e ry lliu m  c o p p e r a s  a  m o u ld  m a te r ia l  fo r  p la s tic s  a re  g iv en .— H . P l .

Metal Thread Sealed Between Acetate Film.  (M odern Plastics, 1946,
24, (3), 121).— A  m e ta llic  y a r n  w h ich  w ill n o t  ta r n is h  w ith  age  o r  ex p o su re  to  
lig h t is  th e  la te s t  fa sh io n  d isc o v e ry . T h e  a lu m in iu m , go ld , s ilv er, o r  co p p e r 
y a rn s  a re  se a le d  b e tw e e n  tw o  p lies  o f  sp e c ia lly  fo rm u la te d  cellu lose a c e ta te
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film . T h e  m e ta llic  y a rn s  a re  su p p lie d  m a in ly  in  f la t fo rm , ^  o r  ^  in . w ide. 
I n  e a c h  w id th  th e re  a re  tw o  g ra d e s , o n e  y ie ld in g  (fo r a lu m in iu m ) 4600 y d ./ lb . in  
th e  ¿ - i n .  w id th  a n d  8600 y d ./ lb . in  th e  ¿ - i n .  w id th , a n d  th e  o th e r  grade 
y ie ld in g , fo r  th e se  w id th s , 6000 a n d  11,000 y d ./ lb . ,  re sp e c tiv e ly .— H. P l .

Coming Changes in Metal Economics. F re d  P .  P e te r s  (Sci. American, 
1946, (D ec.), 2 5 8 -2 6 0 ).— L ig h t  m e ta ls  a re  lik e ly  to  be  in  a  b e t te r  com petitive  
c o s t p o s itio n  in  1955. C opper, z in c , a n d  le a d  a re  lik e ly  to  be  m o re  expensive 
in  a  few  y e a rs . T h e  p o w er re q u ire d  to  m ach in e  se v e ra l com m o n  m eta ls  is in 
t h e  p ro p o rtio n  : m ag n es iu m  1-0, a lu m in iu m  a llo y s 1-8, ye llow  b ra ss  2-3, cast 
i ro n  3-5, m ild  s te e l 6-3, a n d  n ick e l a llo y s  10-0. S h o rta g e  o f  t in  in  A m erica 
h a s  led  to  th e  s u b s t i tu t io n  o f  a lu m in iu m  a n d  a lu m in iu m -c o a te d  stee l fo r t in ­
p la te  ; a lu m in iu m , b e ry lliu m , s ilicon , a n d  m an g an ese  b ro n zes a re  m aking 
in ro a d s  o n  th e  tin -b ro n z e  m a rk e ts .— H . P l .

Heavy Alloy. (P rice ) . See p . 105.
Rubber-Metal Composites. J a m e s  A . M errill (M aterials and Methods, 

1946, 24, (4), 8 9 1 -8 9 5  ; a n d  (su m m a ry )  M achines et M étaux, 1947, 31, (341), 
8 ).— C h a ra c te r is tic s  o f  n a tu r a l  a n d  s y n th e tic  ru b b e rs  w h ich  c a n  be  bonded 
to  m e ta ls  a re  o u tlin e d , a n d  som e ty p ic a l  a p p lic a tio n s  o f  b o n d e d  com posites 
a re  d e sc rib ed .— J .  C. C.

S P E C I F I C A T I O N S  F O R  C O P P E R  A N D  C O P P E R  A L L O Y S
Copper Sheet and Strip: Annealed. ------  (Aeronaut. M aterial Specifica­

tion (S .A .E .) ,  1946, (AMS 4500B), 2 p p .) .— A  re v ise d  sp e c ifica tio n .— J. L . T .
Brass Sheet and Strip: Half Hard. ------ (A eronaut. M aterial Specification

(S .A .E .) ,  1946, (AMS 4507A), 2  p p .) .— A  re v ise d  sp e c ifica tio n .— J .  L . T .
Phosphor-Bronze Strip. Spring Temper.  (Aeronaut. M aterial Speci­

fication (S .A .E .) ,  1946, (AMS 4510B), 2 p p .) .— A  re v ise d  spec ifica tio n .— J .  L . T .
Bronze Strips. ------  (Aeronaut. M aterial Specification (S .A .E .) ,  1946,

(AMS 4520C), 2 p p .) .— A  rev ised  spec ifica tio n .— J .  L . T .
Brass Rods and Bars. Free Cutting : Half Hard. -— -  (Aeronaut. 

M aterial Specification (S .A .E .) ,  1946, (AMS 4610C), 3 p p .) .— A  re v ise d  sp e c i­
f ic a tio n .— J .  L . T .

Naval Brass. Rods and Bars : Half Hard. ------  (Aeronaut. M aterial
Specification (S .A .E .) ,  1946, (AMS 4611A), 2 p p .) .— A  re v ise d  sp ecifica tion .

— J .  L . T .
Brass Forgings. ------  (A eronaut. M aterial Specification (S .A .E .) ,  1946,

(AMS 4614C), 2 p p .) .— A  re v ise d  sp e c ifica tio n .— J .  L . T .
Silicon-Bronze Bars. Hard. ------  (Aeronaut. M aterial Specification

(S .A .E .), 1946, (AMS 4615A), 2 p p .) .— A  re v ise d  sp e c ifica tio n .— J .  L . T .
Manganese-Bronze Forgings. ------- (Aeronaut. M aterial Specification

(S .A .E .), 1946, (AMS 4619A), 2 p p .) .— A  rev ised  sp e c ifica tio n .— J .  L . T .
Phosphor-Bronze Bars. Hard.     (Aeronaut. M aterial Specification

(S .A .E .) ,  1946, (AMS 4625C), 2 p p .) .— A  re v ise d  spec ifica tio n .— J .  L . T .
Aluminium-Bronze Bars. ——  (Aeronaut. M aterial Specification (S .A .E .) ,  

1946, (AMS 4630B), 2 p p .) .— A  rev ised  spec ifica tio n .— J .  L . T .
Aluminium-Bronze Bars. Silicon. -------- (Aeronaut. M aterial Specification

(S .A .E .) ,  1946, (AMS 4631A), 2  p p .) .— A  re v ise d  spec ifica tio n .— J .  L . T .
Aluminium-Bronze Bars. Hard. ------  (Aeronaut. M aterial Specification

(S .A .E .) ,  1946, (AMS 4632A), 2 p p .) .— A  re v ise d  spec ifica tio n .— J .  L . T .
Beryllium-Copper Alloy Bars and Forgings. Solution-Treated. ——  

(Aeronaut. M aterial Specification (S .A .E .) ,  1946, (AMS 4650B), 2 p p .) .— A  
rev ised  spec ifica tio n .—J .  L . T .

Standard [A.S.T.M.] Specifications for Lake Copper Wire Bars, Cakes, Slabs,
Billets, Ingots, and Ingot Bars (B 4-42). ------  (Book o f A .S .T .M . Standards,
1946, (P t .  Ib), 1-4 ) ; Standard [A.S.T.M.] Specifications for Electrolytic Copper



Wire Bars, Cakes, Siabs, Billets, Ingots, and In got Bars (B5-43). --------(ibid.,
5 -8 );  Standard [A.S.T.M .] Specifications for Electrolytic Cathode Copper (B 115-
43).  (ibid., 9—1 0 ) ; Standard [A.S.T.M.] Specifications for Fire-Refined
Copper Other than Lake (B72-33).  (ibid., 11-12); Tentative [A.S.T.M.]
Specifications for Oxygen-Free Electrolytic Copper Wire Bars, Billets, and Cakes
(B170-44T). ------- (ibid., 341—3 4 3 ) ; Tentative [A.S.T.M.] Specifications for
Fire-Refined Copper for Wrought Alloys (B216-46T).    (ibid., 344 -3 4 5 ) ;
Standard [A.S.T.M.] Specifications for Phosphor Copper (B52-46). ------
(ibid., 13-14); Standard [A.S.T.M.] Specifications for Silicon Copper (B53 46).
 (ibid., 1 5 -1 6 ) ; Standard [A.S.T.M.] Specifications for Hot-Rolled Copper
Rods for Electrical Purposes (B49-41). ------- (ibid., 17-19); Standard
[A.S.T.M.] Specifications for Hard-Drawn Copper Wire (B l-4 0 ).    (ibid.,
2 0 -2 3 ); Standard [A.S.T.M.] Specifications for Medium-Hard-Drawn Copper
Wire (B2-40). ------- (ibid., 24r-27); Standard [A.S.T.M.] Specifications for
Soft or Annealed Copper Wire (B 3-45). ------- (ibid., 2 8 -3 1 ); Standard
[A.S.T.M.] Specifications for Hard-Drawn Copper Alloy Wires for Electrical
Conductors (B105-39).  (ibid., 3 2 - 3 6 ) ; Standard [A.S.T.M.] Specifications
for Soft Rectangular and Square Bare Copper Wire for Electrical Conductors
(B48 45).  (ibid., 37—4 1 ); Standard [A.S.T.M.] Specifications for Tinned
Soft or Annealed Copper Wire for Electrical Purposes (B33-46). —■—- (ibid., 
42-47); Standard [A.S.T.M.] Specifications for Concentric-Lay-Stranded 
Copper Conductors, Hard, Medium-Hard, or Soft (B8-46). — —  (ibid., 4 8 - 5 4 ) ;
Standard [A.S.T.M.] Specifications for Bronze Trolley Wire (B 9-46).  -
(ibid., 5 5 -6 0 ) ;  Standard [A.S.T.M.] Specifications for Copper Trolley Wire
(B47-46).  (ibid., 6 1 - 6 5 ) ; Standard [A.S.T.M.] Specifications for Figure-9
Deep-Section Grooved and Figure-8 Copper Troh,y Wire for Industrial Haulage
(B 1 1 6 -4 6 ). (ibid., 6 6 - 7 0 ) ; Tentative [A.S.T.M.] Specifications for Rope-Lay-
Stranded Copper Conductors Having Bunch-Stranded Members for Electrical Con­
ductors (B172-45T).  (ibid., 3 4 6 -3 5 0 ) ; Tentative [A.S.T.M.] Specifications
for Rope-Lay-Stranded Copper Conductors Having Concentric-Stranded Mem­
bers for Electrical Conductors. (B173-45T). — —  (ibid., 3 5 1 -3 5 5 ) ; Tentative 
[A.S.T.M.] Specifications for Bunch-Stranded Copper Conductors for Electrical 
Conductors (B174-45T).  (ibid., 3 5 6 -3 5 9 ) ; Tentative [A.S.T.M.] Specifica­
tions for Lead-Coated and Lead-Alloy-Coated Soft Copper Wire for Electrical
Purposes (B189-45T).  (ibid., 3 6 0 -3 6 4 ) ; Tentative [A.S.T.M.] Method of
Test for Resistivity of Copper and Copper Alloy Electrical Conductors (B193-45T).
    (ibid., 3 6 5 -3 6 9 );  Tentative [A.S.T.M.] Specifications for Brass Sheet and
Strip (B 36-46T ). ------  (ibid., 3 7 0 -3 7 6 ) ; Tentative [A.S.T.M.] Specifications
for Leaded-Brass Sheet and Strip (B121-46T). -------  (ibid., 3 7 7 -3 8 3 ) ; Ten­
tative [A.S.T.M.] Specifications for Cartridge-Brass Sheet, Strip, Plate, Bar, and
Discs (B19-46T).  (ibid., 384r-389); Tentative [A.S.T.M.] Specifications
for Cartridge-Brass Cartridge-Case Cups (B129-46T). -------  (ibid., 3 9 0 -3 9 2 );
Tentative [A.S.T.M.] Specifications for Gilding-Metal Strip (B130-46T).
 (ibid., 3 9 3 -3 9 8 ) ; Tentative [A.S.T.M.] Specifications for Gilding-Metal
Bullet Jacket Cups (B131-46T). ------ ( * ¿ ¿ . ,3 9 9 - 4 0 1 ) ;  Tentative [A.S.T.M.]
Specifications for Copper-Nickel-Zinc and Copper-Nickel Alloy Sheet and
Strip (B122-46aT).  (ibid., 4 0 2 -4 0 8 ) ; Tentative [A.S.T.M.] Specifications
for Aluminium-Bronze Sheet and Strip (B169-46T). ------- (ibid., 4 0 9 -4 1 3 );
Tentative [A.S.T.M.] Specifications for Beryllium-Copper Alloy Strip (B 194- 
46aT). —  (ibid., 4 1 4 -4 1 7 ) ; Tentative [A.S.T.M.] Specifications for Beryl­
lium-Copper Alloy Strip, Special Grade (B195-46T). ------ (ibid., 4 1 8 -4 2 1 ) ;
Tentative [A.S.T.M.] Specifications for Copper Sheet, Strip, and Plate (B 152-
46T). -------- (ibid., 4 2 2 -4 2 8 ) ;  Standard [A.S.T.M.] Specifications for Rolled
Copper Alloy Bearing and Expansion Plates for Bridge and Other Structural
Uses (B100-46).  (ibid., 7 1 - 7 3 ) ; Standard [A.S.T.M.] Specifications for
Phosphor-Bronze Sheet and Strip (B103-46).  (ibid., 7 4 - 8 0 ) ; Standard
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[A.S.T.M.] Specifications for Copper-Silicon Alloy Plate and Sheet for Pressure
Vessels (B96-46).  (ibid., 81 -8 3 ) ; Standard [A.S.T.M.] Specifications for
Copper-Silicon Alloy Sheet and Strip for General Purposes (B97-46). ——  
(ibid., 84—88) ; Standard [A.S.T.M.] Specifications for Copper Plates for Loco­
motive Fireboxes (B ll-4 6 ) .  (ibid., 8 9 -9 1 ) ; Standard [A.S.T.M.] Specifica­
tions for Copper Alloy Condenser-Tube Plates (B171-46). ——• (ibid., 9 2 -  
95) ; Standard [A.S.T.M.] Specifications for Lead-Coated Copper Sheets
(B101-40).--- -------  (ibid., 96 -9 8 ) ; [A.S.T.M.] Standard Hardness-Conversion
Table for Cartridge Brass (E33-42).   (ibid., 324-3 2 6 ) ; Tentative
[A.S.T.M.] Method of Altemate-Immersion Corrosion Test of Non-Ferrous
Metals (B192-44T). ------- (ibid., 780-7 9 2 ) ; Tentative [A.S.T.M.] Method of
Total-Immersion Corrosion Test of Non-Ferrous Metals (B185 43T). ------
(ibid., 793 -8 0 2 ) ; Standard [A.S.T.M.] Specifications for Copper Rods for Loco­
motive Stay bolts (B12-46). ------- (ibid., 9 9 -1 0 0 );  Standard [A.S.T.M.]
Specifications for Free-Cutting Brass Rod and Bar for Use in Screw Machines
(B16-46). ------- (ibid., 101-105); Standard [A.S.T.M.] Specifications for
Copper-Silicon Alloy Rods, Bars, and Shapes (B98-46).  (ibid., 106-111) ;
Standard [A.S.T.M.] Specifications for Copper-Silicon Alloy Wire for General
Purposes (B99-46).  (ibid., 112-115); Standard [A.S.T.M.] Specifications
for Copper and Copper-Base Alloy Forging Rods, Bars, and Shapes (B124 46).
 (ibid., 1 16-118) ; Standard [A.S.T.M.] Specifications for Brass Wire (B 134-
46). ------  (ibid., 1 1 9 -1 2 3 );  Standard [A.S.T.M.] Specifications for Man­
ganese-Bronze Rods, Bars, and Shapes (B138-46). ------  (ibid., 1 2 4 -1 2 9 );
Standard [A.S.T.M.] Specifications for Leaded Red-Brass (Hardware Bronze)
Rods, Bars, and Shapes (B140-46).  (ibid., 1 30-133) ; Standard [A.S.T.M.]
Method of Mercurous Nitrate Test for Copper and Copper Alloys (B154-45).
  (ibid., 134—136) ; Tentative [A.S.T.M.] Specifications for Naval-Brass
Rods, Bars, and Shapes (B21-46aT). -------- (ibid., 4 29-4 3 3 ) ; Tentative
[A.S.T.M.] Specifications for Copper Bus-Bars, Rods, and Shapes (B187-46T).
  (ibid., 434r-439). Tentative [A.S.T.M.] Specifications for Beryllium-
Copper Alloy Rod and Bar (B196-46aT). ------  (ibid., 4 4 0 -4 4 4 ) ; Tentative
[A.S.T.M.] Specifications for Beryllium-Copper Alloy Wire (B197-46aT).
 (ibid., 445—447) ; Tentative [A.S.T.M.] Specifications for Copper-Nickel-
Zinc Alloy Wire (B206-46aT). ------  (ibid., 4 4 8 -4 5 3 ) ; Tentative [A.S.T.M.]
Specifications for Copper Rods, Bars, and Shapes (B133-46aT). ------- (ibid.,
454-4 5 9 ) ; Tentative [A.S.T.M.] Specifications for Phosphor-Bronze Rods,
Bars, and Shapes (B139-46aT).  (ibid., 460-465) ; Tentative [A.S.T.M.]
Specifications for Aluminium-Bronze Rods, Bars, and Shapes (B150-46aT).
 (ibid., 4 6 6 -4 7 0 ) ; Tentative [A.S.T.M.] Specifications for Copper-Nickel-
Zinc Alloy Rod, Bar, and Wire (B151-46aT). ------ (ibid., 4 7 1 4 :7 6 ) ; Ten­
tative [A.S.T.M.] Specifications for Phosphor-Bronze Wire (B159-46aT). 
 (ibid., 477-4 7 9 ) ; Tentative [A.S.T.M.] Methods of Preparation of Micro­
graphs of Metals and Alloys (E 2 4 4 T ). ------  (ibid., 803-8 1 3 ) ; Standard
[A.S.T.M.] Specifications for Copper and Copper Alloy Seamless Condenser
Tubes and Ferrule Stock (B l l l -4 6 ) .    (ibid., 13 7 -1 4 1 );  Standard
[A.S.T.M.] Specifications for Seamless Copper Boiler Tubes (B13-41).  ------
(ibid., 142-144) ; Standard [A.S.T.M.] Specifications for Copper Pipe, Standard 
Sizes (B42-46). ——  (ibid., 145-148) ; Standard [A.S.T.M.] Specifications
for Seamless Copper Tubing, Bright Annealed (B68-48). ------- (ibid., 1 4 9 -
152); Standard [A.S.T.M.] Specifications for Copper Water Tube (B 8 8 4 6 ).
 (ibid., 1 53-157) ; Standard [A.S.T.M.] Specifications for Seamless Brass
Boiler Tubes (B14-18).   (ibid., 1 58-160) ; Standard [A.S.T.M.] Specifica­
tions for Red-Brass Pipe, Standard Sizes (B 4 3 4 6 ).    (ibid., 1 6 1 -1 6 4 );
Tentative [A.S.T.M.] Specifications for Seamless Copper Tubes (B75-46aT).
 (ibid., 4 8 0 4 8 5 )  ; Tentative [A.S.T.M.] Specifications for Miscellaneous
Brass Tubes (B 13546aT ). ------  (ibid., 4 8 6 4 9 1 ) ;  Tentative [A.S.T.M.]
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Specifications for Copper Bus-Pipes and Tubes (B188-46T).  (ibid., 49 2 -
497) ; Standard [A.S.T.M.] Method of Test for Expansion (Pin Test) of Copper
and Copper Alloy Tubing (B153-45).    (ibid., 165-166) ; Tentative
[A.S.T.M.] Specifications for Copper-Base Alloys in Ingot Form for Sand
Castings (B30- -45T).  (ibid., 4 9 8 -5 0 2 ) ; Standard [A.S.T.M.] Classification
of Cast Copper-Base Alloys (B119 45). ------  (ibid., 167-170) ; Standard
[A.S.T.M.] Specifications for Steam or Valve Bronze Castings (B61-46). -------
(ibid., 171-173) ; Standard [A.S.T.M.] Specifications for Compo ition-Brass or
Ounce Metal Castings (B62-46).  (ibid., 174—176) ; Standard [A.S.T.M.]
Specifications for Bronze Castings in the Rough for Locomotive Wearing
Parts (B66-46). ------- (ibid., 177-179) ; Standard [A.S.T.M.] Specifications
for Car and Tender Journal Bearings, Lined (B67-46).  (ibid., 180-182) ;
Tentative [A.S.T.M.] Specifications for Bronze Castings for Turntables and 
Movable Bridges and for Bearing and Expansion Plates of Fixed Bridges (B 22-
46T).  (ibid., 5 0 3 -5 0 5 ) ; Tentative [A.S.T.M.] Specifications for Leaded
High-Strength Yellow Brass (Manganese Bronze) Sand Castings (B132-46T).
 (ibid., 5 0 6 -5 0 8 ) ; Tentative [A.S.T.M.] Specifications for Tin-Bronze and
Leaded Tin-Bronze Sand Castings (B143-46T).  (ibid., 509-5 1 2 ) ; Tenta­
tive [A.S.T.M.] Specifications for High-Leaded Tin-Bronze Sand Castings
(B144 46T). ------- (ibid., 5 13 -5 1 6 ) ; Tentative [A.S.T.M.] Specifications for
Leaded Red-Brass and Leaded Semi-Red-Brass Sand Castings (B145-46T).
 (ibid., 517-5 2 0 ) ; Tentative [A.S.T.M.] Specifications for Leaded Yellow-
Brass Sand Castings for General Purposes (B146-46T). — -  (ibid., 5 2 1 -  
524) ; Tentative [A.S.T.M.] Specifications for High-Strength Yellow-Brass 
(Manganese Bronze) and Leaded High-Strength Yellow-Brass (Leaded Manganese
Bronze) Sand Castings (B147-46T). ------ - (ibid., 5 2 5 -5 2 8 ) ; Tentative
[A.S.T.M.] Specifications for Aluminium-Bronze Sand Castings (B148-46T).
 (ibid., 5 2 9 -5 3 2 ) ; Tentative [A.S.T.M.] Specifications for Leaded Nickel-
Brass (Leaded Nickel-Silver) and Leaded Nickel-Bronze (Leaded Nickel
Silver) Sand Castings (B149-46T).  (ibid., 5 3 3 -5 3 6 ) ; Tentative [A.S.T.M.]
Specifications for Silicon-Bronze and Silicon-Brass Sand Castings (B198-46T). 
  (ibid., 5 3 7 -5 4 0 ) ; Tentative [À.S.T.M.] Recommended Practice for Pre­
paring Tension-Test Specimens for Copper-Base Alloy Castings (B208-46T).
  (ibid., 5 4 1 -5 4 3 ) ; Tentative [A.S.T.M.] Specifications for Copper-Base
(Brass) Alloy Die-Castings (B176-42T).    (ibid., 671-672); Tentative
[A.S.T.M.] Methods of Radiographic Testing of Metal Castings (E15-39T). 
 (ibid., 860-8 6 4 ) ; Tentative [A.S.T.M.] Industrial Radiographic Termin­
ology for Use in Radiographic Inspection of Castings and Weldments (E 52-
45T). -----  (ibid., 872) ; Standard [A.S.T.M.] Specifications for Brazing
Solder (B64-43).  (ibid., 2 0 6 -2 0 7 ).

ALUM INIUM  AND ITS ALLOYS 
Tentative [A.S.T.M.] Specifications for Aluminium for Use in Iron and Steel

Manufacture (B37-46T).  (Booh o f A.S.T.M . Standards, 1946, (P t. 1b),
544-5 4 5 ) ; Tentative [A.S.T.M.] Specifications for Aluminium-Base Alloys in 
Ingot Form for Sand Castings, Die-Castings, and Permanent-Mould Castings
(B179-46T). ------  (ibid., 5 4 6 -5 4 8 );  Tentative [A.S.T.M.] Specifications for
Aluminium-Base Alloy Sand Castings (B26-46T).   (ibid., 5 4 9 -5 5 5 );
Tentative [A.S.T.M.] Specifications for Aluminium-Base Alloy Permanent-
Mould Castings (B108-46T). ------- (ibid., 556-559); Tentative [A.S.T.M.]
Specifications for Aluminium and Aluminium Alloy Bars, Rods, and Wire
(B211-46T). -------  (ibid., 5 6 0 -5 6 5 ) ; Tentative [A.S.T.M.] Specifications for
Aluminium and Aluminium Alloy Sheet and Plate ( B209-46T). ------ (ibid., 5 6 6 -
574) ; Tentative [A.S.T.M.] Specifications for Aluminium Sheet and Plate for Use
in Welded Pressure Vessels. (B178-46T).  (ibid., 5 7 5 -5 7 8 );  Tentative
[A.S.T.M.] Specifications for Aluminium-M anganese Alloy Sheet and Plate
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for Use in Welded Pressure Vessels (B126-46T). ------  (ibid., 579-582) ;
Tentative [A.S.T.M.] Specifications for Aluminium Alloy Drawn Seamless 
Tubing (B210 46T).    (ibid., 5 8 3 -5 8 6 ); Tentative [A.S.T.M.] Specifica­
tions for Aluminium and Aluminium Alloy Metal Arc-Welding Electrodes
(B184-43T). ------- (ibid., 587-590) ; Standard [A.S.T.M.] Specifications for
Aluminium Ingots for Remelting (B24-46).    (ibid., 183-184) ; Standard
[A.S.T.M.] Method of Test for Dielectric Strength of Anodically Coated Alu­
minium (B110-45). -------  (ibid., 1 8 5 -1 8 6 ); Standard [A.S.T.M.] Method of
Test for Sealing of Anodically Coated Aluminium (B136-45). ------- (ibid.,
187) ; Standard [A.S.T.M.] Method of Test for Weight of Coating on Anodically
Coated Aluminium (B137-45). -------  (ibid., 188-189) ; Tentative [A.S.T.M.]
Specifications for Aluminium-Base Alloy Die-Castings (B85-46T). ------
(ibid., 6 69 -6 7 0 ).

M A G N E S IU M  A N D  I T S  A L L O Y S
Standard [A.S.T.M.] Specifications for Magnesium Ingot and Stick for

Remelting (B92—45).   (Book o f A.S.T.M. Standards, 1946, (P t .  1b), 1 9 0 -
191) ; Tentative [A.S.T.M.] Specifications for Magnesium-Base Alloys in Ingot 
Form for Sand Castings, Die-Castings, and Permanent-Mould Castings (B93-45T).
 (ibid., 591-592) ; Tentative [A.S.T.M.] Specifications for Mangesium-Base
Alloy Sand Castings (B80-45T). —— (ibid., 593-596) ; Tentative [A.S.T.M.] 
Specifications for Magnesium-Base Alloy Permanent-Mould Castings (B 199- 
45T).  ------  (ibid., 5 97-5 9 9 ) ; Tentative [A.S.T.M.] Specifications for Mag­
nesium-Base Alloy Bars, Rods, and Shapes (B107 45T). -----  (ibid., 6 0 0 -
603) ; Tentative [A.S.T.M.] Specifications for Magnesium-Base Alloy Forgings
(B91-45T). ------- (ibid., 6 0 4 -6 0 6 ); Tentative [A.S.T.M.] Specifications for
Magnesium-Base Alloy Sheet (B90-46T). ------- (ibid., 607-609) ; Tentative
[A.S.T.M.] Specifications for Magnesium-Base Alloy Extruded Round Tubing
(B217-46T). -------- (ibid., 610-6 1 3 ) ; Tentative [A.S.T.M.] Specifications for
Magnesium-Base Alloy Die-Castings (B94-44T).  (ibid., 673 -6 7 4 ).

Z I N C , L E A D , A N D  T I N
Standard [A.S.T.M.] Specifications for Slab Zinc (Spelter) (B6-46). -------

(Book o f A.S.T.M. Standards, 1946, ( P t .  1b), 1 9 2 -1 9 3 ); Standard [A.S.T.M.]
Specifications for Rolled Zinc (B69-39).--- ------- (ibid., 194-198) ; Standard
[A.S.T.M.] Specifications for Zinc-Base Alloy Die-Castings (B86-46). ------
(ibid., 2 1 4 4 1 6 ) .

Standard [A.S.T.M.] Specifications for Lead- and Tin-Base Alloy Die-Castings
(B102-44).   (B ook o f A.S.T.M. Standards, 1946, ( P t .  1b), 211-2 1 3 ) ;
Standard [A.S.T.M.] Specifications for Pig Lead (B29-43).  (ibid., 199-
202) ; Tentative [A.S.T.M.] Specifications for White-Metal Bearing Alloys
(B23-46T). -------- (ibid., 6 1 4 -6 1 7 ); Tentative [A.S.T.M.] Specifications for
Soft-Solder Metal (B32-46T).  (ibid., 618-621).

S I L V E R  S O L D E R S
Standard [A.S.T.M.] Specifications for Silver Solders (B73-29). ------

(B ook o f A.S.T.M. Standards, 1946, (P t .  1b), 2 03-205).

NICKEL AND ITS ALLOYS
Standard [A.S.T.M.] Specifications for Nickel (B39-22).   (Book o f

A.S.T.M. Standards, 1946. ( P t .  1b),208-2 1 0 ) ; Standard [A.S.T.M.] Specifications 
for Drawn or Rolled Alloy, 80 per cent. Nickel, 20 per cent. Chromium, for
Electrical-Heating Elements (B82-46). ------  (ibid., 2 17-219) ; Standard
[A.S.T.M.] Specifications for Drawn or Rolled Alloy, 60 per cent. Nickel, 16 per 
cent. Chromium, and Balance Iron, for Electrical-Heating Elements (B83-46). 
  (ibid., 220 -2 2 2 ) ; Tentative [A.S.T.M.] Specifications for Nickel Rods
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* and Bars (B160-41T). — — (ibid., 622-626); Tentative [A.S.T.M.] Specifica­
tions for Nickel-Copper Alloy Rods and Bars (B164-41T).  (ibid., 627-
631); Tentative [A.S.T.M.] Specifications for Nickel-Chromium-Iron Alloy
Rods and Bars (B166-41T). ------  (ibid., 632-636); Tentative [A.S.T.M.]
Specifications for Nickel Cold-Drawn Pipe and Tubing (B161-41T). ------
(ibid., 637-640); Tentative [A.S.T.M.] Specifications for Nickel-Copper Alloy
Cold-Drawn Pipe and Tubing (B165-41T).  (ibid., 641-644); Tentative
[A.S.T.M.] Specifications for Nickel-Chromium-Iron Alloy Cold-Drawn Pipe 
and Tubing (B167-41T).  (ibid., 645-648); Tentative [A.S.T.M.] Specifica­
tions for Nickel, Nickel-Copper Alloy, and Nickel-Chromium-Iron Alloy
Seamless Condenser Tubes and Ferrule Stock (B163-41T).  (ibid., 649-
652); Tentative [A.S.T.M.] Specifications for Nickel Plate, Sheet, and Strip
(B162-41T). ------  (ibid., 653-657); Tentative [A.S.T.M.] Specifications
for Nickel-Copper Alloy Plate, Sheet, and Strip (B127-41T).    (ibid.,
658-663); Tentative [A.S.T.M.] Specifications for Nickel-Chromium-Iron
Alloy Plate, Sheet, and Strip (B168-41T).  (ibid., 664r-668); Tentative
[A.S.T.M.] Specifications for Round Nickel Wire for Lamps and Electronic
Devices (B175-45T). ------  (ibid., 688-690); Tentative [A.S.T.M.] Methods
of Testing Nickel and Nickel Alloy Wire and Ribbon for Electronic-Tube 
Filaments (B118-A2T).  (ibid., 691-693).

M ETHODS OF TESTIN G
Standard [A.S.T.M.] Method of Test for Change of Resistance with Tempera­

ture of Metallic Materials for Electrical Heating (B70-39). ------ - (Book of
A .S .T .M . Standards, 1946, (Pt. 1 b ) ,  223-225); Standard [A.S.T.M.] Method of
Accelerated Life Test for Metallic Materials for Electrical Heating (B 76-39).------
(ibid., 226-235); Standard [A.S.T.M.] Method of Test for Resistivity of Metallic
Materials (B63-36). ------  (ibid., 236-238); Standard [A.S.T.M.] Method of
Test for Thermo-Electric Power of Electrical-Resistance Alloys (B77-33). ------
(ibid., 239-241); Standard [A.S.T.M.] Method of Test for Temperature-
Resistance Constants of Alloy Wires for Precision Resistors (B84-45). ------
(ibid., 242-246); Standard [A.S.T.M.] Method of Test for Temperature-Re- 
sistance Constants of Sheet Materials for Shunts and Precision Resistors
(B114—45). ------  (ibid., 247-251); Standard [A.S.T.M.] Method for Bend
Testing of Wire (B113-41). ------  (ibid., 252-255); Standard [A.S.T.M.]
Methods of Testing Sleeves and Tubing for Radio-Tube Cathodes (B128 42).
 (ibid., 256-260); Standard [A.S.T.M.] Method of Test for Linear Expansion
of Metals (B95-39).  (ibid., 261-267); Standard [A.S.T.M.] Methods of
Testing Thermostat Metals (B106-40).    (ibid., 268-273); Tentative
[A.S.T.M.] Specifications for Chromium-Nickel-Iron Alloy Castings (25-12 
Class) for High-Temperature Service (B190-45T). —■— (ibid., 675-680); 
Tentative [A.S.T.M.] Specifications for Nickel-Chromium-Iron Alloy Castings
(35-15 Class) for High-Temperature Service (B207-46T).  -----  (ibid., 681-
683); Tentative [A.S.T.M.] Method of Test for Effect of Controlled Atmospheres 
Upon Alloys in Electric Furnaces (B181-43T).  (ibid., 684r-687); Tenta­
tive [A.S.T.M.] Method of Test for Density of Fine Wire and Ribbon for
Electronic Devices (B180-45T).  (ibid., 694-696); Tentative [A.S.T.M.]
Method of Test for Temper of Strip and Sheet Metals for Electronic Devices
(B155-45T).  (ibid., 697-698); Tentative [A.S.T.M.] Methods of Testing
Lateral Wire for Grids of Electronic Devices (B156-42T).  (ibid., 699-
700); Tentative [A.S.T.M.] Methods of Testing Wire for Supports Used in
Electronic Devices and Lamps (B157-45T).  (ibid., 701-703); Tentative
[A.S.T.M.] Method of Test for Strength of Welded Joints of Lead Wires for
Electronic Devices and Lamps (B203-45T).  (ibid., 704r-705); Tentative
[A.S.T.M.] Method of Test for Surface Flaws in Tungsten Seal Rod and Wire 
(B204-45T).  (ibid., 706-707); Tentative [A.S.T.M.] Method of Test for
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Diameter by Weighing of Fine Wires Used in Electronic Devices and Lamps
(B205-45T).  (ibid., 708-710); Tentative [A.S.T.M.] Method of Life Test
of Electrical-Contact Materials (B182-46T).  (ibid., 711-718); Tentative
[A.S.T.M.] Method of Test for Equivalent Yield Stress of Thermostat Metals
(B191-44T).  (ibid., 719-722).

POWDER M ETALLU RG Y
Tentative [A.S.T.M.] Specifications for Metal-Powder Sintered Bearings (Oil-

Impregnated) (B202—45T).  (Book of A .S.T .M . Standards, 1946, (Pt. 1b ),
723-727); Tentative [A.S.T.M.] Method of Test for Apparent Density of Metal
Powders (B212-46T). ------  (ibid., 728-729); Tentative [A.S.T.M.] Method
of Test for Flow Rate of Metal Powders (B213-46T).  (ibid., 730-731);
Tentative [A.S.T.M.] Method of Sampling Finished Lots of Metal Powders
(B215-46T). ------  (ibid., 732-733); Tentative [A.S.T.M.] Method of Test
for Sieve Analysis of Granular Metal Powders (B214-46T). ------  (ibid.,
734-736); Standard [A.S.T.M.] Specifications for Sieves for Testing Purposes
(E ll-39).  (ibid., 279-285); Standard [A.S.T.M.] Definition of the Term
Screen (Sieve) (E13-42).  (ibid., 286).

ELECTRODEPOSITION
Tentative [A.S.T.M.] Specifications for Electrodeposited Coatings of Zinc on 

Steel (A164-40T). —  (Book of A .S.T .M . Standards, 1946, (Pt. 1b ), 737-739;
Tentative [A.S.T.M] Specifications for Electrodeposited Coatings of Cadmium 
on Steel (A165 40T). —  (ibid., 740-742); Tentative [A.S.T.M.] Specifica­
tions for Electrodeposited Coatings of Nickel and Chromium on Steel (A166- 
45T).  (ibid., 743-746); Tentative [A.S.T.M.] Specifications for Electro­
deposited Coatings of Nickel and Chromium on Zinc and Zinc-Base Alloys
(B142-45T). ------  (ibid., 747-750); Tentative [A.S.T.M.] Specifications for
Electrodeposited Coatings of Lead on Steel (B200-45T). ------  (ibid., 751-
754); Tentative [A.S.T.M.] Specifications for Chromate Finishes on Electro­
deposited Zinc, Hot-Dipped Galvanized and Zinc Die-Cast Surfaces (B201-45T). 
 (ibid., 755-756); Tentative [A.S.T.M.] Methods of Test for Local Thick­
ness of Electrodeposited Coatings (A219-45T).     (ibid., 757-763); Tenta­
tive [A.S.T.M.] Recommended Practice for Chromium Plating on Steel for
Engineering Use (B177-45T). ------  (ibid., 764--768); Tentative [A.S.T.M.]
Recommended Practice for Preparation of Low-Carbon Steel for Electroplating
(B183-43T).    (ibid., 769-772); Tentative [A.S.T.M.] Method of Salt-
Spray (Fog) Testing (B117 44T).  (ibid., 773-779); Standard [A.S.T.M.]
Specifications for Electrodeposited Coatings of Nickel and Chromium on Copper 
and Copper-Base Alloys (B141-45).  (ibid., 274-276).

PRAC TIC ES AND D E FIN ITIO N S
Tentative [A.S.T.M.] Methods of Preparation of Metallographic Specimens 

(E3-46T). —  (Book of A .S.T .M . Standards, 1946, (Pt. 1 b ), 814-859); Tenta­
tive [A.S.T.M.] Recommended Practice for Identification of Crystalline Materials
by the Hanawalt X-Ray Diffraction Method (E43-46T). ------  (ibid., 865-
871); Tentative [A.S.T.M.] Methods of Compression Testing of Metallic
Materials (E9-46T).  (ibid., 873-876); Tentative [A.S.T.M.] Methods of
Impact Testing of Metallic Materials (E23-41T). ------  (ibid., 877-890);
Tentative [A.S.T.M.] Recommended Practices for Designation of Numerical
Requirements in Standards (E29-40T). ------  (ibid., 891-898); Standard
[A.S.T.M.] Definitions of Terms Relating to Metallography (E7-27).  -
(ibid., 277-278); Standard [A.S.T.M.] Methods of Verification of Testing
Machines (E4-36). ------- (ibid., 287-295); Standard [A.S.T.M.] Methods of
Tension Testing of Metallic Materials (E8-46).  (ibid., 296-307); Standard
[A.S.T.M.] Method of Test for Brinell Hardness of Metallic Materials (E10-
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27).  {ibid., 308-313); Standard [A.S.T.M.] Methods of Test for Rockwell
Hardness and Rockwell Superficial Hardness of Metallic Materials (E18-42).
 (ibid., 314-323); Standard [A.S.T.M.] Method of Bend Testing for Ductility
of Metals (E16-39). ------ (ibid., 327-328); Standard [A.S.T.M.] Definitions
of Terms Relating to Methods of Testing (E6-36). ------ (ibid., 329-333);
Standard [A.S.T.M.] Definitions of Terms Relating to Rheological Properties of
Mutter (E24-42).   (ibid., 334); Standard [A.S.T.M.] Definitions of
Terms Relating to Heat-Treatment of Metals (E44-43).  (ibid., 335-339).

XXIII.— MISCELLANEOUS

Aluminium Developments. Some Aspects of Progress. S. A. J. Sage 
(Metallurgia, 1947, 35, (208), 193—196; correspondence, (210), ¿97).—War­
time technical progress in the extraction and fabrication of aluminium is 
reviewed. It was found possible to produce aluminium of 99-997% purity 
for high-strength alloys, of which new varieties were developed. These could 
he clad with high-purity aluminium or a 1 %-zinc alloy, to prevent corrosion. 
Other notable developments were in the field of surface finishing, X-ray 
inspection technique, and rolling.—M. A. V.

Digest of Specifications for Zinc and Zinc Alloys. Robert S. Burpo, Jr. 
(Materials and Methods, 1947, 25, (1), 117).—Data sheet.—J. L. T.

*An Illusion of Size [of Metallic Coins]. Robert Weil (Phil. Mag., 1947, 
[vii], 37, (272), 643-648).—According to Loewenstein (Nature, 1945,155, 672), 
bright and dull threepenny pieces appear to differ in size, the duller being the 
larger. A white background is said to invert the phenomenon, while a dark 
or neutral background shows it more clearly. Hartridge (Nature, 1945, 156, 
118) suggested a physical explanation, and criticized interpretations based on 
psychological grounds. The effect is examined for different coins under 
different conditions of illumination, background, surface condition, &c., using 
a number of independent observers. It is improbable that the effects 
can be explained by considering the way in which the edges of the coin enter 
into the problem, and Loewenstein’s suggestion of a psychological basis for the 
phenomenon must be considered further.—W. H.-R.

Metals, Minerals, and Research. Clyde Williams (Trans. Canad. Inst. 
M in. Met., 1947, 50, 131-137 (in Canad. M in. Met. Bull., 1947, (419)); and 
M in. and Met., 1947, 28, (483), 140-143).—An address. W. reviews metal­
lurgical advances made during the war and emphasizes the importance of 
research in the future.—N. B. V.

Industrial Research. (Sir) Clifford Paterson (Engineer, 1947, 183, (4755), 
215).—A speech at the 1947 annual luncheon of the Parliamentary and 
Scientific Committee.—J. L. T.

The Metallurgist Aids the Chemist. L. Sanderson (Machinery Lloyd, 
1946, 18, (24), 103-105).—S. summarizes many war-time developments, 
including the development of a new gas-turbine alloy containing chromium 
33-3, molybdenum 30-8, and iron 35-9%. Zinc in contact with steel at high 
temp, causes rapid corrosion. Pliability of hot-dipped zinc coatings on steel 
is improved by an initial roughening of the steel surface. A brilliant multi­
coloured electroplate has been obtained from a solution of 20 g./l. ammonium 
molybdate with 1 g./l. sodium cyanide. Adhesion of tin bearings is improved 
by the initial tinning of the steel backing piece with a solid solution of tin- 
antimony compound in lead, which is capable of dissolving up to 7% iron.

—H. Pl.
Isotopes in Chemistry and Metallurgy. Hugh S. Taylor (Metal Progress, 

1946, 49, (6), 1207-1208).—Urey’s discovery of the heavy isotope of hydrogen 
led to rapid developments in this field, 277 stable isotopes, 9 naturally occurring
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radio-elements, and 370 isotopes in which the product nucleus was not stable 
having been observed by 1940. Large-scale separation of isotopes of both 
light and heavy elements was achieved during the war on an industrial scale, 
and the corresponding separations of intermediate stable isotopes should also 
become practicable. Neutrons, now available as a result of nuclear-fission 
processes, may in future be used for the bombardment of atoms. Applications 
of isotopes include : (1 ) the elucidation of the mechanism of the ammonia 
synthesis and of the role of catalysts in synthesizing hydrocarbons ; (2 ) 
the use of radio-active isotopes in tracer techniques, e.g. in investigating 
reactions between gases and solids, grain-growth, diffusion through lattices 
and along crystal boundaries, alloy structures, &.c. ; (3) in industrial analysis, 
especially in automatic and recording methods, problems of fuel flow, and low- 
pressure work, e.g. in tracing leaks.—P. R.

Physics ; Aeronautical Investigations ; Industrial Chemistry ; Radio- 
Physics; Lubricants and Bearings; Building Materials Research; Other
Investigations. -------(19th Ann. Rep. Council Sci. Indust. Research, Australia,
1945, 90-128).—A statement is made of all the researches conducted for the 
Australian Council for Scientific and Industrial Research during 1945, and 
accounts are given of work in progress. No detailed results are given, but a 
bibliography dealing with the results of the research is included.—H. J. A.

Autumn Meeting oî the Société Française de Métallurgie (Paris, October
1946).   (Tech. Moderne, 1947, 39, (5/6), 101-104).—Summaries of these
papers are given : A. Jaquerod, “ Deviations from Hooke’s Law ; a Method to 
Determine Them Experimentally ” ; L. Quillet, “ Influence of Structure and 
Chemical Composition on the Damping Capacity of Some Copper Alloys ” ; 
P. Lacombe, “ On a New Method of Preparing Single Crystals of Super-Purity 
Aluminium ” ; P. Lacombe and L. Beaujard, “ Contribution to the Micro­
graphie Study of the Hardening and Recrystallization of Super-Pure Alu­
minium ” ; J . Hérenguel, “ Study of the Intergranular Cohesion of Al—Zn—Mg 
Alloys. Its Relation to Corrosion under Tension ” ; P. Morize, P. Lacombe, 
and Q. Chaudron, “ The Physico-Chemical Properties of Electrolytically 
Polished Surfaces ” ; L. Jenicek, “ Experimental Study of Metallic Diffusion 
by the Thermomagnetic Method ” ; M . Paie, “ X-Ray Study of the Structure 
of Al-Pb and Al-Pb-Mg Alloys ”.—J. L. T.

New Metals ior Old. (Sir) Edward Appleton (J. Inst. Brit. Found., 1947,1, 
(5), 40-42 ; also Found. Trade J., 1947, 82, (1608), 185-191 ; and Engineering, 
1947, 164, (4251), 69; (4252), 90-91).—The 1947 Edward Williams Lecture 
to the Institute of British Eoundrymen.—J. E. G.

Presidential Address [to the Institute of British Foundrymen]. Percy H. 
Wilson (Found. Trade J., 1947, 82, (1607), 163-166; and Engineering, 1947, 
164, (4250), 30-31).—J. E. G.
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XXV.— BOOK REVIEWS

Introduction to Electron Optics. The Production, Propagation, and Focusing 
of Electron Beams. By V. E. Cosslett. Med. 8vo. Pp. xii +  272, with 
155 illustrations. 1946. Oxford : Clarendon Press. (20s. net.)
In these days, It Is impossible to wander very Jar aiield in Research or Industry without 

coming across some electronic device or other doing very useful work. The appearance of a book 
of this type about electron optics is therefore to be sincerely welcomed. When reviewing a 
book for a metallurgical journal, the reviewer is expected to indicate whether it is a good book, 
and whether it  is of primary interest to the bulk of the metallurgical profession. The answers 
to  these two questions in the present case are respectively “ Yes ’ ’ and “ No ” . The book is 
written primarily for students of physics, and is based upon a series of lectures given at Oxford 
to  undergraduates in their final year of the Honour School of Physics. The treatment is
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intermediate between that usually adopted in the most comprehensive treatises, and that found 
in short monographs for readers who are already familiar with the fundamentals of the subject, 
and thus fills a gap in the literature previously available to students. Though not excessively 
mathematical, the book assumes a good grounding in the calculus.

In the first 147 pages, the fundamentals of the theory of electron motion in electromagnetic 
and electrostatic fields are carefully and adequately presented. The characteristics of the 
electromagnetic and electrostatic lenses are discussed, and methods of calculating the field 
distribution in such lenses, and the path of an electron subject to these fields, are given. Except 
for relatively simple cases, the mathematics is prohibitively complicated, so that use must be 
made of experimental measurements with models such as the electrolytic trough and the 
gravitational model, which are interestingly described. Electromagnetic and electrostatic 
focusing are considered in detail, together with the determination of focal lengths.

Images formed by electron lenses are subject to a number of aberrations. The book 
contains a very clear treatment of the general problem, with specific sections on spherical 
and chromatic aberrations, distortion, curvature of the field and astigmatism, and coma; 
there is a brief discussion of the problem of correction. To each chapter is appended a biblio­
graphy for the student who wishes to go into the subject more deeply.

The remainder of the book (some 120 pages) is devoted to a description of a selection of the 
many modem industrial and research appliances which rely on electron optics, including the 
electron microscope, electron-diffraction apparatus, and the cathode-ray tube Here the 
treatment appears to be occasionally too superficial, but the text is interesting throughout. 
The reader who is not too up to date in his knowledge of the junior members of the “ thingummy- 
tron ” family will be introduced to several of them here. The reviewer must confess (though 
hardly with shame, since it does not sound too respectable) that he himself had never met the 
“ Rhumbatron ” . Devices used in radar and television are also included.

An Appendix of 14 pages is devoted to the main principles of the Hamiltonian mathematical 
methods, since these afford one of the most useful approaches to advanced electro-optical 
theory.

While the book is really a relatively detailed introduction for the physics student, it is well 
worth the study of the general scientific reader who has an interest in the subject of electron 
optics. Research workers in any branch of science who have to employ electronic devices in 
their work will also find the book useful, though detailed monographs on the use of the more 
usual electronic tools are in most cases already available.— G. V. Raynor.

Thorpe’s Dictionary of Applied Chemistry. Edited by M. A. Whiteley. 
Fourth edition (revised and enlarged). Vol. VIII.—Meth.-Oils, Essential. 
With an index by J. N. Goldsmith. Med. 8vo. Pp. viii +  679, illustrated.
1947. London : Longmans, Green, and Company, Ltd. (805. net.)
The new edition of “ Thorpe ” , completely rewritten, goes from strength to strength. 

The present volume will, no doubt, appeal particularly to organic chemists for its masterly 
monographs on methylanthracene (35 pp.) and naphthalene (176 pp.); but every metallurgical 
chemist will find the articles on drop reactions in microchemistry and on microchemical opera­
tions (by Prof. L. S. Theobald and the late W. F. Boston, respectively) first-rate as authoritative 
up-to-date surveys of this important field of analysis. The monograph on “  minerals and 
X-ray analysis ” , by Dr. F. A. Bannister, is a model of conciseness and includes a comprehensive 
annotated table, compiled from the literature up to the end of 1940, with X-ray data of about 
300 minerals. There is an excellent account of the electron microscope by Prof. E. F. Burton, 
but optical microscopy, somewhat surprisingly, is not treated. Prof. Byron A. Soule, of the 
University of Michigan, contributes an article on nomenclature and chemical literature which 
will, it may be hoped, be widely read. The strictly metallurgical entries include articles on 
molybdenum, “ Monel ” metal, and nickel, and appear, on the whole, to be adequate; although 
that on molybdenum is not as up to date as might be expected and contains some loose writing 
and a few curious statements. It is, for instance, not easy to understand why “ rapid heating ” 
should be a characteristic of a molybdenum-wound furnace; and although molybdenum may 
have been proposed by some early enthusiast for jewellery purposes, it  is certainly not generally 
regarded as a good substitute for platinum. These are very minor matters, however; this is a 
most excellent volume.—J. C. Chaston
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FUEL EFFICIENCY
Joint Production Committees are doing grand work in maintaining output
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Wales 27, Newport Road, Cardiff Cardiff 9234
South-Western 12 /14  Apsley Road, Clifton, Bristol, 8 Bristol 38223
Midland Temporary Office Buildings, Hagley Road West, Birmingham, 17  Bearwood 3071
North-Western Burton Road, West Didsbury, Manchester, 20 Didsbury 5180-4
Scotland 145 , St. Vincent Street, Glasgow, C.2 Glasgow City 7636

I S S U E D  BY T H E  M I N I S T R Y  O F  F U E L  A N D  P O W E R



ENTORES LIMITED
15-18 L IME STREET,  

LONDON, E.C.3
☆

ORES METALS 
AND RESIDUES

☆

Telephone: MANsion House 7914 Telegrams: ENTORES PH ONE LO N D O N  

Cables: ENTORES L O N D O N

Telephone: C IT Y  2633 (Prívete Exchange) Telegrams: PLA T IV ET  L O N D O N

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

(E ST A B L ISH E D  1797)

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

A N D  O TH ER  RARE M INERALS

REFINERS OF
P I  A T I  N I  I I M  A N D  ALL METALS OF 
r L H I I P i U n  THE PLATINUM  G R O U P

G O L D  & SILVER
IN  ORES A N D  C O N CEN T RA T ES  

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

A l l  c o m m u n ic a t io n s  r e g a r d i n g  A d v e r t is e m e n t s  s h o u l d  b e  a d d r e s s e d  t o  t h e  A d v e r t is in g  M a n a g e r s , 
M e s s r s . T .  G . S c o t t  &  S o n ,  L t d . ,  T a l b o t  H o u s e , A r u n d e l  S t r e e t , L o n d o n ,  W .C .2 .

P r i n t e d  i n  G r e a t  B r i t a in  b y  R ic h a r d  C l a y  a n d  C o m p a n y ,  L t d . ,  B u n g a y , S u f f o l k .


